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Preface

This book provides a concise yet comprehensive introduction to some common 
articular pathologies and their arthroscopic treatment. Newer concepts continue to 
evolve and to keep abreast with these one should have a sound basic knowledge of 
the subject.

Every attempt has been made to narrate the concepts in a simplified manner keeping 
the originality. Wherever possible, illustrations have been used to help the reader 
to understand the subject. The target audience comprises orthopedic surgeons, 
either in practice or in training, as well as clinicians, radiologists, and physical 
therapists. The text is divided into three sections with short chapters providing a 
broad overview of anatomy, pathology, and treatment. Selected references are also 
provided without the claim of being exhaustive and with the aim of stimulating 
interest and discussion.

Many people helped make this book. I would like to acknowledge the medical 
publishing division of IntechOpen; a fantastic team of editors helped bring this book 
to fruition. I would also like to thank the extraordinary authors who contributed 
chapters to this volume.

Carlos Suarez-Ahedo
American Hip Institute,

United States of America
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Chapter 1

Medial Meniscus Root Tear: 
Current Update Review
Thun Itthipanichpong and Songthai Moonwong

Abstract

This chapter mainly focuses on medial meniscus posterior root tear which is the 
point of attention nowadays because it is the common degeneration process and can 
lead to early-onset osteoarthritis of the knee without treatment. The biomechan-
ics of the medial meniscus root tear is similar to total meniscectomy. Hence, early 
detection and diagnosis will lead to better outcome. Most cases with medial menis-
cus root tear also have degenerative change of the knee. Meniscal extrusion is a 
common finding in magnetic resonance imaging (MRI) which represent impairing 
of hoop stress function of the meniscus. Patient selection and understanding of the 
natural history of the disease is a particularly important. Options for the treatment 
including conservative treatment, surgical treatment such as partial meniscectomy, 
meniscus root repair, or reduction of meniscal extrusion. Outcome of these treat-
ments are variable depending on the condition of the patients. Long term outcome 
of surgical treatment revealed lower rate of knee replacement compared with 
conservative treatment.

Keywords: Meniscus root tear, Medial meniscus root tear, Medial meniscus tear, 
Meniscus extrusion

1. Introduction

Meniscus is a fibrocartilaginous structure which provides many functions to the 
knee joint such as distributing load to the knee, increased stability of the tibio-
femoral articulation, lubrication, provides nutrient and a strong shock absorption. 
Without the meniscus, load to the articular cartilage will increase and progress to 
osteoarthritis. Meniscus root tear is one of the tear patterns which are increasingly 
important due to an increasing number of patients and the rapid progression of 
the osteoarthritis similar to total meniscectomy [1]. Hence, early detection and 
 treatment may improve outcome of the patient.

1.1 Definition

The bone which avulsed from the attachment at tibial plateau which represent 
meniscus root tear, was first described in 1935 by Weaver by plain radiograph [2]. 
However, ligament or soft-tissue injury at the insertion site of meniscal root on tibial 
plateau was described later after the use of magnetic resonance imaging (MRI). In 
1991, Pagnani reported a medial subluxation of the meniscus associated with an 
avulsion injury to the posterior horn medial meniscus in an athlete [3]. The modern 
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definition commonly used for “meniscus root tear” is defined as avulsion of the menis-
cal attachments to the tibia or radial tears within 1 cm from the bony insertion [4].

1.2 Epidemiology

In the past, medial meniscus root tear has been neglected due to difficulties 
in diagnosis. The prevalence might be lower than it should be. With increasing 
recognition of the medial meniscus root tear, the prevalence is higher. In a study by 
Matheny et al., in 673 arthroscopic surgeries, they found 50 patients with meniscus 
root tear equivalent to 7% [5]. Another study by Ozkoc et al. found that prevalence 
of radial tear of the posterior horn of the medial meniscus in 7,148 patients who 
underwent partial menisectomy of the knee was about 10% (722 patients) [6]. The 
prevalence may be up to 15% in Asia which is a more common injury [7]. In case of 
traumatic knees, a study by Ho Jong Ra found 7 medial meniscus posterior root tear 
out of 51 patients who had multiple ligaments knee injury [8]. Most of the medial 
meniscus root tear were degenerative change. However, traumatic tear of the medial 
meniscus root is also common. The incidence of medial meniscus posterior root tear 
was up to 78% in patient underwent total knee arthroplasty. In addition, severity 
and varus deformity correlated with the root tear [9].

1.3 Natural history

As we know meniscus is a strong shock absorber. Without meniscal root attach-
ment, hoop stress is lost and can lead to rapid progression of osteoarthritis [10]. 
Five-year follow up study of non-operative treatment in 52 patients with posterior 
meniscus root tear revealed association with low functional outcome and 31% of the 
patients need conversion to total knee arthroplasty [11]. In case of partial meniscec-
tomy of the meniscus, long term follow up (5-8 years) also showed osteoarthritis 
progression about one-third of the patients [7]. The meniscus extrusion in a sign 
that showed impairment of the meniscus function and the degree of extrusion 
might be associated with severity of osteoarthritis [9, 12]. The longer the symptom, 
the degree of extrusion might be worse. According to a study by Furumatsu et al., 
in early period (<1 month) mean extrusion was 3.0 mm. In subacute (1-3 months) 
and chronic (3-12 months), the mean extrusion was 4.2 and 5.8 mm respectively 
[13]. The increasing rate of meniscus extrusion was studied by okazaki et al. which 
reviewed MRI of 33 patients who were diagnosed with medial meniscus posterior 
root tear and had done MRI twice at a mean interval of 48 days, the mean extru-
sion increased from 3.4 mm to 4.5 mm. The progression of the extrusion rate was 
0.02 mm per day [14]. There is also an association between the presence of medial 
meniscus root tears and articular cartilage damage of the knee with an Outerbridge 
grade 2 or greater changes. Patients with a medial root tear were approximately 
five times more likely to also have an articular cartilage defect of the knee with an 
Outerbridge grade 2 score or higher [5]. In addition, osteonecrosis, bone contusion, 
and subchondral insufficiency fracture are commonly associated with the medial 
meniscus root tear [10, 15].

1.4 Biomechanics

As mentioned above, the complete medial meniscus posterior root tear had 
similar biomechanics with total meniscectomy due to impairment of hoop stress 
function of the meniscus (Figure 1). Normal load to the meniscus is about 50% 
of body weight and the other 50% transfers directly to the articular cartilage [16]. 
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Figure 1. 
Hoop stress function of meniscus. (A) Normal load distribution of meniscus with intact meniscal root. 
(B) With meniscal root tear, load is directly transferred to the articular cartilage.

Figure 2. 
Fairbank phenomenon after meniscectomy. Finding included narrowing of joint space, squaring of femoral 
condyle and antero-posterior osteophyte.
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The body and posterior horn of the medial meniscus take most of the force applied 
to the medial compartment and are the least mobile parts. With knee flexion, the 
pressure to the posterior horn of meniscus is the highest this is due to the femoral 
roll back mechanism of the knee. That explains why posterior horn and posterior 
root injuries have been found to be more common compared to the anterior horn 
injury [17]. In case of torn medial meniscus posterior root or total menisectomy, 
the peak pressure to the medial articular cartilage increased 25% [1, 18]. Hence, 
this may lead to osteoarthritis change which was called “Fairbank’s phenomenon” 
[19] (Figure 2). The biomechanics test of medial meniscus posterior root repair 
can restore the tibiofemoral contact pressure compared with intact meniscus 
knee [20, 21].

2. Anatomy

Medial Meniscus is a fibrocartilaginous structure composed of collagen fiber 
that orientates in radial and circumferential fiber. These fibers provided hoop stress 
function of the meniscus. The width of the medial meniscus being about 1 cm and 
bigger at the posterior part compared to the anterior part. The semi-lunar shape 
is divided into 3 segments: anterior horn, body, and posterior horn. In anatomical 
landmark, meniscus may divide into 5 anatomical zone; the anterior root (zone 1); 
the anteromedial zone (zone 2a and 2b); the medial zone (zone 3); the posterior 
zone (zone 4); and the posterior root (zone 5) [22]. The attachment of the medial 
meniscus to the tibia at the anterior horn and posterior horn are called “medial 
meniscus anterior root” and “medial meniscus posterior root” respectively. The root 
of the meniscus itself is not a fibrocartilaginous structure but more like a ligament 
which serves as an anchor to the tibia. The medial meniscus posterior root attaches 
to the posterior intercondylar fossa between the attachments of the posterior root 
of the lateral meniscus and posterior cruciate ligament. The attachment is about 
9.6 mm posterior to the apex of medial tibial eminence and 3.5 mm lateral to medial 
tibial plateau articular cartilage (Figure 3) [23–25].

Figure 3. 
Anatomy of left knee meniscus A: Intact ACL and meniscus knee. B: Drawing axial anatomy of meniscus. 
The red dot represented the apex of medial tibial spine. The MMPR attached behind this spot about 9.6 mm. 
ACL = anterior cruciate ligament, PCL = posterior cruciate ligament, AMM = anterior horn medial meniscus, 
ALM = anterior horn lateral meniscus, AIL = anterior intermeniscal ligament, MM = medial meniscus, 
LM = lateral meniscus, MMAR = medial meniscus anterior root, MMPR = medial meniscus posterior 
root, LMAR = lateral meniscus anterior root, LMPR = lateral meniscus posterior root.
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3. Clinical presentation

There were 2 presentations of patients with meniscal root tear.

1. Traumatic event: In this group were younger patients who had major traumatic 
event such as a road traffic accident, or sports accidents. They were likely to 
have associated ligamentous injury [8].

2. Minor or non-traumatic event: Most of the patients with medial meniscus root 
tear especially medial meniscus posterior root tear fall in this group. Patients 
usually are in their fifth or sixth decade of life. Some patients had history of a 
“pop” sound while doing daily activity such as squatting and had sudden pain. 
The painful popping sound indicates a high chance of isolated medial menis-
cus posterior root injury [26]. Some patients had progressive medial knee pain 
without trauma history and the symptoms were similar to osteoarthritis [27].

Meniscus root tear’s diagnoses is challenging. Patient might not have a problem 
of locking or catching knee. Medial knee pain and joint line tenderness are the 
most common symptom and sign especially at the posteromedial of the knee joint. 
Deep flexion of the knee might provoke the pain. Meniscus specific test such as 
Mcmurray’s test was positive in 57%. Joint effusion presented in 14% [28]. Compared 
to other meniscus injuries, medial meniscus root tears are common in Asian popula-
tions, in particular, females and higher Body Mass Index (BMI > 30 kg/m2 – 4.9 fold 
increase) patients. If patient had a varus mechanical axis, the risk of medial menis-
cus posterior root tear increased by 3.3-fold [29]. Generally, we recommend further 
investigation such as, an MRI in patients with progressive medial joint knee pain 
with no or mild osteoarthritis to rule out medial meniscus posterior root tear.

4. Imaging

The first imaging that detected medial meniscus root bony avulsion was in 1935 
by plain radiograph [2]. We recommended to do plain radiograph in all patients 
suspected of medial meniscus root tear to evaluate degree of osteoarthritis change 
and axis deformity. The Kellgren and Lawrence (K-L) classification was a common 
and popular method to classify the severity of osteoarthritis change [30]. They 
classified 5 grades (Figure 4).

Figure 4. 
Kellgren and Lawrence (K-L) classification, Grade 0 (none): definite absence of x-ray changes of osteoarthritis, 
Grade I (doubtful): doubtful joint space narrowing and possible osteophytes, Grade II (minimal): definite 
osteophytes and possible joint space narrowing, Grade III (moderate): moderate multiple osteophytes, definite 
narrowing of joint space and some sclerosis and possible deformity of bone ends, Grade IV (severe): large 
osteophytes, marked narrowing of joint space, severe sclerosis and definite deformity of bone ends.
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However, with popularize of MRI, soft tissue that avulsed from the attach-
ment of the meniscus to the tibia could be easier to detect. Hence, MRI is now the 
goal standard in detecting medial meniscus root tear because of high sensitivity 

Figure 5. 
MRI finding of meniscal root tear. A: Ghost sign (absent of posterior horn medial meniscus), B: Cleft sign 
(vertical linear defect on coronal images), C: Radial linear defect on axial image, D: Medial meniscus extrusion 
(≥3 mm), E: Bone contusion at the articular bearing area which is associated with medial meniscus root tear.
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(93.3%) and specificity (100%) [31]. Finding from MRI included absent of pos-
terior horn meniscus called “ghost sign” on sagittal imaging adjacent to posterior 
cruciate ligament, vertical linear defect on coronal images called “cleft sign”, radial 
linear defect on axial image, and medial meniscus extrusion (≥3 mm) on coronal 
image. Medial meniscus extrusion less than 3 mm could be found in general 
populations [32] (Figure 5). Medial meniscus that extruded usually larger and 
thicker than normal meniscus due to swelling and degeneration of meniscal tissue. 
The MRI study Okazaki showed that 3D MRI could estimate volume and thick-
ness of extruded medial meniscus more precisely when compared to conventional 
2D MRI [33].

Medial meniscus posterior root tear had an association with multiple findings 
including spontaneous osteonecrosis of the knee (SONK), subchondral insuf-
ficiency fracture, cartilage injury especially at the medial femoral condyle, and 
osteoarthritis change [34, 35].

5. Classification

There were many classifications for medial meniscus root tear mostly based 
on anatomic classification. For the medial meniscus anterior root attachment 
according to Berlet et al. there were four patterns of insertion of the anterior 
root [36].

 Type I has the insertion located in the flat intercondylar region of the tibial 
plateau.
 Type II (most common) has more medial insertion, closer to articular tibial 
surface.
Type III has a more anterior insertion, which is on the downslope of tibia.
Type IV shows no solid fixation.

For medial meniscus posterior root tear the most popular classification was clas-
sified by Laprade. The classification was based on the morphology of the tear and 
was classified into 5 types [37] (Figure 6).

Type I: partial stable root tear
Type II: complete radial tear within 9 mm from the bony root attachment.
Type III: bucket-handle tear with complete root detachment.
Type IV: complex oblique or longitudinal tear with complete root detachment.
Type V: bony avulsion fracture of the root attachment.

There was an arthroscopic classification by Bin et al. which developed a clas-
sification base on extrusion of the medial meniscus on MRI and finding of the torn 
site displacement. They were divided into 3 types; type A: non-displaced, type B: 
overlapped (the torn tissue overlap on each other), and type C: widely displaced 
[38] (Figure 7).

They found that the widely displaced group had a 4° greater varus deformity, 
and higher rates of meniscus extrusion, grade III or IV chondral wear in the medial 
femoral condyle and medial compartment osteoarthritis than did the nondisplaced 
or overlapped group.

Another classification by Kim et al. was made based on tear gap (Figure 8) of 
the medial meniscus posterior root in arthroscopic finding. The higher the tear type 
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Figure 6. 
Laprade’s classification for medial meniscus root tear. Type I: Partial stable root tear. Type II: Complete radial 
tear within 9 mm from the bony root attachment. Type III: Bucket-handle tear with complete root detachment. 
Type IV: Complex oblique or longitudinal tear with complete root detachment. Type V: Bony avulsion fracture 
of the root attachment (redrawn from LaPrade et al. [37]).

Figure 7. 
A–C: Bin classification base on arthroscopic finding of meniscal tear and gap. A: Non-displaced, B: Overlapped 
and C: Widely displaced.

Figure 8. 
Tear gap measurement from an arthroscopic view. MM = medial meniscus.



11

Medial Meniscus Root Tear: Current Update Review
DOI: http://dx.doi.org/10.5772/intechopen.98763

(increasing displacement of the tear gap in arthroscopic surgery), the higher asso-
ciation with degree of meniscal extrusion, chondral wear, and severity of arthritis. 
They were classified in to 5 types [39].

Type I: incomplete root tear.
Type 2: complete root tear with no gap or overlapped;
Type 3: complete root tear with gap measuring 1-3 mm.
Type 4: complete root tear with gap measuring 4-6 mm.
Type 5: complete root tear with gap measuring 7 mm.

There is an MRI classification based on the attachment of posterior medial 
meniscus root ligament. The term ligament is used because of the different of tissue 
component. This classification included both degenerative change and tear of the 
medial meniscus posterior root. They classified into 3 types; type a: Tear at transi-
tion to posterior horn of medial meniscus at junction between root and posterior 
horn, type b: Tear at midsubstance within root ligament proper, and type c: Tear at 
entheseal at tibial attachment point of root ligament [24] (Figure 9).

6. Treatment

According to the natural history of medial meniscus root tear, without proper 
treatment, there was a higher chance of progression of meniscal extrusion and 
osteoarthritis. Besides, the choice of treatment was still controversy because there 
were many factors which might lead to poor outcome. We divided the treatment 
into 2 categories: nonoperative and operative treatment.

Figure 9. 
Classification of medial meniscus posterior root tear based on MRI by Choi et al. posterior medial meniscus 
root ligament was defined as from tibial attachment point of root ligament to just lateral from articular 
cartilage inflection point of medial tibial plateau. Ligament was subcategorized into three zones: (a) transition 
to posterior horn of medial meniscus at junction between root and posterior horn, (b) midsubstance within 
root ligament proper, and (c) entheseal at tibial attachment point of root ligament (redrawn from Choi 
et al. [24]).



Arthroscopy

12

6.1 Nonoperative treatment

The nonoperative treatment of medial meniscus posterior root tear was pre-
served for 1. Patients whose conditions were unfavorable for surgery. 2. Patients 
with advanced osteoarthritis of the knee (K-L grade III-IV) 3. Relieve pain before 
surgery. 4. Patients who could not follow the post-operative protocol. There were 
many methods of conservative treatment including taking non-steroidal anti-
inflammatory drugs, cortisone injections, use of unloader knee brace, physical 
therapy, gait aid (cane or crutch) use, and orthotic use. We recommend using gait 
aid and hinge knee brace to prevent further damage to the meniscus and reduced 
the pain in acute setting. However, the use of cortisone injection should be avoided 
in patients who were planned for surgical repair of the meniscus due to the risk of 
infection and possibility of interference with the healing of the meniscal tissue. 
Nonoperative treatment provided symptomatic relief but could not prevent the pro-
gression of osteoarthritis in long term follow up [7, 40]. The physical therapy could 
improve functional score and reduce the pain especially from degenerative meniscal 
root tear [41]. From the meta-analysis by Faucett et al., the 10 years progression of 
osteoarthritis was about 95% and 45% conversion rate to knee replacement surgery 
[42]. Conversion to total knee replacement were also higher in nonoperative treat-
ment compare with meniscus root repair in other studies [7, 43].

6.2 Operative treatment

The treatment choices might depend on many factors. The goal of the operative 
treatment was to: 1. Relieve pain, 2. Increase quality of life, 3. Prevent progression 
of osteoarthritis and 4. Restore function of meniscus. Before proceeding to the 
operation, physicians needed to talk to their patients about the goal of treatment 
and consequence after surgery. For example, a patient suffering an acute tear of the 
medial meniscus root, but the patient could not follow the post-operative protocol 
due to economic problem. Then, meniscus repair might not be a good choice for this 
patient. The choices of operative treatment are list below.

6.2.1 Meniscectomy

Meniscectomy was the majority of procedures that were done for the meniscus in 
the past. The procedure included removing some part of the meniscal tissue which 
preserved most of the meniscal tissue called “partial meniscectomy”, or totally 
removed all the meniscal tissue called “total meniscectomy”. The goal of this opera-
tion was to relive symptomatic pain from the unstable meniscus. The mechanical irri-
tation from the unstable meniscal tear could be removed. However, the meniscectomy 
in medial meniscal root tear was different from other meniscal tears. Because, in other 
meniscal tear such as radial tear or vertical tear, if most of the meniscal tissue could 
be preserved, the hoop stress function of the meniscus remained. On the other hand, 
no matter how much meniscal tissue was preserved in medial meniscus root tear, the 
function of the meniscus still impaired and articular cartilage would play a major role 
in weight bearing which could lead to articular damage later. Thus, meniscectomy 
should be done in low demand patients, patients with advanced osteoarthritis and 
mechanical symptom meniscal tear, patients with partial root tear and the remaining 
attachment were more than 50%, or patients with poor meniscal tissue quality. The 
procedure could relieve symptomatic pain and swelling in short term result but in 
long term results the knee joint could deteriorate. From a study by Krych et al., the 
conversion rate to total knee replacement at a mean follow up of 5 years was 54% [44]. 
The rate of total knee replacement was quite similar to other studies [7, 42, 45].
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6.2.2 Meniscus root repair

Meniscus root repair is getting more attention at present due to better long 
term outcome compared with non-repair treatment [46]. Meniscus root repair 
can restore the biomechanics of the knee joint. Hence, the distribution of the 
load was restored. Although the normal distribution load could not completely be 
restored due to the elongation of the suture after repair, the contact pressure and 
contact area could almost resemble an intact meniscus root knee [47, 48]. On the 
other hand, if non-anatomic repair was done, the distribution of the load might 
be abnormal. From a biomechanical study by Laprade in 2015, the mean and peak 
contact pressure were significantly increased after non-anatomic repair compared 
with normal and anatomic repair [49]. There were many techniques of repairing 
meniscus posterior root. All of them showed a significant improvement of func-
tional outcome and reduced conversion rate to total knee replacement.

6.2.2.1 Transtibial pull out technique

This technique was the most popular technique for repairing medial meniscus 
posterior root due to familiarity and ease of assessment to the instruments. Many 
companies provided specific instruments for the transtibial repair. The technical 
step involved the used drill from the tibia to the root attachment at the posterior 
tibia, stitched the tear meniscus, pulled the meniscus to the drill hole with a knot 
tied on the tibia (Figure 10). The disadvantages of this technique were: 1. Bungee 
effect on the repair site, 2. The risk of neurovascular injury due to the drill mis-
placed 3. Transtibial tunnel can interfere with concomitant procedures 4. possibility 
of suture elongation and abrasion through bone tunnel [50, 51].

Most of the clinical studies of transtibial pull out technique showed good 
functional outcome, prevent progression of osteoarthritis and reduced conver-
sion rate of total knee replacement. The 10-year conversion rate was much lower 
compared with partial meniscectomy and nonoperative treatment (33.5% vs. 
51.5% vs. 45.5%) [42]. In younger patients (<50 years) the risk of re-operation 
were higher than older patients. The activities and demands of younger patients 
might be more compared with older patients. As a result, the strength of fixation 
might not be enough in younger patients [52]. Although transtibial pull out repair 
prevented the progression of osteoarthritis, this could not completely prevent the 

Figure 10. 
Schematic drawing showed transtibial pull out repair of the medial meniscus root. The long tibial tunnel along 
with the “bungee effect” have the possibility of suture abrasion and elongation.
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process. This helped only decelerate the process and most of the patients could not 
restore the meniscus extrusion [53, 54]. Healing of the repaired root and reduction 
of meniscal extrusion seem to be less predictable, being observed in two-third of 
the patients [55].

Stitches configuration might not play a major role for repairing the meniscal 
root. Modified Mason-Allen stitches had slightly better biomechanics in some 
studies but quite comparable to two simple stitches [56, 57]. There were no clinical 
different among repair configurations [58, 59].

6.2.2.2 Suture anchor technique

This technique was less popular when compared with transtibial technique due 
to the difficulty in placement of the anchor suture. This technical step involved the 
preparing the meniscal tissue and bed of the bone, placement of suture anchor, 
stitched the torn meniscal tissue, and tightened the knot (Figure 11).

The disadvantages of this technique were; 1. Difficult of suture anchor place-
ment, 2. Potential cartilage irritation due to knots, 3. Fixation might loosen if 
anchor is not well placed, 4. Additional costs of suture anchor. To ease the place-
ment of anchor suture, we proposed a technique to repair medial meniscus pos-
terior root by using a curved sleeve soft anchor suture, made a far medial vertical 
portal, and flexed the knee while drilling the tibia for anchor suture placement 
(Figure 12) [60].

There were several methods to place anchor sutures proposed by several authors. 
Placing the anchor from the posteromedial portal was one option [61]. Also there 
was a technique which retrograde insertion of a soft anchor suture to the trans-
tibial tunnel. So, additional portal for anchor placement was not required [62]. 
Functional outcome after repair showed a significant improvement. Complete 
healing rate form MRI was not different from transtibial repair. The meniscus 
extrusion was also not significantly reduced from pre-operative, similar to trans-
tibial repair [27, 63].

Many comparison studies were made between transtibial technique and suture 
anchor technique because of their own advantages and disadvantages (Table 1).

In a biomechanics study by Feucht et al., Suture anchor provided lower displace-
ment after cyclic loading and higher stiffness compared with the transtibial tech-
nique. However, both techniques did not reach the strength of the native tissue [57]. 

Figure 11. 
Schematic drawing showed suture anchor repair of the medial meniscus root.
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In contrast, a study by Wu et al. showed that anchor suture had lower maximum 
load and stiffness compared with transtibial technique but the mean elongation 
was less. The reason might be because of the different techniques and the study was 
done with porcine knees which are different from human [64].

The mean meniscal extrusion, functional outcome, degree of cartilage loss and 
healing rate were comparable between these 2 techniques. The factor that signifi-
cance effected the degree of cartilage loss was the healing status of the meniscal 
root. Complete healing showed significantly less cartilage loss compared with 
partial healing and no healing [27].

6.2.2.3 All inside technique (other than suture anchor)

This was another technique using for medial meniscus root repair. This 
technique was less popular when compared with other techniques because it 
depended on the condition of the meniscal tissue. This technical step was to 
suture the torn meniscus together with an all inside meniscus fixator device and 
may add a suture to the posterior capsule. This technique was suitable for tearing 
of the meniscus root which there was enough remnant for suturing and good 
tissue quality (Figure 13).

Figure 12. 
Pictures of anchor suture repair for medial meniscus root tear. A: Placement of curved drill sleeve for soft 
anchor suture, B: After repair with 2 simple stitches.

Transtibial technique Suture anchor technique

Advantage • Familiar to most surgeon

• Technically easier than a suture anchor 
technique

• Standard arthroscopic portals used

• Fixation not rely on fixation device

• No Bungee effect

• Not interfere with bone tunnel from 
other ligament reconstruction

• Less elongation of suture

• Low risk of neurovascular injury

Disadvantage • Bungee effect on the repair site

• The risk of neurovascular injury due to 
the drill misplaced

• Transtibial tunnel can interfere with 
concomitant ligamentous procedures

• Possibility of suture elongation and 
abrasion through bone tunnel.

• Difficult of suture anchor placement

• Potential cartilage irritation due to 
knots

• Fixation might loosen if anchor is not 
well placed

• Additional costs of suture anchor

Table 1. 
Advantages and disadvantages of transtibial technique compared with suture anchor technique.
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This technique provided a better functional outcome, lower progression rate of 
osteoarthritis, and lower conversion rate to total knee replacement compared with 
nonoperative treatment at a minimum of 2 years follow up [43].

Another all inside technique that was proposed by Zhu S., was using all the 
inside meniscus fixator device to non-anatomic repair the torn meniscus root to the 
posterior capsule. In contrast with previous biomechanics study, this non –anatomic 
repaired yielded an excellent outcome and a high rate of meniscus healing [65].

6.2.3 Reduction or centralization of medial meniscus extrusion

As mentioned above, the meniscal extrusion might not reduce after meniscal 
root repair regarding of technique. Thus, there were many techniques adding to the 
repair procedure to prevent meniscus displacement during flexion and extension of 
the knee [66–68]. There was a study of centralization the meniscus in rat knee by 
Ozeki et al. The study concluded that centralization improved the medial meniscus 
extrusion and delayed cartilage degeneration [69]. Centralization or reduction of 
extruded meniscus was still debatable. The mechanics and tension of the meniscus 
that changed might reflect pain and stiffness after doing the procedure.

From the available treatments mentioned above, the only treatment that could 
prevent the progression of the osteoarthritis and reduce the rate of knee replacement 
surgery was medial meniscus root repair [7, 42–46]. In addition, meniscal root repair 
had better long term functional outcome compare with nonoperative treatment and 
meniscectomy [42]. However, the result of the repair depended on multiple factors. 
To achieve the best result, all the necessary conditions must be presented. In system-
atic review from Jiang et al. in 2019, the bad prognostic factors for medial meniscus 
root repair were obesity, increasing age, advance osteoarthritis (KL III-IV), and varus 
malalignment >5o [70]. Therefore, the repair should preserve for patient who had 
medial meniscus posterior root tear without these conditions. For meniscectomy, the 
advantages of this procedure over the repair is the immediate pain relief, no need for 
special rehabilitation program, and could be done regardless of degree of osteoarthri-
tis change. The present of a mechanical symptom such as “locking” was a good can-
didate for this procedure. The nonoperative treatment of medial meniscus posterior 
root tear was suitable for patients whose conditions were unfavorable for surgery and 
could not follow the post-operative protocol. The progression of osteoarthritis were 
high in both nonoperative and meniscectomy treatment [42].

Figure 13. 
Schematic drawing showed all-inside repair of the medial meniscus root with all-inside meniscal repair 
devices. Two horizontal stitches were used to repair the torn meniscal tissue together and one vertical stitch was 
used to repair the posterior capsule.
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The available treatments of medial meniscus posterior root tear with their 
advantages, disadvantages, and results concerning the development of osteoarthri-
tis are summarized in Table 2.

6.3 Approach strategy for the treatment of medial meniscus posterior root tear

Due to many factors that alter the result of medial meniscus root repair. The sig-
nificant factors were chronicity of tear, grading of osteoarthritis and mal-alignment 
(varus >5o). We developed a strategic approach for the treatment of medial menis-
cus posterior root tear (Figure 14).

Treatment Advantages Disadvantages Results

Nonoperative • symptomatic 
relief

• less invasive

• no surgical risks

• do not prevent OA 
progression

• short term result

• 10 years - 95% progression 
of OA [42]

• 10 years - 45% conversion 
to knee replacement surgery 
[7, 42–43]

Meniscectomy • symptomatic 
relief

• less complicated 
procedure

• Immediate pain 
relief

• do not prevent OA 
progression

• short term result

• 10 years - 99% progression 
of OA [42]

• 5 years – 54% conversion to 
knee replacement surgery [44]

Meniscus root 
repair

• prevent OA 
progression

• Good long term 
result

• reserve in none or 
mild OA change

• technical demand

• need rehabilitation

• 10 years - 53% progression 
of OA [42]

• 10 years - 33% conversion to 
knee replacement surgery [42]

Table 2. 
Advantages, disadvantages, and results of available treatment of medial meniscus posterior root tear.

Figure 14. 
Our strategic approach for symptomatic medial meniscus posterior root tear.
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7. Post-operative protocol

In immediate post-operative period, the goal was to reduce pain and swelling. 
In one study, the continue passive motion machine was used immediately after 
surgery [71] but most of the studies would delay the motion after 4 weeks. Most of 
the repair protocol used cast or knee brace with locked flexion at first 4 weeks with 
the first 2 weeks in full extension and the other 2 weeks in 0-30o to prevent femoral 
roll back and injury to the repair meniscus [72]. Active range of motion exercise 
should be done after 4-6 weeks. Non-weight bearing or toe-touch weight bearing 
was used during the first 2 weeks after surgery. Then progressive weight bear-
ing to full weight at 6-8 weeks after surgery. Isometric quadriceps exercise could 
start at the 1st post-operative day but active strengthening exercise should start at 
8-12 weeks after surgery. In the majority of patients, full activity can be achieved by 
4-6 months [23].

8. Conclusions

The number of medial meniscus root tear were found more often due to better 
understanding of the physicians and accessibility to the investigation tool such as 
MRI. The important aspect of meniscus root was the stability of the whole menis-
cus. With medial meniscus root tear, overall hoop stress function was impaired 
which will lead to early-onset osteoarthritis. Most of the tear occurred in adults 
through a minor trauma such as squatting or sitting. The pop sound is one of the 
significant happenings that is frequently found. Investigation of choice was the MRI 
because of its high sensitivity and specificity. Significance MRI finding included 
cleft sign, ghost sign, and medial meniscus extrusion. Diagnosis needed index 
of suspicious and confirmed by the investigation. Early detection would lead to 
better outcome of the treatment. The longer the duration, the worse the degree of 
meniscus extrusion and degree of cartilage damaged. Nonoperative treatment may 
relieve pain and swelling in the short term. We recommend meniscus root repair in 
case of acute tear, or mild degeneration of the knee. Early treatment may prevent 
the meniscal extrusion and reduce the rate of knee replacement conversion. Biologic 
treatments might have a role for enhancing repair and needing further study.
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Abstract

Injuries to the posterolateral corner (PLC) of the knee may have a devastating 
impact on whole joint. Posterolateral rotatory instability, despite getting more and 
more popular among orthopedic surgeons, still remains challenging to diagnose 
and even more challenging to treat. Available surgical techniques are demanding 
and require advanced surgical skills. In this chapter we are going to review the 
diagnostic tools which help to recognize posterolateral rotatory instability of the 
knee, to outline its importance and consequences of misdiagnosis as well as present 
arthroscopic popliteus tenodesis and arthroscopic-assisted posterolateral corner 
reconstruction which are our minimally invasive techniques used to treat this 
condition depending on PLC injury pattern and grading. Presented techniques are 
reproducible, safe and do not require advanced surgical skills being a useful alterna-
tive for available open PLC reconstructions.

Keywords: posterolateral corner of the knee, popliteus tendon,  
lateral collateral ligament, multiligament knee injury, popliteus tenodesis, 
arthroscopic posterolateral corner reconstruction

1. Introduction

When it comes to the traumatic soft tissue injury of the knee, the patient is 
always afraid of having a meniscus or cruciate ligament lesion. Despite the wide-
spread disrepute of meniscal, cruciate ligaments or isolated collateral ligaments 
tears, the management and treatment options are well-established with scientifi-
cally proved good results. More challenging remain acute and chronic rotatory 
instabilities of the knee which require a high grade of suspicion to be recognized, 
a broad knowledge of anatomy and biomechanics to determine injured structures 
and properly addressed them and, finally, have a debilitating influence on the whole 
knee joint when left unrecognized [1–3].

One of the most common rotatory instability pattern is a posterolateral rotatory 
instability (PLRI), which is a consequence of injuries to the structures of so-called 
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posterolateral corner (PLC) of the knee. This anatomical and functional region 
of the knee consists of many static and dynamic stabilizers from which the most 
important are three: fibular collateral ligament (FCL), popliteus tendon (PLT) and 
popliteofibular ligament (PFL). The others involve iliotibial band (ITB), biceps 
femoris tendon (BT), posterolateral knee capsule, fabello-fibular ligament [4, 5]. 
From three main stabilizers mentioned above, the FCL works as a primary restraint 
to varus stresses, especially close to knee extension, whereas PLT and PFL plays a 
crucial role in limitation of tibial external rotation. Furthermore, the PLT provides 
antero-posterior stability in 30° of knee flexion and, working as a dynamic stabi-
lizer, actively rotates the knee internally [4, 6, 7].

Typical mechanisms of injury to the PLC involve knee hyperextension with 
varus deformation like for example direct hit to the anteromedial region of tibia, 
forced external rotation with the foot fixed on the ground, mostly during sport 
activities, but also motorbike or vehicle accidents as a part of complex knee injuries 
[4, 5, 8]. The PLC injuries account for 16% of all knee ligamentous injuries, but only 
28% of them are isolated [5, 6]. Usually they are associated with anterior cruciate 
ligament (ACL) or posterior cruciate ligament (PCL) tears [5]. Non-recognition 
of PLRI concomitant with ACL or PCL tears may lead not only to unsatisfactory 
clinical results of surgical treatment, but also to reconstruction failures and further 
revision surgeries [9]. Thus, an adequate diagnosis and management of PLC injuries 
are essential for the knee joint well-being.

2. Diagnosis of posterolateral corner injury

Patient with PLRI of the knee may present with a history of knee sprain with 
hyperextension or direct hit to the anteromedial region of tibia, forced external 
rotation with the foot fixed on the ground during sport activities or motorbike 
accident. The patient usually complains on pain in posterolateral or lateral region of 
the knee, side-to-side instability close to full extension, difficulties in going up- and 
downstairs, inability to perform sports activities [4, 5].

In acute setting it is essential to rule out neuro-vascular injuries concomitant to 
PLC injury. Popliteal neuro-vascular bundle and common peroneal nerve are at risk 
during knee injuries leading to PLC tears. Moreover, it is very important to assess 
other intra- and extra-articular structures like ACL, PCL, menisci and exclude their 
lesions, because isolated PLC tears are rare [6].

The patient suspected for PLC tear should be assessed during gait, standing and 
lying on the examination table [4, 6, 8, 10]. Chronic PLRI may lead to so-called 
“triple-varus”, which is an evolution from anatomical knee varus through weight-
bearing varus to “varus thrust gait”, when the knee developed excessive varus and 
hyperextension during the stance phase of gait [8]. Many clinical tests have been 
developed and are widely used to assess the structures of the PLC:

• Varus stress test in 0° and 30° of flexion
This test is positive when applying a varus force to the knee leads to exces-
sive opening of lateral joint space without firm endpoint. If positive in 30°, it 
suggests the FCL tear. If positive in both 0° and 30°, it suggests more complex 
lesion of PLC.

• Posterolateral drawer test and posterolateral external rotation test
The test is performed in 30° and 90° of knee flexion. When applying postero-
laterally directed force, excessive tibial translation and external rotation may 
be observed (Figure 1).
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• Dial test in 30° and 90° of flexion
Having the patient lying prone, with stabilized thighs, passive tibial external 
rotation of both lower extremities is being compared considering feet posi-
tions. Asymmetric increased in external rotation in 30° suggests injury to the 
PLC, but asymmetric increased in external rotation in both 30° and 90° implies 
injury to the PLC and PCL.

• Reverse pivot-shift test
Starting from from 90° of flexion, the knee is gradually extended with valgus 
and tibial external rotation applied. In case of PLC tear, posteriorly subluxed 
tibia is reduced in 30–40° of knee flexion by ITB, which changes its function 
from flexor to knee extensor.

• External rotation recurvatum test
Having the patient lying supine, with stabilized thighs, both great toes are 
grasped and feet lifted by the physician. The knee with PLC injury presents 
hyperextension and varus deformity.

Other tests like Lachman test, anterior drawer test, posterior drawer test, 
valgus stress test, different meniscal tests are used to rule out concomitant lesions 
depending on examiners preferences and experience [4, 6, 8, 10].

Figure 1. 
Posterolateral drawer test performed in the right knee on the operating table. Upper image presents starting 
point and in the lower picture excessive posterolateral tibial translation with external rotation can be observed 
under loading.
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Figure 3. 
Arthroscopic view from anterolateral portal in the right knee in figure-of-four position. “Drive-through sign” is 
visible. LM- lateral meniscus, LFC- lateral femoral condyle, LTP- lateral tibial plateau, PLT- popliteus tendon.

Imaging studies are important in diagnosis of PLC injury. Classic anteroposterior 
and lateral X-rays are used to exclude fractures in acute setting and to assess any 
degenerative changes existence. Long-leg X-ray is necessary in chronic cases to rule 
out excessive varus deformity which may require correction before soft-tissue surger-
ies. Both knees stress X-rays performed in 20° of flexion may reveal asymmetric lat-
eral joint space opening. Side-to-side difference in lateral gapping about 2.7 mm may 
indicate isolated FCL tear, whereas the difference above 4 mm represents complex 
PLC injury [11]. Magnetic resonance imaging (MRI) may be a useful technique to 
diagnose PLC injury in acute setting, but after 12 weeks from initial trauma only 26% 
of PLC tears are diagnosed this way [4]. Signs of PLC tears which may be observed 
on MRI scans are arcuate sign, which is an avulsion fracture of fibular head, avulsion 
or interstitial-type tear of ITB typically close to tibial attachment, BT tear close to 
fibula, FCL tear usually close to fibular or tibial attachment, rarely mid-substance, 
PLT injury usually localized on myotendinous junction [12]. It is worth noting that an 
abundant signal abnormality in the region of the posterior capsule is usually present 
in case of PLC tear [12]. Figure 2 presents injury to the PLC of the knee on sagit-
tal MRI scan. Furthermore, MRI allows to rule out other intra- and extra-articular 
pathologies like cruciate ligament and menisci tears or chondral lesions.

Figure 2. 
Sagittal MRI scan of the right knee with PLC injury. Abnormal signal is observed in the region of posterior 
knee joint capsule.
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Arthroscopy is no longer only diagnostic procedure. Every surgeon who decided 
to scope the knee is obligated to treat recognized intra-articular lesions. The direct 
sign of PLC injury observed during diagnostic part of knee arthroscopy is so-called 
“drive-through sign” and involves lateral joint space widening with elevation of 
lateral meniscus (LM) in the figure-of-four position (Figure 3). In our practice this 
sign is very important in decision-making process. Table 1 summarizes the pearls 
and pitfalls in diagnosis of PLC injuries.

There is a lack of comprehensive classification system which could cover all 
aspects of PLC injuries [10]. The most commonly used is classification developed by 
Fanelli and Larson which is presented in Table 2 [13].

PLT- popliteus tendon, PFL- popliteofibular ligament, FCL- fibular collateral 
ligament, ER- external rotation.

Point of evaluation Pearls Pitfalls

Clinical exam

Varus stress test Perform in 0 and 30°. Positive indicates 
more complex PLC injury.

Patient may guard during 
examination. Try to eliminate 
muscle contraction.

Posterolateral drawer 
test
Posterolateral external 
rotation test
Dial test
Reverse pivot-shift test
External rotation 
recurvatum test

Always compare to the uninjured side. 
Choose 2–3 tests and train them. Dial 
test is useful to differentiate isolated 
PLC injury and concomitant PCL 
injury.

Tibial external rotation may be 
increased also in anteromedial 
rotatory instability.

Lachman test, anterior 
and posterior drawer, 
meniscal tests.

Rule out other ligamentous and 
meniscal lesions.

Lachman test may be positive due 
to PLT injury, anterior drawer may 
be false positive in complex PLC/
PCL injuries.

Imaging

X-ray
Stress X-ray
MRI

Rule out fractures. Segond, reverse 
Segond fracture and tibial head 
fracture are avulsion fractures due to 
pull of ligaments.
Useful in assessing intra-articular 
pathologies.

X-ray does not directly assess soft 
tissue conditions. Stress X-rays 
difficult to perform in some 
countries.
Poor sensitivity in diagnosis of 
PLC injuries especially > 12 weeks.

Arthroscopy Look for “drive-through sign”. It is difficult to directly assess PLC 
injury.

Table 1. 
Summarizes the pearls and pitfalls in diagnosis of PLC injury.

Grade Injured structures Instability pattern

A PLT + PFL Increased tibial ER

B PLT + PFL
FCL attenuation

Increased tibial ER
Slightly increased lateral joint space opening

C PLT + PFL
FCL tear, capsule tear
Commonly cruciate ligaments tear

Increased tibial ER
Excessive lateral joint space opening
Sagittal plane instability

Table 2. 
Posterolateral corner injuries classification according to Fanelli and Larson [13].
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3. Current surgical treatment options

Numbers of surgical techniques have been developed for treatment of PLC 
injuries what outlines that it is a very complex problem and no simple solution 
does exist [7, 9, 14–20]. Among them one can differentiate 3 types of procedures: 
tightening of injured structures, PLT bypass and anatomic reconstructions [9, 21]. 
Anatomic reconstructions, in turn, involve fibular-based and tibio-fibular based 
techniques [4]. Most anatomic techniques focus on reconstruction of three main 
stabilizers of the PLC: FCL, PLT and PFL. However, it has been emphasized that 
concerning surgical techniques, individual PLC structures should be reconstructed 
only if injured, avoiding reconstruction of that are not damaged [10]. Thus, a proper 
diagnosis of injured structures is a key to success in surgical treatment and Fanelli 
and Larson classification mentioned above may be a helpful tool in considering sur-
gical approach. It is worth noting that in case of chronic PLC injury the success rate 
of surgical management is about 90% [21]. However, detailed description of each 
available technique for PLC tears treatment is far beyond the scope of this chapter. 
Interested readers we send to positions from literature [14–20].

When last two decades have provided a comprehensive knowledge about 
anatomy and anatomical reconstructions of PLC, especially due to studies of dr 
Laprade and his groups, last years brought a great development in arthroscopic 
surgery and shift from open to arthroscopic procedures based on previous 
assumptions [20]. The reasons of these changes were that open PLC reconstruc-
tions, despite their effectiveness, are very invasive procedures. They require a 
broad surgical approach with poor esthetic results, which some patients do not 
accept, and enforce less aggressive rehabilitation protocol. It causes a longer 
recovery after surgery. Moreover, common peroneal nerve neurolysis is obliga-
tory [15]. Arthroscopic surgeries have many advantages including better visu-
alization of anatomical landmarks, lower infection rates, lesser amount of scar 
tissue, less post-operative pain, faster rehabilitation, better protection of com-
mon peroneal nerve without obligatory neurolysis [21]. Another advantage of 
arthroscopic surgery for PLC injury is its proved reproducibility and high accu-
racy in tunnel placement during reconstructions [7]. However, most arthroscopic 
techniques require maneuvering in popliteal fossa and trans-septal portal place-
ment, what puts at risk popliteal neuro-vascular bundle. Thus, these techniques 
are reserved for very experienced arthroscopic surgeons.

Following sections of these chapter will present arthroscopic popliteus tenodesis 
and minimally invasive arthroscopic-assisted PLC reconstructions which are tech-
niques for PLC injuries developed and used with success for many years by senior 
authors (K.H, P.J) [22, 23]. Indications, contraindications, advantages, disadvan-
tages and surgical details will be explained.

4.  Arthroscopic posterolateral corner stabilization with popliteus 
tenodesis

4.1 Indications and contraindications

Indication for this procedure is a posterolateral rotatory instability of the knee 
grade A according to Fanelli and Larson classification (Table 2) [22]. It can also be 
used in grade B and C PLRI as a part of combined procedure with reconstruction 
of other structures of the PLC. The main purpose of this technique is to prevent 
excessive tibial external rotation. Secondly, it allows to reduce posterior tibial 
subluxation caused by PLC injury.
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The contraindications are: damaged femoral attachment of PLT, complete mid-
substance PLT tear without scar formation, excessive varus deformity of the knee, 
advanced osteoarthritis, rheumatoid arthritis.

4.2 Rationale for using arthroscopic PLT tenodesis

The rationale for using arthroscopic PLT tenodesis are facts that most popliteus 
tears are extra-articular, involving usually the muscle or myotendinous portion 
and in chronic cases sulcus popliteus is usually covered by popliteus tendon and/
or scar tissue [7, 12]. Thus, the PLT is still presented in its anatomical location, 
despite losing its function. Moreover, it has been proved that anatomic reconstruc-
tion of the passive part of PLT significantly restores proper range of tibial external 
rotation [24].

Presented technique does not require advanced skills in arthroscopic surgery, is 
safe and reproducible, does not exhaust other surgical options.

4.3 Arthroscopic PLT tenodesis-surgical technique

The patient is positioned supine with a thigh tourniquet applied on operated 
leg, which is placed in a leg holder. The procedure is performed using standard 
anterolateral (AL) and anteromedial (AM) portals. After arthroscopic inspection 
of whole knee joint and excluding other intra-articular pathologies, the arthroscope 
is inserted to the lateral knee recess and PLT unit is visualized (Figure 4). With the 
knee in full extension an additional mid-lateral portal is placed 1,5 cm above the 
fibular head, just anterior or posterior to FCL depending on better angle of attack 
determined with a marking needle (Figure 5). It is important to stay anterior to 
BT to avoid common peroneal nerve injury. Then, under visual control, Pean’s 
forceps with fastened one end of suture tape (FiberTape, Arthrex, GmBH Munich, 
Germany) are inserted behind the PLT to the posterolateral knee recess, the tape is 
introduced to lateral knee compartment using an arthroscopic grasper and then it 
is pulled out the joint through mid-lateral portal with Pean’s forceps making a ring 
around the PLT at the level of planned place for tenodesis (Figure 6). The ideal 
point for PLT fixation is the crossing of the horizontal line at the tip of fibular head 
with vertical line at the medial edge of fibular head, 1 cm below the joint line [7]. 

Figure 4. 
Arthroscopic view from anterolateral viewing portal in the right knee with the arthroscope in lateral knee 
recess. Popliteus muscle-tendon unit may be observed. PLT- popliteus tendon, PFL- popliteofibular ligament, 
LM- lateral meniscus.
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Figure 6. 
Arthroscopic view from anterolateral viewing portal in the right knee. Suture tape (ST) rounded the popliteus 
tendon (PLT) right before making a tenodesis. LFC- lateral femoral condyle, LM- lateral meniscus.

In this place the proximal part of tibial popliteus aiming guide (senior author K. 
H prototype) is fixed and the distal part is positioned on the anteromedial tibial 
cortex, just below the pes anserinus where a small skin incision is made. Both 
parts of the aiming guide are connected and the eyelet pin is drilled through tibia 
(Figure 7). For advanced arthroscopic surgeons it is possible to drill the tibia with an 
eyelet pin using a free-hand technique after positioning the tip of pin in the proper 
place for PLT fixation which was previously described. Then, using a 6 mm drill, a 
2-cm depth bone sockets are formed in the posterolateral and anteromedial cortex 
of the tibia. After that, free ends of suture tape rounding PLT are passed through 
the eye in an eyelet pin and the pin is pulled-out through the anteromedial tibial 
cortex introducing the PLT into bone socket. Free ends of suture tape are tied on the 
cortical button placed in the socket on the anteromedial tibial cortex. The tension 
of tenodesis is regulated by twisting the cortical button with Pean’s forceps under 
arthroscopic control until the drive-through sign and lateral meniscus elevation are 
eliminated in the figure-of-four position (Figures 8 and 9).

Figure 5. 
A marking needle is used to determine the proper place for mid-lateral portal placement in the right knee. FH- 
fibular head, FCL- fibular collateral ligament.
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4.4 Postoperative rehabilitation

After surgery the knee is immobilized in a brace with limited knee extension 
(30–90°) for 6 weeks. Passive knee motion starts from the second day after surgery. 
Walking on crutches is recommended for 6 weeks after surgery. Supervised reha-
bilitation program with experienced physiotherapist is advised. The rehabilitation 
protocol is similar to this widely-accepted for PCL reconstructions.

4.5 Advantages and disadvantages of PLT tenodesis

The main advantage of arthroscopic PLT tenodesis is that this is a minimal 
invasive technique utilizing native, vascularized material present in the joint. It 
does not require harvesting grafts and does not exhaust other treatment options. 
It allows to restore static PLT function. Presented technique does not demand 
advanced arthroscopic skills and may be useful for beginning arthroscopic surgeons 
treating PLRI with dominant external rotation component. Following described 
technique it is a safe procedure because is performed far from common peroneal 
nerve and does not require maneuvering in the posterior knee close to the popliteal 
neuro-vascular bundle. Positioning the tunnel in the tibia from posterolateral to 
anteromedial facilitates utilizing this surgery without special instruments making it 
a cost-effective procedure.

Figure 7. 
The right knee. The tibial popliteus aiming guide (K.H prototype) is positioned from posterolateral to 
anteromedial tibial cortex and the eyelet pin is being used to drill the tunnel.
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Main disadvantage of presented technique is that it is limited to grade A PLRI 
and higher grades with varus instability require additional FCL reconstruction. 
Moreover, reconstruction of PFL is not possible. Being focused on static PLT 

Figure 8. 
Tensioning of the tenodesis by twisting the cortex button with Pean’s forceps until the drive-through sign is 
eliminated.

Figure 9. 
Eliminated drive-through sign. LFC- lateral femoral condyle, LM- lateral meniscus, LTP- lateral tibial 
plateau.
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function, its dynamic function may be lost. Furthermore, there is a risk of PLT or 
LM injury during mid-lateral portal formation. It is also worth noting that knee 
extension deficit may exclude applying this technique.

5. Arthroscopic-assisted anatomic PLC reconstruction

5.1 Indications and contraindications

The indications for this complex procedure are grade B and C PLC injuries 
according to Fanelli and Larson classification, especially when varus instability 
requiring FCL reconstruction is presented and excessive tibial external rotation 
which cannot be treated with PLT tenodesis is observed [23].

The contraindications are excessive varus deformity, poor bone quality, 
advanced degenerative joint disease, rheumatoid arthritis, limited range of motion.

5.2 Rationale for using arthroscopic-assisted anatomic PLC reconstruction

The rationale for using presented technique is a scientifically proved efficacy of 
anatomic PLC reconstructions in treatment of PLRI. Presented technique allows for 
a stepwise approach and management only this structure which has been damaged-
PLT or FCL, or both. Whereas FCL reconstruction is obligatory in case of chronic 
lateral instability, in many patients the external rotation component of PLRI may be 
addressed with PLT tenodesis. However, when PLT femoral attachment is damaged 
or complete mid-substance tear occurs, anatomic PLT reconstruction is necessary.

5.3 Arthroscopic-assisted anatomic PLT reconstruction-surgical technique

The patient is positioned supine with a thigh tourniquet applied on operated leg, 
which is placed in a leg holder. The procedure is performed using standard antero-
lateral (AL) and anteromedial (AM) portals. When the diagnosis of PLC injury 
is confirmed, semitendinosus tendon (ST-T) is harvested, prepared as a graft and 
double folded on the suspensory fixation device. Then, additional arthroscopic por-
tals are created: mid-lateral, which was described in the section about PLT tenodesis, 
and high mid-lateral portal, which is situated at the level of PLT femoral attachment. 
A retraction suture may be placed on PLT to facilitate maneuvering. With the knee in 
full extension tibial popliteus aiming guide (K.H prototype) or an ACL tibial aiming 
guide is used to create tibial tunnel for PLT reconstruction. Senior author prototype 
allows to drill the tunnel from posterolateral to anteromedial direction without the 
risk of uncontrolled common peroneal nerve injury, whereas an ACL aiming guide 
enforces the surgeon to drill in anteromedial-posterolateral direction. The tibial tun-
nel should be positioned as it was previously described for PLT tenodesis. The drill 
matched to the size of the graft is used to create the tunnel. Then the knee is flexed 
to 90°. An eyelet pin introduced through high mid-lateral portal is placed in the PLT 
femoral attachment and used as an aiming guide to direct the femoral tunnel to the 
point just above the medial femoral epicondyle. Then the drill matched to the size 
of the ST-T graft is used to create the tunnel. A passing suture is passed through the 
eye in the eyelet pin and the pin is pushed medially to introduce the passing suture 
into the femoral tunnel. The second passing suture is grasped with an arthroscopic 
grasper inserted through tibial tunnel and pulled out through tibial tunnel outside 
the joint. It is important to have both passing sutures in mid-lateral portal without 
tissue bridges between them. At first, the ST-T graft is passed with passing suture 
through tibial tunnel, then passed below the skin and introduced with the second 
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Figure 10. 
Politeus tendon graft fixed on the anteromedial tibial cortex with cortical button.

passing suture to femoral tunnel. The graft is fixed on medial femoral cortex with 
suspensory cortical device and on the anteromedial tibial cortex with cortical button 
(Figure 10). In this way an anatomic PLT reconstruction was performed.

5.4 Minimally invasive anatomic FCL reconstruction-surgical technique

The procedure starts from harvesting gracilis tendon (GT-T). The graft is 
prepared and double folded on the suspensory cortex device. Then, with the knee 
in 90° of flexion, a 4–5 cm horizontal skin incision is done above the femoral 
FCL attachment and 3 cm vertical skin incision is made above the fibular head. 
Subcutaneous tissues are dissected to bony landmarks. An eyelet pin is placed in  
the native FCL femoral attachment just proximal and posterior to the lateral 
femoral epicondyle and used to direct the femoral tunnel toward the point above 
the medial femoral epicondyle. The drill matched to the size of GT-T graft is used to 
create femoral tunnel. Then, the eyelet pin is used to introduce the passing suture 
into the femoral tunnel. In the second step, the eyelet pin is placed in the middle 
of fibular head and used to position the fibulo-tibial tunnel from this point toward 
the point just below the MCL tibial insertion (Figure 11). The drill matched to the 
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size of the GT-T graft is used to create the tunnel and an eyelet pin is utilized to pass 
the second passing suture through the fibulo-tibial tunnel. The GT-T graft is passed 
through fibulo-tibial tunnel from medial to lateral, then passed below the skin 
and ITB using Pean’s forceps and finally introduced into femoral tunnel using the 
first passing suture (Figure 12). The graft is fixed on medial femoral cortex with 
suspensory device, in the femoral FCL attachment and fibular head using 2 inter-
ference screws and additionally on the anteromedial tibial cortex using  
cortical button (Figure 13). In this way the FCL reconstruction is performed.

5.5 Postoperative rehabilitation

Postoperative rehabilitation protocol is similar to this described previously for 
arthroscopic PLT tenodesis.

5.6 Advantages and disadvantages

The main advantage of presented technique is that this is an anatomic recon-
struction of the most important PLC structures with limited invasiveness and faster 

Figure 11. 
Minimally invasive approach to fibular collateral ligament reconstruction. An eyelet pin and drill guide matched 
to the size of the graft are used to create tibial tunnel. Passing suture introduced to femoral tunnel may be observed.
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Figure 12. 
The gracilis tendon graft is passed through tibial tunnel from medial to lateral, then passed below the skin and 
ITB and introduced to femoral tunnel using passing suture.

recovery in comparison to classic open surgeries. Both procedures can be performed 
as isolated surgeries. Moreover, fibular part of this technique may be used to sta-
bilize the proximal tibio-fibular joint in case of instability. An another asset of this 
procedure is that there is no need for maneuvering in posterior knee compartment.

Despite its efficacy and many advantages, presented technique has also some 
disadvantages. Firstly, there is no possibly to reconstruct PFL in presented way. 
Secondly, more advanced surgical skills and some experience are required to 
perform it properly. Moreover, graft harvesting is required what can lead to donor-
site morbidity. Improper tunnel positioning may lead to MCL symptoms as well as 
tunnel convergence during cruciate ligaments reconstructions in the future. Finally, 
in opposition to arthroscopic PLT tenodesis it is a costly procedure.

6. Discussion

More and more orthopedic surgeons are familiar with treatment of multi-
ligament knee injuries [25]. Last two decades brought a great development in 



41

Injuries of the Posterolateral Corner of the Knee-Diagnosis and Treatment Options for Beginning…
DOI: http://dx.doi.org/10.5772/intechopen.99219

understanding of anatomy, function and biomechanics not only of central knee 
structures like ACL, PCL and menisci, but also for so-called “knee corners” includ-
ing PLC and PMC. That has put more interest on rotatory instabilities of the knee 
and caused introduction of many surgical techniques to address them [1–25]. A lot 
of surgical techniques were published, however only few presented results, what 
outlines the fact that objective measurement of rotatory knee stability remains dif-
ficult. Currently, reported results include patient subjective outcome scores, clinical 
examination findings and stress X-ray findings [21]. Each study presented signifi-
cant increase in Lysholm score and International Knee Documentation Committee 
score and improvement in clinical exam after surgery [21]. However, it is worth 
noting that all these factors are subjective and at risk of bias. More objective factor, 
a stress X-ray, which allows to measure lateral joint line opening or posterior tibial 
translation, may be useful, but only in more complicated PLC injury patterns, 
usually with concomitant injuries. The “gray-zone” remain an isolated grade A or B 
posterolateral rotatory instabilities, where reporting of objective results is difficult. 
The solution may be a biomechanical cadaveric study. However, as it was previ-
ously said, overall success rate in PLC reconstructions may reach about 90% [21]. It 
depends, among others, on indications and techniques, which were applied. In cases 

Figure 13. 
Fixation of gracilis tendon graft in fibular head using interference screw.
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of any doubt, expert consensus statement from 2019 is helpful to make a proper 
decision about treatment.

Most advantages and disadvantages of open and arthroscopic procedures were 
explained earlier in this chapter. A shift toward arthroscopic procedures was also 
outlined. Previously described reasons inspired senior authors (K.H, P.J) to develop 
arthroscopic PLT tenodesis and arthroscopic-assisted PLC reconstruction, which 
have been used by our team for many years. Indications, advantages and disadvan-
tages of presented technique were described in detail. These methods meet with 
high patients satisfaction rate, significant improvement in clinical examination may 
be observed, thus in our opinions they are effective in treatment of PLRI, however 
studies on objective results lasts.

7. Conclusions

Posterolateral rotatory instability of the knee (PLRI), which is a consequence 
of injury to the structures of PLC, is a serious condition causing clinical symptoms 
and biomechanical changes which may lead to early osteoarthritis development and 
cruciate ligament reconstructions failures. Many clinical tests and imaging modali-
ties are available for making a proper diagnosis and differentiate injured structures. 
It is widely accepted that only injured structures should be addressed, whereas 
reconstructions of structures which are not damaged should be avoided. Surgical 
treatment remains a gold-standard for high-grade PLC injuries. Arthroscopic 
popliteus tenodesis and minimally invasive arthroscopic-assisted PLC reconstruc-
tion are another surgical procedures which may be useful in hands of arthroscopic 
surgeons involved in the treatment of instabilities around the knee.
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Abstract

An anterior cruciate ligament(ACL) is one of the major stabilizers of the knee 
joint, injury to which can be quite dreadful even ending many sports careers if not 
properly treated. Knowledge of the risk factors contributing to ACL injury will help 
in identifying at-risk individuals and develop preventive strategies. The factors 
contributing to ACL injury are multi-factorial involving biomechanical, anatomi-
cal, hormonal, neuromuscular factors etc; and can be broadly classified as Intrinsic 
and Extrinsic factors. Intrinsic factors are mostly non-modifiable risk factors may 
be subdivided into anatomical, genetic, gender, previous ACL Injuries etc. Whereas 
Extrinsic factors are mostly modifiable risk factors include environmental factors, 
characteristic of surface and shoe, BMI and others. Anatomical risk factors can 
divided into tibial parameters like posterior tibial slope, medial tibial plateau depth 
etc; femoral parameters like notch width, notch index etc.

Keywords: risk factors of ACL injury, Notch index, posterior tibial slope,  
prevention of ACL injury

1. Introduction

The Anterior Cruciate ligament (ACL) is said to be one of the most important 
stabilisers of the knee preventing the anterior translation of the tibia over the 
femur. Injuries to the anterior Cruciate ligament commonly occur during sports and 
are caused usually by sudden stops or change in direction while running, jumping 
and landing [1–4]. These injuries are quite disabling and take a significant amount 
of time to recover and rehabilitate despite the surgery. Moreover, people with these 
injuries tend to end up with increased articular wear with time and end up with 
early post-traumatic arthritis even with the best of surgeries [5].

ACL injuries have been increasingly common in elite athletes who have rami-
fications in terms of contract/scholastic obligations, sponsorships and revenue-
generating potential. Though the number of people returning to sports post ACL 
reconstruction has increased, most professional sportsperson face challenges 
of returning to preinjury level and performances expected of them. As most of 
them, do not return to a high level of performance, many careers have ended or 
shortened because of ACL injury when compared to those without the injury [6, 7]. 
Consequently, it’s important to identify the risk factors which might lead to an 
increased probability of ACL injury so that preventive measures can be taken.

Risk factors of ACL injury could be divided into two major categories like 
intrinsic and extrinsic [8]. Intrinsic factors include those which are innate to the 
individual and are usually non-modifiable. These include factors such as anatomic 
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factors (Notch parameters, posterior tibial slope, lower extremity alignment etc.), 
neuromuscular factors, genetic factors, hormonal milieus and cognitive function. 
Extrinsic factors are those which surround the athlete and may include level and 
intensity of games or activity, playing surface and environmental conditions, 
as well as equipment used [9–12]. In this chapter, we have attempted to create a 
comprehensive yet exhaustive list of the risk factors contributing to ACL injury.

2. Material and methods

In this review of literature, the authors have used Pubmed database to search for 
various studies that factors that may contribute to ACL injury. The authors used the 
keywords anterior cruciate ligament, risk factors, extrinsic risk factors, intrinsic 
risk factors to search for articles. After eliminating the duplicates, the authors iden-
tified the trends and patterns in the risk factors and have summarised the findings 
in this article to create a concise review for readers and students.

3. Discussion

3.1 Intrinsic factors

3.1.1 Anatomical factors

The anatomic factors have been studied thoroughly these days as these factors 
could be picked up easily by investigations pertaining to the diagnosis of ACL 
injuries like knee radiographs and MRI. Establishing correlation with these ana-
tomic factors could help us in establishing a reliable tool in screening individuals at 
risk of ACL injury. Variations in these anatomical features are well documented in 
individuals especially between men and women which may explain why women are 
maybe at more risk of ACL injury than men. Various anatomic factors commonly 
studied include those related to knee geometry, alignment of the lower extremity, 
knee laxity, and body mass index [12, 13]. Factors related to knee geometry can be 
divided into a) tibial parameters like posterior tibial slope, depth of medial tibial 
plateau b) femoral/ notch parameters like notch width, bicondylar width, notch 
width index.

3.1.1.1 Notch parameters

Notch parameters have been one of the widely researched risk factors related 
to an ACL injury but there are wide differences in the way these parameters are 
measured. The femoral attachment of ACL is in the medial aspect of lateral femoral 
condyle over lateral intercondylar ridge [14, 15]. It is observed that impinging of 
ACL at various knee positions are well documented especially in those with narrow 
notch width. But controversy exists whether it’s due to geometry and size of notch 
itself, or due to volume of ACL or amalgamation of these characteristics [16]. It’s 
proven that women are known to have smaller notches when compared to males and 
that the people with smaller notches tend to have thinner and weaker ACL com-
pared to those with wider notch [17–19]. The stenotic notches cause ACL impinge-
ment over the lateral femoral condyle and if the knee is subjected to any anterior 
shear force or tibial rotational forces causing rupture of ACL ligament [20–23].

LaPrade et all demonstrated that there is an increased risk of ACL injury in 
people with a narrow intercondylar notch [24, 25]. Souryal et all in their study on 
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bilateral ACL injuries found narrow notch width to be associated but they used 
only the plain radiographs to calculate the Notch width. The major drawback of 
these studies was that they were done on plain radiographs where errors due to 
magnification were common. A notch width index was thus used to overcome these 
issues. Notch width index (NWI) can be measured using tunnel view radiographs 
or Coronal section MRI. The NWI was identified as the ratio of the width of the 
intercondylar notch to the width of the distal femur at the level of the popliteal 
groove. Souryal et al. used a tunnel view of radiographs and compared patients 
with unilateral and bilateral ACL injuries and found that patient with bilateral ACL 
ruptures have significantly smaller notch and NWI when compared to those with 
unilateral ACL ruptures. Moreover, they found no difference in NWI of unilateral 
ACL ruptures when compared to those with normal knees. Furthermore, they 
conducted a cohort study and reported that men athlete had higher NWI compared 
to female athletes who suffered ACL injuries when compared to those uninjured 
ones [26, 27]. S.M. Fahim et all in their randomised control study used MRI for the 
calculation for NWI, reported that there were no differences in NWI in either sex 
and the NWI was significantly lower in those with ACL injury [28]. Ashwini et al., 
in their MRI based comparative study, demonstrated that people with ACL injury 
had NWI of 0.29 ± 0.02 or lesser compared to those without an ACL injury, whereas 
Bhasukala et al., postulated the cutoff of NWI to be 0.28 ± 0.06.21. S.M. Fahim 
Et all reported cut off value of 0.29 with a sensitivity of 90% and specificity of 
86.7%. However, Gormeli CA et al. In their study on bilateral knees with ACL injury 
demonstrated cut-off values of NWI of 0.22 ± 0.008 in bilateral injured knees and 
0.24 ± 0.01 in the unilateral injured knee [29–31]. So the cut off varies depending 
on the ethnicity and the exact cutoff values are still controversial but most authors 
have concluded the critical value NWI ranging from 0.19 to 0.26.

The shape of the intercondylar notch is another parameter frequently studied 
with regards to the notch shape that is most associated with an ACL injury [32–34]. 
We could use a semi-quantitative approach to classify the various intercondylar 
notch shapes. It is classified into three shapes i.e. A, Inverse U, and Omega (U). 
Two parameters are calculated to ascertain the notch shape viz. notch width at 
the level of the popliteal groove(NWP) and notch width at the joint line(NWJ). If 
NWP equal to or near equal to NWJ, then the notch is of “U” shape. If NWP < NWJ 
then the notch is of “A” shape.If the NWP > NWJ then the notch shape is of Omega 
shape. ‘A’ shaped femoral notch is commonly associated with ACL injury whereas an 
inverted U shaped notch is more favourable to prevent ACL injury [29, 30, 35].

Overall, most authors found a positive relationship with an ACL injury and 
narrow notch and smaller NWI increased the risk of ACL injury I.e as intercondylar 
notch width decreases, an increase in ACL injury risk is observed.

3.1.1.2 Posterior tibial slope

Several studies related to proven multiple times that the Posterior tibial slope 
could be the major factor contributing to the stability of the knee joint [35, 36]. 
Cadaveric studies have shown that an increased posterior tibial slope has resulted 
in an increased anterior translation of tibia over the femur, thus increasing stresses 
on the ACL ligament especially during active gait [37, 38]. The posterior tibial slope 
is traditionally measured on lateral knee radiograph, the tibial axis is to be drawn 
connecting midpoints of lines connecting anterior and posterior cortex 4-5 cm apart 
as caudally as possible from the joint line. The angle between tangent connecting 
anterior and posterior cortex at joint and line perpendicular to the tibial axis cor-
responds posterior tibial slope in lateral knee radiograph. But again controversies 
regarding errors due to magnification or lack of true lateral radiographs and 
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inability to measure lateral posterior tibial slope(LPTS) and medial Posterior tibial 
slope(MPTS) have resulted in calculating these parameters in an MRI. To measure 
the medial and lateral posterior tibial slope on MRI first is to determine the tibial 
axis. For this, a sagittal section at the centre of the knee which contains intercondylar 
eminence and PCL attachment is selected. Two lines joining anterior and posterior 
cortices was drawn approximately 4-5 cm apart as caudally as possible from the joint 
line, the line joining the midpoint of the above two lines corresponds to the tibial axis. 
(Figure 1) Now the sagittal section of the centre of the lateral tibial plateau is identi-
fied, a tangent connecting the anterosuperior cortex to the posteroinferior cortex is 
drawn. The angle between the above tangent and the line perpendicular to the tibial 
axis corresponds to the medial posterior tibial slope. A similar technique is to be used 
to measure Lateral posterior tibial slope by drawing tangent at the centre of the lateral 
tibial plateau (Figures 2 and 3). A detailed view of MRI have found lateral posterior 
tibial slope(LPTS) to be more involved with ACL injury than medial Posterior tibial 
slope(MPTS) [39] but a meta-analysis has shown that ACL injury was associated with 

Figure 1. 
MRI picture depicting calculation of Tibial Axis.
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medial and lateral PTS [40]. Hashemi et all [41], in their study of 104 patients, both 
MTPS and LTPS were increased, injured group. Though females had higher LTPS 
than males they concluded that increased lateral posterior-directed tibial plateau 
slope is one of the major risk factor irrespective of gender. Whereas MPTS was signifi-
cantly increased only in men. Stijak et all, in their utilised both knee radiographs and 
the MRI, to determine the correlation between PTS and lateral plateau and concluded 
that increased lateral PTS was seen among the ACL injury cohort compared to the 
ACL intact cohort but they found increased MPTS in the uninjured group when com-
pared to the injured cohort. They suggested that an increase in LTPS would influence 
the rotation of the knee joint causing pivoting of the knee. In our study, Both MPTS 
and LTPS had a positive correlation with ACL injury they were significantly increased 
in the ACL tear group when compared to uninjured group irrespective of the gender. 
Females had higher MPTS and LTPS when compared to males in both groups but the 
difference was statistically significant in either sex.

Figure 2. 
MRI picture depicting calculation of medial posterior Tibial slope(MPTS).
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3.1.1.3 Medial tibial plateau depth

Other tibial medial parameters assessed are with the correlation of medial and 
lateral tibial plateau depth with an ACL injury but the evidence in this regard is very 
limited. It is measured with two parallel lines line drawn, one connecting the high-
est point of anterior and posterior points of the medial tibial plateau and the other 
line is tangent drawn at the deepest point of the medial tibial plateau, the distance 
between these two lines corresponds to medial tibial plateau depth. Hashemi et al. 
suggested that deepening of the surface of the medial tibial plateau leads to better 
joint congruity and prevents anterior translation of the tibia. In their study, they 
concluded that decreased MTD is associated with a greater risk of ACL injury. They 
found MTD to be a bigger risk factor than LPTS or MPTS whereas Blanke F et all 
suggested there is no correlation of medial tibial plateau death with an ACL injury 
[41–44]. More research in this area is required to come to a proper consensus on the 
influence of MTPD in ACL injury.

3.1.1.4 Other factors

Other parameters said to be associated with ACL injury are subtalar pronation, 
knee recurvatum, quadricep angle but the mechanism of how these parameters 
affect and evidence regarding its association is very limited.

Figure 3. 
MRI picture depicting calculation of lateral posterior Tibial slope(MPTS).
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3.1.2 Neuromuscular risk factors

In Contrast to anatomical risk factors which non-modifiable without surgical 
intervention, neuromuscular deficit are often modifiable risk factors. Intervention 
could reduce the risk of ACL injuries. Better control over the core body and 
improved proprioceptive control over the lower extremity have said to be associated 
with reduced risk of ACL injury. Proprioceptive performance can be improved by 
exercises improving muscle strength, synergistic coordination etc. which in turn 
help to reduce the risk of ACL injury. The mechanism of ACL injury occurs when 
the athlete takes off from valgus positioned knee, during which the knee is typically 
in 10–30° of flexion and tries to internally rotate the externally rotated foot aiming 
to suddenly change the direction.

There is a greater risk of injury to ACL injury when the knee is in abduction, 
there are intersegmental abduction movements and increased ground reaction force 
with decreased stance time. A study by Hewett et al. showed that when landing 
from jump in double leg stance, increased knee abduction angle and intersegmental 
forces, greater ground reaction force and shorter stance time caused increased ACL 
injuries [44–48].

A small knee flexion angle coupled with strong quadriceps contraction during 
sports activity will cause increased posterior loading on the knee. As a result, this 
increases ACL injury risk.

In female athletes, while landing from heigh during a jump, they perform 
cutting and pivoting manoeuvres with less knee flexion and hip flexion, increased 
valgus at the knee, increased internal rotation of the hip coupled with increased 
external rotation of the tibia and increased quadriceps muscle activation caused 
increased ACL injury due to increased strain on the knee.

Females have poor neuromuscular control of hamstrings and weaker gluteus 
medius strength, weaker hip abductors which coupled with poor landing mecha-
nism increases the risk of ACL injury.

Balance training, core strengthening, jump training, dynamic joint stability and 
plyometric exercises training increased core stability and improved proprioception, 
which reduced the risk of ACL injury.

When the knee is in valgus loading the medial collateral ligament becomes taut 
and lateral compression occurs. This as well as the anterior force vector caused by 
quadriceps contraction causes the lateral femoral condyle to shift posteriorly and 
the tibia shifts anteriorly and internally rotates, resulting in ACL rupture.

3.1.3 Sex differences

Anterior cruciate ligament tears vary in incidence by gender being more com-
mon among women. In fact, studies have shown that the rate of ACL tears could be 
9 times more common in women as compared to men [49]. Many studies have tried 
to study the exact reason for this sex-based discrepancy in ACL injuries. Though the 
exact reason still remains unclear, it appears there are various intercalated intrinsic 
factors that lead to this. The possible factors could be due to their unique effects 
of sex hormones, anatomic differences in the female ACL s and/or neuromuscular 
control variations among the sexes [50].

Female athletes have been found to have different movement and muscle activa-
tion patterns [51, 52]. Females while jumping, due to their increased quadriceps 
activation coupled with decreased hip and knee flexion increases the load on the 
ACL, thus injuring it [53]. A study conducted by Anderson et al. have found that 
the lack of stiffness and strength in the quadriceps and hamstrings in females along 
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with anatomically smaller ACLs predispose them to injuries [52]. Furthermore, 
female athletes displayed greater knee laxity values as compared to their male 
counterparts [54].

Anthropometric studies on ACL have shown Intercondylar notch is an anatomic 
factor that has links to the risk of ACL injuries [55, 56]. Subjects with a narrow/ ste-
notic intercondylar notch have a higher incidence of ACL injury. Therefore, females 
by the virtue of having smaller intercondylar notch and notch width index, have an 
increased likelihood of sustaining an ACL injury [57].

3.1.4 Hormonal risk factors

There is wide variations in hormonal milieu over the course of menstrual in 
females. The occurrence of ACL injuries has been found to have an association 
with the menstrual cycle phase. The reason for this may be because of the presence 
of progesterone and oestrogen receptor sites on the ACL [58–60]. However, all 
the studies on this have been either in vitro or in animal models and the presence 
of these receptors on human ACLs have not been proved. The hypothesis is that 
oestrogen has an effect on the synthesis and breakdown of the matrix components 
of ACL. The rate of occurrence of ACL injuries is more during the ovulatory phase 
of the menstrual cycle, which is hallmarked by high concentrations of serum 
oestrogen [58, 59]. What’s perplexing about these injuries in women is that they 
have been found to occur during non-contact event usually due to deceleration or a 
change of direction manoeuvre rather than a direct impact injury [61]. Oestrogen 
decreases the rate of proliferation of fibroblast and synthesis of types I procollagen 
whilst progesterone promotes the same [62]. Hence this variation in the concentra-
tion of oestrogen and progesterone in the various phases of menstruation influence 
the materialistic properties of ACL. Thus, ACL injuries in women are more common 
during the pre-ovulatory phase of menstruation, when the serum oestrogen levels 
are high [63].

3.1.5 Familial predisposition

There is some evidence to prove that ACL injuries do have a familial predisposi-
tion. A study conducted by Flynn et al. showed that people with anterior cruciate 
ligament tear were twice as likely to have a relative who has an anterior cruciate 
ligament tear as compared to the controls [64]. They concluded from this study that 
there is a familial predisposition to an anterior cruciate ligament tear. Another study 
by Harner et al. found that the incidence of anterior cruciate ligament tear was 
higher in the patients who have had a family history of ACL injury [65]. However, 
these studies have not looked into the similarities between the patients and their 
family. A study by Goshima et al. looked into the mechanism, situation and the 
types of sports played between patients and their family members to avoid bias 
[66]. They found that there was a strong familial predisposition to ACL injuries. 
Furthermore, individuals with FH of ACL injury had an increased risk of repeat 
ACL injuries and thus require prevention programs.

3.1.6 Genetic risk factors

Mutation in the specific genetic sequence variants of genes that code for the 
extracellular matric of the ACL are found to predispose such individuals to ACL 
injury. These genes include COL1A1, COL5A1 and COL12A1. The COL1A1 gene 
codes for the primary subunit of type 1 collagen which I the primary constitu-
ent of the ACL matrix. The TT genotype of the COL1A1 gene was found to be 
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underrepresented in patients with ACL ruptures as compared to those with control. 
These studies concluded that individuals with TT genotype of COL1A1 gene are 
less prone to ACL tears [67]. The COL5A1 gene codes for a major subunit of type 
V collagen which is a minor constituent of the ACL. A recent study showed that 
mutation of this gene was associated with ACL ruptures in these individuals [68]. 
The COL12A1 gene codes for collagen XII which is involved in the fibrillogenesis of 
ACL. In a recent study by Posthumus et al., it was found that COL12A1 AluI RFLP 
was found to be associated with ACL ruptures [69].

Matrix metalloproteins that are physiological mediators of collagen cleavage and 
removal are located on chromosome 11q22. A study done by Posthumus et al. this 
found that underrepresentation of the AG and GG genotypes caused an increased 
incidence of ACL injuries [70]. However, these factors are usually associated with 
other intrinsic and extrinsic factors and their independent association is difficult 
to determine. It is important that genetic variants be determined in various at-risk 
population and their phenotypes identified.

3.1.7 Cognitive function risk factor

Neurocognitive performance is one risk factor that has been understudied, 
though it is potentially a modifiable risk factor. Researchers have been looking into 
the association of loss of neuromuscular control and noncontact ACL injuries. 
They hypothesised that reduced baseline neurocognitive functions predispose an 
individual to ACL injuries. Athletes who had suffered ACL injuries were demon-
strated significantly slower reaction time and processing speed. Furthermore, they 
performed poorly on visual and verbal memory composite scores as compared to 
the controls. Poor neurocognitive performance is associated with reduced neuro-
muscular control and coordination issues thereby causing ACL injuries [71].

3.1.8 Previous injury

Previous ACL injury and reconstruction is in itself a risk factor for injury of the 
contralateral ACL and reinjury of the reconstructed ACL as well [72]. It was found 
that football players with an old ACL injury and/or reconstruction were predisposed 
to an ACL injury in either the contralateral knee ACL or the reconstructed ACL 
graft [73]. Patients who have had ACL reconstruction in the past 12 months have 
11 times the risk of sustaining a new / re-injury of the ACL. Some researchers have 
looked into the incidence of ACL injury in patients who have had other musculo-
skeletal injuries. It was seen that previous ankle injuries had a correlation to the like-
lihood of sustaining an ACL injury [74]. However, the site of previous injury and 
the recovery from the same dictates the risk of having an ACL injury. For example, 
patients with injuries of the lower limb and trunk have a greater predilection of 
sustaining an ACL injury as compared to those of the upper limb. Rehabilitation 
from the injury to pre-injury levels also reduces the risk of sustaining an ACL injury 
in the future.

4. Extrinsic risk factors

Extrinsic risk factors are the environmental factors, which predispose a per-
son to ACL injury [75–79]. Firstly, weather plays a role wet and rainy days have 
an increased risk of Anterior cruciate ligament injury as they decrease friction 
in-between shoes and field. As a result, there is a greater risk of ACL injury. In 
addition, there is more risk of ACL injury in hot weather as heat increases ligament 
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extensibility predisposing the patent to ACL injury. Orchard et al. prospective study 
showed increased risk with hot climate for ACL injury [76–79].

Secondly, the type of Cleats on shoes play a role in ACL injury. Cleats that have 
higher torsion such as edge cleats have higher resistance and will increase the risk 
of Anterior cruciate injury. Lampson et al. prospective study showed that cleats 
with higher torsional resistance have a significant risk of ACL injury. Their study 
was conducted on 3119 athletes which showed that 42 Athletes with edge cleats 
had ACL injuries which showed a higher predisposition to ACL injury with Edge 
cleats. Cleats design such as flat cleats, small cleats and fewer cleats had a fewer ACL 
injury [75].

Another factor that can contribute to the risk of ACL injury is the surface of the 
field. The field which has Bermuda grass have a higher risk of ACL injury compared 
to the field with Ryegrass due to cleats getting trapped in Bermuda grass. Orchard et 
al. prospective study show an increased risk of trapping in Bermuda grass compared 
to the field with Ryegrass, but this study did not take into account the different 
cleats used by the players [76–79].

Another study by Olsen Et al, compared ACL injuries in handball players in syn-
thetic and wooden courts. They have found that the incidence of ACL injuries was 
2.35 times higher in synthetic courts compared to the wooden courts [49]. There 
is usually an interplay between the foot ware and surface of which indoor games 
take place which increases the ACL injury risk and similar interplay could play in 
outdoor activities as well in combination with the weather conditions.

5. Conclusion

Several intrinsic and extrinsic risk factors contribute to ACL injury. Focus must 
be on modifiable risk factors in order to mitigate the risk of ACL tears. In depth 
knowledge and understanding of these risk fators can help surgeons and physio-
therapists to educate patients and sportspersons on prevention of ACL tears.and 
identify at risk individual (Table 1).

Intrinsic risk factors

Anatomical risk factors

Tibial Parameters

Posterior tibial slope Increased posterior tibial slope associated with 
increased translation of tibia over femur

Medial tibial plateau 
depth

Increased MTD prevents tibial translation.
Increased congruence of tibial plateau reduces 
the risk of ACL tear

Notch parameters

Notch width index Narrow notch area associated with thinner 
ACLs
Stenotic notch is associated with impingement 
of ACL

Notch width index <0.29 
associated with high risk

Shape of intercondylar 
notch

Three shapes based on notch width at the level 
of patellar groove (NWP) and at the level of 
joint line (NWJ)

‘A’ shaped femoral notch is 
commonly associated with 
ACL injury

Other factors subtalar pronation
knee recurvatum
quadricep angle, neuromuscular factors
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Intrinsic risk factors

Gender More common in females
Hormonal effects
Anatomical variations in ACL
Neuromuscular variation
Differences in movements and muscle activation patterns
Greater knee laxity
Smaller intercondylar notch

Hormonal risk factors ACL injury more common in pre- ovulatory phase due to high oestrogen

Familial and genetic 
risk factors

Two times higher risk with family history
Mutations in COL1A1, COL5A1 and COL12A1
chromosome 11q22

Cognitive function Poor neurocognitive performance is associated with reduced neuromuscular 
control and coordination issues thereby causing ACL injurie

Previous injury 11 times higher risk of ACL injury on same side after reconstruction or opposite 
side
Previous ankle injury

Extrinsic risk factors

Weather Wet and rainy days – reduced friction with surface
Hot weather – increased ligament extensibility

Type of cleat on shoes Edge cleats – higher risk of torsion – higher risk of injury

Type of grass Higher risk with Bermuda grass as compared to ryegrass due to trapping of 
cleats in Bermuda grass

Type of courts 2.35 times higher in synthetic courts compared to the wooden courts.

Table 1. 
Summary of all the risk factors of ACL injury.
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Abstract

Recurrent patellofemoral instability is a common cause of knee pain and  
functional disability in adolescent and young adult patients, resulting in loss of 
time from work and sports. There are numerous factors that contribute to recur-
rent patellofemoral instability; these factors include tear of the medial patellofem-
oral ligament (MPFL), weakening or hypoplasia of the vastus medialis obliquus 
(VMO), trochlear dysplasia, increased tibial tuberosity-trochlear groove (TT-TG) 
distance (>20 mm), valgus malalignment, increased Q angle, malrotation second-
ary to internal femoral or external tibial torsion, patella alta, and generalized liga-
mentous laxity. A detailed history and a thorough physical examination are crucial 
to clinch an early, accurate diagnosis. Imaging studies play an important role to 
confirm the clinical diagnosis and also help to identify concomitant intra-articular 
pathologies. Initially, nonoperative management (including the use of physical 
therapy, patellar taping or brace) is offered to patients with acute, first-time patel-
lar dislocations and most patients respond well to this mode of treatment. Surgical 
treatment is indicated for patients who have post-trauma osteochondral fracture or 
loose body; predisposing anatomical risk factors; recurrent, symptomatic instabil-
ity; and who have failed an adequate trial of nonoperative management. Surgical 
treatments include MPFL reconstruction, proximal or distal realignment proce-
dures, and trochleoplasty. Lateral release is often performed in combination with 
other procedures and seldom performed as an isolated procedure. An individual-
ized case-by-case approach is recommended based on the underlying anatomical 
risk factors and radiographic abnormality.

Keywords: Knee, Patellofemoral instability, Patellar subluxation or dislocation, 
Nonoperative management, Surgical treatment, Medial patellofemoral ligament 
reconstruction, Tibial tuberosity transfer, Trochlear dysplasia, Trochleoplasty

1. Introduction

This chapter is divided into 2 major sections. Section 2 provides a brief overview 
of acute dislocation of the patella. In Section 3, we discuss the soft tissue and osse-
ous anatomy, clinical presentation and physical examination, radiographic studies, 
nonoperative management, surgical treatment, and authors’ preferred method of 
medial patellofemoral ligament (MPFL) reconstruction for patients with recurrent 
patellofemoral instability.
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2. Patellofemoral instability: acute dislocation of the patella

Acute dislocation of the patella is an orthopedic disorder of the knee that 
frequently affects adolescent and young adult population (peak age of 10 to 
20 years). Acute patellar dislocation accounts for 2–3% of all knee injuries. It has 
been reported that there is a 17–49% risk of redislocation following first-time, 
acute patellar dislocation [1]. The risk increases to 44–71% following a second-time 
dislocation [2]. Acute traumatic patellar dislocation (with or without associated 
osteochondral fracture) is the second most frequent cause of traumatic hemarthro-
sis of the knee, after anterior cruciate ligament tear. The patella usually dislocates 
laterally, causing ruptures of the MPFL in about 90% of the cases.

2.1 Studies on the natural history of acute dislocation of the patella

Hawkins et al. [1] have reported on the natural history of acute patellar disloca-
tions. The authors of this study reviewed 27 patients who sustained primary disloca-
tions of the patellae. Of these 27 patients, 20 were treated with immobilization and 
subsequent physical therapy (including nine patients who underwent arthroscopy) 
and seven with immediate surgical stabilization and lateral release. In this study, the 
patients with predisposing factors such as patellofemoral malalignment, abnormal 
patellar configuration, and a history of prior symptoms of patellofemoral instability 
were more prone to recurrent dislocation and may benefit from operative interven-
tion. These authors noted that at least 30–50% of all patients having sustained a 
primary patellar dislocation will continue to have symptoms of instability and/or 
anterior knee pain.

Atkin et al. [3] prospectively studied the characteristics and early recovery of an 
unselected population of patients who had acute, first-time lateral dislocation of the 
patella. Seventy-four patients (average age 20 years) met the enrollment criteria. A 
standardized rehabilitation program was utilized, emphasizing range of motion, 
muscle strength, and return of function. Patients returned to stressful activities 
(including sports) as tolerated when they regained a full passive range of motion in 
the knee, had no joint effusion, and when quadriceps muscle strength was at least 
80% as compared with the opposite, non-injured extremity. Sports participation 
remained significantly reduced throughout the first 6 months after injury, with 
the greatest limitations in kneeling and squatting. The patients who had acute 
primary patellar dislocation were young and active, and most injuries occurred 
during sports.

Fithian et al. [4] published a prospective cohort study to define the epidemiol-
ogy and natural history of acute dislocation of the patella, and to identify risk 
factors for subsequent patellofemoral instability episodes. These authors prospec-
tively followed 189 patients for a period of 2 to 5 years. The overall annual risk for 
a first-time patellar dislocation was 5.8 per 100,000 members, with 61% of injuries 
occurring during sports. There was an increasingly higher incidence of patellar dis-
location in younger and female patients. The annual risk for patients with a previous 
history of patellar subluxation or dislocation was 3.8 per 100,000 members, with a 
statistically higher proportion of older and female patients.

2.2 Anatomy

Warren and Marshall [5] have delineated the anatomy of the medial aspect 
of the knee. These authors dissected 154 fresh human knee joints and found a 
consistent three-layered pattern with condensations between the tissue planes. 
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The fibers of MPFL were transversely oriented within layer II, superficial to the 
joint capsule and deep to the vastus medialis. Since then, various studies have been 
reported on the anatomy of the MPFL [6–21]. Schottle and associates [22], in their 
landmark cadaveric study, defined a radiographic point representing the femoral 
attachment of the MPFL. This was described on a true lateral radiograph of the 
knee (with both posterior condyles projected in the same plane), as 2 mm anterior 
to the posterior cortex extension line, 2.5 mm distal to the posterior origin of the 
medial femoral condyle, and proximal to the level of the posterior-most point of the 
Blumensaat’s line.

In earlier anatomical dissection studies, the MPFL has been defined as a pure 
ligament spanning from the medial femoral condyle to the medial border of the 
patella. However, recent advances in the surgical anatomy of the MPFL have 
revealed that there are fibers that insert onto the deep, undersurface of the quad-
riceps tendon as well as the patella, thus earning the name “medial patellofemoral 
complex” to allow for the variability in its anatomy [23]. The medial patellofemoral 
complex (MPFC) has been more recently identified as a broad, fan-shaped struc-
ture with both bony and soft tissue insertions [24, 25]. The MPFC origin is generally 
accepted to originate within a triangular saddle of bony landmarks on the medial 
condyle of the femur, formed by the medial gastrocnemius tubercle, the medial 
femoral epicondyle, and the adductor tubercle [17, 24, 25]. The insertion of the 
MPFC is more variable; about 57% of its fibers attach to the patella and the remain-
ing 43% attach to the undersurface of the quadriceps tendon [26]. Fulkerson has 
described this quadriceps portion of the MPFC as the medial quadriceps tendon-
femoral ligament (MQTFL) [27]. The length of the MPFL ranges from 45 mm to 
64 mm, and its width is slightly greater at its patellar insertion than its femoral 
origin [11, 13]. The midpoint of the 30.4-mm-wide insertion of the MPFC has been 
reproducibly found at the junction of the medial border of the quadriceps tendon 
with the articular surface of the patella [24, 26].

Tanaka [26] undertook a cadaveric study to describe and quantify the variability 
of the attachments of the MPFL. In his study, 33 cadaveric knees were dissected, 
and the MPFL was identified from the articular side after anterior reflection of the 
extensor mechanism and removal of the synovium. The mean width of the MPFL 
was 10.7 ± 1.8 mm at the femoral origin and 30.4 ± 5.5 mm at the patellar attachment. 
Tanaka [26] concluded that MPFL fibers vary in their width and percentage of attach-
ments to the patella and quadriceps tendon. Further research is required to identify 
the appropriate fixation points to recreate the anatomy and isometry of the MPFL 
during patellar stabilization surgery for patients with patellofemoral instability.

Aframian et al. [17] conducted a systematic review of anatomical dissections 
and imaging studies to identify the true anatomical origin and insertion of the 
MPFL. After screening and review of 2045 papers, a total of 67 studies investigating 
the relevant anatomy were included. The authors found that the origin of the MPFL 
appears to be from an area rather than a single point (as previously reported) on 
the medial femoral condyle. The weighted average length of the MPFL was 56 mm 
with an ‘hourglass’ shape, fanning out at both ends of the ligament. The MPFL is an 
hourglass-shaped structure running from a triangular space between the adductor 
tubercle, medial femoral epicondyle and gastrocnemius tubercle, and inserts onto 
the superomedial aspect of the patella. Figure 1 shows the diagram summarizing 
the femoral and patellar attachment areas of the MPFL. Awareness of anatomy is 
essential for accurate placement of the graft while performing MPFL reconstruction 
for patellofemoral instability.

The MPFL has been regarded as the major medial soft tissue stabilizer of the 
patella (particularly in early knee flexion), originating from the medial femoral 
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condyle and inserting onto the proximal two-thirds of the medial border of the 
patella. The MPFL acts as a primary static checkrein to resist lateral translation of 
the patella, providing approximately 208 N of mean tensile strength before rupture 
[6, 28, 29]. Conlan et al. [6], based on their landmark cadaveric study of the knees, 
reported that the MPFL is the major medial soft tissue restraint that prevents lateral 
displacement of the distal knee-extensor mechanism, contributing an average of 
53% of the total force. The patellomeniscal ligament and associated retinacular 
fibers in the deep capsular layer of the knee (which were previously thought to be 
functionally unimportant) in the stabilization of the patella, contributed an average 
of 22% of the total force. The patellotibial band and the medial patellotibial liga-
ment are less important restraints to lateral translation of the patella. The quadri-
ceps functions as a dynamic stabilizer of the patella.

A number of anatomic risk factors have been associated with acute dislocation 
of the patella (Table 1). These risk factors become increasingly important when 
evaluating patients with recurrent patellofemoral instability.

2.3 Clinical presentation

Most acute patellar dislocations occur during sport. Sporting injuries account 
for 61–72% of acute patellar dislocations [3, 4]. Acute dislocation of the patella can 

Figure 1. 
Diagram summarizing the MPFL attachment areas. Darker shading represents study concordance. AT - 
adductor tubercle; AMT - adductor magnus tendon; GT - gastrocnemius tubercle; mGT - medial gastrocnemius 
tendon; sMCL – superficial medial collateral ligament; MFE – medial femoral epicondyle. Reprinted with 
permission from: Aframian et al. [17]. Copyright © The Author(s) 2016. Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/). No changes we made.
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occur either by a direct blow to the knee or indirectly, as the body rotates around 
a planted foot. The player may sense that “kneecap is out of place”, but often the 
patella will dislocate and spontaneously reduce. If the patella remains dislocated, it 
may be palpable over the lateral aspect of the femur, and the medial femoral condyle 
appears prominent. The indirect mechanism of injury is more common than a direct 
blow. This mechanism is noncontact and occurs with the knee in slight flexion and 
valgus as the tibia externally rotates relative to the femur. It can occur on a planted 
foot as the femur and body rotate internally, such as the hind leg of a baseball player 
swinging hard at a pitch. Alternatively, the free foot can be forced into external 
rotation, such as a soccer player whose instep kick is met with excessive resistance, 
or a snow skier whose ski acts as an offending lever arm [30]. Patellar dislocation can 
occur in various sports, such as American football, soccer, baseball, basketball, ice 
hockey, gymnastics, wrestling, tennis and golf. Figure 2 demonstrates the indirect 
(noncontact) and direct (contact) mechanisms of injury that can result in acute 
dislocation of the patella.

2.4 Physical examination

Most patients present to the outpatient clinic in the subacute phase after their 
injury. Physical examination at this stage may be difficult due to presence of pain 
and swelling. In select cases, aspiration of a tense joint effusion may be required 
to relieve pain, and to allow better physical examination and radiographic evalu-
ation. The appearance of the joint aspirate may provide important diagnostic 
clue. Lipohemarthrosis indicates presence of a concomitant osteochondral 
fracture.

A complete examination of the injured lower extremity should be undertaken. 
The astute clinician should look for limb malalignment (especially genu valgum), 
patella alta, and rotational abnormality, such as excessive anteversion of the femo-
ral neck (internal femoral torsion) and external tibial torsion. A comprehensive 
ligamentous examination of the injured knee should be performed to rule out 
associated injury to the cruciate and/or collateral ligaments. Joint-line tenderness 
and a positive McMurray’s test may indicate presence of concomitant meniscal 
injury. Generalized ligamentous hyperlaxity should be noted by examining finger 
metacarpophalangeal joint hyperextension, thumb-to-forearm apposition, knee 
hyperextension, and elbow hyperextension. A complete neurovascular examination 
of the limb should be performed.

1. Genu valgum

2. Increased Q angle

3. Increased femoral anterversion; internal femoral torsion

4. External tibial torsion

5. Lateralized tibial tuberosity

6. Lateral patellar tilt

7. Patella alta

8. Generalized ligamentous laxity

9. Weakening or hypoplasia of the vastus medialis obliquus (VMO)

10. Trochlear dysplasia or hypoplasia

11. Pes planus (Flat foot)

Table 1. 
Anatomic Risk Factors Associated with Acute Dislocation of the Patella.
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The knee should be specifically palpated for areas of localized, maximal tenderness. 
There is tenderness along the medial border of the patella and also over the injured or 
torn medial patellar retinaculum. In some cases, a palpable defect in the medial reti-
naculum is noted. There may be localized tenderness at the origin, at the insertion, or 
along the course of the MPFL. Tenderness at the medial border of the patella or along 
the lateral femoral condyle may suggest osteochondral injury. Tenderness or asymmetry 
at the distal portion of the vastus medialis obliquus (VMO) may suggest significant dis-
ruption of its tendinous insertion. The patellar apprehension test should be performed 
to determine patellar instability. The apprehension test is performed by applying a 
laterally directed force along the medial border of the patella with the knee in 20 to 30 
degrees of flexion (Figure 3). A positive finding occurs when the patient has a sense of 
pain and impending subluxation or dislocation. In addition to apprehension, there may 
be increased translation of the patella when compared with the uninjured knee.

2.5 Associated injuries

The most common findings associated with acute dislocation of the patella 
are chondral and osteochondral injuries. Stefancin and Parker [31] systematically 
reviewed the literature on patients who had had first-time patellar dislocation. The 
average age of the patients was 21.5 years. In their compilation of 70 articles, the 
incidence of osteochondral fracture (confirmed by open surgery, arthroscopy, or 
MRI) ranged from 0% to 73%, with an overall incidence of 24%. Osteochondral 
injuries resulting from lateral patellar dislocation have a characteristic pattern; 
there is an injury to the medial facet of the patella and the lateral femoral condyle. 
The osteochondral fragments may remain attached, may become loose in the joint, 
or may be retained in the peripatellar retinacular tissue [30].

2.6 Radiographic studies

The radiographic evaluation of patients with patellar dislocation include plain 
radiographs and MRI of the knee.

The plain radiograph series of the knee should include standing anterior–pos-
terior view, 45-degree flexion posterior–anterior weight-bearing view (Rosenberg 
view), lateral view, and axial view. The lateral view provides useful information 

Figure 2. 
Mechanisms of acute patellar dislocation: (A) A noncontact dislocation occurs by external rotation of the 
lower leg relative to the body. (B) Contact injury is caused by a direct blow to the medial aspect of the knee. 
Adapted from Steiner and Parker [30]. Reprinted with permission of The Cleveland Center for Medical Art & 
Photography © 2008. All Rights Reserved.
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about the patellar height, trochlear depth, and patellar tilt. Patella alta is a known 
risk factor for patellar dislocation and can be determined on the lateral radiograph 
by numerous methods. These methods include the Insall-Salvati ratio [32], the 
modified Insall-Salvati ratio [33], the Blackburne-Peel ratio [34], and the Caton-
Deschamps ratio [35]. A brief description of the above-mentioned radiographic 
measurements is provided under the heading – Assessment of Patellar Height – in 
Section 3 of this book chapter.

The Blackburne-Peel ratio, which is based on consistent bony landmarks, is the 
most reproducible and has the most moderate results for classification into patella 
alta and patella baja. The trochlear depth and patellar tilt can also be determined 
from the lateral radiograph of the knee. It is worth emphasizing that the lateral 
view of the knee must be a “true” lateral with the posterior borders of the femoral 
condyles overlapping for accurate interpretation and analysis of the trochlear 
depth and patellar tilt. The axial views as described by Merchant and colleagues 
[36] and Laurin and colleagues [37, 38] are commonly used. The axial view of the 
patellofemoral joint provides valuable information about any persistent subluxation 

Figure 3. 
Patellar apprehension test. The physician applies a lateral force to the medial border of the patella with the 
knee in 20 to 30 degrees of flexion. The patient experiences a sensation of the patella subluxating or dislocating 
in an outward (lateral) direction. Adapted from Steiner and Parker [30]. Reprinted with permission of The 
Cleveland Center for Medical Art & Photography © 2008. All Rights Reserved.
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or dislocation of the patella. In addition to the lateral patellar overhang, the sulcus 
angle can be determined on the axial view.

MRI has become the imaging modality of choice in the evaluation of patients 
with acute dislocations of the patella. Various pathologies such as, VMO edema, 
bone contusion, chondral and osteochondral injury, loose body, medial patel-
lar retinacular injury, MPFL injury, and associated ligamentous and/or meniscal 
injury can be well visualized on a high-quality MRI study. The MPFL is almost 
universally disrupted in patients with acute lateral dislocation of the patella. The 
aforementioned MRI findings following acute dislocation of the patella are use-
ful for the treating physician and allows him/her to formulate a sound treatment 
plan. Presence of a large osteochondral fragment, loose body, a complete tear of 
the MPFL, and associated ligamentous or meniscal injury may point the surgeon 
toward operative intervention [30].

2.7 Nonoperative treatment

Currently, there exists a debate in the orthopedic literature regarding nonop-
erative versus operative treatment of acute patellar dislocations. Most physicians 
recommend a more conservative, i.e. nonoperative approach, whereas some recom-
mend immediate repair of the injured medial structures.

Maenpaa and Lehto [39] have reported a long-term study on nonoperative treat-
ment of acute patellar dislocations. In their study, 100 patients were treated nonop-
eratively for primary acute patellar dislocations, either by plaster cast (N = 60); by 
posterior splint (N = 17); or by patellar bandage or brace (N = 23) for 2 to 4 weeks, 
followed by rehabilitation. Follow-up examinations were performed at an average of 
13 years (range, 6 to 26 years) after the initial injury. The recurrence rate was 44% 
overall, yielding 0.17 redislocations per follow-up year; an additional 19% without 
recurrence had continued symptoms of pain and instability, and required surgery. 
The mean Kujala score at follow-up was 80, with significantly lower scores in those 
older than 30 years of age.

In the management of acute patellar dislocations, prospective, randomized 
controlled studies have shown higher Kujala scores (higher scores indicate better 
knee function) [40–42] and reduced rate of recurrent patellar dislocation [40–43] 
after surgical stabilization as compared with nonoperative treatment.

Despite above-mentioned studies, majority of patients with acute lateral disloca-
tion of the patella are initially treated by nonoperative management. Nonoperative 
treatment is indicated for patients with acute, first-time dislocation of the patella 
without associated osteochondral fracture or loose bodies. The nonoperative treat-
ment consists of immobilization in a plaster cast or a brace for about 4–6 weeks 
followed by a period of well-planed, supervised rehabilitation. Immobilization allows 
for healing of the injured soft tissues on the medial aspect of the knee. Some surgeons 
recommend early rehabilitation of the knee without immobilization to avoid harmful 
effects of immobilization (such as quadriceps weakness and wasting, knee stiffness, 
and chondrolysis). Whether immobilized or not, patients with acute patellar disloca-
tion should expect a prolonged rehabilitation period before return to sport.

2.8 Operative treatment

Operative treatment is indicated for patients who have persistent pain, recurrent 
instability and diminished knee function, and who have failed a trial of nonopera-
tive management. In our experience, the indications for initial operative treatment 
include presence of an osteochondral fragment, loose body, a complete tear or 
avulsion of the MPFL, palpable defects in the vastus medialis insertion, obvious 
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tear in the medial patellar retinaculum, associated ligamentous or meniscal injury, 
and persistent asymmetric subluxation of the patella.

The surgical procedures include arthroscopy, lateral release, medial retinacular 
repair, MPFL repair with or without augmentation, realignment procedure, or 
combination of these surgical techniques. Repair and reconstruction should be 
undertaken to address identifiable, injured soft tissues on the medial aspect of the 
knee, whereas release or lengthening of the lateral patellar retinaculum should be 
performed to restore soft tissue balance of the patellofemoral joint. Realignment pro-
cedure is indicated for patients who have a clear underlying anatomic malalignment.

2.8.1 Arthroscopy

Arthroscopy helps to identify and treat the associated intra-articular patholo-
gies, such as chondral and osteochondral injuries; meniscal tears; and ligamentous 
injuries. Arthroscopy can be performed alone or in combination with open pro-
cedures. Minor or small chondral or osteochondral fragments can be excised, and 
medium-sized or large chondral or osteochondral fragments can be fixed with the 
use of modern arthroscopic surgical technique, instrumentation, and implants.

2.8.2 Lateral release

We are extremely cautious in advocating an isolated lateral patellar retinaculum 
release procedure for the treatment of acute lateral dislocation of the patella. In 
our opinion, arthroscopic lateral release is strictly indicated for patients who have 
a documented patellar tilt without subluxation. Using a biomechanical cadaveric 
model, Desio et al. [8] have shown that the intact lateral patellar retinaculum actu-
ally prevents lateral displacement of the patella, contributing 10% of the restraining 
force. Several authors [44–46] have reported recurrent lateral dislocations of the 
patella, almost exclusively in groups of patients treated by lateral release. Moreover, 
iatrogenic medial subluxation and dislocation of the patella following lateral release 
have been reported by several authors [47, 48]. Fithian et al. [49] conducted a scien-
tific survey of the International Patellofemoral Study Group to determine current 
views regarding lateral patellar release. The survey response rate was 60%. Isolated 
lateral release was estimated to account for only 1 to 5 surgical cases per respondent 
per year, or 2% of cases performed annually. The results of the survey showed that 
only 7% of respondents would consider a lateral release in a first-time lateral patel-
lar dislocation with a tight lateral retinaculum, and 37% would consider a history 
of lateral patellar dislocation as a contraindication to lateral release procedure. 
The authors concluded that even among experienced knee surgeons with a special 
interest in disorders of the patellofemoral joint, isolated lateral release is rarely 
performed. Strong consensus was found that isolated lateral release should not be 
undertaken without previous planning in the form of objective clinical indications 
and preoperative informed consent. Therefore, in view of the above-mentioned 
findings, we emphasize that lateral release procedure should be used with caution in 
patients with acute lateral dislocation of the patella.

2.8.3 Medial retinacular repair

Disruption or stretching of the medial patellar retinaculum and MPFL almost 
always accompanies lateral dislocation of the patella. Hence, the mainstay of early 
surgical treatment in the acute, first-time patellar dislocation is repair or reefing 
of the injured medial soft tissue structures, often accompanied by a lateral release 
procedure.
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2.8.4 Medial patellofemoral ligament repair and augmentation

Repair or reefing of the medial retinaculum often does not completely address 
the medial-sided pathology after acute lateral dislocation of the patella [30]. As 
mentioned previously, the MPFL is injured in about 90% of patients who sustain 
acute lateral dislocation of the patella. Therefore, it is logical that patellar stability 
may be restored by undertaking direct repair of the MPFL with or without augmen-
tation (using a strip of fascia, slip of the medial patellar retinaculum, distal adduc-
tor magnus tendon, etc.). However, there is a limited clinical evidence showing the 
efficacy of such techniques. Going forward, high-quality, prospective randomized 
clinical studies utilizing a larger population are needed to firmly establish the role 
of MPFL repair and augmentation in patients with acute lateral dislocation of 
the patella. In contrast, MPFL reconstruction is a fairly well-established surgical 
technique and is usually reserved for cases of recurrent patellofemoral instability. 
A detailed discussion on MPFL reconstruction is provided in Section II of this 
chapter.

2.9 Rehabilitation

Traditionally and historically, nonoperative treatment has been the mainstay 
of therapy for patients with acute patellar dislocation. A comprehensive, well-
planned supervised rehabilitation program is vital for a successful outcome. The 
initial goals of rehabilitation are to decrease joint effusion, regain both active and 
passive range of motion, and advance the weight-bearing status of the extremity. 
In the next phase, closed kinetic chain exercises, quadriceps strengthening, and 
proprioceptive exercises are begun. In the last phase of rehabilitation, emphasis 
is placed on proprioceptive feedback, and functional and sport-specific training 
[30]. Isokinetic, eccentric, and high-torque exercises can cause high articular 
cartilage pressures and should be avoided [50]. Core strengthening is emphasized. 
In addition, gluteal muscle strengthening should be undertaken to improve the 
external rotators of the hip, thus externally rotating the femur and decreasing the 
Q-angle. The ultimate goal of rehabilitation is to obtain a pain-free, mobile, stable 
and functional knee.

The patient is allowed to return to play when the following criteria have been met: 
Subjectively, there should be no pain, swelling, or sensation of giving-way/instabil-
ity. Objectively, there should be no joint effusion, no tenderness, a negative patellar 
apprehension test, and a full, pain-free range of motion in the knee [30]. Quadriceps 
strength in the affected lower extremity should be at least 80% as compared with 
the contralateral side. The role and usefulness of patellar bracing and taping in 
the management of acute patellar dislocation is unclear. Patellofemoral instability 
symptoms may be reduced in some patients with a patellar cutout brace or patellar 
taping. Although patellar taping was originally reported to have a high success rate, 
researchers have been unable to reproduce these results [51]. Patellar bracing and/or 
taping should be regarded as adjuvants to physical therapy. Patient should be coun-
seled regarding expectations and clinical outcomes of the nonoperative and operative 
treatment.

2.10 Summary

• There are two distinct groups of patellar dislocations; one group of patients 
with normal anatomy and a traumatic event, and the other group with predis-
posing anatomical factors and a history of patellar subluxation or dislocation 
without a traumatic event [30].
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• The MPFL is the main restraint to lateral patellar subluxation/dislocation.

• The MPFL is injured in about 90% of patients who sustain acute lateral disloca-
tion of the patella.

• Lateral patellar dislocation can occur following an indirect mechanism 
( noncontact injury) wherein the body rotates on a valgus, flexed knee relative 
to a planted foot, or as a result of a direct blow (contact injury) to the knee.

• A thorough history and a detailed physical examination, supplemented by 
plain radiographs and MRI, are vital for early, accurate diagnosis.

• The majority of first-time, acute traumatic lateral dislocations of the patella are 
treated nonoperatively, and this mode of treatment is supported by high-level 
evidence.

• Surgery is indicated for patients in following situations:

1. Presence of an osteochondral fracture or major chondral injury.

2. Substantial disruption of the medial soft tissue patellar stabilizers (medial 
retinaculum and MPFL).

3. A persistent laterally subluxed patella.

4. Recurrent, symptomatic lateral patellar subluxation or dislocation.

5. Failure of a trial of nonoperative management.

• An organized, supervised rehabilitation program is crucial for optimal recovery 
and successful clinical outcome.

• Acute patellar dislocations can result in pain, recurrent instability, impairment 
of knee function, decreased level of sporting activity, and patellofemoral 
arthritis.

• Patients should be educated and counseled regarding expectations and clinical 
outcomes of nonoperative and operative treatment.

3. Patellofemoral instability: recurrent dislocation of the patella

Patellar instability by definition is a disorder where the patella pathologically 
subluxates or dislocates out of the trochlear groove. This most often involves 
multiple factors, such as acute trauma, chronic ligamentous laxity, connective tissue 
disorder, anatomical abnormality, or osseous malalignment [50]. Over a period of 
time, patients with patellar instability can have debilitating pain, limitations in knee 
function, loss of time from work and/or sports, and long-term arthritis.

Although medial, superior, and intra-articular dislocations of the patellae have 
been reported, most patellar dislocations are lateral. In clinical practice, lateral 
patellar subluxations or dislocations are far more common than medial subluxations 
or dislocations. Medial subluxation of the patella is usually iatrogenic. Medial sub-
luxation may occur as a complication of an extensive lateral release, a lateral release 
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performed for an incorrect indication, overtightening of the medial structures, or 
blunt or surgical trauma resulting in scarring and inferomedial tethering of the 
patella [50].

Two mechanisms of acute lateral patellar dislocation have been described: an 
indirect (noncontact) injury and a direct blow (contact injury) (Figure 2). The 
indirect mechanism is more common and involves the combination of a strong 
quadriceps contraction, a flexed and valgus knee position, and an internally 
rotated femur on an externally rotated tibia with the foot planted to the ground 
[50]. Patients with dislocations due to an indirect mechanism frequently have 
one or more predisposing anatomical risk factors. These risk factors include genu 
valgum, increased Q-angle, increased femoral anterversion (internal femoral 
torsion), external tibial torsion, patella alta, generalized ligamentous laxity, weak-
ening or hypoplasia of the VMO, and trochlear dysplasia or hypoplasia (Table 1). 
Generalized ligamentous laxity is seen in various orthopedic disorders, such as 
Down syndrome, Ehlers Danlos syndrome, Marfan syndrome, osteogenesis imper-
fecta, and Morquio-Brailsford syndrome.

3.1 Clinical presentation

A thorough history should be obtained, focusing on the mechanism of injury, 
the onset and duration of symptoms, any previous history of patellar symptoms, 
and prior nonoperative or operative treatment. Patients should be asked whether 
the previous treatment modalities relieved their symptoms. Patients with patel-
lofemoral instability usually present with a history of peripatellar pain, recurrent 
swelling, crepitus, giving-way or instability, and weakness in the affected extrem-
ity. The knee pain may get worse while going down the stair or up the stairs, and 
during squatting and kneeling. In few cases, the patient may complain of mechani-
cal catching or locking in the knee, and this indicates presence of a loose body 
(chondral or osteochondral fragment) in the joint. The patient may report that “my 
kneecap slides, slips, shifts, pops or jumps out of place” or “my kneecap pops or 
jumps back into place” with certain positions of the knee. Symptoms may occasion-
ally be preceded by a history of traumatic episode but more commonly, the clinical 
symptoms are insidious in onset.

3.2 Physical examination

A meticulous comprehensive physical examination of the affected extrem-
ity as well as the opposite extremity should be performed. The patient should be 
examined in standing, sitting, and supine positions, while barefoot and dressed in 
shorts [30]. Gait pattern, obesity, posture and body habitus should be documented 
[30]. Patients with significant knee pain may demonstrate antalgic gait. A quad-
riceps avoidance gait (typically seen in patients with anterior cruciate deficiency) 
with reduced knee flexion in stance phase may be observed in some patients with 
patellofemoral instability. A Trendelenburg gait with a drop in the contralateral 
pelvis during stance phase indicates gluteus medius weakness. This change in pelvic 
obliquity tightens the ipsilateral iliotibial band, causing pain over the lateral aspect 
of the knee [30].

The skin of the involved extremity should be examined for presence of trau-
matic scars or surgical incision(s), or evidence of vasomotor dysfunction (such as, 
alterations in sweating, skin color, and temperature) and trophic changes in the 
skin, hair, or nails. Any muscle asymmetry of the thigh or calf should be recorded 
using a measuring tape, by taking circumferential measurements at a standard 
distance proximal and distal to the knee.
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The patient should be evaluated for any physical signs that may serve as prog-
nosticators of patellar instability (Table 1). Generalized ligamentous hyperlaxity 
should be noted by examining finger metacarpophalangeal joint hyperextension, 
thumb-to-forearm apposition, knee hyperextension, and elbow hyperextension. 
Abnormalities in femoral anteversion should be measured by observing maximal 
prone internal and external hip rotation as well as rotation of the leg at the position 
of maximal prominence of the greater trochanter [52]. Similarly, transmalleolar 
axis and thigh-foot angle should be used to confirm excessive tibial torsion.

The range of motion and strength in the hip joint should be assessed as some 
patients with hip disorders may present with a referred knee pain. Examination of 
the foot should be performed. Some patients with lateral patellar dislocation may 
have pronation of the foot and hindfoot valgus. A complete neurovascular examina-
tion of the limb should be performed.

3.2.1 Sitting examination

The patient should next be examined in the sitting position, with the knees 
flexed at 90 degrees over the edge of the examination table. The position of the 
tibial tuberosity should be observed in relation to the center of the patella. Patella 
alta or baja can be easily observed from the side. The Q-angle (the angle between 
the quadriceps tendon and the patellar tendon) should be measured with the knee 
in flexion. Measurements of the Q-angle in full extension may be falsely low in 
patients with patellar subluxation. The angle is recorded by drawing one line from 
the anterior superior iliac spine to the center of the patella and another line from the 
center of the patella to the center of the tibial tuberosity. The mean Q-angle is about 
10 degrees in men and 15 degrees in women [50].

Patellofemoral tracking is assessed as the patient sits on the edge of the examina-
tion table. The patient is asked to take the knee from flexion into full extension. 
The term J sign refers to an abnormal tracking pattern in which the patella sits 
lateral to the femoral sulcus in full extension; the movement of the patella appears 
in the shape of an upside-down J as the knee goes from flexion into full extension 
[30]. Conversely, the patella starts laterally with the knee in extension and makes 
an abrupt shift medially as it enters the femoral trochlea at about 20 to 30 degrees 
of knee flexion. The exact cause of the J sign is not known; however, factors such 
as VMO deficiency, underlying osseous morphology and soft tissue imbalance are 
postulated as causative factors for the occurrence of J sign.

3.2.2 Supine examination

The next stage of the patellofemoral examination consists of evaluation of 
the patella and related structures. Presence of joint effusion should be noted. The 
peripatellar soft tissues are carefully palpated. Tenderness over the medial femoral 
epicondyle region (Bassett’s sign) may represent an injury to the MPFL in patients 
with acute or recurrent dislocations of the patella [53]. Tenderness on palpation 
of the inferior pole of the patella is often diagnostic of patellar tendinitis, whereas 
tenderness over the proximal pole of the patella may indicate quadriceps tendinitis. 
Tenderness within the substance of the distal quadriceps tendon or the proximal 
patellar tendon is suggestive of diffuse tendinosis. Tenderness along the medial bor-
der of the patella may represent injury to the medial patellar retinaculum and the 
MPFL. The MPFL should be palpated along its entire course from the femoral origin 
to the patellar insertion. The insertion of VMO should be palpated for tenderness or 
defect. Tenderness on the lateral border of the patella is often found in patients with 
excessive lateral pressure syndrome. Tenderness over the lateral femoral condyle 
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is indicative of osteochondral fracture. In patients who have undergone previous 
surgery, the surgical incision area should be examined for the presence of neu-
roma. A diagnostic lidocaine injection is helpful to confirm a clinically suspected 
diagnosis of neuroma. Retinacular tenderness, hypersensitivity to palpation, and 
decreased patellar mobility are suggestive of Complex Regional Pain Syndrome 
Type I (previously known as Reflex Sympathetic Dystrophy). Active and passive 
range of motion in the affected knee should be evaluated and any deficit or asym-
metry (as compared with the opposite, normal knee) should be recorded. A resisted 
straight-leg raise test is performed to rule out disruption of the extensor mechanism 
(i.e. quadriceps tendon and patellar tendon). The neurological and vascular status 
of the extremity should be assessed.

3.2.3 Patellar tilt test

Patellar tilt test is used to determine the tightness or integrity of the medial and 
lateral soft tissue restraints. The test is performed with the knee extended and the 
quadriceps relaxed. The examiner attempts to raise the patient’s lateral patellar facet 
away from the lateral femoral trochlea. An inability to raise the lateral facet to the hori-
zontal is indicative of lateral retinacular tightness and tethering of the lateral patella.

3.2.4 Patellar glide test

Patellar glide test is performed to assess the integrity of the medial and lateral 
patellar restraints. Patellar mobility is assessed by attempting to displace the patella 
medially and laterally. Throughout this portion of the examination, the knee is 
placed in full extension, with the quadriceps relaxed. The number of quadrants 
of medial and lateral glide is recorded as lateral and medial patellar pressure are 
applied. The amount of patellar glide on the affected side should be compared with 
that on the opposite, asymptomatic side. In a normal knee, the patella cannot be 
displaced more than half its width in either direction [50].

3.2.5 Patellar apprehension test

The patient lies supine on the examination table. The examiner passively 
translates the patella laterally with the knee flexed 20 to 30 degrees and the quad-
riceps relaxed. In a positive test, the patient experiences a feeling of impending 
subluxation or dislocation of the patella and this is called apprehension [54, 55]. 
(Figure 3). Some patients even make an attempt to hold the examiner’s hand to 
prevent the patella from subluxating or dislocating laterally. Pain usually accompa-
nies the apprehension; however, the latter is considered the major component of a 
positive test.

3.2.6 Patellar compression test

The patella should be palpated for retropatellar tenderness and crepitus which 
may suggest an injury to the articular cartilage. Compression of the patella during 
full range of motion of the knee may reproduce the associated pain. The location 
of the chondral injury may be estimated on the basis of the knee-flexion angle in 
which pain is experienced. The patellofemoral contact area moves proximally on the 
patella as the knee flexion increases. Articular lesions on the distal patella are pain-
ful during early knee flexion, whereas proximal patellar lesions are manifested with 
further knee flexion. Clinically suspected chondral lesions should be confirmed by 
MRI assessment to help in preoperative planning.
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The flexibility of the lower extremity should be evaluated, especially in refer-
ence to hamstrings tightness. Excessive tightness of the hamstrings requires greater 
quadriceps force for knee extension, leading to increased transmission of contact 
pressure across the patellofemoral joint. Hamstring flexibility is best assessed by 
measuring the popliteal angle. Gastrocnemius and soleus tightness should also be 
evaluated. The flexibility of both muscles can be judged by ankle dorsiflexion with 
the knee extended. With the knee flexed, the gastrocnemius is relaxed, and the 
soleus is isolated. In both positions, the ankle should dorsiflex 15 to 20 degrees past 
neutral. Limitation of ankle dorsiflexion causes a compensatory increase in subtalar 
pronation, thereby increasing internal tibial rotation during gait [30]. The lower 
extremity should also be examined for iliotibial band tightness and the examination 
finding should be compared with that in the opposite limb. Iliotibial band tightness 
is assessed by performing the time-honored Ober’s test [56]. With the patient in the 
lateral decubitus (with the affected extremity on top), the hip and knees are flexed 
to 90 degrees initially. The examiner then places one hand on the pelvis to stabilize 
and monitor for movement. The ipsilateral leg is abducted, brought into full exten-
sion at the hip and the knee, and then adducted toward the table. Tightness or pain 
may be elicited. The test is considered positive if the patient’s leg does not lower 
beyond neutral as the examiner lowers it from an abducted and slightly extended 
position, suggesting shortness of the tensor fascia lata and iliotibial band. A nega-
tive test results in the leg returning normally toward the examination table.

3.2.7 Tests for associated meniscal injury

The medial and lateral joint lines should be examined for areas of tenderness. 
Medial joint line tenderness is suggestive of meniscal tear, arthrosis, or tear of the 
patellomeniscal ligament along its course to insertion on the anterior horn of the 
medial meniscus [30]. McMurray’s test and Thessaly test are performed to rule out 
meniscal tear. The Thessaly test [57] is performed as follows: The patient stands on 
one leg while holding the examiner’s hand for support. The examiner instructs the 
patient to rotate the body and leg internally and externally 3 times with the knee 
bent at 5 degrees and then at 20 degrees. The test should be first performed on the 
unaffected side so that the patient can properly perform movement as a practice 
run before testing the affected knee. The test is considered positive when pain or 
clicking occurs at the joint line. A locking or catching sensation is also suggestive of 
meniscal injury.

3.2.8 Tests for associated cruciate and collateral ligament injury

Patellar symptoms may be masked due to presence of concomitant anterior 
cruciate ligament deficiency; therefore, the Lachman and pivot shift tests should 
be performed. Posterior cruciate ligament insufficiency has been reported to be 
associated with patellofemoral arthrosis. Hence, the posterior drawer test is also an 
essential part of a complete physical examination. Valgus testing to determine the 
integrity of the medial collateral ligament is important in patients with a patellar 
dislocation because simultaneous medial collateral ligament and MPFL injuries 
can occur.

After completion of the physical examination, aspiration of an intra-articular 
effusion can be done to determine the diagnosis. A hemarthrosis implies a traumatic 
injury, whereas serosanguinous fluid may indicate an articular cartilage lesion. 
In patients with acute dislocations of the patella, it is important to examine the 
aspirate for the presence of fat droplets, which indicate the presence of an associ-
ated osteochondral fracture [50].
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3.3 Radiographic studies

The radiographic investigations include plain radiographic series, stress radi-
ography (less popular), Computed Tomography (CT) scan, and MRI examination. 
Recently, dynamic magnetic resonance imaging and 4-dimensional computed 
tomography have been introduced for better kinematic assessment of the patello-
femoral maltracking during extension-flexion motion [58].

3.3.1 Plain radiographs

In all patients with recurrent dislocation of the patella, a complete plain radio-
graphic series, consisting of standing anterior–posterior view, 45-degree flexion 
posterior–anterior weight-bearing view (Rosenberg view), lateral view, and axial 
view should be obtained. In patients with clinically diagnosed malalignment of the 
extremity, an additional full-length, standing alignment radiograph should also be 
obtained. Plain radiographs are a useful screening tool to rule out gross malalignment 
and fractures. However, they underestimate the presence of articular surface lesions.

3.3.2 The anteroposterior radiograph

The anteroposterior radiographs of the knee are useful to diagnose malalign-
ment, patellar fracture, bipartite patella, and arthritis. Although patella alta and 
baja (infera) can be visualized on antero-posterior radiograph, they are best quanti-
fied on a 30-degree lateral radiographic view of the knee.

3.3.3 The lateral radiograph

A true lateral radiograph of the knee should be obtained, showing overlap of 
the distal and posterior cortices of the medial and lateral femoral condyles. The 
lateral view allows determination of the patellar height and depth of the femoral 
trochlea. Several measurements have been described to measure patella alta. 
Controversy exists as to which radiographic measurement is most accurate. When 
the patella does not engage in the trochlea by 15 to 20 degrees of knee flexion, 
patella alta may be present.

3.3.4 Assessment of patellar height

The Insall-Salvati [32], modified Insall-Salvati [33], Blackburne-Peel [34], and 
Caton-Deschamps [35] ratios are commonly used to measure the patellar height. 
A detailed description of these ratios has been published in standard orthopedic 
textbooks. The Insall-Salvati [32] index is based on the ratio of the length of the 
patellar tendon divided by the greatest length of the patella. The normal ratio 
defined by the authors is 1.0. A ratio of >1.2 indicates patella alta whereas, a ratio 
of <0.8 denotes patella baja. However, difficulty in determining the exact insertion 
site of the patellar tendon and abnormal morphology (such as elongated inferior 
pole of the patella) of the non-articular portion of the patella may falsely alter this 
ratio. Furthermore, the patellar tendon length varies between sexes in the normal 
population [59]. In order to eliminate these variables, Grelsamer and Meadows 
[33] proposed a modified Insall-Salvati ratio. This modified ratio is defined as the 
distance from the inferior point of the articular surface of the patella to the patellar 
tendon insertion into the tibial tuberosity, divided by the length of the articular 
surface of the patella. Using this method, patella alta is defined as a ratio greater 
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than 2.0, a point at which only 3% of controls would be falsely identified as patella 
alta [33]. Blackburne and Peel [34] reported a ratio that is independent of the length 
of the patellar tendon. Their index is defined as the ratio of the length of the per-
pendicular line from the lower end of the articular surface of the patella to the tibial 
plateau line, divided by the length of the articular surface of the patella. Based on 
their study, a ratio of 0.8 is considered normal, a ratio of >1.0 indicates patella alta, 
whereas a ratio of <0.5 denotes patella baja [34]. Caton and Deschamps [35] have 
also described a ratio to address the difficulty in measuring the length of the patellar 
tendon. Their ratio is defined as the ratio of the distance from the inferior articular 
surface of the patella to the anterosuperior border of the tibia, divided by the length 
of the articular surface of the patella. Based on the Caton-Deschamp index, a ratio 
of >1.2 indicates patella alta and < 0.6 indicates patella baja. Seil et al. [60] recom-
mended the Blackburne and Peel ratio to measure the patellar height because it 
showed the most intermediate classification results and the lowest interobserver 
variability.

3.3.5 Assessment of trochlear morphology

The morphology of the trochlea should be carefully assessed on a true lateral 
view of the knee as trochlear dysplasia is a known risk factor for recurrent patellar 
instability. On the true lateral radiograph, three anterior lines are visualized: 
the most anterior line is a projection of the medial femoral condyle, the middle 
line is a projection of the lateral femoral condyle, and the remaining line is a 
projection of the floor of the trochlea. Dejour et al. [61] have evaluated trochlear 
morphology and reported two separate measures in a radiographic study of the 
factors of patellar instability; First measure is the trochlear bump and the second 
is trochlear depth. The trochlear bump is defined as the distance between the 
projection of the anterior femoral cortex and the projection of the trochlea, which 
can be anterior positive or posterior negative. The trochlear bump was greater 
than +3 mm in 85% of patients with objective patellar instability [61]. The troch-
lear depth is defined as the depth of the trochlea along a line 15 degrees from the 
perpendicular to the tangent of the posterior femoral cortex. A depth of less than 
4 mm was found in 85% of patients with objective patellar instability and in only 
3% of controls [61].

One should also look for supratrochlear spur, crossing sign and double contour 
sign on the lateral radiograph of the knee. The supratrochlear spur is a global promi-
nence of the trochlea. The crossing sign represents an abnormally elevated floor of 
the trochlear groove rising above the top of the wall of one of the femoral condyles. 
On the lateral radiograph of the knee, trochlear dysplasia is defined by the crossing 
sign [62] which refers to the crossing over of the trochlear floor condensation with 
the condensation of the most prominent aspect of the lateral trochlea and is found 
in 96% of the population with a history of true dislocation but in only 3% of healthy 
controls [61, 63]. The double contour sign is a radiographic line that represents the 
hypoplastic medial facet on the lateral view [64, 65].

Radiographically, trochlear dysplasia is defined by a sulcus angle of greater than 
145 degrees as seen on axial radiographic views of the patellofemoral joint [66, 67]. 
Dejour and colleagues [67, 68] have classified trochlear dysplasia into 4 types as 
shown in Figure 4.

• In type A dysplasia, there is a crossing sign on the lateral radiographs and the 
trochlear groove is symmetric but shallower than normal, with a sulcus angle 
greater than 145° on axial images.
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• In Type B dysplasia, there is a crossing sign as well as a supratrochlear spur on 
lateral radiographs, with a flat or convex trochlea on axial images.

• In Type C dysplasia, there is a crossing sign and a double contour sign on 
lateral radiographs, with lateral facet convexity and medial facet hypoplasia on 
axial images.

• In Type D dysplasia, there is a crossing sign, supratrochlear spur, and a double 
contour sign on lateral radiographs. There is asymmetry of the trochlear facets 
with medial facet hypoplasia. There is a vertical slope demonstrating the so-
called “cliff pattern” on axial images because of asymmetry of the lateral and 
medial trochlear facets.

The Dejour classification is widely referred to in the literature and currently 
considered the gold standard for the description of trochlear dysplasia.

3.3.6 The Axial Radiograph

The axial views as described by Merchant and colleagues [36] and Laurin and 
colleagues [37, 38] are commonly used for the evaluation of the patellofemoral joint. 
The axial view is helpful for diagnosing lateral patellar tilt and also provides valu-
able information about any persistent subluxation or dislocation of the patella. The 
sulcus angle can be measured on the axial view. Tangential osteochondral fracture 
of the medial facet of the patella or osteochondral fracture of the lateral femoral 
condyle may be visualized on an axial radiograph.

3.3.7 Stress Radiographs

Stress radiography is widely practiced in Europe and less commonly utilized 
in USA. Stress radiographs are helpful in identifying patients with patellofemoral 
instability. Measurements on stress radiographs are more reliable predictors of 
lateral, medial, and multidirectional patellar instability than measurements made 

Figure 4. 
Dejour classifications of trochlear dysplasia. Type A: Crossing sign, trochlear morphology preserved (fairly 
shallow trochlea, >145°). Type B: Crossing sign, supratrochlear spur, flat or convex trochlea. Type C: Crossing 
sign, double contour (projection on the lateral view of the hypoplastic medial facet). Type D: Crossing sign, 
supratrochlear spur, double contour, asymmetry of trochlear facets, vertical link between the medial and the 
lateral facet (cliff pattern). Reprinted with permission from: Onor et al. [69].
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on static radiographs [50]. Moreover, they can provide useful objective informa-
tion when evaluating the results of different treatment regimens. Patients who are 
unable to relax the extensor mechanism due to pain or who have bilateral symptoms 
are not candidates for stress radiography [50].

3.3.8 Computed Tomography

Computed tomography (CT) has been shown to be more accurate in detect-
ing patellar malalignment than conventional axial radiography [70]. Among the 
advantages of CT over plain radiography are that there is no image overlap or 
distortion and that there are precise reference points for reliable measurements 
[50]. The conventional axial radiographs cannot assess the patellofemoral joint with 
the knee in full extension, whereas the cross-sectional nature of the CT scan allows 
the patellofemoral joint to be evaluated in such position and enhances detection 
of early lateral subluxation of the patella (within 0 to 30 degrees of knee flexion). 
Examination of the knee in extension is crucial because most patellar instability 
occur in the first 30 degrees of knee flexion, before the patella is constrained by 
the trochlea [30]. Measurements of congruence angle, lateral patellofemoral angle, 
patellar tilt, TT-TG distance, and rotational abnormalities of the femur and tibia 
have been studied extensively using a CT scan.

3.3.9 Tibial Tuberosity-Trochlear Groove (TT-TG) Distance

Computed Tomography scan can help in identifying lateralization of the tibial 
tuberosity, as measured by the TT-TG distance. An axial CT image demonstrat-
ing the femoral trochlear groove is superimposed on an axial image of the tibial 
tuberosity. A line is drawn on this superimposed image along the posterior margins 
of the femoral condyles. Two lines are then drawn perpendicular to this line, one 
bisecting the femoral trochlear groove and the other bisecting the anterior aspect 
of the tibial tuberosity. The distance between these two lines determines the extent 
of lateralization of the tibial tuberosity. A normal TT-TG distance is around 9 mm. 
A TT-TG distance >20 mm is considered abnormal. Values greater than 9 mm have 
been shown to identify patients with patellofemoral malalignment with a sensitivity 
of 85% and specificity of 95% [71].

3.3.10 Magnetic resonance imaging

Magnetic resonance imaging (MRI) combines the accuracy of osseous measure-
ments made on CT scan with the ability to visualize the soft tissues. Furthermore, 
MR imaging can detect pathologies such as, articular cartilage lesion of the patella 
and/or the femoral condyle. Advantages of the MRI include ability to obtain images 
in multiple planes, better soft tissue resolution, and no risk of exposure to radiation. 
Sallay et al. [72] have reported the pathoanatomic features of patellar dislocations 
using MRI. The location of the injury was confirmed by surgical exploration. In 
their study, MRI revealed effusion in all 23 patients (100%), tears of the femoral 
attachment of the MPFL in 20 patients (87%), increased signal intensity and retrac-
tion of the vastus medialis muscle in 18 patients (78%), a bone bruise in the lateral 
femoral condyle in 20 (87%), and a bone bruise in the medial patella in 7 (30%). 
Arthroscopic examination revealed osteochondral lesions involving the patella and 
the lateral femoral condyle in 68% of cases. Open surgical exploration revealed 
tears of the MPFL off the femur in 15 of 16 patients (94%). Sallay et al. [72] also 
noted that the location of the bone bruise on the lateral femoral condyle was slightly 
anterior and superior to the typical bone bruise seen after an acute anterior cruciate 
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ligament injury. An axial MRI image of the knee showing an avulsion of the MPFL 
from its femoral attachment is shown in Figure 5.

Injury to the VMO, which lies superficial to the MPFL, frequently presents as 
edema, hemorrhage, and/or elevation of the muscle away from the medial femoral 
condyle [73, 74]. Approximately 50–80% of injured MPFLs are disrupted at their 
femoral origin [73–75].

4. Principles of treatment of patellofemoral instability

4.1 Nonoperative treatment

Based on our extensive clinical experience (level V evidence), we have found 
that nonoperative treatment of chronic patellar dislocations (treated initially by a 
period of brief immobilization followed by rehabilitation) has produced less satis-
factory or even dismal results, with nearly half of patients having recurrent disloca-
tions or continued knee symptoms. Steiner and Parker [30] have also reported less 
satisfactory clinical outcomes following nonoperative treatment of patients with 
chronic patellofemoral instability. We believe that immobilization for patients with 
recurrent episodes of patellar dislocation may be used in the short-term for patient 
comfort; however, it is of little benefit in the long-term. A trial of rehabilitation may 
be offered to a patient who experiences only occasional dislocation and displays no 
obvious predisposing anatomic or radiographic abnormalities [30]. Rehabilitation 
may be augmented by the use of a patellar brace or orthosis if tolerated by the 
patient. On the other hand, patients who have predisposing anatomical risk factors 
(Table 1) or those who experience recurrent patellar dislocation with activities of 
daily living will likely require operative treatment.

4.2 Operative treatment

Operative treatment for patients with recurrent patellar instability should be 
directed at the underlying causative pathoanatomy that can be determined by careful 
history-taking, meticulous physical examination, and pertinent radiographic stud-
ies. We emphasize an individualized treatment approach rather “one-size-fits-all” 
approach. Surgical intervention should be based on clear understanding of the under-
lying pathoanatomic risk factor(s) and radiographic abnormality as shown below:

Figure 5. 
(A). Axial MR image of the knee showing a normal MPFL. (B). Axial MR image of the knee demonstrating 
an avulsion of the MPFL from its femoral attachment. Reprinted with permission from Boden et al. [50].
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1. Reconstruction of the MPFL is indicated for patients with recurrent instability, 
with or without trochlear dysplasia, who have a normal TT-TG distance and a 
normal patellar height.

2. Distal realignment procedures should be performed for patients who have an 
increased TT-TG distance (>20 mm) or patella alta.

3. A standard medialization of the tibial tuberosity can be performed if there is a 
normal patellar height and trochlear anatomy, and an increased TT-TG distance 
(>20 mm). Distalization of the tuberosity can be added if there is concomitant 
patella alta, and anteromedialization of the tuberosity is performed if there is 
lateral and/or distal patellar facet chondrosis.

4. Patients with moderate-to-severe trochlear dyslpasia can be treated by troch-
leoplasty.

5. Corrective derotation osteotomy may be required for patients with rotational 
(torsional) abnormality of the femur or tibia.

Patients with recurrent patellofemoral instability often have multiple anatomi-
cal and/or radiographic risk factors. In such a scenario, a combination of above-
mentioned surgical procedures is necessary to restore patellar stability.

4.2.1 Arthroscopic assessment

A thorough arthroscopic evaluation of the knee joint should be performed. The 
articular surfaces of the patella and femoral trochlea should be assessed. The extent 
and type of chondral lesion are determined by probing the articular surface. Large, 
unstable chondral lesions should be fixed, whereas the small fragments are excised. 
The superomedial portal is particularly useful in evaluating patellar tracking and patel-
lar tilt [76]. The lateral facet should align with the trochlea by 20 to 25 degrees of knee 
flexion and the mid-patellar ridge should align with the trochlea by 35 to 40 degrees 
of knee flexion. Any lateral overhang of the patella should be documented while the 
patella is engaging the femoral trochlea. Evidence of patellar tilt should be noted.

4.2.2 Lateral retinacular release

In our opinion, isolated lateral release has a very limited role in the management 
of patellofemoral instability. This procedure may be combined (when indicated) 
with other procedures such as MPFL reconstruction or distal realignment. Lateral 
release is effective in reducing patellar tilt. It is important to keep in mind that 
excessive or unindicated lateral release procedure can result in iatrogenic medial 
subluxation or dislocation of the patella.

4.2.3 Proximal realignment procedures

The goal of proximal realignment surgery is to reestablish a dynamic balance of 
forces around the patella. In 1979, Insall and associates described the “tube” realign-
ment procedure for the treatment of chondromalacia patellae [77]. The procedure 
consists of release of the medial and lateral retinacular tissue, which are sewn 
together over the quadriceps proximal to the patella. Since then, modifications of 
this procedure involving a lateral release, with a lateral and 1-cm distal advancement 
of the vastus medialis, have been described in the treatment of patellar dislocation.
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4.2.4 Distal realignment procedures

Historically numerous surgical procedures (such as Roux-Goldthwait procedure, 
Hauser procedure, Elmslie-Trillat procedure – to name a few) for restoring patel-
lofemoral stability have been described. Few of these reconstructive techniques are 
still popular in some parts of the word. The Hauser technique has fallen out of favor 
because of high incidence of patellofemoral arthritis at long-term follow-up. The 
Elmslie-Trillat procedure allows medialization without posterior transfer of the tibial 
tuberosity in combination with lateral release and medial capsular reefing. Carney 
and associates [78] have reported the long-term outcome of the Roux-Elmslie-Trillat 
procedure for patellar instability. In their study, 18 patients who underwent the Roux-
Elmslie-Trillat procedure for dislocation or subluxation of the patella were identified 
from a group previously evaluated at a mean follow-up of 3 years. The prevalence 
of recurrent subluxation or dislocation in patients with patellofemoral malalign-
ment who underwent the Roux-Elmslie-Trillat procedure was similar (7%) at 3 and 
26 years’ of follow-up. Fifty-four percent of the patients rated their affected knee as 
good or excellent at 26 years’ of follow-up. The long-term functional status of the 
affected knee in patients who underwent the Roux-Elmslie-Trillat procedure declined.

Anteromedial tibial tuberosity transfer has been described by Fulkerson [79, 80].  
In this procedure, an osteotomy of variable obliquity is made. Such an osteotomy 
allows the degree of anterior and medial transfer of the tibial tuberosity that can be 
independently adjusted to address the patient’s individual pathology. The Fulkerson 
procedure (anteromedial tibial tuberosity transfer) corrects the Q-angle with 
medialization of the tibial tuberosity and unloads the patellofemoral joint with 
anteriorization of the tibial tuberosity. A hinge of bone is maintained intact at the 
distal aspect of the tuberosity to facilitate healing. After the tibial tuberosity has 
been transferred anteriorly and medially, the bone pedicle is locked into position 
with two cortical screws. Molina and associates [81] have showed that the most 
predictable way of increasing contact area and decreasing patellofemoral stress is 
transfer of the tibial tuberosity 1 cm anteriorly and 0.5 to 1 cm medially.

The indications for anteromedial tibial tuberosity transfer are:

1. Patients with recurrent patellar instability who have an increased TT-TG 
 distance (>20 mm).

2. Patients with patellofemoral malalignment who have degenerative changes in 
the distal and lateral articular surface of the patella.

The contraindications for anteromedial tibial tuberosity transfer are:

1. Patients who have a normal TT-TG distance.

2. Presence of significant chondrosis affecting the proximal and/or medial facet 
of the patella.

3. Skeletally immature patients with patellar subluxation or dislocation.

4. Relative contraindications include smoking and severe osteoporosis.

The tibial tuberosity transfer procedure should not be performed in skeletally 
immature patients (who have open growth plates) with recurrent patellar instability 
due to the risk of premature closure of the physis and subsequent development of 
genu recurvatum.
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Complications of anteromedial tibial tuberosity transfer include skin slough, 
hematoma, wound infection, compartment syndrome, knee stiffness, persistent 
knee pain, delayed union or non-union at the osteotomy site, symptomatic hard-
ware, hardware failure (loosening, migration or breakage of the hardware), risk of 
proximal tibial facture, and progressive chondral deterioration.

Fracture of the proximal part of the tibia or of the tibial tuberosity after antero-
medial tibial tuberosity transfer has been reported by several authors [82–84]. In 
order to prevent the occurrence of such a complication, various preventive mea-
sures have been suggested; these strategies include avoidance of step cuts [82], an 
osteotomy of at least 5 cm in length and 0.75 cm in thickness to avoid fracture of the 
tibial tuberosity [82], protected weight-bearing for six to eight weeks in a hinged 
knee brace, and advancement to full weight-bearing only when the osteotomy site 
has fully healed radiographically [83–85].

Stetson et al. [83] reviewed the records of 234 patients who underwent 
anteromedialization of the tibial tubercle with oblique osteotomy. In their series, 
six patients (2.6%) had fractures of the proximal tibia postoperatively, within 
13 weeks of the Fulkerson osteotomy. All fractures occurred after a change in the 
postoperative physical therapy regimen from partial weight-bearing to immediate 
full weight-bearing. Given this increase in fracture incidence, a more conservative 
postoperative physical therapy regimen was recommended. The authors concluded 
that patients should be non-weight-bearing initially, advanced gradually to partial 
weight-bearing, and allowed full weight-bearing only after the osteotomy site shows 
radiographic evidence of complete healing.

Cosgarea et al. [85], in their biomechanical study, performed oblique and flat 
osteotomies on 13 pairs of fresh-frozen cadaveric knees. The knees were then tested 
to failure on a materials testing system by exerting a load through the quadriceps 
tendon at a rate of 1000 N/sec to simulate a stumble injury. The authors found that 
the failure mechanism for flat osteotomies was more likely to be a tubercle “shingle” 
fracture, while oblique osteotomies more frequently failed through a tibial fracture 
or fixation failure in the posterior tibial cortex. These authors recommended flat 
osteotomy for patients with isolated recurrent patellar instability and an oblique 
osteotomy in patients who have concomitant patellofemoral pain or degenerative 
changes in the articular cartilage. In cases where an oblique osteotomy is used, the 
authors recommended postoperative brace protection and restricted weight-bearing 
until the osteotomy site heals.

4.2.5 Trochleoplasty

Different surgical techniques have been developed to correct the pathologic 
trochlear morphology seen in patients with recurrent patellofemoral instability. 
These techniques include deepening of a shallow or flat trochlear groove (troch-
leoplasty), elevation of the anterior portion of the femoral condyles (trochlear 
osteotomy), and/or removal of a prominent trochlear bump. Numerous variations 
in these techniques and retrospective case series of their results have been reported. 
However, there are no prospective, randomized controlled studies in the literature 
that support the use of these techniques [30]. Trochleoplasty is more popular in 
Europe. There are concerns about possible irreversible damage to the articular 
cartilage and subchondral bone of the femoral trochlea, and these concerns have 
limited the use of trochleoplasty in the United States.

Trochleoplasty is a complex, challenging and technically demanding surgical 
procedure. Several authors have reported their experience with the use of troch-
leoplasty in the management of trochlear dysplasia in patients with patellofemoral 
instability [67, 68, 86–95]. Indications for a sulcus-deepening trochleoplasty include 
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abnormal patellar tracking with a J-sign, usually manifested by a TT-TG distance of 
greater than 10 to 20 mm, and/or a dome-shaped trochlea noted on a perfect lateral 
radiograph of the knee with overlap of the posterior femoral condyles, and radio-
graphic evidence of trochlear dysplasia in a patient with recurrent patellofemoral 
instability [89]. In a trochleoplasty procedure, a strip of cortical bone around the 
edge of the trochlea is elevated and the cancellous bone of the trochlea is exposed. 
The new trochlear sulcus is then created, proximal and about 3 to 6 degrees lateral 
to the previous sulcus, by removing the cancellous bone. Next, the trochlear bone 
shell is impacted into the new sulcus and fixed with two small staples. Alternatively, 
the bone shell can be secured using resorbable sutures [87, 90]. Early postopera-
tive complications include arthrofibrosis and bothersome patellofemoral crepitus. 
Meticulous surgical technique in combination with postoperative continuous 
passive motion (CPM) are vital for maintaining range of motion of the knee and to 
ensure optimal clinical outcome.

Von Knoch et al. [90] reported the clinical and radiological outcome of troch-
leoplasty for recurrent patellar dislocation in association with trochlear dysplasia. 
Thirty-eight consecutive patients (45 knees) were treated by trochleoplasty, medial 
reefing, with or without reconstruction of the MPFL. The patients were reviewed at 
a mean follow-up of 8.3 years (range, 4 to 14 years). A total of 33 knees were avail-
able for radiological assessment. None of the patients had recurrence of dislocation 
after trochleoplasty. Preoperatively, patellofemoral pain was present in 35 knees. 
Postoperatively, 15 (43%) of 35 knees had worsening of the patellofemoral pain. 
The most recent Kujala score averaged 95 points (range, 80 to 100 points). The 
depth of the trochlea increased and the trochlear boss height was reduced. Although 
trochleoplasty was effective in preventing future patellar dislocations, it did not halt 
the progression of patellofemoral arthritis. At latest follow-up, ten (30%) of the 33 
knees had osteoarthritic changes in the patellofemoral compartment.

Rouanet et al. [95] reported the long-term results of sulcus deepening trochleo-
plasty for patellofemoral instability. In their study, 34 cases were reviewed after a 
mean follow-up of 15 years (range, 12 to 19 years). No recurrent objective instability 
was observed. Seven knees had additional surgery after a mean follow-up of 7 years. 
Furthermore, 7 cases required conversion to total knee arthroplasty because of pro-
gression of osteoarthritis. Overall, there was an improvement in the knee function 
postoperatively. Patients were satisfied in 65% of the cases. At the time of the final 
follow-up, osteoarthritis was present in 33/34 cases. The authors concluded that 
the sulcus deepening trochleoplasty corrects patellofemoral instability in patients 
with severe trochlear dysplasia and the long-term functional outcome is better in 
this group. However, it does not prevent patellofemoral osteoarthritis. The sulcus 
deepening trochleoplasty procedure should be limited to patients who have severe 
trochlear dysplasia in conjunction with supratrochlear spurs, and this procedure 
should be combined with other surgical techniques to realign the extensor mecha-
nism of the knee.

In conclusion, we believe that trochleoplasty has a limited but important role in 
the management of patients with recurrent patellofemoral instability with concur-
rent moderate-to-severe trochlear dysplasia. In such cases, trochleoplasty should be 
undertaken in combination with other surgical procedures, such as MPFL recon-
struction or distal realignment procedure.

4.2.6 Medial Patellofemoral Ligament (MPFL) Reconstruction

Various authors have reported that the MPFL is universally disrupted in patients 
with lateral patellar dislocation and that its integrity is of primary importance 
to maintain stability of the patella [6, 8, 9, 72, 75, 96]. Hence, it is important to 



87

Patellofemoral Instability
DOI: http://dx.doi.org/10.5772/intechopen.99562

undertake reconstruction of MPFL (when indicated) in patients with recurrent 
patellofemoral instability to restore the patellofemoral biomechanics and kinemat-
ics. Medial patellofemoral ligament reconstruction has become one of the most 
common and widely used procedures to regain stability in patients with recurrent 
lateral dislocation of the patella. Recent studies have demonstrated low recurrence 
rates, improved patient-reported outcome measures, and a high rate of return to 
sports. Reconstruction of the MPFL is typically indicated for patients with recur-
rent patellofemoral instability, with or without trochlear dysplasia, who have a 
normal TT-TG distance and a normal patellar height. The procedure may be per-
formed with concomitant procedures, such as distalization of the tibial tuberosity 
in a patient with patella alta, or trochleoplasty in a patient with high-grade trochlear 
dysplasia.

Numerous surgical techniques have been reported for reconstruction of the 
MPFL. A detailed description of all available techniques is beyond the scope of this 
chapter. The MPFL reconstruction can be performed using various sources of graft 
material, such as the medial retinaculum [97], adductor magnus tendon [98–102], 
patellar tendon [103, 104], quadriceps tendon [105–115], and most commonly, 
hamstring tendon (gracilis or semitendinosus tendon) [116–136]. In general, about 
80–96% good to excellent results following isolated MPFL reconstruction have been 
reported.

Over the years, various methods of fixation of the tendon graft have been 
reported; these methods of fixation include staples, spiked washers, sutures, bone 
tunnels, interference screws, and bone anchors [30]. It is worth noting that varia-
tion in the location and length of the graft can greatly alter the compressive forces at 
the medial aspect of the patellofemoral joint [30].

4.3 At What Knee Flexion Angle the Graft Should be Fixed?

There is still no clear consensus of opinion regarding the ideal knee flexion 
angle at which the tendon graft should be fixed during MPFL reconstruction. Most 
authors prefer to fix the graft with the knee at 30 to 60 degrees of flexion. Patel et 
al. [137] conducted a systematic review to determine the effect of knee flexion angle 
during graft fixation on outcomes and complications following MPFL reconstruc-
tion. Of the 3399 studies, 17 studies satisfied the inclusion criteria. A total of 556 
patients with a mean age of 24 years underwent MPFL reconstructions, with 458 
patients in the 0° to 30° fixation group and 98 in the 45° to 90° fixation group. The 
authors concluded that the knee flexion angle during MPFL graft fixation ranges 
from 20° to 90°. Graft fixation at both low and high knee flexion angles during 
MPFL reconstruction showed excellent patient-reported outcomes and low patellar 
redislocation rates overall, with no clear differences between the 2 groups based on 
the available data.

4.4 Use of Autograft versus Allograft for MPFL Reconstruction

Kumar et al. [138] completed a retrospective chart review on patients younger 
than 18 years of age who underwent MPFL reconstruction for recurrent instability 
after failed nonoperative management. The patients were divided into autograft 
or allograft hamstring cohorts for comparison. Primary outcome measures were 
return to normal activity, incidence of redislocation/subluxation, pain, stiffness, 
Kujala scores, and other complications. After criteria were applied, there were 59 
adolescents (38 girls and 21 boys; mean ± SD age of 15.2 ± 1.7 years). Allograft was 
used in 36 patients and the autograft in 23. The patients were reviewed at a mean 
follow-up of 4.1 ± 1.9 years (allograft, 3.3 ± 1.1 years; autograft, 5.7 ± 2.1 years; 
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P ≤ 0.001). The authors identified no significant differences in return to activity, 
pain score changes, and incidences of failure between patients undergoing MPFL 
reconstruction with allograft versus autograft. Although teenagers with surviv-
ing autograft MPFL reconstruction reported statistically higher Kujala scores, the 
mean score difference of 5 points was not clinically significant. It appears that using 
allograft tendon instead of autograft tissue for MPFL reconstruction in this teenage 
population does not adversely affect the long-term outcomes.

The choice of autograft or allograft for MPFL reconstruction is based on surgeon 
and/or patient preference. A thorough preoperative counseling should be under-
taken, and advantages and disadvantages of each graft source should be discussed 
with the patient before choosing the tendon graft for MPFL reconstruction.

4.5 Single-Bundle or Double-Bundle MPFL Reconstruction?

Singhal et al. [139] carried out a meta-analysis of studies reporting outcomes 
of MPFL reconstruction using hamstring tendon autograft in a double-bundle 
configuration and patellar fixation via mediolateral patellar tunnels. The primary 
outcome examined was the postoperative Kujala score. The authors identified 320 
MPFL reconstructions in nine relevant articles. The combined mean postopera-
tive Kujala score was 92 using a fixed effects model and 89 using random effect 
modeling. The reported rate of complications with MPFL reconstruction was 12.5% 
(40 of 320), with stiffness of the knee being the most common. The authors con-
cluded that high-quality evidence in assessing double-bundle MPFL reconstruction 
is lacking. The current literature consists of a mixture of prospective and retrospec-
tive case series. High-quality, prospective randomized controlled trials are needed 
before definitive conclusions can be drawn regarding the superiority of one form of 
surgical technique over the other.

Kang et al. [140] performed a systematic review of the single-bundle (SB) and 
double-bundle (DB) MPFL reconstruction procedures using the hamstring tendon 
autografts, and compared the clinical outcomes including the Kujala score, post-
operative apprehension, recurrent subluxation or dislocation, and complications. 
Thirty-one articles were included, involving 1063 patients (1116 knees). Two hun-
dred and forty-four patients (254 knees) underwent SB reconstruction, whereas 
819 patients (862 knees) underwent DB reconstruction. The pooled mean values of 
Kujala score improvement were similar in both groups. The SB group had a signifi-
cantly greater rate of postoperative apprehension (8%) than the DB group (4%). 
There were no significant differences between the SB and DB groups in the rates of 
recurrent subluxation or dislocation and complications. The authors concluded that 
the DB procedure for isolated MPFL reconstruction demonstrates similar outcomes 
as compared to the SB technique regarding improvement of knee function, recur-
rent subluxation or dislocation, and complications. The SB technique may have a 
greater risk of postoperative apprehension, whereas the DB technique may cause 
more stiffness.

4.6 Outcomes of MPFL Reconstruction in Skeletally Immature Patients

Shamrock et al. [141] performed a systematic review and meta-analysis of the 
literature to evaluate the outcomes and complications of MPFL reconstruction in 
skeletally immature patients. Seven studies that entailed 132 MPFL reconstructions 
(126 patients) met the inclusion criteria. There were 73 females (58% of the cohort) 
and the mean age was 13 years (range, 6 to 17 years). Mean postoperative follow-up 
was 4.8 years (range, 1.4 to 10 years). Autograft was used for all reconstructions, 
with gracilis tendon (61%) being the most common. Methods of femoral fixation 
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included interference screw (39%), suture anchor (39%), and soft tissue pulley 
around the medial collateral ligament or adductor tendon (22%). Pooled Kujala 
scores improved from 59 to 85 after MPFL reconstruction. The total reported 
complication rate was 25% and included 5 redislocations (4%) and 15 subluxation 
events (11%). No cases of premature physeal closure were noted. Neither autograft 
choice nor the method of femoral fixation influenced recurrent instability or overall 
complication rates. These findings suggest that MPFL reconstruction in skeletally 
immature patients is a viable and reasonable treatment option, with significant 
improvement in patient-reported outcomes and redislocation event rates of less 
than 5% at nearly 5-year follow-up. Further high-quality research should be under-
taken to determine optimal surgical technique and graft options.

4.7 Return to Play

Few studies have reported on return to play after patellar stabilization in patients 
with patellofemoral instability [142–145].

Schneider and associates [142] performed a systematic review and meta-analysis 
to evaluate the outcomes of isolated MPFL reconstruction for the treatment of 
recurrent patellofemoral instability. Fourteen articles met the inclusion criteria and 
were included in this review. The mean age of the patients was 24 years. The mean 
postoperative Tegner score was 5.7 and the pooled estimated mean postoperative 
Kujala score was 86. Eighty-four per cent of the patients returned to sports after 
surgery. The pooled total risk of recurrent instability after surgery was 1%, with 
a positive apprehension sign risk of 4% and a reoperation risk of 3%. The authors 
concluded that a high percentage of young patients return to sports after isolated 
MPFL reconstruction for chronic patellar instability, with short-term results 
demonstrating a low incidence of recurrent instability, postoperative apprehension, 
and reoperations.

Sherman and colleagues [143] evaluated the existing literature regarding return 
to play (RTP) and return to prior performance (RPP) following patellar stabiliza-
tion surgery. These authors found that there is a lack of validation and universal 
adoption of standardized RTP guidelines. The best available studies to date would 
suggest high RTP rates (84–100%), average RPP rates (33–77%), and a highly vari-
able timeframe (3 to 12 months) for return to sport. Sherman et al. [143] concluded 
that the best available data on RTP and RPP following patellofemoral instability is 
based on lower quality of evidence studies, expert opinion, and published societal 
guidelines.

Manjunath et al. [144] performed a systematic review to determine both the 
rate and timing of return to play after MPFL reconstruction, and the rate of further 
patellar instability. Their review found 27 studies including 1278 patients meeting 
the inclusion criteria. The majority of patients were women (58%), and the total 
group had a mean age of 22 years. The mean follow-up was 39 months. The overall 
rate of return to play was 85% (with 68% returning to the same level of play). The 
average time to return to play was 7 months postoperatively. The rate of recurrent 
instability events following reconstruction was 5%.

Platt et al. [145] undertook a systematic review and meta-analysis to evaluate 
return to sport after MPFL reconstruction for patellar instability. Twenty-three 
articles met the inclusion criteria after full-text review. A total of 930 patients 
were analyzed, including 786 athletes. The overall mean age of the patients was 
21 years. Women represented 61% of all patients. The mean follow-up was 3 years 
(range, 0.8 to 8.5 years). The return to sport rate was 93%. Patients returned to or 
surpassed their preoperative level of activity in 71% of cases. An osteotomy was 
performed in 11% of the athletes. Return to sport did not differ significantly in 
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patients undergoing MPFL reconstruction without osteotomy versus those receiv-
ing additional osteotomy. Patients returned to sport at a mean of 6.7 months (range, 
3 to 6 months) postoperatively. The overall complication rate was 9%. The most 
common complication was recurrence of instability.

We emphasize that the treating surgeon should counsel their patients preop-
eratively regarding their expectations and outcomes of treatment. Based on above-
mentioned studies, a high rate of return to sport after MPFL reconstruction surgery 
is expected. In our experience, most athletes return to play around 6 to 8 months 
after undergoing MPFL reconstruction.

4.8 Complications of MPFL Reconstruction

Postoperative complications following MPFL reconstruction include subcutane-
ous hematoma, wound infection, dehiscence, seroma after graft harvest, persistent 
pain, knee stiffness, flexion contracture, recurrent instability, patellar fracture, and 
deep vein thrombosis. The cause of recurrent patellar instability may be technically 
inadequate MPFL reconstruction or failure to address other concomitant pathology. 
Persistent pain may be caused by the over-constrained MPFL, unaddressed chon-
dral defect in the patellofemoral compartment, or patellar fracture.

Shah and associates [146] performed a systematic review to determine the rate 
of complications associated with MPFL reconstruction. A total of 164 complica-
tions occurred in 629 knees (26%). These complications included wound infection, 
knee pain, restriction of knee flexion, recurrent patellar instability, and patel-
lar fracture. Twenty-six patients returned to the operating room for additional 
procedures.

Parikh and colleagues [147] have reported the early complications (<3 years) 
of MPFL reconstruction in young patients. A total of 179 knees underwent MPFL 
reconstruction during the study period. There were 38 complications (16%) in 29 
knees. The major complications included recurrent lateral patellar instability, knee 
motion stiffness with flexion deficits, patellar fractures, and patellofemoral arthro-
sis/pain. In their series, 18 of 38 (47%) complications were secondary to technical 
factors and were considered preventable. Female gender and bilateral MPFL recon-
structions were risk factors associated with postoperative complications. Patients 
should be counseled preoperatively on the risk of potential complications that may 
occur after MPFL reconstruction.

Common fixation techniques for MPFL reconstruction at the patella include 
transosseous bone tunnels [148, 149], suture anchors [122, 150, 151], and interfer-
ence screws [152–154]. It has been reported that the patellar tunnel techniques 
present a higher risk of postoperative patellar fractures, particularly for those that 
pass completely through the patella [146, 147, 155–159]. In view of the high risk of 
patellar fracture with the use of transosseous tunnel technique, the suture anchor 
fixation was introduced [154, 160]. Suture anchors provide a stable fixation and are 
gaining increasing popularity. Good to excellent results have been reported with 
the use of suture anchors for fixation of the tendon graft in MPFL reconstruction 
[122, 150].

4.9 Authors’ Preferred Treatment of MPFL Reconstruction

In order to eliminate the risk of patellar fracture (that may occur using the patel-
lar tunnel technique), the senior author of this paper (AJS), prefer to use suture 
anchors to fix the tendon graft to the medial border of the patella. Kurowicki et al. 
[130] have reported the Patella Footprint Technique of MPFL reconstruction. In our 
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opinion, this surgical technique provides a safe, reliable and reproducible method 
of restoring patellofemoral stability. The Patella Footprint Technique minimizes the 
stress risers in the patella by using suture anchor fixation that creates a ligamentous 
footprint instead of tendon healing into a bony socket in the patella.

4.10  The Authors’ Operative Technique of Medial Patellofemoral Ligament 
Reconstruction using the Patella Footprint Technique

4.10.1 Step 1: Patient Preparation and Diagnostic Arthroscopy

The patient is placed in the supine position. Using a surgical marking pen, the 
skin incisions and anatomical landmarks (i.e. the medial two-thirds of the patellar 
border, the pes anserinus, adductor tubercle, and medial femoral epicondyle) are 
marked as shown in Figure 6. After the induction of general anesthesia, the patient 
is examined for range of motion and the presence of 4-quadrant translation of 
the patella with minimal force applied. After performing the examination under 
anesthesia, the patient is prepped and draped in a sterile fashion. Using standard 
anterolateral and anteromedial portals, diagnostic arthroscopy of the affected knee 
is undertaken. Arthroscopic chondroplasty is performed if the patient has signifi-
cant chondromalacia of the patellofemoral joint.

Figure 6. 
Patient is placed in the supine position with the left knee in 45° of flexion providing an anteromedial view 
of the knee. Using a surgical marking pen, the anatomical landmarks are drawn. First, the medial border of 
the patella (MBP) is palpated and the proximal two-thirds is marked. The pes anserinus (PA) is marked at 
the anteromedial border of the proximal tibia. On the medial aspect of the knee, the adductor tubercle (AT) 
can be palpated just distal to the medial femoral epicondyle (ME). Proper identification of these anatomical 
landmarks is essential to performing this MPFL reconstruction with relative ease. Reproduced with permission 
from: Kurowicki et al. [130].
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4.10.2 Step 2: Graft Harvesting and Preparation

A longitudinal incision is made over the pes anserinus, and dissection carried 
out down to the level of the sartorial fascia. The sartorial fascia is identified and 
incised proximal to and in line with the gracilis tendon. The gracilis tendon is 
bluntly dissected off of the sartorial fascia, and brought out of the wound using a 
hemostat (Figure 7A and B).

The open hamstring stripping device (Stryker Orthopedics, Mahwah, NJ) 
is used to harvest a gracilis tendon autograft, maintaining the distal attachment 
during the harvesting process. Once harvested, the gracilis tendon is detached 
sharply at its insertion taking care to avoid damage to the semitendinosus tendon. 
The muscle belly is removed from the gracilis tendon using a periosteal elevator. A 
whip stitch is applied to the distal end of the gracilis tendon using a No. 2 orthocord 
suture (DePuy Mitek, Warsaw, IN). The gracilis tendon graft is placed in a moist 
lap sponge while attention is now turned to the placement of suture anchors in the 
medial border of the patella.

4.10.3  Step 3: Medial Patellar Dissection With Suture Anchor Placement and Bone 
Debridement

Next, a longitudinal incision is made over the medial border of the patella, and 
dissection is carried out down to the level of the capsule. A longitudinal arthrotomy is 
performed just medial to the patellar tendon. The proximal-third of the medial aspect 
of the patella is debrided with a rongeur down to a base of bleeding bone, creating a 
footprint for insertion of the gracilis tendon graft. Two GRYPHON suture anchors 
(DePuy Mitek) are placed in the medial aspect of the patella: the first suture anchor 
at the junction of the proximal-third and middle-third of the medial border of the 
patella, and the second suture anchor, 5 mm to 10 mm proximal to the first (Figure 8).

4.10.4 Step 4: Soft Tissue Tunneling

Using the adductor tubercle and the medial femoral epicondyle as anatomical ref-
erence points, a blunt instrument is used to develop an intra-articular, extrasynovial 
plane, tunneling toward the anatomic insertion of the MPFL on the femur (Figure 9).

Figure 7. 
With the patient in the supine position and the left knee flexed at 45°, a longitudinal incision is made over 
the pes anserinus and dissection is performed down to the level of the sartorial fascia, indicated by the asterisk 
(*) in Figure A. The sartorial fascia is then incised proximally and in line with the gracilis tendon (the arrow 
denotes the gracilis tendon in Figure B). Blunt dissection of the sartorial fascia off of the gracilis tendon is 
performed. Reproduced with permission from: Kurowicki et al. [130].
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4.10.5  Step 5: Femoral Tunnel Formation, Graft Preparation, and Femoral Graft 
Fixation

An incision is made over the site of anatomic origin of the MPFL on the femur. 
A guidewire is placed to approximately 30 mm of depth at the anatomic attachment 
of the MPFL on the femur, which can be identified in the saddle area proximal-
posterior to the medial epicondyle and distal-anterior to the adductor tubercle 
(Kruckeberg et al. 2018). The femur is drilled and the drill hole is tapped. One 
end of the whip stitch applied to the gracilis tendon autograft is loaded through a 
7 mm × 23 mm MILAGRO interference screw (DePuy Mitek) with the assistance 
of the CHIA PERCPASSER suture passer (DePuy Mitek). The tendon graft is then 
pushed into the drill hole with a pickup or a freer, and the screw is advanced until 
flush with the cortex of the femur (Figure 10A and B). A free needle is used to sew 

Figure 8. 
With the patient in the supine position and the left knee flexed at 45°, a longitudinal incision is made over the 
medial aspect of the patella just medial to the border. Dissection is carried out down to the level of the capsule, 
and a longitudinal arthrotomy is performed just medial to the patellar border. The proximal-third of the 
medial aspect of the patella is debrided with a rongeur down to a base of bleeding bone, creating a footprint 
for graft insertion. The asterisks (*) indicate the placement of 2 GRYPHON suture anchors (DePuy Mitek) 
approximately 5 mm to 10 mm from each other. Reproduced with permission from: Kurowicki et al. [130].

Figure 9. 
Formation of an intra-articular, extrasynovial plane for tunneling toward the anatomic insertion of the MPFL 
on the femur using a blunt instrument with the patient positioned supine and the left knee flexed at 45°. The 
blue star represents the medial femoral epicondyle, and the green star represents the adductor tubercle. The 
anatomic origin of the MPFL on the femur can be found in the saddle area between the proximal-posterior 
to the medial epicondyle and distal-anterior to the adductor tubercle. Reproduced with permission from: 
Kurowicki et al. [130].
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Figure 11. 
The patient is in the supine position, the left knee flexed to 45°, when the gracilis tendon autograft is passed 
from the femoral fixed side through the intra-articular, extrasynovial plane using a hemostat and exiting out the 
opening at the medial border of the patella. Once the graft is passed, with the knee held in 45° of flexion, the graft 
is marked where it aligns with the more distal suture anchor, and then from there the distance between the 2 suture 
anchors is marked off on the graft. Arrows denote the location of 2 suture anchors. Reproduced with permission 
from: Kurowicki et al. [130].

the unused end of the suture through the graft, and it is tied to the end that was 
previously passed through the suture anchor.

4.10.6  Step 6: Deliver the Graft Through the Soft Tissue Tunnel and Tension 
the Graft

The gracilis tendon graft is now passed through the intra-articular, extrasynovial 
plane using a hemostat (Figure 11). With the knee held in 45° of flexion, the graft is 
marked where it aligns with the more distal suture anchor, and then from there the 
distance between the 2 suture anchors is marked off on the graft.

4.10.7 Step 7: Secure Distal and Then Proximal End of the Graft to the Patella

A free needle is used to whip stitch the graft to the appropriate suture anchor at 
each level. The unused end of the graft is pulled to take up the slack, bringing the 

Figure 10. 
(A) With the patient supine and the left knee in 45° of flexion, an incision is made over the saddle area 
proximal-posterior to the medial epicondyle and distal-anterior to the adductor tubercle on the femur. A 
guidewire is placed to approximately 30 mm of depth, the femur is drilled, and the drill hole is taped. One end 
of the whip stitch applied to the gracilis tendon autograft is loaded through a 7 mm × 23 mm interference screw 
(DePuy Mitek) and the tendon is dunked into the drill hole. (B) The screw is advanced until flush with the 
cortex of the femur. Reproduced with permission from: Kurowicki et al. [130].
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graft down to the bone and anchor. The knots are subsequently tied, starting with 
the distal anchor and then the excess graft is cut off (Figure 12).

4.10.8 Step 8: Evaluate Graft Tensioning

The knee is taken through a range of motion to confirm that the graft is not 
overtensioned. Translation of the patella is confirmed to be less than 2 quadrants.

4.10.9 Step 9. Wound Closure

The capsule is repaired in a “pants-over-vest” fashion with a No. 2 orthocord 
suture (DePuy Mitek). The skin incision is closed with a subcuticular vicryl suture 
followed by a running monocryl.

4.11 Postoperative rehabilitation protocol

Postoperatively, the patient is weight bearing as tolerated with the brace in 0° 
to 30° of flexion for the first week, progressing to 60° of flexion by week 2 and 
90° of flexion by week 4. With the assistance of a physical therapist, the patient 

Figure 12. 
The patient is supine with the knee in 45° of flexion and a free needle is used to whip stitch the graft to the 
appropriate suture anchor at each level. The unused end of the graft is pulled to take up the slack, bringing the 
graft down to the bone and suture anchor. The knots are subsequently tied, starting with the distal anchor and 
then the proximal anchor, and the excess graft is cut off. The blue star denotes excess graft. Reproduced with 
permission from: Kurowicki et al. [130].

Pearls Pitfalls

1. Proper tunnel and footprint position 1.  Malposition leads to anisometric graft 
placement

2.  Avoid graft overtensioning by marking in 45° of knee 
flexion

2.  Postoperative pain and stiffness due to 
overtensioned graft

3.  Address concomitant pathology when needed; consider 
tibial tuberosity transfer if the TT-TG# distance is >20 mm, 
or consider osteochondritis dissecans repair for a full-
thickness chondral defect

3.  Recurrence of dislocation due to 
unaddressed pathology or recurrent 
pain due to chondral defect in the 
patella

#TT-TG, tibial tuberosity-trochlear groove.
*Adapted from Kurowicki et al. [130].

Table 2. 
Pearls and pitfalls of patellar footprint technique of MPFL reconstruction.*
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undertakes quadriceps strengthening (especially, the VMO) exercises for the first 
6 weeks. At more than 6 weeks postoperatively, if patients have achieved a near-full 
range of motion and can maintain a strong quadriceps contraction, discontinuation 
of the brace is acceptable. Table 2 highlights the pearls and pitfalls of the Patella 
Footprint Technique of MPFL reconstruction. Table 3 outlines the advantages 
and disadvantages of our described operative technique. The surgical technique 
described in this chapter provides an easy to replicate anatomical MPFL reconstruc-
tion with suture anchor patellar fixation. However, future studies are warranted 
comparing the outcomes between different fixation options, as well as evaluating 
long-term clinical outcomes.

5. Discussion

Patellofemoral instability typically affects the young and athletically active 
patient population. Most physicians recommend an initial trial of nonoperative 
management for patients who present with first-time patellar dislocation, without 
intra-articular osteochondral fragments, severe injury to the medial patellar soft 
tissue stabilizers, and significant patellofemoral malalignment or dysplasia. One 
of the challenges around nonoperative management of patellar dislocation is the 
complexity of interventions offered and the various rehabilitation regimens that are 
practiced in different institutions. Numerous physical therapy protocols have been 
described. The goals of physical therapy are to decrease pain, restore the range of 
motion of the knee, strengthen the quadriceps musculature, address the deficien-
cies in the trunk, hip or foot biomechanics that may predispose to patellar instabil-
ity, improve the joint function, enhance the quality of life, and increase patient 
satisfaction. Unfortunately, there are little data or validated, objective evidence to 
determine which nonoperative treatment regimen is best for the management of 
patients with acute patellar dislocation.

We are aware that some physicians recommend nonoperative management as 
the first-line treatment for patients with chronic, recurrent patellar instability. 
However, in our clinical experience (expanding over a period of 40 years), the 
nonoperative treatment of chronic patellar dislocations treated by an initial period 
of immobilization (using a cast or a brace) followed by rehabilitation has produced 

Advantages

1. Anatomic interference femoral screw allows for proper graft isometry and promotes osseous ingrowth

2.  Use of two bioresorbable suture anchors on the patella creates a ligamentous footprint to decrease the 
propagation of patellar stress risers

3.  Gracilis tendon provides a stronger construct compared with the native MPFL while limiting hamstring 
morbidity

4.  ensioning in 45° of knee flexion allows for some bony restraint by trochlea yet prevents overtensioning of 
the graft

5. L-configuration diminishes patellar rotation

Disadvantages

1.  Interference screw fixation on the patellar side provides a biomechanically stronger fixation as compared 
with the suture anchor fixation [154]

*Adapted from Kurowicki et al. [130].

Table 3. 
Advantages and disadvantages of patellar footprint technique of MPFL reconstruction.*
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less satisfactory clinical outcomes; many of these patients have continued knee 
symptoms and recurrent patellar dislocations. There remains a paucity of scientific 
evidence on how to optimally manage patients with recurrent patellar dislocation 
(particularly, whether these patients should be given an initial trial of nonoperative 
treatment, how long the nonoperative treatment should be continued, and when 
surgical intervention should be recommended). This remains a subject of further 
clinical research. We believe many of the patients with chronic, symptomatic, 
recurrent patellar dislocations have predisposing anatomical risk factors (Table 1) 
and these patients invariably require operative treatment.

The natural history of acute patellar dislocation is that of a relatively high rate 
of recurrent instability, and long-term functional limitations and inability to return 
to baseline level of activity. Hence, surgery often plays an important role in the 
management of these patients. Prospective randomized trials comparing differ-
ent surgical techniques are needed to determine which treatment options provide 
optimal clinical outcomes with restoration of knee function, low recurrence rate of 
patellar instability, and decreased risk of patellofemoral arthritis. The main goal of 
surgery is to restore the integrity of the MPFL and optimize the alignment of the 
lower extremity.

The MPFL acts as an important checkrein during the first 30 degrees of flexion 
(before the patella engages with the trochlea), thus allowing for a smooth knee 
motion. Rupture of the MPFL is often seen in patients with recurrent lateral patellar 
dislocation, leading to abnormal patellofemoral contact pressures, and resulting 
in pain, knee dysfunction, and early-onset arthritis. Hence, it is vital to undertake 
anatomic MPFL reconstruction to restore the kinetics and biomechanics of the 
patellofemoral joint.

Medial patellofemoral ligament reconstruction has become one of the most 
common and widely used surgical procedures to regain stability in patients with 
recurrent lateral dislocation of the patella. Recent studies have demonstrated low 
recurrence rates, improved patient-reported outcome measures, and a high rate 
of return to sports. No gold standard currently exists for MPFL reconstruction. 
Various surgical techniques of MPFL reconstruction have been reported employing 
different methods of graft fixation and tensioning. A detailed description of all 
available surgical techniques is beyond the scope of this chapter. Shah and associ-
ates [146] performed a systematic review to determine the rate of complications 
associated with MPFL reconstruction. In their study, a total of 164 complications 
occurred in 629 knees (26%). Therefore, efforts must be made to develop new 
operative techniques in order to minimize potentially devastating complications 
and optimize clinical outcomes.

Numerous graft sources, operative techniques, and fixation methods have been 
described with favorable clinical outcomes for reconstruction of the MPFL for 
patients with symptomatic patellofemoral instability. Several surgical techniques 
have been reported for fixation of the graft to the patella; these techniques include 
the use of suture anchors, interference screws, and transosseous tunnels. However, 
to date, no particular method has emerged as superior with regard to clinical 
outcome. Formation of a stress riser in the patella can result in a catastrophic 
complication after MPFL reconstruction. Large-diameter (4.5 mm), transverse, or 
long-oblique patellar bone tunnels have been associated with an increased risk of 
patellar fracture after MPFL reconstruction [147]. Schiphouwer et al. [159] reported 
a retrospective case series of 179 patients (192 knees) who underwent MPFL recon-
struction, with or without additional bony realignment procedures. In their series, 
MPFL reconstruction was performed using two, transverse patellar bone tunnels. 
Seven patients (3.6%) sustained a patellar fracture without adequate trauma. This 
study highlights the associated, increased risk seen with the use of transverse 
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patellar bone tunnel while performing MPFL reconstruction. Recently, Deasey  
et al. [161] have shown that the use of small-diameter (3.2-mm), oblique patel-
lar bone tunnels was not associated with an increased risk of patellar fracture in 
comparison with the use of suture anchors for patellar fixation. Deasey et al. [161] 
concluded that the use of small (3.2-mm), short, oblique patellar tunnels can be a 
safe and reliable method of patellar graft fixation in MPFL reconstruction.

Russ and colleagues [154] have shown that the use of transpatellar bone tun-
nels with interference screw fixation offers a biomechanically stronger fixation as 
compared to the use of suture anchors. Despite being biomechanically weaker, Russ 
et al. [154] did find that suture anchor fixation nevertheless allows for a reconstruc-
tion that withstands greater mechanical loads before failure than the native MPFL. 
The use of suture anchors also minimizes the risk of violating the articular surface 
when reaming the tunnels and decreases the risk of patellar fracture. Song and 
colleagues [150] prospectively evaluated the clinical and radiographic outcomes 
following anatomic MPFL reconstruction using patellar suture anchor fixation 
for patients with recurrent patellar instability. Twenty patients (20 knees) were 
enrolled in this study. The median age of the patients was 21 years, and the median 
follow-up was 34.5 months (range, 24 to 50 months). Reconstruction was per-
formed using a hamstring autograft fixed with two suture anchors at native patellar 
site of the MPFL. The preoperative Kujala scores were 52.6 ± 12.4 and the postopera-
tive Kujala scores were 90.9 ± 4.5 (p < 0.001). The preoperative Lysholm scores 
were 49.2 ± 10.7 and the postoperative Lysholm scores were 90.9 ± 5.2 (p < 0.001). 
The Tegner score increased from 3.0 (range 1 to 4) preoperatively to 5.0 (range 
4 to 7) postoperatively (p < 0.001). No patient experienced a patellar fracture or 
recurrent dislocation in their series. This study shows that anatomic MPFL recon-
struction using two suture anchors is a reliable treatment option for management of 
patients with recurrent patellofemoral instability.

We have previously reported our surgical technique of MPFL reconstruction 
that uses two suture anchors along the patella for graft fixation to provide a biome-
chanically favorable construct [130]. In our clinical experience, anatomic MPFL 
reconstruction (utilizing the autogenous gracilis tendon and patella footprint 
technique) has produced satisfactory clinical and functional outcomes in majority 
of the patients. We emphasize that MPFL reconstruction requires precise graft 
placement at the anatomic origin and insertion points of the MPFL. Anatomic 
graft placement, appropriate graft length and tension are critical to prevent 
over-constraint of the patellofemoral joint while undertaking reconstruction of 
the MPFL. By utilizing two suture anchors in the patella, the MPFL footprint was 
secured in a single-bundle setting to restore the native MPFL anatomy and patellar 
stability [130]. Furthermore, we ensure a secure fixation by submerging the tail of 
the gracilis graft with the interference screw at the femoral footprint. We believe 
our Patellar Footprint Surgical Technique provides an easy to replicate anatomi-
cal MPFL reconstruction utilizing an autogenous gracilis tendon graft that is 
secured to the medial border of the patella using two suture anchors [130]. Table 2 
highlights the pearls and pitfalls of the Patella Footprint Technique of MPFL recon-
struction. The advantages and disadvantages of our described surgical technique 
are outlined in Table 3. Future studies are warranted comparing the outcomes 
between different fixation options, as well as exploring the long-term clinical and 
functional outcomes.

Reconstruction of the MPFL is typically indicated for patients with recurrent 
patellofemoral instability, with or without trochlear dysplasia, who have a normal 
TT-TG distance and a normal patellar height. The procedure may be performed with 
concomitant procedures, such as distalization of the tibial tuberosity in a patient 
with patella alta, or trochleoplasty in a patient with high-grade trochlear dysplasia.
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Distal patellofemoral realignment procedure (such as the anteromedial tibial 
tuberosity transfer) is indicated for patients with recurrent instability, who have 
an increased TT-TG distance, abnormally high Q-angle, patella alta, lateral and/or 
distal patellar chondrosis, and absence of trochlear chondrosis. The degree of ante-
riorization, distalization, and/or medialization of the tibial tuberosity depends on 
the presence of associated arthrosis of the lateral patellar facet and/or the presence 
of patella alta. It is worth noting that the distal realignment procedure is contrain-
dicated in patients who have a normal TT-TG distance or in those patients who have 
associated proximal and/or medial patellar chondrosis.

Groove-deepening trochleoplasty is a complex and technically challenging 
surgical procedure. This procedure is indicated for patients with Dejour type-B 
and type-D trochlear dysplasia, whereas a lateral elevation or proximal recession 
trochleoplasty is indicated for patients with Dejour type-C dysplasia.

6. Conclusions

• Recurrent patellofemoral instability is a common cause of knee pain and 
functional disability in adolescent and young adult patients, resulting in loss of 
time from work and/or sports.

• There are numerous factors that contribute to recurrent patellofemoral insta-
bility; these factors include tear of the MPFL, weakening or hypoplasia of 
the VMO, trochlear dysplasia, increased TT-TG distance (>20 mm), valgus 
malalignment, increased Q-angle, malrotation secondary to internal femoral or 
external tibial torsion, patella alta, and generalized ligamentous laxity.

• A detailed history and a thorough physical examination are crucial to clinch an 
early, accurate diagnosis.

• Imaging studies play an important role to confirm the clinical diagnosis and also 
help to identify concomitant intra-articular pathologies. CT scans are useful 
for assessment of the trochlear morphology, TT-TG distance, patellar tilt, as 
well as femoral and tibial torsions. MRI scans are used to identify the soft tissue 
injury (especially, injury to the medial patellar retinaculum, MPFL and VMO). 
It also helps to detect the osteochondral fractures, loose bodies and bone bruises 
involving the medial patellar facet and lateral femoral condyle in acute cases.

• In general, nonoperative management of chronic patellar instability with immo-
bilization followed by rehabilitation has produced unsatisfactory clinical results.

• A diligent attempt should be made to identify the underlying pathologic abnor-
mality in each case and the surgical treatment should be customized to correct 
the offending anatomic and radiographic abnormality.

• An individualized case-by-case approach is recommended based on the under-
lying anatomical risk factors and radiographic abnormality.

• Careful preoperative patient selection is crucial to ensure optimal clinical 
outcome.

• Patients should be counseled preoperatively regarding expectations and 
outcomes of treatment.
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• Most of the current surgical treatment options for chronic patellofemoral 
instability are based on Level-IV evidence. Multicenter, prospective random-
ized controlled studies are necessary to determine the optimal surgical treat-
ment for patients with chronic, recurrent patellar instability.

• Isolated lateral release of the patella has not proven to be of long-term benefit 
for the treatment of patellofemoral instability. It may be performed (when 
indicated) as an adjunct procedure to MPFL reconstruction or to distal realign-
ment of the extensor mechanism.

• Patients with recurrent instability, with or without trochlear dysplasia, who 
have a normal TT-TG distance and a normal patellar height, are candidates for 
surgical reconstruction of the MPFL, using either autograft or allograft (based 
on patient and/or surgeon preference).

• MPFL reconstruction requires precise graft placement at the anatomic origin 
and insertion points of the MPFL. Anatomic graft placement, appropriate graft 
length and tension are critical to prevent over-constraint of the patellofemoral 
joint while undertaking reconstruction of the MPFL.

• Distal patellofemoral realignment procedure (such as the anteromedial tibial 
tuberosity transfer) is indicated for patients with recurrent instability, who have 
an increased TT-TG distance, patella alta, lateral and/or distal patellar chondrosis, 
and absence of trochlear chondrosis. The degree of anteriorization, distalization, 
and/or medialization of the tibial tuberosity depends on the presence of associ-
ated arthrosis of the lateral patellar facet and/or the presence of patella alta.

• The distal realignment procedure is contraindicated in patients who have a 
normal TT-TG distance or in those with associated proximal and/or medial 
patellar chondrosis.

• Groove-deepening trochleoplasty is indicated for patients with Dejour type-B 
and type-D trochlear dysplasia, whereas a lateral elevation or proximal reces-
sion trochleoplasty is indicated for patients with Dejour type-C dysplasia.

• Associated injury to meniscus, cruciate ligament or collateral ligament should 
be recognized and appropriately treated.

• Pain, recurrent instability and patellofemoral arthrosis are likely complications 
of any surgical procedure that is performed for patients with patellofemoral 
instability.
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Chapter 5

The Meniscus Deficient 
Knee: Options for Repair and 
Reconstruction
Matthew Brown

Abstract

The preservation of the structure of the meniscus despite a tear has been widely 
discussed in the literature. However, meniscectomy continues to be the most-
performed meniscus surgery. In a percentage of patients, knee pain and swelling, 
as well as tibial plateau bony edema, follow meniscus resection; this panoply of 
symptoms is known as “post-meniscectomy syndrome”. The management of this 
condition requires meniscus transplant in case of total meniscectomy or a meniscus 
scaffold in the case of a partial resection. This chapter aims to discuss the indica-
tion, surgical technique, and outcomes of collagen meniscus implants (CMI) for 
partial resections and meniscus transplants for full resections.

Keywords: meniscus transplant, collagen meniscus implant, post-meniscectomy 
syndrome, meniscus scaffold, osteoarthritis

1. Introduction

It is essential to understand the anatomy and biomechanics of the knee joint 
before performing a sub-total or total meniscectomy due to the possible catastrophic 
consequences at a long-term follow-up. Moreover, the medial and the lateral com-
partment of the knee have different kinematic properties and the clinician must 
take into account the different degree of mobility, bony structure, and load distribu-
tion between these two compartments. Biomechanical studies have demonstrated 
the essential role of the menisci on load transfer, in that a total meniscectomy can 
increase the contact area by 33 to 50 percent in a fully extended knee [1].

Walker et al. demonstrated that the lateral compartment is much more depen-
dent on meniscal function than the medial one. The lateral meniscus carries a 
higher percentage of load transfer than the medial meniscus. This is due to a higher 
load being transferred directly by the exposed cartilage surface of the medial com-
partment [1]. The different bony morphology of the tibiofemoral compartments 
also play a part in this. In the sagittal plane, the medial convexity of the femoral 
condyle and the concavity of the tibial plateau provide a degree of congruity, even 
after a meniscectomy. While, on the lateral side, both the convexity of the femoral 
condyle and the lateral tibial plateau make this compartment much more prone to 
an increase in peak contact pressures after meniscectomy [2].

Clinically, the differences between the medial and lateral meniscus have been 
confirmed by worse results reported after lateral meniscectomy compared to medial 
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meniscectomy at a long-term follow-up [3, 4]. These findings are even more stark if the 
meniscectomy is performed during adolescence: in a prospective 30 years of follow-up 
study, about 80% of patients after medial meniscectomy maintained good or excellent 
clinical results; in comparison to less than 50% for lateral meniscectomy [5].

The causal relationship of knee arthritis with meniscectomy led to the investiga-
tion of meniscal allograft transplantation for the post-meniscectomy patient expe-
riencing pain and demonstrating arthritic changes [6]. Basic science studies have 
shown that although meniscal allografts cannot fully replicate the function of the 
native meniscus, the grafts are able to significantly improve joint contact area and 
decrease contact pressures [7, 8]. Also, early clinical series demonstrated isolated 
meniscal allograft transplantation to be a feasible procedure [9, 10]. However, the 
initial studies had variable outcomes due to significant differences in indications, 
surgical techniques, and tissue processing methods.

As experience was gained, the variables became more defined and the results 
improved. Numerous short and midterm studies have shown that meniscal 
allografts are able to provide pain relief and increase function with high rates of 
graft survivorship [11, 12]. More recently, a long-term study has been published 
demonstrating >50% graft survival at 20 years [13].

However, if a subtotal meniscectomy has previously been performed, a meniscal 
scaffold may be a more appropriate procedure, despite the relative lack of relevant 
articles with extended follow-up. There are two different scaffold types available on 
the market: the collagen meniscus implant (CMI) derived from a bovine collagen 
and the Actifit, a polyurethane scaffold [14, 15]. 3D printed scaffolds have been 
recently proposed as an experimental treatment and only a few case reports are 
available, while CMI and Actifit have been widely studied.

2. Biomechanics

After a meniscal tear, the effectiveness of meniscal repair strictly relies on the tissue 
quality and defect location with respect to the vascular supply. Tears in the vascular-
ized “red” peripheral zone are more likely to heal, while the more common lesions in 
the avascular “white” zone have poor healing potential [16, 17]. When the majority of 
the meniscus is not salvageable, a meniscectomy is usually performed. It has been well 
documented that meniscectomy increases the risk of degenerative joint disease of the 
knee. For example, Persson et al. demonstrated that in almost 2,500 patients followed 
for more than 20 years, the risk of developing arthritis after a partial meniscectomy 
was almost 6 times higher than the standard population, with a 17% absolute risk [18].

Structurally, it has been demonstrated that meniscal allografts should be frozen, not 
sterilized using chemicals or radiation. It the first published series of isolated menis-
cal allografts, Milakowski et al. found that graft processing methods were vital to the 
success of the procedure [19]. He reported that lyophilized grafts lead to inferior results 
compared to fresh frozen grafts. While clinical series have not shown benefit of cryo-
preserved over fresh frozen, basic science studies have shown slightly better mechanic 
properties with cryopreserved, with a higher elastic modulus and point of rupture [20].

While meniscus allograft transplantation appropriately addresses a prior total or 
subtotal meniscectomy, an allograft is not a solution for the treatment of a partial 
meniscus defect. The Collagen Meniscus Implant (Ivy Sports Medicine, Germany) 
is a porous biologic scaffold. It consists of 97% type I collagen purified from bovine 
Achilles tendon while the remaining portion is composed of glycosaminoglycan 
(GAG). The specific size of the scaffold’s micropores are controlled to increase the 
fibrocartilage maturation while avoiding pseudo-capsule formation and foreign 
body reaction [21].
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The second scaffold type consists of a synthetic polyurethane-based material 
composed of flexible segments made from polycaprolactone 80% and stiff segments 
made from urethane 20% (Actifit; Orteq Sports Medicine, London, UK). The scaffold 
slowly biodegrades, with an estimated decomposition time of 4 to 6 years. The implant 
itself is also highly porous to allow for sufficient ingrowth [22]. Both the Actifit and the 
CMI implants come in separate configurations for medial or lateral meniscus defects.

3. Surgical technique

The indications for both meniscus allograft and scaffold vary by surgeon, but in 
general, the patient should have previously undergone a total or partial meniscec-
tomy, respectively, and present with discomfort only in the compartment previ-
ously operated upon. Maximal osteoarthritis allowed is grade III and a minimum 
2 mm joint space. Also, if the knee is clinically unstable, it should be stabilized at 
the time of the procedure with respect to the anterior cruciate ligament. If operative 
knee alignment is more than 3–5 degrees different concerning the involved com-
partment compared to the contralateral knee, an osteotomy should be performed to 
unload the affected compartment.

For meniscus allograft transplant, the traditional methodology denotes the use 
of medial side double bone plugs, and a press-fit bone bridge (keyhole) method on 
the lateral side (Figure 1). On the medial side bone plugs are used due to graft size 
and anterior attachment variability, while on the lateral side bone bridges are used 
due to horn proximity [13]. In the case of a concomitant ACL and lateral meniscus, 
the femoral and tibial ACL tunnels are drilled initially and then the lateral meniscus 
trough is made. The femoral side of the ACL is then secured, followed by placement 
of the lateral meniscal allograft, and finally the tibial side of the ACL is secured. 
While a number of papers have investigated all-soft tissue constructs, several basic 
science studies have demonstrated improved biomechanical function with bony 
meniscal attachments [23, 24].

For meniscus scaffolds, surgical technique is similar for both devices. This 
begins with arthroscopic resection of the surrounding damaged tissue and subse-
quent implantation of a custom-sized scaffold. The sized scaffold is then sutured to 
the meniscal rim and capsule using standard techniques (Figure 2).

Figure 1. 
Lateral keyhole technique with suture fixation and medial bone plug technique with suture fixation.
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Initially, a partial meniscectomy is performed, with surgical debridement back 
to the vascularized zone of the damaged portion of the native meniscus. It is par-
ticularly important that the meniscal rim be continuous, especially at the popliteal 
hiatus of the lateral meniscus. If there is complete loss of the tissue in front of the 
popliteus tendon, it should be considered a total loss and thus a contraindication 
for a meniscus scaffold. After debridement, the resulting void is sized along the 
peripheral edge using the meniscal ruler supplied with the scaffold. The scaffold is 
then cut to fit, placed into the knee, and finally sutured to the native meniscus. The 
surgeon can use an all-inside, inside-out, or outside-in suture technique depending 
on the area to be sutured and their experience and preference [25].

4. Clinical outcomes

Early results showed meniscus transplant could be a viable procedure; however, 
the initial results were mixed and raised concerns of long-term durability. It the first 
series of isolated meniscal allografts, Milakowski et al. demonstrated that graft pro-
cessing methods were vital to the success of the procedure [9]. He reported the use 
of lyophilized grafts lead to inferior results compared to fresh frozen grafts. In the 
first American published series, Garrett et al. reported success in 35 of 43 patients 
(81%) at 2 to 7-year follow-up [26]. However, 6 of the 11 patients with grade IV 
chondromalacia failed, leading to the conclusion that while beneficial, grafts should 
not be placed in knees with advanced arthritis.

In the early experience of Noyes et al. they reported a high failure rate [27]. They 
evaluated 38 patients with 40 grafts, with a follow-up at an average of 40 months 
(24–62 months). While clinically the patients did significantly better, on MRI 30% 
of grafts demonstrated “altered characteristics” with another 28% demonstrating 
gross failure. Patients with no pre-operative arthritis demonstrated 10 abnormal 
MRIs out of 22, while the arthritic group showed abnormalities in 13 of 18, again 
demonstrating the folly of allograft implantation in arthritic knees.

Figure 2. 
Custom meniscal scaffold sizing and fixation.
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Over time, graft processing methods, patient selection parameters, and surgical 
techniques were refined. With these improvements, meniscus allograft transplant 
ceased being seen as experimental (Table 1) [28].

Numerous short and mid-term studies reported that the vast majority of 
the grafts did not require reoperation, and a significant number of patients had 
decreased pain and improved function [29–32]. In a large series, Verdonk et al. 
reported a survivorship of 79% in the first 100 patients at a mean of 7.2 years [33].

Kim et al. published the most optimistic longer-term data on meniscal allograft 
transplantation, with 2 failures in 49 knees after a minimum follow-up of 8 years. 
The 10-year survival rate was 98.0% and the 15-year survival rate was 93.3% 
according to their Kaplan–Meier analysis [34].

Carter et al. demonstrated 10-year results in 40 of his original 46 patients [35]. 
Thirty-two (80%) stated they had improvement in symptoms from the preoperative 
level. The 10 year mean IKDC score improved from the pre-op mean 50.6 (range 
32.2–68.9) to 70.1 (range 39.1–93.1). Seven patients required partial meniscectomies, 
for a 10-year graft survivorship of 83%. Of thirty-four patients with plain radio-
graphs available at the time of implantation and at 10 years for comparison, fourteen 
had no change, 15 had mild osteoarthritis, and 5 moderate to advanced progression.

Noyes et al. in his later series, 58/72 patients had follow-up at a mean of 
11.9 years ± 3.2 years [36]. Twenty-six underwent reoperation for a total graft 
survival rate of 55.2%. While demonstrating lower survivorship, their study group 
had greater chondral abnormalities and malalignment at baseline. Twenty patients 
underwent OATS procedures, and fourteen underwent an osteotomy in conjunction 
with the meniscal allograft at the time of implantation.

Van der Wal et al. reported on 63 meniscal allografts transplanted in 57 patients 
evaluated at 13.8 ± 2.8 years. Nineteen patients had grade IV chondromalacia at 
baseline, and their grafts were not secured with bone [37]. Their failure rate was 
29% (18 grafts) and twelve patients (21%) were converted to a TKR at a mean 
follow-up of 10.8 years (range 4.3–13.7). They acknowledged that the degree of 
chondromalacia, ACL deficiency, and graft fixation contributed to failures, with 
these results confirming that strict patient selection is vital for long term success.

Case studies Year Follow-up (y) Survivorship (%)

Garrett 1993 2+ 81

Noyes 2004 2+ 72

Verdonk 2006 5+ 79

Kim 2017 8+ 98

Carter 2012 10+ 83

Noyes 2016 8+ 55

Van der Waal 2009 11+ 71

Carter 2020 20+ 56

Systematic reviews

Novaretti 10 73.5

15 60

Bin Medial 10+ 53

Lateral 10+ 57

Table 1. 
Selected meniscal transplant studies survivorship rates.
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Systematic reviews have emerged providing data with compiled results at 
ten-plus years after meniscal transplant implantation. Novaretti et al. combined 11 
studies with 688 meniscal allograft transplants and found a 10-year survivorship of 
73.5%, and a 15-year survivorship of 60.3% [18]. Bin et al. evaluated the long-term 
survivorship of medial versus lateral meniscal transplants at greater than ten years 
in a meta-analysis of 9 studies totaling 694 grafts, and found that 52.6% of medial 
and 56.6% of lateral grafts were intact [19].

The one study to discuss 20-year follow-up was Carter et al. where 48/56 
(86.7%) of patients were able to be contacted, and of those, had 21 required surgi-
cal treatment of the graft. Thirteen patients had an isolated partial meniscectomy. 
Eight patients had knee arthroplasty with 1 having prior partial graft removal and 
one also had a high tibial osteotomy (HTO). The average time to arthroplasty was 
12.7 years. The graft survivorship was therefore 56.2% [13].

The take-away points from the usage of meniscal transplants involve proper patient 
selection, use of a properly prepared graft, and implantation in an appropriate knee. 
When an average-weight patient without varus or valgus knee abnormalities has a 
fresh meniscal allograft placed in a stable knee without moderate or severe arthritis or 
chondral loss, the graft survival can potentially be greater than twenty years.

The data supporting meniscal scaffold implantation does not go back nearly as 
long as meniscal transplant but is also robust. Clinical studies report outcomes for 
CMI ranging up to 12 years, while the longest study on Actifit reports up to 8 years, 
both demonstrating improvements in all knee clinical outcome scales (Table 2).

For the CMI implant, Monllau et al. demonstrated 83% good and excellent 
results at 10-year follow-up for 22 patients [38]. In a randomized trial comparing 
the long-term results of patients with ACL rupture and partial medial meniscus 
defects treated with ACL reconstruction and partial medial meniscectomy versus 
medial CMI implant, Bulgheroni et al. demonstrated significant improvement of all 
clinical scores at an average of 9.6 years [39]. Also, Zaffagnini et al. showed pro-
spective study results between medial CMI implantation and partial medial men-
iscectomy [40]. The CMI group showed significantly lower VAS for pain, higher 
objective IKDC, and Tegner scores at 10-year follow-up.

The Actifit results are similarly impressive. Schuttler et al. demonstrated 
significant improvement in VAS from 5 preoperatively to 1 at 4 years of follow-up in 
a group of 18 Actifit patients [41]. Leroy et al. also showed, with a minimal follow-
up of 5 years, 15 patients improved from 5.3 and 50 preoperative VAS and subjec-
tive IKDC scores respectively to 2.9 and 79 [42]. Finally, a meta-analysis of 613 
Actifit patients demonstrated both VAS and Tegner scores improving significantly 
remaining higher up to 72 months [43]. Overall, there has been degeneration of the 

Case studies (CMI) Year Follow-up (y) Survivorship (%)

Monllau 2011 10+ 83

Bulgheroni 2015 6+ not listed

Zaffagnini 2011 10+ 88

Leroy 2017 5+ 77

(Actifit)

Schuttler 2016 2+ 100

Systematic reviews

Filardo 2015 CMI/Actifit 2+ 94

Table 2. 
Selected meniscal scaffold studies survivorship rates.
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scaffold over time with some resulting increase in osteoarthritis, with a reported 
rate of 9.9% at a mean follow-up of 40 months and 6.7% at a mean follow-up of 
44 months, for the Actifit and CMI patients, respectively [43].

The vast majority of meniscal scaffold literature has been published on medial 
implants, with a recent systematic review including 396 CMI with only 10% of them 
were implanted in the lateral compartment [44]. Zaffagnini et al. investigated 43 
patients at 24± 1.9 months after lateral CMI implant. Their Lysholm score improved 
from 64.3 ± 18.4 preoperatively to 93.2 ± 7.2 at final follow-up, with pain experienced 
during strenuous activity and at rest was significantly reduced. At 2 years of follow-
up, roughly 60% of patients reported activity levels similar to their preinjury values 
with a satisfaction rate of 95%. The presence of a higher BMI, the need for concomi-
tant procedures, and a chronic injury pattern resulted in reduced outcomes [45].

Finally, Hirschmann et al. demonstrated the results of a series of 67 patients under-
going medial or lateral CMI implantation associated with ACL reconstruction (45%), 
high tibial osteotomy (7.5%) or microfracture (4.5%). At one year the cohort demon-
strated a marked decrease in pain with a subsequent improvement in the Tegner, IKDC 
and Lysholm scores, with comparable results of the medial and the lateral groups [46].

And so, for the meniscal scaffolds, the useage and survivorship appear to be 
similar to those of the transplants; however, these implants are placed into patients 
with contained meniscal defects as opposed to the full meniscal loss which necessi-
tates the use of a meniscus transplant. When an average-weight patient without varus 
or valgus knee abnormalities has a meniscal scaffold placed in a partially debreided 
meniscus in an otherwise stable knee without moderate or severe arthritis or chondral 
loss, the graft survival can potentially be greater than ten years based on current data.

5. Conclusions

For the patient with “post-meniscectomy syndrome” with either a partially 
or entirely deficient meniscus, surgical treatment options exist which have dem-
onstrated both short, medium, and in the case of meniscus allograft, long term 
success. Allografts have demonstrated greater than 50% survivorship at 20-year 
follow-up, while scaffolds have demonstrated the progressive reabsorption with 
substitution with a meniscus-like tissue with a potential chondroprotective effect 
in shorter-term studies. For both allografts and scaffolds, patient selection and the 
treatment of concomitant knee pathology is mandatory in order to achieve both 
short and long-term clinical improvement.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 6

Wrist Arthroscopy
Uldis Krustins and Jānis Krustins

Abstract

This article is dedicated to our special interest in hand surgery - arthroscopy. We
are the initiators of the wrist arthroscopy in our clinic as well as in country. In this
chapter we can only sketch some aspects of this fascinating, intriguing and specific
direction of hand surgery. Indications for arthroscopic surgery and application in
different wrist conditions including novel techniques. There is a short historical
review at the beginning - names and contribution of the pioneers of the wrist
arthroscopy, development of instruments and surgical possibilities. This is followed
by arthroscopic anatomy of the portals and structures accessible via these portals.
The most common arthroscopic procedures in our practice are listed and described,
such as arthroscopic treatment of ganglions and bone cysts, intercarpal ligament or
TFCC tears, application of the arthroscopy in treatment of the articular distal radius
fractures, scaphoid fractures and nonunions The text is supplemented with photos
of our patients.

Keywords: wrist, arthroscopy, carpal injuries, distal radius fracture, TFCC

1. Introduction

Since wrist arthroscopies for diagnostical purposes were first reported and
described in 1979, it has become an important diagnostic and therapeutic tool in the
hands of trained specialists during the last decades. Nowadays it is widely used in
the treatment of acute wrist injuries as well as different chronic conditions and
degenerative diseases. Arthroscopy has assumed an important place in wrist sur-
gery. The wide list of indications for wrist arthroscopy is continuously growing and
requires specific operative skills and specialized training before entering the oper-
ating room for real surgery. At this point it’s necessary to highlight the huge invest-
ment of International Wrist Arthroscopy Society (IWAS) and Asia Pacific Wrist
Association (APWA) in training programs, courses and workshops all around the
world. Today arthroscopic methods are proposed in the treatment of almost all soft
tissue and osseous problems of the wrist. They include synovitis, fibrosis, stiffness,
triangular fibrocartilage complex (TFCC) problems, ganglion cysts, scapholunate-
(SLIL) and lunotriquetral ligament (LTIL) tears, intra-articular distal radius frac-
ture (DRF) and nonunion treatment, arthroscopic arthrolysis, treatment of scaph-
oid fractures and nonunions, arthroscopic treatment of Kienböck’s disease,
arthroscopically assisted partial wrist fusions, etc. We can be grateful to the indus-
try, that they have been able to listen to our wishes and create the tools needed for
our surgeries. Since authors have been limited in the size of the manuscript as well
as many well illustrated books on this topic have already been published, we will
address only the most frequent problems of wrist arthroscopy in our practice.
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2. History of the wrist arthroscopy

Early arthroscopic explorations mostly focused on a knee joint, but M. Burman
in the early thirties experimented with a use of arthroscopy in other joints, includ-
ing the wrist joint. In 1970, the 1.7 mm No. 24 arthroscope was developed, allowing
a wide angle of vision and clear focus utilizing a small diameter. M. Watanabe, who
started to use arthroscopy in 1950s and developed the famous No. 21, used this
scope to examine 21 wrists in 1970–1972. He developed dorsal approaches on the
ulnar side of the extensor pollicis longus tendon to access the radiocarpal joint.
Watanabe reported on 67 wrist arthroscopies, including visualization of the distal
radioulnar joint. He also included 39 arthroscopies of the thumb carpometacarpal
joint and metacarpophalangeal joints as well as 9 interphalangeal joint arthroscopies
[1]. Y.C. Chen was an another enthusiast and pioneer of the wrist arthroscopy in
1970s. In 1979 he published an article about 90 arthroscopies of the wrist and finger
joints in 34 clinical cases and 2 amputed arms with No.24 arthroscope. Eighty-four
wrist and finger joints of four cadavers and two amputated arms were also dissected
for macroscopic observation. This article was also illustrated with some color pho-
tographies taken with arthroscope [2].

In 1986 Terry Whipple published paper on wrist artrhroscopy technics and
described the safe wrist artrhroscopy portals which are still used today [3]. The first
wrist arthroscopy course was organized by Terry Whipple, Gary Poehling and James
Roth inWinston-Salem, North Carolina, USA in 1986. The first textbook dedicated to
the wrist arthroscopy was published in 1992 by T. Whipple. During the next decades
the popularity of the wrist arthroscopy has grown, new indications and techniques
have been developed. In 1997 P.C.Ho organized the 1st Hong Kong Wrist Arthros-
copy course. With growing international interest in wrist arthroscopy, Christophe
Mathoulin founded the European Wrist Arthroscopy Society (EWAS) in 2005 and
the first EWAS cadaveric wrist arthroscopy course was organized in Strasbourg. In

Figure 1.
Authors attending their first wrist arthroscopy course in Rotterdam in 2009 – Uldis Krustins (left), Janis
Krustins (right).
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2015 P.C. Ho and G. Bein developed the Asian Pacific Wrist Association (APWA).
Both of them are wrist-specific international educational organizations with world-
wide network of wrist arthroscopy courses and workshops (Figure 1). In 2019,
EWAS evolved into the IWAS – International Wrist Arthroscopy Society.

3. Setup and equipment

Wrist arthroscopy requires standard arhroscopic equipment – arthroscopy
column with monitor, video camera, video and photo recordingdevice, light
source with fiber optic cable which nowadays can be integrated in one small
box motorized shavers, radiofrequency ablators and X-Ray C arm and traction
system. The patient is positioned supine on the operation table with the
affected arm on a hand table. The arm is abducted 90° and the elbow flexed 90°
allowing a vertical position of the forearm, wrist and hand. In this position the
wrist is kept in neutral prono-supination. The surgeon is positioned at the head of
the patient with the assistant beside or facing the surgeon. The arthroscopy
column may be on the other side of the patient facing the surgeon (Figure 1). X-ray
C arm is used when necessary and is not in the way of the staff all the time
(Figures 2 and 3).

Arthroscopic wrist procedures usually are performed under the regional block
anesthesia with a pneumatic tourniquet placed on the upper arm, but there are
surgeons who propose to do wrist arthroscopies under portal site local anesthesia
(PSLA) without tourniquet [4]. Traditionally wrist arthroscopies were performed
using irrigation, but it can be easily inspected and treated also in “dry technique”
[5]. However, dry arthroscopy also has its limits. For example when radiofrequency
ablators are used, water is necessary as milieu conductor and to prevent
temperature peaks and possible joint damage. Also when using a burr the aspiration
may be blocked by small cartilage and bone fragments and water facilitates the
aspiration [6].

Figure 2.
Standard setup and position of the staff during the wrist arthroscopy.
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Arthroscopic manipulations in wrist require vertical traction to separate bones
and create space for instruments and scope. The traction applied is usually 3.5 to
7 kg for wrist joint and 2 to 3 kg for the thumb [6, 7]. There are different types of
wrist vertical traction towers – with Chinese finger traps or special traction hands

Figure 3.
Use of C arm during the surgery.

Figure 4.
Different finger traps and traction devices (4a - K.L.Martin; 4b -Smith & Nephew).
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for all fingers. Authors use K.L.Martin and Smith & Nephew wrist traction towers
(Figure 4a, b).

4. Instruments

The most important instrument, of course, is the scope. In wrist small arthro-
scopes, between 1.9 mm and 2.7 mm, with camera angulated at 30°, are usually used
Arthroscopes are shorter (60 to 80 mm), too. The second most important tool is a
probe which helps to explore the joint and serves as an extension of the surgeon’s
finger [8]. A variety of differently angled punches, baskets with or without the
option of incorporating a suction mechanism and grasping forceps in various sizes
are useful for specific manipulations (Figure 5). A motor is fitted with abrasive
instruments, such as shavers or burrs of appropriate sizes: 2 to 3 mm in diameter
and 6 to 8 cm long. Basic instruments also include a shaver for synovial resection
and a burr for bony resection. A special electric bipolar diathermy machine is used
for efficient tissue resection by vaporization. An irrigation system is used for joint
cleaning. The equipment can be completed by different instruments or kits for
specific arthroscopic procedures.

5. Wrist arthroscopy portals

The map of safe wrist arthroscopy portals was first designed by Terry L. Whipple
and co-authors in 1986 after anatomical studies of fresh cadaveric wrists which were
arthroscoped an then tediously dissected to determine the relationship of each portal
to the closest neurovascular and tendinous structures [3]. Seven dorsal wrist portals
were identified - five portals for radio-carpal joint with relation to the six extensor
compartments (1-2; 3-4; 4-5; 6R and 6 U), one for midcarpal joint – distally from the
3-4 portal and the seventh portal for DRUJ. Anatomical studies proved that 1-2,6 U

Figure 5.
Set of manual instruments for wrist arthroscopy.
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and 6R portals are the most perilous due the proximity of the radial artery and dorsal
radial and ulnar sensory nerve branches. The midcarpal, 3-4,4-5 and DRUJ portals are
relatively safe, since neurovascular structures are usually remote [9]. Later additional
portals for midcarpal and radio-carpal joint, DRUJ as well as portals and techniques
for small joint arthroscopy were described [9–14].

Localization of portals first has to be checked by palpation with fingertip, then
standard intramuscular injection needle can be inserted to determine the exact
orientation of the portal. Small and shallow horizontal incisions using no. 15 blade
are recommended. Then skin, subcutaneous tissues and join capsule can be dis-
sected using mosquito clip to push away any important structures without injuring
them. It’s suggested to use a curved mosquito clip which can easily slip over the
curve of the dorsal rim of the radius or proximal carpal bones.

The normal inclination of the dorsal radius and lunate must be taken into
consideration when entering the joints with trocar and never use sharp trocars. The
insertion angle usually is about 10° proximally to parallel of the dorsal joint axis, to
match the distal articular curves of the bones (Figure 6).

Volar portals can be used for visualization of the dorsal capsular structures like
dorsal radiocarpal ligament (DRCL), palmar aspects of the carpal ligaments or as
occasional accessory portals in arthroscopic assisted surgeries of the distal radius
fractures or carpal injuries [13–15].

Localization, function of radiocarpal portals and structures at risk are presented
in Table 1 and for midcarpal portals in Table 2.

Figure 6.
Insertion angle of the instruments.
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Portal Localization and function Structures at risk

1-2 Between APL and ECRB tendons at the dorsal aspect of
the anatomical snuffbox. Used rarely, mostly to reach the
radial styloid process and radial part of the joint, as well as
for removal of the volar ganglion cysts or washout of the
joint.

Radial artery, superficial sensory branch
of the radial nerve

3-4 1 cm distally from the Lister`s tubercle, between the EPL
and EDC tendons. Always used as a primary portal for
visualization of the joint. Almost a complete panoramic
view of the volar radiocarpal joint.

EPL and EDC tendons

4-5 Axis of the 4th metacarpal, between the EDC and EDM
tendons. Portal for instrumentation and visualization of
the TFCC.

EDC and EDM tendons

6R At the radial aspect of the ECU tendon. Additional portal
for instrumentation or visualization or reconstruction of
the TFCC

Dorsal branch of the ulnar nerve

6U At the ulnar aspect of the ECU tendon. Additional portal
for instrumentation, visualization of the reposition of
DRF fragments or for reconstruction of the ulnar part of
the TFCC

Dorsal branch of the ulnar nerve

VR 2 cm long incision parallel to FCR tendon. Used for
evaluation of the DRCL and volar part of the SLIL or
fixation of the DRF fragments

Palmar cutaneous branch of the radial
nerve, radial artery and volar cutaneous
branch of the median nerve

VU 2 cm long incision parallel to ulnar margin of the flexor
tendons. Used for the evaluation of the volar part of the
LTIL and dorsal ulnar capsule.

Ulnar artery, ulnar nerve and distal
palmar branch of the ulnar nerve

APL –m. abductor pollicis longus, DRCL – dorsal radio-carpal ligament, ECRB –m. extensor carpi radialis, ECRL – m.
extensor carpi radialis longus, ECU – m. extensor carpi ulnaris, EDC – m. extensor digitorum communis, EDM – m.
extensor digiti minimi, EPL – m. extensor pollicis longus, FCR – m. flexor carpi radialis, DRF – distal radius fracture,
LTIL – luno-triquetral interosseus ligament, SLIL - scapho-lunate interosseus ligament,TFCC – triangular fibrocartilage
complex, VR – volar radial portal, VU – volar ulnar portal.

Table 1.
Radiocarpal portals.

Portals Localization and function Structures at risk

MCR Localized 1 cm distally from the 3-4 portal, between
ECRB and EDC tendons. Visualization of the scapho-
lunate, scapho-capitate and scapho-trapezium-
trapezoideum joints.

ECRB and EDC tendons

MCU Localized 1 cm distally from the 4-5 portal, on the axis
of the 4th metacarpal bone, between EDC and EDM
tendons. Visualization of the luno-triquetral, luno-
capitate and. triquetro-hamate joints

EDC and EDM tendons

STT Localized on the axis of the 2nd metacarpal bone, ulnary
from the EPL tendon, at the level of the scapho-
trapezio-trapezoidal joint. Used for instrumentation
and resection of the distal scaphoid in STT arthritis

Radial artery, EPL, ECRB and ECRL
tendons, terminal branches of the sensory
branch of the radial nerve

STT-R Localized radially to APL tendon at the same level as
STT portal. Used for resection of the distal pole of the
scaphoid

APL tendon, terminal branches of the
sensory branch of the radial nerve

APL – m. abductor pollicis longus, ECRB – m. extensor carpi radialis, ECRL – m. extensor carpi radialis longus, EDC -
m. extensor digitorum communis, EDM – m. extensor digiti minimi, EPL – m. extensor pollicis longus, MCR –

midcarpal radial portal, MCU – midcarpal ulnar portal, STT - scapho-trapezio-trapezoidal portal, STT-R - scapho-
trapezio-trapezoidal radial portal.

Table 2.
Midcarpal portals.
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6. Structures which can be identified via dorsal radiocarpal portals

The images below (Figures 7–18) illustrate the anatomical structures of the wrist
that can be identified from different standard portals.

Figure 8.
Standard volar radiocarpal portals. RVP – radial volar portal, UVP – ulnar volar portal.

Figure 7.
Standard dorsal portals of the wrist. MCR – midcarpal radial portal, MCU – midcarpal ulnar portal, STT -
scapho-trapezio-trapezoidal portal, DDRU – dorsal distal radioulnar joint portal, PDRU – proximal distal
radioulnar joint portal, ECU – m. extensor carpi ulnaris, EDC – m. extensor digitorum communis, EDM –
m. extensor digiti minimi, EPL –m. extensor pollicis longus, 1/2;, 3/4;, 4/5;, 6R;, 6 U – radiocarpal portals.
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Figure 10.
Straight view from 3 to 4 portal. SC – scaphoid, RLT – radiolunotriquetral ligament, Lu – lunate, LRL – long
radiolunat ligament, SLIL – scapholunate interosseous ligament.

Figure 9.
Straight/radial view from 3 to 4 portal. SC – scaphoid, RSC – radioscaphocapitate ligament, LRL – long
radiolunate ligament.
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Figure 11.
Straight/ulnar view from 3 to 4 portal - Lu – lunate, SC – scaphoid, UL – ulnolunate ligament, UT –
ulnotriquetral ligament, SLIL - scapholunate interosseous ligament.

Figure 12.
Ulnar view from 3 to 4 portal over the scaphoid ridge, radial part of TFCC accessible.
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Figure 13.
Ulnar view from 3 to 4 portal – TFCC, proximal part of Triquetrum and ulnar recess. 6 U – possible location
of 6 U portal.

Figure 14.
Degenerative central tear of TFCC in “ulna +” variation.
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Figure 15.
Rupture of the dorsal SLIL. View from 6R portal. SLIL - scapholunate interosseous ligament.

Figure 16.
View of STT joint from MCR portal. STT – Scaphotrapeziotrapezoidal joint, MCR – midcarpal radial portal.
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Figure 17.
View of scapholunate joint from MCR portal.

Figure 18.
View of lunotriquetral joint from MCR portal.
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There are four described arthroscopy portals in the distal radio-ulnar joint. The
anatomy of the DRUJ is complex because ulna articulates with both radius and
proximal carpal row. Stability of the DRUJ is provided by TFCC with its volar and
dorsal distal radioulnar ligaments, connecting at the fovea of the ulnar head. Even in
normal wrists DRUJ is a quite narrow place for visualization and instrumentation,
therefore it’s suggested to use 1.9 mm scope, reduce the traction of the arm and
introduce the scope in the DRUJ when the wrist is fully supinated [16–18].
Localization of the DRUJ portals, their functions and structures of the risk are
described in Table 3.

7. Small joint arthroscopy portals

There mostly are two standard portals for STT, first carpometacarpal joint
(CMC), metacarpophalangeal (MCP), proximal interphalangeal joint (PIP) and
distal interphalangeal joint (DIP). Arthroscopical access to pisotriquetral (PT)
[19, 20] and fourth or fifth CMC joints also are described while usefulness of these
procedures is limited or not yet established [10].

First CMC portals are localized approximately 1 cm distally from STT portals on
both sides of the first dorsal compartment. Accessory dorsal portal (the dorsal ulnar
portal) can be used as necessary for better viewing the radial side of the joint by
placing a trocar into the volar portal, across the CMC or the STT joint and out the
dorsum of the hand (Figure 19) [21].

Portals Localization and function Structures at risk

D-DRUJ Localized 5-8 mm proximally from the 6R portal,
between EDM and ECU tendons. Visualization of the
ulnar head, undersurface of the TFCC, sigmoid notch,
insertion of the volar and dorsal radioulnar ligaments in
ulnar fovea

TFCC, articular cartilages of the
sigmoid notch and ulnar head

P-DRUJ Localized 1 cm proximal to the D-DRUJ portal, between
EDM and ECU tendons. Visualization of the sigmoid
notch, head of ulna and volar capsule,

TFCC, articular cartilages of the
sigmoid notch and ulnar head

V-DRUJ 2 cm long incision parallel to ulnar margin of the flexor
tendons – the same as for VU portal or can be created
by pushing the blunt trocar from 6U portal towards the
anterior ulnocarpal capsule between UL and UT
ligaments, exiting ulnar to the flexor tendons, where
small skin incision can be made.
Visualization of the dorsal radioulnar ligament,
possibility to proceed an arthroscopic wafer procedure
when TFCC is intact

Ulnar artery, ulnar nerve and
distal palmar branch of the ulnar
nerve, flexor tendons

DF Localized 1 cm proximally to the 6U portal between
ECU tendon and ulnar styloid dorsally and FCU tendon
volarly. Forearm must be fully supinated.
Visualization of the ulnar fovea region, this portal is
used as a dedicated working portal for fixation of the
TFCC to the ulnar fovea in proximal TFCC lesions

Dorsal branch of the ulnar
nerve, ECU and FCU tendons

ECU – m. extensor carpi ulnaris, EDC – m. extensor digitorum communis, EDM – m. extensor digiti minimi,
FCU – m. flexor carpi ulnaris, DF – dorsal foveal portal, D-DRUJ – dorsal distal radioulnar portal, P-DRUJ –
proximal distal radioulnar portal, V-DRUJ – volar distal radioulnar portal,TFCC – triangular fibrocartilage
complex, VU – volar ulnar portal.

Table 3.
DRUJ portals.
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There are two portals – radial and ulnar for MCP, PIP and DIP joint arthros-
copies, the naming of them is related to relationship with extensor tendons and they
were established by Chen [2]. MCP joint arthroscopies can be successfully used in
the rheumatoid conditions when synovectomy and thermal shrinkage can be
performed [22–24], or in traumatic cases such as gamekeepers injury [10, 25],
collateral ligament ruptures and reduction of the intraarticular metacarpal head
fractures as well as in cases of complex MCP joint dislocations [26, 27]. Indications
of the MCP joint arthroscopy include also chronic cases of instability, removal of the
loose bodies as well as in cases of joint stiffness caused by intraarticular fibrosis or
even cases of septic arthritis [18, 28].

Arthroscopy of the PIP and DIP joints has not been widely accepted because of the
limited indications and technical limitations. The main indications are inflammatory
or septic arthritis as well as removal of foreign bodies. Several authors suggest hori-
zontal placement of the hand instead of using a traction tower, as it is important to be
able to flex the joint freely [29, 30]. Cobb reported several cases of the DIP arthro-
scopic arthrodesis [10]. Since authors have no personal experience in finger joint
arthroscopy, further discussion on this topic will not be continued in this chapter.

Many years the use of intra-articular fluid for wrist arthroscopy was
considered essential. Francisco del Piñal et al. described a technique for dry
arthroscopy in 2007 [5].

8. Arthroscopic treatment of ganglion cysts

Ganglion cysts are the most common benign soft-tissue tumors of the wrist.
Dorsal cysts are more common than volar and surgical treatment is indicated for
painful ganglions or large ones for cosmetic purposes. These ganglions usually
appear in the dorsal scapholunate region which consists of three anatomical struc-
tures – the dorsal segment of scapholunate (SL) ligament, the dorsal intercarpal
ligament (DICL) and the dorsal capsuloscapholunate septum (DCSS) [31].
The extra-articular part of the cyst can vary in size and location as well as in

Figure 19.
CMC and STT portals. a – localization on the skin, b – verification with fluoroscope.
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relation to dorsal ligaments. Surgical treatment of the so called “occult” ganglion
cysts, who are small, intracapsular and can be very painful, is challenging by
conventional methods. Arthroscopic treatment of such ganglion cysts is a method
of a choice.

There are two different arthroscopical techniques for resection of the dorsal
ganglia. The one is an access via radiocarpal joint and the other is through the
ganglion and via the midcarpal joint [32, 33]. Some authors describe the
necessity to combine radiocarpal and midcarpal portals, thus enabling a complete
resection [34].

In the 2nd edition of Wrist Arthroscopy Techniques by C. Mathoulin different
techniques of the dorsal ganglion artrhroscopic resections using only midcarpal
portals are described and well-illustrated [35]. In our hands the midcarpal approach
works perfect in most cases, except if ganglions are located very proximally
(Figure 20). It provides also a good cosmetic result with only two almost invisible
scars on the dorsal aspect of the wrist, which is important especially in younger
females.

Aftertreatment – patients have to be encouraged to start early movements. In
some cases, if patients have low pain malaise, short arm cast or wrist splint is
recommended for first week after surgery. Recurrence rate for dorsal wrist gangli-
ons treated arthroscopically is from 3 to 12% [34, 36–38]. Complications are rare
and they are less common than in open surgeries. Most common complications
reported are some stiffness (less than with open surgery), neurapraxia, extensor
tenosynovitis and complex regional pain syndrom [39]. In meta-analysis presented
by Head et al. in 2015, mean complication rate for arthroscopic surgical excision was
4%, and recurrence rate 6% [40]. Complication rate reported for open surgeries
was 14% and recurrence rate 21%.

Volar wrist ganglions are less common than dorsal ganglions (about 20%) and
they mainly occur in the radiocarpal joint, especially in the radial corner of the volar
aspect. Volar ganglions in the midcarpal joint are very rare ant mostly they occur as a
result of STT arthritis. The most common appearance is below FCR and FPL tendons.
The technique of the arthroscopic volar ganglion resection was first described by P.C.
Ho et al. in 2003 [41]. The origin and stalk of the ganglion usually locates between
radioscaphocapitate (RSC) and long radiolunate (LRL) ligaments. It becomes visible

Figure 20.
Dorsal ganglion, view from MCU portal, a – visualization of ganglion cyst after synovectomy, b – ganglion
removed, clean extensor tendons visible.
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by gently pushing with finger on the ganglion while scope is positioned in 3-4 portal.
Shaver is inserted in the 1-2 portal and ganglion has to be removed gently to avoid
injuries of the neurovascular structures and flexor tendons (Figure 21) [39, 42].

Aftertreatment is similar to that one for dorsal ganglions. In a systemic review
presented by Fernandes et al. in 2014 mean complication rate for arthroscopic volar
ganglion surgeries was 6% and recurrence rate 6.9% [43]. Reported complications
are increased cyst site volume during the immediate postoperative period, radial
artery injuries, neuropraxia of the dorsal radial nerve, partial lesions of the median
nerve [39, 43, 44].

9. Arthroscopic bone grafting of the intraosseus carpal ganglion cysts

Intraosseus ganglions (IOG) can affect all carpal bones but mostly they
affect the lunate, capitate and scaphoid [45]. In patients who have dorsal wrist
ganglions, the prevalence of IOGs is reported to be almost 50% [46]. Most of them
are asymptomatic and can be found during the routine radiographs or CT scans
because of the different complains. Surgical treatment is recommended for the
symptomatic IOGs and include the curettage of the damaged bone and bone
grafting.

Arthroscopically assisted treatment of the intraosseus ganglions of the lunate
was first described by Ashwood and Bain in 2003 with the aim of reducing the
morbidity that has been seen with open techniques [47].

Surgeries can be performed via routine radiocarpal or midcarpal portals –
depending of the localization of the ganglion cyst. Usually the ganglion cyst cannot
be visualized by arthroscope, because they still remain covered by the articular
cartilage. The location of the drill hole has to be determined by the preoperative
radiographic investigations. Once the ganglion is removed with the arthroscopic
cutter and the hole is debrided with curette and shaver, it can be filled with bone
grafts from the distal radius or iliac crest, which can be harvested via small
incision and then delivered into the bone through a trocar under the arthroscopic
visualization (Figure 22).

Figure 21.
Volar ganglion of the wrist, a – ganglion detected in volar radial corner of the wrist, b – ganglion removed.
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Aftetreatment includes immobilization for 10 to 14 days and patients are advised
not to return to light duties until 6 weeks after the surgery, and heavy manual labor
is avoided for a minimum of three months [18].

10. Arthroscopic treatment of the scapholunate ligament tears

Scapholunate interosseus ligament (SLIL) should be considered as a key stone of
the intercarpal stability. It is U shaped in the sagittal plane and has three compo-
nents – dorsal, volar and proximal [48]. The dorsal segment is the strongest portion
with a tensile strength of 260 - 300 N and approximate thickness of 3 mm [32]. The
proximal component is the weakest and avascular, The volar part has a tensile
strength of 120- 150 N and approximate thickness of 1 mm. The palmar and dorsal
segments work collectively to prevent rotational translation between scaphoid and
lunate, whereas the intermediate segment has little role in stability [49–51].

Scapholunate stability is effectively ensured by a complex associating the dorsal
and volar portions of the SLIL, the dorsal intercarpal (DIC) ligament, the dorsal
radiocarpal (DRC) ligament, the radioscaphocapitate (RSC) ligament, the
scaphotrapezial (ST) ligament, and the dorsal capsulo-scapholunate septum (DCSS).
The integrity of these various stabilizers is taken into account while determining the
arthroscopic classification of “predynamic” scapholunate instability [52].

When the SLIL is injured, the scaphoid tends to move into volarflexion, while the
lunate, which is still fixed to the triquetrum, is forced, due to carpal kinematics, to
follow the triquetrum into dorsal extension. The opposite happens with time when
the LT interosseous ligament (LTIL) is injured. This static instability is often referred
to radiologically as dorsal intercalated segment instability (DISI), following an SLIL
injury and volar intercalated segment instability (VISI) following a LTIL injury [53].

The first arthroscopic classification of SLIL tears was presented in 1996 by
Geissler et al. [54] using a 4-stage grading system (Table 4) (Figures 23 and 24).

In 2013 Messina et al. published the European Wrist Arthroscopy Society
(EWAS) Classification of Scapholunate tears which was based on anatomical
arthroscopic study and is an evolution of Geissler’s classification (Table 5) [55].

Figure 22.
Arthroscopic debridement of the scaphoid cyst, a – defect of the bone after debridement, b – defect closed with
autologous bone graft (ABG).
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The existing classifications, however, describe the dynamic instability of the
scapholunate joint but do not distinguish the site of ligament attenuation or tear,
particularly in its volar portion.

The choice of the procedure for SLIL injuries in the absence of arthritis depends
on the extent of the lesion, quality of the ligament remnants and reducibility of the
joint [53].

Figure 23.
Geissler grade II tear – attenuation an hemorrhage (*) of SLIL.

Grade Description

I Attenuation or hemorrhage of interosseous ligament as seen from radiocarpal space.
No incongruency of carpal alignment in mid-carpal space.

II Attenuation or hemorrhage of interosseous ligament as seen from radiocarpal space.
Incongruency or step-off of carpal space.
There may be slight gap (less than width of probe) between carpal bones.

III Incongruency or step-off of carpal alignment as seen from both radiocarpal and mid-carpal
space.
Probe may be passed through gap between carpal bones.

IV Incongruency or step-off of carpal alignment as seen from both radiocarpal and mid-carpal
space.
There is gross instability with manipulation.
2.7-millimeter arthroscope may be passed through gap between carpal bones (“drive thru
sign”).

Table 4.
Geissler’s arthroscopic classification of SLIL tears.
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Arthroscopic
stage (EWAS)

Arthroscopic testing of SLIOL from
MC joint

AP findings

I No passage of the probe Not found in cadaver specimens

II lesion of
membranous
SLIL

Passage of the tip of the probe in the SL
space without widening (stable)

Lesion of proximal/membranous part of
SLIL

III A partial
lesion involving
the volar SLIL

Volar widening on dynamic testing from
MC joint (anterior laxity)

Lesion of anterior and proximal part of
SLIL with or without lesion of RSC- LRL

III B partial
lesion involving
the dorsal SLIL

Dorsal SL widening on dynamic testing
(posterior laxity)

Lesion of proximal and posterior part of
SLIL with partial lesion of DIC

III C complete
SLIL tear, joint is
reducible

Complete widening of SL space on
dynamic testing, reducible with removal
of probe

Complete lesion of SLIL (anterior,
proximal, posterior), complete lesion of
one extrinsic ligament (DIC lesion or
RSC/ LRL)

IV complete
SLILwith SL gap

SL gap with passage of the arthroscope
from MC to RC joint No radiographic
abnormalities

Complete lesion of SLIL (anterior,
proximal, posterior), lesion of extrinsic
ligaments ( DIC, and RSC/ LRL)

V Wide SL gap with passage of the
arthroscope through SL joint Frequent X
Ray abnormalities such as an increased
SL gap, DISI deformity

Complete lesion of SLIL, DIC, LRL,
RSC, involvement of one or more other
ligaments (TH, ST, DRC)

SLIL: scapholunate interosseous ligament. MC: midcarpal. RC: radiocarpal. RSC: radio-scapho-capitate. LRL: long
radiolunate. DIC: dorsal intercarpal ligament. SL: scapholunate. TH: triquetro-hamate. ST: scaphotrapezial. DRC:
dorso radiocarpal. DISI: dorsal intercalated segmental instability.

Table 5.
Arthroscopic EWAS (European Wrist Arthroscopy Society) Classification and corresponding anatomo-
pathological (AP) findings in cadaver specimens.

Figure 24.
Geissler grade IV tear – arrow shows gap between scaphoid and lunate. Scope easily passes between bones and
slides into midcarpal joint.
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Garcia-Elias et al. [56] developed a set of 6 questions that provide a
useful framework for developing stage-based treatment algorithms. By
answering these questions in terms of yes or no, each case can be placed into
one of seven categories (Table 6). As expected, the increasing number of negative
answers indicates a progression of the dysfunction from minimal (Stage 1) to
maximal (Stage 7). In general, all instabilities from the same stage will be treated
similarly.

Detailed description of indications and treatment methods depending on the
time after injury, the stage of SLIL disruption and stability or instability of the
carpus is presented in the report of the IFSSH Committee On Carpal Instability in
2016 (part 2: Management of scapho-lunate dissociation [57].

Since this book is oriented to the arthroscopic methods of treatment further
discussion on open surgical procedures will not be proceeded.

In acute injuries, arthroscopy can be used to determine the extent of
scapholunate interosseous ligament injury. Partial tears may be treated by percuta-
neous pinning of the scaphoid and lunate, thus allowing for the possibility of
primary healing or fibrosis.

Predynamic or occult SL injury results from an incomplete tear of the SL liga-
ment. In selected cases with reducible scapholunate instability (Garcia-Elias stages
2, 3 and 4) where the ligament is partially (Figure 25) or completely ruptured, and
where the scaphoid is well aligned or can be reduced, Mathoulin et al. proposed the
arthroscopic dorsal capsuloplasty, which may be combined with K-wire fixation of
the scapholunate and the scaphocapitate joints [58, 59].

This technique can be performed only in cases when ligament stumps remain
attached to the scaphoid and lunate. This technique includes synovectomy of
midcarpal and radiocarpal joints. Then the scope is introduced into the 6R portal to
inspect the gap between the lunate and the dorsal capsule (Figure 26).

An absorbable monofilament suture is passed through a needle. This needle is
inserted through the skin via the 3–4 portal, then shifted slightly distally so as to
cross the joint capsule (Figure 27).

The needle is located inside the joint through the scope and then pushed through
the SLIL stump on the scaphoid side. The needle is oriented dorsal to volar and angled
proximal to distal, allowing it to enter the midcarpal joint (Figure 28). A second
needle and suture are then inserted parallel to the first into the SLIL stump attached
to the lunate. The scope is returned to the MCU portal. The two needles are located
inside the midcarpal joint, after they have passed between the scaphoid and
lunate. Both sutures are externalized via MCR portal with hemostat and the knot is
tied outside the joint. Then the knot is pulled back into the midcarpal joint
(Figure 29).

Stage 1 2 3 4 5 6 7

Is the dorsal SL ligament intact? YES NO NO NO NO NO NO

If repaired, has it good chances of healing? YES YES NO NO NO NO NO

Is the radioscaphoid angle normal? YES YES YES NO NO NO NO

Is the lunate uncovering index normal? YES YES YES YES NO NO NO

Is the misalignment easily reducible? YES YES YES YES YES NO NO

Are the joint cartilages normal all over the wrist? YES YES YES YES YES YES NO

Table 6.
Six questions by Marc Garsia-Elias.
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At this point the traction of the wrist is released to reduce the gap between
scaphoid and lunate. Transfixation of the scapholunate and scaphocapitate joints
with K-wires can be performed if reduction is insufficient. The final knot is
tied after the wrist is released from traction and positioned in slight extension [52].

Figure 26.
View from 6R portal with detached dorsal capsule and injured dorsal capsuloligamentous scapholunate septum
(DCSS).

Figure 25.
Partial, reparable rupture of SLIL, a- view from MCU portal, yellow arrow shows the step off between
articular surfaces od scaphoid and lunate, red arrow points detachment of SLIL from lunate, b- The same
patient – normal SLIL in RC joint, view from 3 to 4 portal.
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Figure 27.
Needle inserted via 3-4 portal and shifted distally to enter the midcarpal joint.

Figure 28.
View from the UMP - needle in the midcarpal joint and suture is knotted by twisting of the needle.
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After treatment includes 8 weeks of immobilization and an adequate
rehabilitation.

There are several other, more complicated arthroscopic SLIL repair procedures
described, but the indications of these techniques are limited to predynamic and
dynamic SL instability.

P.C.Ho et al. in 2002 designed an arthroscopic assisted box reconstruction of
scapholunate ligament with palmaris longus (PL) tendon graft [60]. It enables
simultaneous reconstruction of the dorsal and palmar SL ligaments anatomically
with the use tendon graft in a boxlike structure. With the assistance of arthroscopy
and intraoperative imaging as a guide, a combined limited dorsal and volar incision
exposed the dorsal and palmar SL interval without violating the wrist joint capsule.
Bone tunnels of 2.4 mm are made on the proximal scaphoid and lunate. A palmaris
longus tendon graft is delivered through the wrist capsule and the bone tunnels
(Figure 30) to reduce and connect the two bones in a boxlike fashion.

Once the joint diastasis is reduced and any DISI malrotation corrected, the
tendon graft is knotted and sutured on the dorsal surface of the SL joint extra-
capsularly in a shoe-lacing manner (Figure 31a, and b). Additional suture anchors
can be placed at the dorsal bone tunnels for the scaphoid and lunate for additional
graft fixation. The RL pin is removed at the beginning of the third week. The cast is
then changed to a thumb spica splint for an additional 2 weeks, at which time gentle
wrist mobilization is allowed out of the splint. The SC pins are removed after
8 weeks. The potential risk of ischemic necrosis of the carpal bone is minimized by
preservation of the scaphoid blood supply [52, 60].

Figure 29.
The inner knot of both sutures at the level of SL joint.
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Corella et al. in 2011 published a novel all arthroscopic technique for
scapholunate instability [61]. They developed the BTT ligamentoplasty - Bone (base
of second metacarpal bone), Tendon (flexor carpi radialis graft), Tenodesis (in the
scaphoid and lunate). This technique aims to reproduce the tripple tenodesis tech-
nique proposed by Garcia-Elias et al. in 2006 [56], but with an arthroscopic
approach reducing soft tissue trauma. It reconstructs both the dorsal and volar
portion of the SL ligament with a 3-mm graft of the FCR tendon, which is fixed to
the scaphoid and lunate tunnels with interference screws. Graft resistance and
strength can be increased with the use of a 1.3 mm SutureTape. The SutureTape is
passed and fixed with the screws along with the tendon graft. After the graft is fixed
to the scaphoid bone with the anchor, the volar portion of the SutureTape that exits
from the lunate tunnel is sutured to the portion that exits from the scaphoid
tunnel. It’s recommended to start early postoperative wrist mobilization with this
technique – dart-throwing motion from the 3rd week and flexion/extension
movements from the 5th week after surgery [62].

Figure 30.
A palmaris longus tendon graft deliverd through the lunate and both capsules.
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11. Arthroscopy in the treatment of articular distal radius
fractures (DRF)

Hand surgeons began applying wrist arthroscopy to the surgical treatment of the
DRF in the late 90’s of the last century. Arthroscopic reduction of intraarticular
fragments, as opposed to conventional methods, may improve outcomes regardless
of the method of fixation, volar locking plates or external fixator and K-wires
[63–69]. Failure to reduce intra-articular fractures of the distal radius predisposes to
pain, restricted movement and degenerative arthritis. The functional results of
treatment for articular DRF’s are determined by alignment of fragments of
extraarticular fracture, by restoring bone shape, length and fold, anatomical repo-
sition of joint surface, prevention of additional damage to soft tissue, as well as
potential post-operative complications [70–74]. Fluoroscopy alone provides an
image that has poorer resolution than that of the magnified camera used for
direct arthroscopic visualization, whereas even a small degree of displacement is
obvious arthroscopically [75]. It is obvious that optical visualization of the
articular space gives an opportunity to detect a greater number of soft tissue
lesions more often, than only fluoroscopic and clinical evaluation or surgeon’s
mistrust about the possibilities of such injuries [76]. Wrist arthroscopy is
currently recommended for the treatment of any articular distal radius fracture
(Figure 32a, and b), but some possible contraindications have been identified. As
one of these are elderly and low-active patients, open fractures and polytrauma
patients, particularly at the early stage of treatment, since this procedure can sig-
nificantly increase the duration of surgery. As another major objection to the use of
arthroscopic treatment, is a lack of technical equipment and surgeon’s experience
[64, 77, 78].

There are two controversial fracture fixation techniques. In cases of volar
plating, standard flexor carpi radialis approach can be used. Once the fracture is
preliminarily fixed with the volar locking plate (VLP) (Figure 33), the wrist joint is
assessed arthroscopically using the 3-4 and 4-5, 6R, 6 U or 1-2 portals to remove
blood clots, small articular fragments or to make an additional reposition and

Figure 31.
Tightened tendon graft, view from volar (a) and dorsla (b) side.
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fixation with K-wires. Distal screws can be inserted only after arthroscopic inspec-
tion of the radiocarpal joint and a fluoroscopic confirmation of the correct position
for the screws (Figures 34a, b and 35a, b).

After treatment includes 2 weeks in short plaster cast and early mobilization can
be allowed as volar locking plate provides rigid fixation.

In cases of comminuted fractures when fixation with VLP is impossible,
arthroscopically assisted fracture reposition and fixation with K-wires and external
fixator is recommended (Figures 36a–c and 37a, b). This surgery is commenced
with a primary closed reduction and fixation with several K-wires, under

Figure 33.
Preliminary fixation of the volar plate before arthroscopic part of the surgery.

Figure 32.
Dorsally displaced articular fracture of the distal radius.
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fluoroscopic guidance. Following fixation in a traction tower, the articular
surfaces are assessed using the standard arthroscopic technique. Further
fragment reductions are performed, if required, using a probe or K-wires as
joysticks through elongated 3-4, 4-5, 1-2 and in some cases, volar portals.
Additional K-wire fixation is used as required. Once satisfactory reposition is
achieved, the bridging external fixator can be applied. The external fixator is
removed 4 weeks after surgery. K-wires are usually removed between 4 and
6 weeks after surgery.

The associated soft tissue lesions can be found from 30 to 66% of DRFs, but not
all of them require surgical treatment [79–81]. In cases of associated soft tissue
injuries like SLIL and LTIL acute ruptures or TFCC lesions, arthroscopically guided,
debridement of the injured ligaments or TFCC is advised, as well as trans-articular

Figure 35.
Final fluoroscopic image of the surgery.

Figure 34.
Additional fragment reposition and fixation.
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fixation of the scapholunate and/or lunotriquetral joints with K-wires, or
application of peripheral sutures for TFCC tears.

Authors have never experienced severe complications as tendon ruptures or
infection but we have found that the more extensive use of K-wires in reduction
and/or fixation during external fixation and K-wire fixation is more likely to
result in nerve damage. Furthermore, the complication of subsequent loss of
position of fragments also occurred in patients treated with K-wires and external
fixator [81].

In last two decades several minimally invasive plate osteosynthesis (MIPO)
techniques using volar locking plates on DRF are presented [82–84]. In cases of
comminuted articular DRF’s this technique can be supplemented with an arthro-
scopic visualization. After all, two major lines of MIPO techniques evolved and got
new promoters: single longitudinal incision and double transverse incision, leading
to the creation of new special volar plates setups adapted to each technique’s pitfalls
and benefits [85, 86]. Unfortunately authors do not have any personal experience
with MIPO technique.

Figure 36.
Position of the monolateral external fixator over the wrist joint. a and b - Comminuted volar, distal, articular
fracture of the radius.
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12. Arthroscopic arthrolysis

Arthroscopic wrist arthrolysis is indicated in situations of posttraumatic wrist
rigidity. It can be performed in radiocarpal joint, midcarpal joint and even in DRUJ.
The most frequent clinical pathological conditions are adhesive capsulitis and
arthrofibrosis of the wrist. Capsulitis is due to ligament and/or capsule contractures,
and wrist arthrofibrosis is usually due to osseous band fibrosis of the radius and/or
first row carpal bone(s) from a radius articular fracture. These two conditions can
be associated in the same case [87]. The technique of the arthroscopic arthrolysis of
the wrist was presented by R. Luchetti et al. in 2006. In radiocarpal joint almost all
possible portals, including volar portals must be used during this surgery. It could
be difficult to orient in the joint and to triangulate instruments because of the
fibrotic adhesions inside the joint. Once they are removed (Figure 38a, and b), but

Figure 38.
Intraarticular adhesions (a) after removal (b).

Figure 37.
Final x-ray after the application of external fixation and K-wires.
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the range of motion (ROM) is still insufficient, resection of the volar and dorsal
radiocarpal ligaments is recommended. This can be done with miniblade, laser or
radiofrequency cutter. It’s also recommended to leave dorsal and volar ulnar liga-
ments intact. The midcarpal joint also has to be inspected in the same manner but
ligament resection is not recommended. Wrist stiffness is much more rarely
attributable to the midcarpal joint, and any fibrosis in this joint is rarely significant
[88]. Arthroscopic arthrolysis of the DRUJ is technically very challenging, because
visualization of this joint is already problematic in the normal conditions and requires
good arthroscopic skills of the surgeon. But once it can be done, patients achieve an
improvement of prono/supination movements. If the arthroscopic arthrolysis of the
DRUJ cannot be performed because of the technical difficulties it can be conversed to
open surgery. Rehabilitation is started immediately after the surgery.

Complications – in cases when osteochondral lesions of various severity are pre-
sent during the procedure of the arthrolysis, it is quite common for fibrotic bridges to
reform in a few months and provoke partial or complete radiocarpal ankylosis. The
use of articular instruments and motorized instruments can cause unwanted
osteoarticular lesions (chondral scuffing, ligament injuries etc.) that can manifest
themselves postoperatively in the form of pain or wrist instability [87, 89].

13. Arthroscopic treatment of scaphoid fractures

The incidence of acute scaphoid fractures is about 70% of all carpal fractures
and 11% of all wrist fractures. Young men in the 2nd and 3rd decade of life are
the main target population of this injury. Two-thirds of all scaphoid fractures
occur in the waist area and 60 – 85% are non-dislocated fractures. Distal third is
affected in 25% of cases, but proximal third in 5-10% of fractures [90]. Two
morphological bone types are identified: type I or full scaphoids and type II or
slender scaphoids. Type I possess more robust internal vascular network than
type II scaphoids which may prove to be related to development of nonunion,
avascular necrosis or Preiser disease [91]. Indications for surgical treatment are:
displacement greater than 1 mm, commination, open fracture, scaphoid fracture
with perilunate dislocation, associated carpal instability – scapholunate angle
greater than 60°, radiolunate angle greater than 15°, as well as angulation of the
scaphoid – intrascaphoid angle greater than 35° and height to length ratio greater
than 0.65 [92].

In cases when volar approach with retrograde screw insertion is chosen, arthro-
scopic treatment of scaphoid fracture has to be started with a small, anterior volar
incision through which a 1-mm K-wire is inserted into the scaphoid under fluoros-
copy control. This step can be the most difficult one of the entire procedure. If a
rolled-up drape is placed under the wrist to extend it to 60°, the K-wire will be
about 45° to horizontal. The K-wire is angled from the distal tubercle toward the
middle of the carpus. The second stage includes an arthroscopic evaluation when
the wrist is placed in vertical traction. Usually midcarpal portals (MCU) are used to
visualize the fracture site. If the additional reposition is required, the K-wire can be
removed from the proximal pole and manual maneuvers as well as hook probe can
be used to achieve the correct position. Then cannulated headless compression
screw can be inserted when wrist is released from traction. After the compression of
the fracture fragments it’s recommended to make a final arthroscopic evaluation of
the midcarpal and radiocarpal joints, to verify the compression and length of the
screw [93, 94]. The alternative is a dorsal approach. It provides direct unobstructed
access to the proximal scaphoid pole permitting the placement of a central axis
guide-wire for antegrade screw implantation [95, 96].
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Active wrist motion exercises are initiated immediately or within 10 days after
surgery. Strengthening exercises were delayed until healing was well established on
X-rays of the scaphoid, usually 3 to 4 months after surgery [93, 97].

14. Arthroscopic management of scaphoid nonunion

Acute scaphoid fractures are often missed and patients return with pain when
delayed union or nonunion manifests (Figure 39a).

The natural history of untreated scaphoid nonunions is progression to carpal
collapse resulting in wrist arthritis and chronic painful disability [98, 99]. Osteoar-
thritis at the scaphoid-radial styloid joint is significantly associated with dorsiflexed
intercalated segment instability (DISI) deformity. An overall incidence of DISI
deformity of the wrist is about 56%, and the frequency of DISI pattern increased
with longer duration of non-union [100]. Arthroscopic management of scaphoid
nonunions without severe deformities or arthritis is effective [101]. This simplifies
postoperative recovery, reduces complications, and preserves the wrist’s capsule-
ligament complex—and, thus, the scaphoid’s precarious vascularization [102].
Arthroscopic management of scaphoid nonunion is based on the following ideas:
that scaphoid vascularity can be preserved because of the minimally invasive nature
of arthroscopic surgeries; and that direct visualization with magnification can
facilitate accurate debridement of the nonunion site, identify fibrous union and
punctate bleeding from fracture site and aid perfect reduction [103].

Principles of the arthroscopic treatment of the scaphoid nonunions are the same
as with other surgical techniques: excision of pseudrthrosis, correction of humpback
deformity, restoration of the length of the bone, bone grafting and a stable fixation.

Surgical technique includes inspection of the radiocarpal joint via standard por-
tals, synovectomy and arthroscopically guided styloidectomy, if necessary.

Figure 39.
(a) X-ray of scaphoid nonunion, (b) shaver in the nonunion site, (c) defect of the scaphoid after removal of
debris, (d) fixation of the scaphoid with K-wires, (e) defect filled with bone graft, (f) final x-ray after the
surgery.
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Arthroscopic treatment of the nonunion is performed via midcarpal portals. The
scope is inserted in MCU portal and instruments in MCR, accessory portal (close to
the nonunion) or STT portal. If a frank bony defect is encountered, it is curetted
with a fine-angled curette or motorized shaver (Figure 39b), until all fibrotic tissue
and sclerotic bone are removed.

If the tourniquet is used, at this point it has to be released, to assess the vascu-
larity of the bones. Any humpback and DISI deformity should be identified and
corrected. Once the deformity of the scaphoid is corrected, fragments have to be
transfixed with K-wires from the tubercle of the scaphoid to the proximal pole for
provisional scaphoid fixation (Figure 39c and d).

This process is controlled under arthroscopic and fluoroscopic guidance. The
bone graft is taken from the ipsilateral distal radius or iliac crest depending on the
amount needed for filling the defect. The bone graft is inserted into a trocar and
then the end of the trocar is placed at the nonunion site. The graft is pushed into the
trocar with a blunt guide wire until the nonunion site is filled (Figure 39e and f).

Some surgeons recommend to add fibrin glue to protect the graft but others
claim that once the scaphoid is fixed and the traction released, the capitate’s native
anatomical position will provide sufficient graft stabilization [102, 104]. The frag-
ments are stabilized with screw(s) and/or K-wires. Recorded union rate with this
procedure is 86 – 100% [105–107]. Arthroscopically treated patients achieve faster
healing despite shorter time to surgery in the percutaneous group. Local bone
grafting is considered as the main reason for this outcome [108].

15. Arthroscopic treatment of thumb carpometacarpal (CMC)
osteoarthritis

Thumb CMC joint pain, instability and progressive arthritis is a common prob-
lem affecting many patients, especially middle-aged women. Once present, the
symptoms of thumb CMC osteoarthritis are typically progressive and may lead to
significant functional disability. There are two classifications for thumb CMC oste-
oarthritis: Eaton – Litter classification which is based on radiological changes [109]
(Table 7) and arthroscopic classification developed by [110] (Table 8). He also
presented an algorithm for management of the CMC osteoarthritis incorporating
arthroscopical stages into radiological classification and subsequent treatment
decision-making. Treatment methods depend on the stage of the radiologic and
arthroscopic findings and can contain detriment, thermal shrinkage, correctional
osteotomy of the 1st metacarpal base as well as arthroscopic resection with different
interposition arthroplasties or suspensionplasties.

Class Description

I Synovitis phase.
Subtle carpometacarpal joint space widening

II Slight carpometacarpal joint space narrowing, sclerosis, and cystic changes with osteophytes or
loose bodies < 2 mm

III Advanced carpometacarpal joint space narrowing, sclerosis, and cystic changes with
osteophytes or loose bodies > 2 mm

IV Arthritic changes in the carpometacarpal joint as in Stage III with scaphotrapezial arthritis

Table 7.
Eaton-Litter radiological classification of 1st CMC arthritis.
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With recent advances in arthroscopic techniques, partial trapezectomy with or
without different soft tissue or implant interposition has been reported with good
results [111–114]. Theoretical advantages over open procedures include a
decreased risk of neurovascular injuries, smaller incisions decreased postoperative
pain and shorter overall recovery time. On the other side, this technique has several
disadvantages, including increased setup and operative procedure time,

Stage Arthroscopic changes

I Intact articular cartilage
Disruption of the dorsoradial ligament and diffuse synovial hypertrophy.
Inconsistent attenuation of the anterior oblique ligament (AOL)

II Frank eburnation of the articular cartilage on the ulnar third of the base of first metacarpal and
central third of the distal surface of the trapezium.
Disruption of the dorsoradial ligament + more intense synovial hypertrophy.
Constant attenuation of the AOL

III Widespread, full-thickness cartilage loss with or without a peripheral rim on both articular
surfaces.
Less severe synovitis.
Frayed volar ligaments with laxity

Table 8.
A. Badia arthroscopic classification of 1st CMC arthritis.

Figure 40.
(a) preopertive x-ray of 1st CMC arthritis, (b) CMC portals connected with skin incison, (c) Regjoint Scaffold
sutured before insertion via elongated CMC portal, (d) Implant pulled in and positioned in the site, (e)
transfixation of the bones and implant with K-wire.

158

Arthroscopy



increased surgical training, increased equipment cost and additional x-ray
fluoroscopy time [115].

There is growing evidence that techniques involving use of no interposition
result in a high rate of satisfactory outcomes [116, 117]. Cobb et al. in 2015 com-
pared outcomes of patients treated with or without tendon interposition and found
no difference in outcomes.

Another promising technique is an arthroscopic hemitrapeziectomy and suture
button suspensionplasty [118, 119].

Authors have their own small experience (6 patients) with arthroscopic
hemitrapezectomy and interposition arthroplasty with RegJoint™ implant
(Figure 40a–e). The follow up is 12 to 36 months without any severe complications.
Marcuzzi et al. in 2020 published long-term results with open technique [120].
They found dissapointing radiological results with an almost complete collapse of
the metacarpal base on the distal pole of scaphoid in more than 80% of patients.
However the results did not correspond with clinical outcomes that were very
satisfactory. We hope that arthroscopical technique preserving the dorsal capsule
will improve the outcomes, but further investigations are necessary.

Complication rate with arthroscopic CMC arthroplasties is about 4% and include
as follows: CRPS, ulnar or radial sensory nerve neuropathy, transitory numbness
near the portal, prolonged hematoma, FPL tendon rupture and superficial skin
necrosis [121].

16. Arthroscopic evaluation and treatment of the triangular
fibrocatilage complex (TFCC) injuries

The development of our understanding and management of TFCC tears has been
developed with important contributions including Palmer’s classification of TFCC
tears (Table 9), G. Poehling’s inside-out suture technique, F. Del Piñal’s all inside
suture technique [122], A. Atzei’s and R. Luchetti’s TFCC tear classification
(Figure 41), T. Nakamura’s anatomical and clinical studies [123] and J.R. Haugstvedt’s

Class or
subclass

Description

Class 1 Traumatic

1A Central slit

1B Ulnar avulsion with or without distal ulnar fracture

1C Distal avulsion(carpal attachement)

1D Radial avulsion with or without sigmoid notch fracture

Class 2 Degenerative

2A TFCC wear

2B TFCC wear, lunate or ulnar chondromalacia

2C TFCC perforation, lunate or ulnar chondromalacia

2D TFCC perforation, lunate or ulnar chondromalacia, lunotriquetral ligament tear

2E TFCC perforation, lunate or ulnar chondromalacia, lunotriquetral ligament tear,
ulnocarpal osteoarthritis

Table 9.
Palmer’s classification of TFCC tears.
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developed techniques for the TFCC tears and lunotriquetral tears as well as studies
about DRUJ functional anatomy and pathomechanics [1, 124].

TFCC – is one of the instrinsic ligaments of the wrist, with load bearing function
between the lunate, triquetrum and ulnar head. TFCC acts as stabilizer for the ulnar
aspect of the wrist joint [125].

TFCC consists of five parts: fibrocartilaginous disc and the meniscal homolog,
volar ulnocarpal ligaments (ulnolunate and ulno-triquetral), dorsal and volar
radioulnar ligaments (each with a superficial and deep part), ulnar collateral
ligament as well as the floor of the fibrous 5th and 6th extensor compartments
[125, 126].

Palmer had a two-dimensional view of the TFCC [127]. Nakamura described it
as a three dimensional structure, and separated TFCC in three components: the
distal component which acted like a hammock to suspend the carpus, the triangular
ligament as the proximal component which stabilized the radius to the ulna, and the
UCL as the ulnar component which stabilized the carpus to the ulna [128, 129].
Atzei and Luchetti updated previous “hammock” concept to the novel “iceberg”
concept [130]. In analogy with the iceberg, during arthroscopy of the radiocarpal
joint (RCJ) the TFCC shows its “emerging” tip. The tip of the iceberg represents
that part of the TFCC that functions as a shock absorber. This part is much more
smaller than “submerged” part which can be seen only in case of the DRUJ arthros-
copy. The submerged TFCC represents the foveal insertions of the TFCC and
functions as the stabilizer of the DRUJ and of the ulnar carpus. The larger size
of the submerged portion of the iceberg corresponds to its greater functional
importance.

TFCC biomechanics:

• TFCC stabilizes DRUJ and ulnocarpal joint

• TFCC allows the transmission and distribution of forces from wrist onto ulna and
provides a gliding surface for the carpus during complex movements of the wrist.

Figure 41.
A. Atzei’s and R. Luchetti’s classification of TFCC tears (reprinted by permission).
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• The central disc works as the distribution mechanism for the mechanical stress
onto proximal triquetrum and the lunate

Clinical assessment of TFCC tears:

• The ulnar fovea sign is the most reliable clinical sign [131], where the patient
has the point of tenderness over the ulnar capsule in the area between extensor
carpi ulnaris (ECU) and flexor carpi ulnaris (FCU) tendons.

• The ballotment test evaluates DRUJ stability. This is a simple and reliable to
determine DRUJ laxity [132].

Imaging assessment of TFCC tears:

• Radiographs – of limited value for TFCC injury diagnostics, but very important
for acute and chronic wrist pain. The presence of ulnar styloid fracture alone or
with distal radius fracture is of some importance for the diagnosis of the TFCC
tear [133]. The Galeazzi fracture-subluxation is a particular condition that is
associated with a TFCC tear [134].

• MRI and MRI arthrogram. MRI is more useful to exclude associated pathologies
of the ulnar compartment. Comparing specificity and sensitivity of MRI, MRI
arthrography and artroscopy for diagnosis of the TFCC tear, confirm the
arthroscopy as the gold standard for diagnosis [135, 136].

Arthroscopic examination of TFCC. Three arthroscopic tests are used to check
the type of TFCC injury:

• The “trampoline sign” – the loss of elasticity of the TFCC – seen in complete
avulsion injuries of the proximal and distal portions of the TFCC

• The “hook sign”– positive in complete tears of the TFCC and negative in other
cases. The hook test is more accurate than the trampoline test to detect foveal
tears of the TFCC of the wrist [137]

• The “ghost sign” – reverse ““trampoline sign”. This indicates an avulsion of the
deep fibers of the TFCC. The sign is negative in distal lesions and positive in
isolated proximal lesions.

Atzei’s/Luchetti’s classification also shows the stability/instability of the DRUJ
joint and possible surgical treatment to corresponding TFCC tear.

An algorithm of treatment according to Atzei’s/Luchetti’s classification:
CLASS 0 – isolated styloid fracture without TFCC tear. Frequently associated

with distal radial fractures. DRUJ is stable. If isolated treatment is wrist splinting for
3 weeks.

CLASS 1 – periferal tear of the TFCC distal component, the DRUJ may be slightly
lax. Hook test negative. Small tear requires 4 weeks of wrist immobilization followed
by two weeks splinting. A larger tears requires arthroscopic TFCC suture.

CLASS 3 – periferal tear of the TFCC proximal component. Mild to severe laxity
of the DRUJ joint. Hook test is positive. TFCC foveal reattachment is required by
transosseus sutures or a suture anchor.

CLASS 4 – nonrepairable peripheral TFCC tear due to the massive defect or poor
healing potential. This condition requires reconstruction with tendon graft.
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CLASS 5 – DRUJ arthritis following peripheral TFCC tear. Arthroscopy shows
significant degenerative or traumatic cartilage defect. Suggested treatment –
arthroplasty or prosthetic replacement.

In cases of peripheral repairable TFCC tears, authors use debridement and
synovectomy to detect and refresh the site of the rupture. Usually 6R portal is used
for shaver and 3-4 portal for visualization. Occasionally 6 U portal can be used if
tears are localized more volarly. Once the size of tear is recognized, portal can be
elongated to vizualise extensor tendons by transillumination of the capsule. Needle
with suture loop is passed a little bit proximally from the margin to the TFCC to
capture capsule together with the TFCC. Once recognized in the joint, suture is
captured with mosquito forceps and one part of it passed via the portal or, in cases if
several sutures necessary, via extra holes in the capsule. Location of the extensor
tendons is evaluated to avoid capture of them in the suture and knots are tightened
extra-articulary (Figure 42a–c). The reattachment can be performed with an
inside-out, outside-in, or all-inside technique, providing good to excellent results,
which tend to persist over time, in 60–90% of cases [138].

In cases of proximal reparable TFCC foveal detachment, we prefer to use the
transosseus refixation of the TFCC described by T. Nakamura [139]. We use the
original Arthrex target device through 6R portal and an approximately 1 cm longi-
tudinal incision on the ulnar side of the ulnar cortex, 10–15 mm proximal from the
tip of the ulnar styloid. Then target device is set on the TFCC and two parallel
channels with original 1.6 mm K-wires are made from the ulnar cortex through the
head of ulna and TFCC. Then follows a manipulation with needles, suture loops and
main suture, where different techniques of the suture insertion are possible
(Figure 43a–c).

After the main suture is passed through the bone channels to make outside-in
pullout suture of the TFCC to the fovea and tensed with knot over the cortex.
Another option is to hide the knot inside the ulna and tense with a push-lock
anchor.

After treament includes 2-3 weeks in long arm plaster cast, following 3 weeks in
short cast with following rehabilitation after the cast is removed.

In cases of unrepearable TFCC injuries or degenerative tears, an anatomic
reconstruction with free tendon graft is recommended. The arthroscopic recon-
struction is a mini invasive option of the Adams-Berger procedure [140], but it
requires an experience in arthroscopic surgery. Nowadays tendon grafts can be
fixed in the bone channel with interference screw, instead of the original procedure
where tendons were wrapped around the bone and sutured together. Nevertheless,

Figure 42.
Periferal, reconstructable TFCC tear. (a) tear after the debridement, (b) sutures passed the TFCC and capsule,
(c) sutures tightened extra-articulary via 6R portal.
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when well done, this technique provides good stabilization of the DRUJ, while
maintaining good mobility of the wrist in all directions [141].

A systemic review by Liu et al. about the surgical repair of TFCC tears
confirms that arthroscopic techniques achieve overall better outcomes compared
with open repair technique. For foveal tears, transosseous sutures achieve overall
better functional outcomes compared with suture anchors. Current evidence dem-
onstrates that TFCC repair achieves good clinical outcomes, with low complication
rates [142].

17. Discussion

During the last 4 decades wrist arthroscopy has turned from the diagnostic tool of
some enthusiasts to the widely used therapeutical complex for treatment of different
wrist pathologies. Evolution of the wrist arthroscopy equipment as well as skills of the
surgeons has allowed us to improve our knowledge of the wrist anatomy and biome-
chanics. Wrist arthroscopy is especially valuable for evaluation of intra-articular soft
tissue pathologies. Furthermore - arthroscopic classification systems have been
described for TFCC, SLIL and LTIL lesions, Kienböck disease, 1st CMC joint, etc.

Wrist arthroscopy techniques have proved superiority over the open techniques
with lower complication rates and recurrence rates. For example in wrist ganglion
surgery open surgical excision had a mean recurrence of 21%, compared with a
recurrence rate of 59% for aspiration. The lowest rate was observed with arthro-
scopic excision, with a recurrence of 6% across all studies [40].

Arthroscopic scapho-lunate ligamentous repair is now considered the less dam-
aging and denervating than open repair [143]. Although several arthroscopic SLIL
reconstruction methods as well as arthroscopic reconstruction technique for LTIL
tears have been described, these surgeries are challenging, therefore different
modalities and variations of open procedures are still actual and used. Some arthro-
scopic techniques require a long learning curve and years of practice.

A systematic review about arthroscopic vs. open TFCC surgeries shows compara-
ble results between open and arthroscopic procedures, in terms of DRUJ re-instability
and functional outcome scores. There is insufficient evidence to recommend one
technique over the other in clinical practice [144]. However arthroscopic procedures
are less aggressive and may allow quicker recovery, especially in athletes [145]. In
combination with a TFCC procedure, the ulnar variance can readily be assessed.
Ulnar abutment or impingement can be directly visualized through dynamic

Figure 43.
Proximal reparable detachement of TFCC. (a) Arthrex targeting device over the foveal area, view from 4-5
portal, (b) sutures passed through the TFCC and head of ulna, (c) sutures tightened and TFCC reattached to
foveal region.
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assessment. Whilst ulnar shortening is an extra-articular procedure, the arthroscopic
wafer procedure allows for intra-articular treatment without the need for hardware.
This overcomes the issues of hardware prominence and circumvents non-union rates
of about 10%, while also allowing for a quicker return to work [145, 146].

Wrist arthroscopy is beneficial also in the treatment of distal radius articular
fractures, because it helps to visualize articular gaps and step-offs unrecognized
with the fluoroscope alone. Although arthroscopically assisted DRF surgeries have
superior long-term outcomes in several parameters [76], the advantage of this
procedure, however, is the recognition of associated soft tissue lesions which can be
prevented if recognized.

The next aspect is professional training and experience of the surgeon. Leclercq
et al. in the multicenter study organized by EWAS found that surgeons who perform
less than 25 wrist arthroscopies per year have a complication rate of 12.06%, whereas
among the surgeons who perform more than 75 wrist arthroscopies per year, the
complication rate is 3.95%. Surgeon with less than 5 years of practice in wrist arthros-
copy have complication rate 13.6%, whereas surgeons who had 15 or more years of
practice complication rate is only 2.3%. Surgeons with longer practice and greater
amount of wrist artrhroscopies performed per year, more often are doing therapeutical
arthroscopies. This ratio is up to 87% of procedures comparing to less experienced
colleagues who perform therapeutical procedures in about 60.5% of cases [147].

18. Conclusions

Arthroscopy has assumed an important place in wrist surgery. It requires spe-
cific operative skills, training, technical equipment and patience, because these
surgeries sometimes take more time than expected, even if you think, you are
trained enough (my personal experience). Minimally invasive surgery is a trend of
our century and arthroscopic treatment of wrist pathologies has already demon-
strated promising outcomes and it’s superiority over open surgical procedures.
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Chapter 7

Arthroscopic Bankart Repair 
Using a Lasso-Loop Stitch
Christian Konrads and Stefan Döbele

Abstract

Anterior inferior shoulder dislocation is a common injury. After primary  
traumatic shoulder dislocation and conservative treatment, the risk of re-disloca-
tion is very high in patients younger than 35 years. With age, the risk of re-dislo-
cation after traumatic shoulder dislocation and conservative treatment decreases. 
Surgical treatment via either open or arthroscopic stabilization minimizes the risk 
of re-dislocation. Today, anterior shoulder stabilization by arthroscopic refixation 
of the labroligamentous complex with suture anchors is a standard procedure, if 
there is no severe chronic bony defect at the glenoid site. Lafosse et al. described 
the so-called „Lasso-loop stitch“. This technique allows for positioning of the knot 
away from the joint and at the same time it establishes a labral bump that stabilizes 
the humeral head against (sub)luxation. The surgical principle and aim consist of 
refixation of the anterior labrum-capsule-ligament complex to the glenoid with 
positioning of the knot at distance to the joint as well as bulging up the labrum. This 
stabilizes the shoulder joint and therefore avoids further dislocations and associated 
pathologies. The aim of this work is to give an illustrated instruction of the surgical 
technique of arthroscopic Bankart repair using the lasso-loop stitch.

Keywords: Shoulder instability, Dislocation, ALPSA, Perthes lesion, Hill Sachs

1. Introduction

After traumatic first-time shoulder dislocation followed by conservative treat-
ment, the re-dislocation rate is >70% in patients <30 years. With age, the risk of 
re-dislocation after traumatic shoulder dislocation and conservative treatment 
decreases. Surgical treatment via either open or arthroscopic stabilization minimizes 
the risk of re-dislocation [1–4].

In cases without severe chronic bone loss at the glenoid site, anterior shoulder 
stabilization by arthroscopic refixation of the labroligamentous complex with 
suture anchors is the standard therapeutic procedure [1, 5]. The so-called „Lasso-
loop stitch “was described by Lafosse et al [6–9]. This technique allows positioning 
of the knot away from the joint and at the same time it establishes the sought labral 
bump. With the “Oblique mattress lasso-loop stitch” Parnes et al. published a 
resembling arthroscopic technique, but without giving clinical results [10].

The goal of the surgery is refixation of the anterior labrum-capsule-ligament 
complex to the glenoid with positioning of the knot at distance to the joint as well 
as bulking up the labrum. This stabilizes the gleno-humeral joint and therefore 
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avoids further dislocations and associated pathologies. Using lasso-loop stitches 
probably leads to more bulging up of the labrum than other stitching techniques as 
for example the single interrupted stitch or the mattress stitch. The lasso-loop stitch 
accentuates the physiological bumper effect of the glenoid labrum and can there-
fore avoid re-dislocation.

Indications for this operation are shoulder instabilities with repairable dam-
age to the labrum: Bankart lesion, bony Bankart lesion, ALPSA, Perthes lesion, 
and reversed (posterior) Bankart lesions as well as injuries to the long head biceps 
tendon anchor (SLAP). Contraindications for this operation are arbitrary shoulder 
dislocations during growth period without damage to the labrum and chronic bony 
glenoid defects >15% of the glenoid surface [11–13]. HAGL lesions require soft-
tissue refixation at the humeral site [14].

Patient consent should contain the following issues apart from the standard 
operation risks: cartilage damage, lesion to the axillary nerve, suture rupture, 
switching to open surgical procedure in case of larger bony defects, standardized 
postoperative treatment, restriction of motion (especially external rotation), 
re-dislocation, anchor dislocation, osteolysis in case of resorbable anchors, post-
traumatic arthritis, pain, hospitalization for 1–2 days, day surgery possible, work 
leave dependent on job and arm dominance 2 days to 16 weeks.

While recording the patient history, it is critical to differentiate between trau-
matic and habitual cause and evaluate the main symptom, either pain or instability. 
It is followed by a standardized clinical examination including apprehension sign 
and determination of the instability direction as well as evaluating an existing 
hyperlaxity. X-rays of the shoulder in three planes (true a.p., y-view, axial) and MRI 
(Figure 1) are performed [15, 16]. The surgical site should be shaved, if strongly 
covered by hair. An examination under anesthesia is performed to record the passive 
glenohumeral range of motion following the neutral-zero method as well as evalu-
ation of glenohumeral stability and translation according to the modified Hawkins 
classification [6] and exclusion of multidirectional instability. In case of larger 
glenoid defects, a CT scan is necessary [17].

With this technical modification to the classic arthroscopic Bankart repair, we 
reliably experienced very good clinical results and high patient satisfaction. It is 
the aim of this work to give an illustrated instruction of the surgical technique of 
arthroscopic Bankart repair using the lasso-loop stitch.

Figure 1. 
MRI of the right shoulder of a 20-year-old male after primary traumatic anterior-inferior shoulder dislocation. 
The red arrow marks a classic Bankart lesion. The green arrow marks a concomitant hill-Sachs lesion.
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2. Surgery

2.1 Setup

Surgery is performed under general anesthesia. Preoperatively, a prophylactic 
antibiotic single shot dose of 2 g Ampicillin and 1 g Sulbactam i. v. is administered. 
Dependent on preference, the operation can be done in beach chair position or 
lateral decubitus position with lateral tension. The latter increases the intraarticular 
space by putting traction on the arm. Alternatively, a special arm holder with free 
positioning of the arm in slight abduction and external rotation can be used. We 
routinely used the latter option.

After diagnostic arthroscopy, fixation of the anterior capsulo-labral complex 
with suture anchors in lasso-loop technique is performed. The following arthros-
copy equipment and instruments are used during surgery:

• Arthroscopy tower with arthroscope (4 mm, 30°), monitor, camera, and 
documentation unit, cold light source, light cable, shaver, hook probe

• Working cannula 8.25 mm x 70 mm (transparent)

• Working cannula 5.5 mm x 72 mm (transparent)

• Bankart raspatory 30°

• Bankart rasp 30°

• PDS no. 0 as hold-suture

• Birdpeak

• Optional: Suture-lasso

• Drill

• Gliding all-suture anchor (Alternatively: singular armed resorbable 
suture anchor)

2.2 Surgical technique

For developing a posterior arthroscopy portal, a stab incision of the skin is made 
2 cm caudal and 2 cm medial of the posterolateral corner of the acromion. After 
entering the glenohumeral joint with a switching stick, the arthroscopy sheath is 
introduced, the joint is filled up with water, and the arthroscope is inserted. At first, 
a diagnostic arthroscopic evaluation and incision for the anterior inferior working 
portal in outside-in technique just above the subscapular tendon is performed. 
In this antero-inferior working portal, a working cannula (8.25 mm) is inserted. 
Alternatively, a 5:30 o’clock portal can be used about 8 cm distal to the coracoid 
through the inferior (muscular) part of the subscapularis tendon. This facilitates 
placement of the first suture anchor as low as recommended.

An additional antero-superior portal is developed directly anterior to the 
acromio-clavicular joint (ACJ) in outside-in technique and a working cannula 
(5.5 mm) is introduced here. The Figures 2–4 illustrate the surgical technique: 
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Figure 2. 
The lasso-loop stitch (a-d). A Birdpeak is pushed through the capsulolabral complex from anterior (a). Then, 
one suture end of the anchor is grasped (b), pulled through the capsulolabral complex anteriorly, and formed 
into an intraarticular loop (c). The Birdpeak is pushed through the loop and the same suture end is grasped 
again (d). Now, the Birdpeak is kept closed and the suture end is pulled out of the shoulder joint through the 
working cannula. During this procedure, the other suture end outside of the shoulder joint is secured by a clamp.

Figure 3. 
Tying of the knot (a) and shortening of both FibreWire ends with arthroscopic scissors (b).
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Examination with a hook probe, mobilization of the labrum with the Bankart raspa-
tory and debridement of the glenoid neck with the Bankart rasp.

Trial cranialisation of the capsulo-labral complex is performed via a grasper 
through the anterior superior portal followed by insertion of a hold-suture (PDS no. 0).

The first single-armed resorbable suture anchor is positioned through the 
anterior inferior portal onto the anterior glenoid rim as caudal as possible at the 
anterior cartilage border. The anchor is inserted ca. 135° to the glenoid plane. Not 
too steep and not too flat. The anchor should not be inserted too deep either; under 
no circumstances should the end of the anchor stick out. Because this could lead to 
cartilage damage and it could potentially cause anchor dislocation.

Cranialisation of the labrum is accomplished using the hold-suture. Then, 
refixation of the capsulo-labral complex in lasso-loop technique is performed. Also 
the second suture end is stitched through and behind the labrum, so the knot comes 
to lie away from the joint. This suture end represents the drawstring. Seven singular 
knots are made.

Then, the clamp is switched and with the birdpeak (or a suture lasso) the second 
suture end is pulled anteriorly through the labrum and outside of the joint through 
the antero-inferior working cannula.

Now, the hold-suture can be removed as it is no longer needed after tying of the 
first antero-inferior suture anchor.

Slightly further cranial, labral refixation is undertaken in the same way with the 
second anchor. A further hold-suture is not needed after the first anchor is sutured.

In most cases, an additional third anchor is necessary further cranial for secure 
labral refixation using the same technique. Enough distance has to be kept from the 
long head biceps tendon origin not to compromise this tendon mobility.

Final examination of labrum stability with a hook probe and careful clinical 
verification of joint stability.

Removal of instruments, skin disinfection, closure of the arthroscopic portals 
via interrupted single Donati backstitches, and sterile wound dressing as well as 
immobilization with a sling.

Figure 4. 
Right shoulder after arthroscopic anterior stabilization.
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2.2.1 Tips and tricks

For improved arthroscopic evaluation of potential glenoid bone loss and subluxation 
of the humeral head, we recommend arthroscopic view via the anterior superior portal.

Only if the second suture end is also positioned behind the labrum, the knot will 
come to lie away from the joint surface.

Pulling on the one suture end without the loop reattaches the capsulo-labral liga-
ment complex to the glenoid. Strain to the other suture end – the one creating the 
loop – would pull the tissue away from the glenoid. Therefore, the singular stitched 
suture end has to be the drawstring while tying the knot.

When using the lasso-loop technique, only one of the anchor dependent suture 
ends can slide through the tissue. Therefore, no arthroscopic slip knots can be made. 
Seven half hitches come into use. Alternating half hitches lead to a secure blocking 
of the knot.

2.3 Postoperative treatment

Postoperatively, physical therapy out of a sling or Gilchrist bandage for four 
to six weeks with external rotation limited to 20° is applicated. Clinical follow up 
with the surgeon at six weeks postoperatively is recommended for clinical control. 
Then, careful unlimited motion is allowed. No forced external rotation should be 
performed for further six weeks. Training of the active and dynamic stabilizers 
of the shoulder girdle is important. Throwing and contact sports can be taken up 
again at the earliest six months postoperatively, if power and coordination are fully 
restored [18–22].

3. Results

For one year, we followed up our operatively treated patients using the described 
technique after antero-inferior shoulder dislocation with damage to the glenoid 
labrum. We identified all 30 consecutive patients (3 females, 27 males), who had 
been treated for shoulder dislocation with anterior-inferior damage to the glenoid 
labrum by arthroscopic refixation of the anterior capsulolabral complex with suture 
anchors in lasso-loop technique. Patients with relevant anterior-inferior bone loss or 
Bankart fracture >15% of the glenoid joint surface received either bony augmenta-
tion or osteosynthesis and were not part of the patient cohort used for this analysis.

Five patients were either not available or not prepared to take part in the follow-
up examination. 25 of 30 patients could be followed up. One patient had to be 
excluded for a recent ipsilateral elbow fracture dislocation. In this case, no shoulder 
re-dislocation occurred. In total, we followed up three female and 21 male patients 
completely. The mean age was 27.8 years (17–49 years). The average follow-up took 
place 30.4 months (25–36 months) postoperatively.

In 96% of all cases, there was an excellent subjective and objective outcome. 
The average Rowe Score was 96.3 points (80–100 points; SD = 3.9). The mean 
QuickDash was 2.8 points (0–14 points, SD = 3.9). The Constant Score had an aver-
age of 93.7 points (65–100 points, SD = 8.8). The average pain level on the numeric 
analogue pain scale (NAS 0–10) was very low with reported 0.4 points (0-3 points, 
SD = 1.0). The average passive and active range of motion of the operated gleno-
humeral joint was Ext/Flex 30/0/170°, Abd/Add 70/0/20°, and Ero/Iro 60/0/95°. 
There was no restriction of movement greater than 10° compared to the other side. 
No significant difference in passive or active range of motion in comparison to 
the healthy side could be seen. The rotator cuff tests were negative. The anterior 
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apprehension sign was negative in all cases; in one case accompanied by slight pain. 
Apart from one traumatic re-dislocation during handball there were no further 
complications.

4. Discussion

An anatomic reconstruction of the capsulo-labral complex is one of the advan-
tages of the described surgical technique. It is possible to address SLAP lesions 
(Superior labrum anterior to posterior) and rotator cuff tears at the same time. 
The subscapular muscle or its insertion are not compromised as in an open surgical 
procedure. Compared to other arthroscopic techniques, the procedure presented 
here leads to an accentuated labral bump and enables secure knot-tying with 
positioning of the knot away from the articular cartilage while avoiding the suture 
cutting through the tissue.

As shown, the arthroscopic Bankart repair using the lasso-loop stitch leads to 
very good results, which are comparable to other studies of arthroscopic shoulder 
stabilization with good clinical outcomes [16–18]. Possible disadvantages of the 
lasso-loop stitch compared to arthroscopic single interrupted or mattress sutures 
are a relatively demanding and slightly more time-consuming technique, and 
not being able to use slip knots. Iatrogenic cartilage damage, misplacement of 
anchors, or lesions to the axillary nerve can occur intraoperatively; the latter when 
too much tissue is taken while performing a capsular shift in the anterior inferior 
recessus.

Malcompliance by the patient with risk to the healing process of the anterior 
capsulo-labral complex with strong tensile forces during external rotation require 
extensive patient consent and education. In the event of re-dislocation, a detailed 
investigation of causes in the patient history and further diagnostics including 
MRI should be performed before possibly attempting revision surgery [23, 24]. 
Postoperative infection requires arthroscopic irrigation and systemic antibiotics, 
beginning with Ampicillin/Sulbactam and possibly changing to the antibiogram.

If a bony Bankart fragment is big enough to allow screw fixation, this should 
be undertaken either openly or arthroscopically. If the labrum remains partially 
unstable, a further labrum reconstruction following screw fixation may be  
necessary [25].

The arthroscopic refixation of the capsulo-labral complex with suture anchors 
using the lasso-loop stitch is slightly more elaborate due to the suturing technique 
than single interrupted sutures or mattress sutures. But this technique leads to a 
stronger bulging of the glenoid labrum and might therefore increase the physiologi-
cal bumper effect of the labrum. At the same time, the knot can be positioned away 
from the joint to avoid irritation without cutting through the tissue like it is possible 
with mattress sutures for glenoid labrum refixation [26]. For further clarification 
of possible advantages and disadvantages of this technical modification, prospec-
tive studies comparing the described procedure with other stitching techniques are 
recommended.

5. Conclusions

The lasso-loop stitch in arthroscopic Bankart repair is useful and safe. It leads to 
an accentuated labral bump and enables secure knot-tying with positioning of the 
knot away from the articular cartilage while avoiding the suture cutting through 
the tissue.



Arthroscopy

184

Author details

Christian Konrads* and Stefan Döbele
Department of Trauma, Reconstructive Surgery, Sports Medicine and Arthroscopy, 
BG Klinik, University of Tübingen, Tübingen, Germany

*Address all correspondence to: christian.konrads@gmail.com

Conflict of interest

The authors declare that they have no Conflict of Interest.

Abbreviations and definitions

ACJ Acromio-clavicular joint
ALPSA Anterior Labroligamentous Periosteal Sleeve Avulsion
Bankart A Bankart lesion is a tear of the labrum-capsule-ligament complex 

from the glenoid
GLAD Glenoid-Labral Articular Disruption
HAGL Humeral Avulsion of the Glenohumeral Ligament
MRI Magnetic Resonance Imaging
PDS Polydioxanone (Suture)
Perthes The Perthes lesion is a soft-tissue decollement at the scapular neck 

(no tissue rupture) leading to a pouch of the joint capsule
SLAP Superior Labrum Anterior to Posterior

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



185

Arthroscopic Bankart Repair Using a Lasso-Loop Stitch
DOI: http://dx.doi.org/10.5772/intechopen.99593

References

[1] Aboalata M, Plath JE, Seppel G, 
Juretzko J, Vogt S, Imhoff AB, et al. 
Results of arthroscopic Bankart repair 
of anterior-inferior shoulder instability 
at 13-year follow- up. Am J Sports Med. 
2017;45:782-787.

[2] Martetschläger F, Imhoff AB. 
Shoulder dislocation in athletes: current 
therapy con- cepts. Orthopade. 
2014;43:236-243.

[3] Minkus M, Böhm E, Moroder P, 
Scheibel M. Initial management of 
traumatic ventral shoulder dislocation. 
Unfallchirurg. 2018;121:100-107.

[4] Martetschläger F, Tauber M, 
Habermeyer P. Diagnostics and 
treatment concepts for anteroinferior 
shoulder instability: current trends. 
Orthopade. 2017;46(October 
(10)):877-892.

[5] Balke M, Shafizadeh S, Bouillon B, et 
al. Management of shoulder instability: 
the current state of treatment among 
German orthopaedic surgeons. Arch 
Orthop Trauma Surg. 2016;136: 
1717-1721.

[6] Lafosse L, Van Raebroeckx A, 
Brzoska R. A new technique to improve 
tissue grip: “the lasso-loop stitch. 
Arthroscopy. 2006;22(1246):e1-3.

[7] Toussaint B, Schnaser E, Lafosse L, 
Bahurel J, Gobezie R, et al. A new 
approach to improving the tissue grip of 
the medial-row repair in the suture-
bridge technique: the “modified lasso-
loop stitch”. Artrhoscopy. 2009;25: 
691-695.

[8] Ponce BA, Hosemann CD, Raghava P, 
Tate JP, Eberhardt AW, Lafosse L, et al. 
Biomechanical evaluation of 3 
arthroscopic self-cinching stitches for 
shoulder ar- throscopy: the lasso-loop, 
lasso-mattress, and double-cinch 
stitches. Am J Sports Med. 
2011;39:188-194.

[9] Lafosse L, Meller R. Arthroskopische 
stabilisierung bei vorderer 
schulterinstabilität. In: 
Agneskirchner JD, Lafosse L, 
Lobenhoffer P, eds. Arthroskopische 
schulterchirurgie. Cologne: deutscher 
Ärzte-Verlag; 2013; 2013.

[10] Parnes N, Blevins M, Morman M, 
Carey P. The oblique mattress lasso-loop 
stitch for arthroscopic capsulolabral 
repair. Arthrosc Tech. 2016;5:e959-963.

[11] Mahure SA, Mollon B, Capogna BM, 
Zuckerman JD, Kwon YQ, Rokito AS. 
Risk factors for recurrent instability or 
revision surgery following arthroscopic 
Bankart repair. Bone Jt J. 
2018;100-B:324-330.

[12] Porter DA, Birns M, Hobart SJ, 
Kowalsky M, Galano GJ. Arthroscopic 
treatment of osseous instability of the 
shoulder. HSS J. 2017;13:292-301.

[13] Cartucho A, Moura N, Sarmento M. 
Evaluation and management of failed 
shoulder instability surgery. Open 
Orthop J. 2017;11:897-908.

[14] Fritz EM, Pogorzelski J, Hussain ZB, 
Godin JA, Millett PJ. Arthroscopic repair 
of humeral avulsion oft he 
glenohumeral ligament lesion. Arthrosc 
Tech. 2017;6:e1195-1200.

[15] Hawkins RJ, Bokor DJ. Clinical 
evaluation of shoulder problems. In: 
Rockwood CA, JrMatsen FA, IIIeds. The 
shoulder. Philadelphia: Saunders; 1998.

[16] Ng DZ, Kumar VP. Arthroscopic 
bankart repair using knot-tying versus 
knotless suture anchors: is there a 
difference? Arthroscopy. 2014;30: 
422-427.

[17] Ockert B, Biermann N, Nebelung W, 
Wiedemann E. Arthroscopic soft tissue 
stabili- zation of posttraumatic anterior 
shoulder instability: techniques, 



Arthroscopy

186

limitations and long-term results. 
Unfallchirurg. 2018;121:108-116.

[18] Boughebri O, Maqdes A, Moraiti C, 
Dib C, Leclère FM, Valenti P. Results of 
45 arthroscopic bankart procedures: 
does the ISIS remain a reliable 
prognostic assessment after 5 years? Eur 
J Orthop Surg Traumatol. 2015;25: 
709-716.

[19] Ma R, Brimmo OA, Li X, Colbert L. 
Current concepts in rehabilitation for 
traumatic anterior shoulder instability. 
Curr Rev Musculoskelet Med. 
2017;10:499-506.

[20] DeFroda SF, Mehta N, Owens BD. 
Physical therapy protocols for 
arthroscopic Bankart repair. Sports 
Health. 2018;10:250-258.

[21] Kim K, Saper MG. Postoperative 
management following arthroscopic 
Bankart repair in adolescents and young 
adults: a systematic review. Arthrosc 
Sports Med Rehabil. 2020;2:e839-e845.

[22] Wilson KW, Popchak A, Li RT, 
Kane G, Lin A. Return to sport testing at 
6 months after arthroscopic shoulder 
stabilization reveals residual strength 
and functional deficits. J Shoulder 
Elbow Surg. 2020;29:S107-S114.

[23] Lacheta L, Siebenlist S, Imhoff AB, 
Willinger L. Recurrent instability and 
instability arthropathy. Unfallchirurg. 
2018;121:142-151.

[24] Waterman BR, Leroux T, Frank RM, 
Romeo AA. The evaluation and 
management of the failed primary 
arthroscopic Bankart repair. J Am Acad 
Orthop Surg. 2020;28:607-616.

[25] Nolte PC, Elrick BP, Bernholt DL, 
Lacheta L, Millett PJ. The bony Bankart: 
clinical and technical considerations. 
Sports Med Arthrosc Rev. 2020;28: 
146-152.

[26] Konrads C, Jovic S, Rueckl K, 
Fenwick A, Barthel T, Rudert M, 

Plumhoff P. Surgical technique and 
clinical outcome of arthroscopic 
shoulder stabilization via suture anchors 
using the lasso-loop stitch. 
2018;15:553-557.





Arthroscopy
Edited by Carlos Suarez-Ahedo

Edited by Carlos Suarez-Ahedo

This book covers a physical examination, imaging, differential diagnoses, and 
treatment of articular pathologies. For each diagnosis, the book sets out the typical 
presentation, options for non-operative and operative management, and expected 
outcomes. Practical and user-friendly, Arthroscopy is a useful resource for medical 

students and practitioners seeking fast facts on diagnosis and management. Its 
format makes it a perfect quick reference and its content breadth covers commonly 

encountered orthopedic problems in practice.

Published in London, UK 

©  2022 IntechOpen 
©  semnic / iStock

ISBN 978-1-83969-478-3

A
rthroscopy

ISBN 978-1-83969-480-6


	Arthroscopy
	Contents
	Preface
	Section 1
Knee
	Chapter1
Medial Meniscus RootTear: Current Update Review
	Chapter2
Injuries of the Posterolateral Corner of the Knee-Diagnosis and Treatment Options for Beginning and Advanced Arthroscopic Surgeons
	Chapter3
Risk Factors of ACL Injury
	Chapter4
Patellofemoral Instability
	Chapter5
The Meniscus Deficient Knee: Options for Repair and Reconstruction

	Section 2
Wrist
	Chapter6
Wrist Arthroscopy

	Section 3
Shoulder
	Chapter7
Arthroscopic Bankart Repair Using a Lasso-Loop Stitch




