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Preface

The incidence of total hip arthroplasty is increasing in number because of successful out-
comes in a variety of hip conditions. Although technically challenging, once mastered a suc-
cessful hip replacement is one of the most gratifying surgeries for both patient and surgeon.

This book covers some of the most important aspects of total hip replacement surgery. The
section on preoperative planning deals with nuances of how to ensure that all goes smooth-
ly intraoperatively. Classification is an excellent way to organize one’s thoughts and antici-
pate intraoperative findings. Anesthesia-related issues are something that is often
overlooked in preoperative and intraoperative procedures, especially by surgeons, and the
chapter dedicated to this is a reminder to work as a team.

A variety of techniques and technological evolution in the field are directed towards im-
proving patient outcome and early discharge. The muscle sparing anterior approach is grad-
ually gaining attention and the chapter on this is timely. No book on a surgical technique is
complete without discussing the potential complications and their management, and two
chapters dedicated to these areas will ensure that readers have a comprehensive overview.
Similarly, rehabilitation and physical therapy are important determinants that ensure that
patients reach their full potential in a pain-free, time-bound manner. The book ends with a
chapter on this vital aspect.

The book is intended for arthroplasty surgeons, anesthetists, and physical therapists who
will find the book useful in parts and as a whole if they deal with arthroplasty cases on a
regular basis. Experience-based narration of various subjects by different authors ensures
that first-hand experience is passed on to readers in a simple, easy-to-understand manner.

Dr. Vaibhav Bagaria

Joint Replacement and Trauma Surgeon
Sir HN Reliance Foundation Hospital
President—SICOT India

Mumbai, India






Section 1

Preoperative Planning







Chapter 1

Preoperative Planning of Total Hip Arthroplasty

Aamir H. Shaikh
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.76368

Abstract

Preoperative planning is a crucial step towards a successful hip replacement. It is approached
in five easy steps that includes a comprehensive history and examination, ordering weight
bearing standardized radiographs, assessment of patients for fitness in the pre-assessment
clinic, choosing the best implants as per individual case basis along with choosing method
of implantation and templating the radiographs before starting the procedure to replicate
the patient joint anatomy for the best patient outcome and to restore hip joint biomechanics.
This further allows anticipating difficulties and pitfalls prior to surgery and thereby reduc-
ing the risk of complications associated with the hip replacement surgery.

Keywords: preoperative, planning, hip arthroplasty, results, templating

1. Introduction

Total hip arthroplasty (THA) provides an excellent pain relief and improvement in functional
capacity along with improvement in the objective performance scores in patients with estab-
lished debilitating arthritis of the hip joint. The success of the above treatment is multifactorial
including proper patient selection, preoperative procedure planning and surgeons ability to
perform a satisfactory procedure that restores the biomechanics of the hip joint [1, 2]. The out-
come is limited by the fact that no single prosthesis is suitable for all patients due to personal
patient factors including variation in bone quality, bone anatomy, patient activity level and
the postoperative expectations of the patient. However, with thorough preoperative plan-
ning, these goals are achievable while minimizing perioperative risks and complications.

A famous quote of an American polymath, a scientist Benjamin Franklin is, “By failing to pre-
pare, you are preparing to fail.” This is why preoperative planning is a vital step in the actual
total hip arthroplasty.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{(cc) ExgIEN
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2. Preoperative planning

Preoperative planning is presented here as a five step process that begins with the introduc-
tion of surgeon to the patient. These steps include:

* Obtaining meticulous history and examination.
* Ordering appropriate investigations including weight-bearing X-ray.
* Assessment of the patients for fitness in the pre assessment clinics.

¢ Selection of the most appropriate implants as per patient’s need and anatomy along with
the method of implantation of prosthesis.

* Templating procedure to help accurately size the implants before start of the procedure.

2.1. Obtaining meticulous history and examination

There is no substitute of a thorough history and examination, which will make a clinician to
arrive at a working diagnosis of arthritis of the hip joint. Bear in mind radiculopathy pain can
also present as pain surrounding gluteal region and thigh and has to be excluded by exami-
nation. It is a good practice to both subjectively and objectively determine patient’s loss of
function on Harris Hip score [3] and its impact on the quality of life using SF36 [4] or other
acceptable scores of reporting system.

Patient past medical history should be obtained including significant comorbidities of other
body systems as this will help clinician to obtain further assessment of patient body reserve
prior to major surgery and in obtaining risk assessment which will help the clinician to opti-
mize these risk beforehand and on occasion to book a special care bed post-surgery in a high
dependency unit (HDU) to facilitate proper patient care.

Further, it is vital to obtain from patient history of medical comorbidities, which could have
a serious bearing on response to healing after surgery like diabetes and immune deficiency
states e.g. steroid use and liver or kidney disorders.

Medication history with any known allergies has to be documented and assessed carefully.
This include allergy to any metal type or latex material. Antiplatelet medication like clopido-
grel need to be assessed by cardiologist to consider holding it a week before planned surgery,
as this would otherwise increase the risk for perioperative bleeding with increased incidence
of transfusion. Likewise anticoagulant medication will all need to be assessed for their indica-
tion of use and consideration given for holding them if possible otherwise bridging them with
a low molecular weight heparin.

Past surgical history with anesthesia given in the past helps to identify additional knowl-
edge of patient’s response to prior anesthetic medication and their tolerance. Further, any
issues with spinal problems or previous spinal surgeries will require evaluating safety of the
spinal anesthesia. Likewise any prior incisions at the operative area will require surgeon to
carefully plan their surgical site incision, as this will create a flap with its healing problem if
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not selected properly. Any past surgical procedure with its effect should be determined that
could possibly increase the risk of prosthetic joint infection as colostomy, ileostomy or urinary
conduit close to the operating site.

During robust clinical examination attention is paid to findings like fixed flexion deformity
(FFD), leg length discrepancy (LLD), gait assessment including Trendelenburg or antalgic
gait. Skin condition of the leg been operated is of paramount importance and any signs sug-
gestive of severe eczema or infection should need to be addressed before the surgery itself.
Likewise vascular status should be properly assessed and documented.

Patient’s body mass index (BMI) is an important assessment parameter as obese population
is at higher risk for prosthetic joint infection (PJI) and other wound problems post-surgery.

2.2. Ordering appropriate investigations including weight-bearing X-ray

It is prudent to obtain weight-bearing radiographs of the patient that accurately assess
patient’s anatomy with measurable dimensions of the bone. If there are concerns with align-
ment or limb length discrepancy then obtain long leg radiographs. Consider putting blocks
under short leg, as this will correct pelvic obliquity from the effect of limb shortening.

In essence good quality radiographs that will show square pelvis with standardized mag-
nification are essential for preoperative planning. The typical views include an anteropos-
terior (AP) pelvis along with AP views and Lowenstein lateral views of the affected hip.
The AP views are obtained with legs internally rotated by 15-20° (Figure 1). This allows
assessment of the neck shaft angle; the lateral hip offset and helps in comparison with the
opposite unaffected hip.

44
“

Figure 1. Hip X-ray taken with leg in (A) External rotation, (B) Internal rotation (C) extra internal rotation over 15-20°.
(B) is considered optimum image.
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2.3. Assessment of patients for fitness in the pre assessment clinics

The investigations obtained for determining anesthetic suitability starts with the blood work
up. These include full blood count (FBC), renal function test (U&E), fasting blood glucose,
coagulation profile, liver function test (LFT) if required. Other tests if needed in special cir-
cumstances will be ordered as per need like sickle cell test for certain African population,
C-reactive protein (CRP) in infection cases. Blood group and hold is valid for few weeks
and should be ordered if pre assessment of patient will lead to surgery promptly within
acceptable time frame. Recently, there has been increased use of Tranexamic acid to prevent
per operative bleeding and also the use of autologous blood transfusion by using cell saver
preoperatively for long and complex primary and revision hip replacement cases.

Patient electro cardio graph (ECG) should be obtained with a recording of 12 lead ECG in this
clinic appointment.

If patient is over 60 years of age and those under 60 years but smokers and those with respi-
ratory conditions, obtain a base line chest X-ray. Consider repeating weight bearing joint
X-ray if the earlier X-rays are over 12 months old for looking into any interim progress in the
arthritic pattern.

2.4. Selection of the most appropriate implants as per patient’s need and anatomy
along with the method of implantation of prosthesis

Several factors are considered in selecting an appropriate implant. The patient’s age and activ-
ity level are important. Other factors most important in consideration for choosing implants
are national joint registry 10 years implant survival results published annually [5] and ortho-
pedic data evaluation panel (ODEP) level rating [6], which depends on the revision rate in
10 years follow up.

Generally speaking the younger and more active patients are considered to have the high-
est physical demand; for them cement-less implants and some of the new bearing surface
like ceramic head should be considered. On the contrary for older subjects with less activity
profile or low demand patients treatment with hybrid THA along with the use of traditional
bearing surface like metal on poly should be preferred.

The quality of bone is another factor that influences the method of implant fixation. Medullary
canal configuration, as described by Noble et al. [7] by calculating the ratio of femoral canal
width 20 mm proximal to the lesser trochanter in relation to the width of the canal at the femo-
ral isthmus (Figure 2). This ratio is called canal flare index (CFI). If this ratio is less than 3.0,
the canal has stovepipe configuration and the best implant fixation is by utilizing cementing
technique. If this ratio is greater than 4.7, the femoral canal then has a champagne flute con-
figuration and will require meticulous reaming to safeguard risk of periprosthetic fracture.
Wider population has a ratio of 3.0-4.7, which is considered normal and may benefit from
cement less implants if the cortex is simultaneously thick.

Next, the extent of arthritic involvement in the joint itself can influence the type of implant
selection. Example, isolated femoral head wear with various stages of avascular necrosis
(AVN) of the femur head, some surgeon will prefer a resurfacing hemiarthroplasty (Figure 3).
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Figure 2. Canal flare index as described by Noble et al. [7].

Figure 3. Resurfacing hemiarthroplasty for selected patients with isolated femoral head involvement from AVN.
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In cases where proximal femur is excessively anteverted like development dysplasia of hip
(DDH) population, the surgeon may prefer to use modular (Figure 4) or custom made pros-
thesis that will allow to adjust for extra anteversion when cement less implant system is used.

Further, on the acetabular side a protrusio configuration (Figure 5) can be accommodated with
a deeper profile acetabular component. Acetabular protrusion is an anatomical finding encoun-
tered in cases of rheumatoid arthritis, ankylosing spondylitis, Paget’s disease and in patients
with severe osteoporosis with bone stock deficiency. Radiographic assessment of protrusio ace-
tabulum is established by finding the extent of femoral head displacement medially relative to
Kohler’s line (ilioischial line) or can be defined by a center edge angle (CEA) of Wiberg exceed-
ing 35°. This deformity is corrected by restoring the center of acetabular rotation to the correct
anatomical position. During surgery any medial side reaming of the acetabular floor should be
avoided. Acetabular component fixation is then achieved by good peripheral rim contact with
the acetabular bone. Any associated medial wall defect can then be filled with autologous bone
graft or by utilizing deeper profile acetabular cup that should be arranged preoperatively.

In nutshell it is prudent to define any anatomical distortion, whether on the femoral or ace-
tabular side.

2.5. Templating procedure to help accurately size the implants before start of the
procedure

Hip joint templating requires anticipating the size and position of the implants before the actual
hip surgery is undertaken. Both Charnley [8] and Miiller [9] emphasized the importance of
preoperative templating utilizing radiographs in determining the type and size of prosthesis.

Preoperative planning for THA is performed by superposing acetate template drawings on
the standardized AP radiographs of the hip using hard copies X-rays [10, 11], while other sur-
geons have favored using digital templating [12]. An old misconception, which some surgeons

Figure 4. Modular THR for adjusting extra anteversion of the femur.
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Figure 5. Protrusio acetabulum requiring marginal reaming with bone grafting on the floor of the acetabulum together
with fitting a deeper profile cup.

hold about templating process, is that it only helps to guess about the size of the acetabular
and femoral components. In reality this becomes difficult and inaccurate, as radiographs are a
projection of three-dimensional structure. Many other factors like image magnification [13, 14]
and distortion due from projection has also likely to play its role.

It is important to remember from literature that accurate prediction for a cup size is found in
between 16 and 62% [11, 14, 15] while stem size accurate prediction is found in between 30
and 69% [11, 15] those accounting for cemented stem up to 78% [14] while cement less stem
up to 42% [14]. More importantly, templating is more accurate in predicting within a range of
+/- one size, for cup and stem size 52-98% [11, 15]. While its accuracy to predict hip offset is
reasonably better in between 58 and 91% [11, 15].

Templating process does not only help to predict the implant size but its major benefit lies
in helping an operating surgeon to estimate the position and insertion depth of both com-
ponents to reproduce hip biomechanics. This also helps surgeon to anticipate any potential
difficulties with the available implants.

To begin with this process, standardization of the magnification of hip and pelvis X-rays are
of paramount importance. This can be achieved by calibration object of known magnification.
Ideally a metal sphere of known dimension is placed at the level of the hip joint in the AP
plane, in order to achieve same magnification. The best place is considered to be close to the
pubis between the patient’s legs and in the plane of greater trochanter [16].

A systematic five-step approach is recommended to proceed for smooth planning during
templating process of the hip joints before surgery.

A. Anatomical landmarks identification.

B. Analyzing quality of the radiograph.
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C. Choosing mechanical references.
D. Implant selection and positioning.

E. The templating task.

2.5.1. Anatomical landmarks identification

To qualify as an anatomical landmark, it must be simple to identify them both on X-rays and
simultaneously, while looking at the surgical specimen. At the acetabular side, the roof and the
teardrop are adequate landmarks. Importantly acetabular roof is easy to identify at its supero-
lateral corner during procedure. The teardrop is radiographic marker formed by superposition
of the most medial part of acetabulum distally along with anterior and posterior horn of the
acetabulum [17]. The main anatomical concept, which applies for the teardrop, is that it actually
corresponds to the most distal and medial part of the acetabulum, that sits behind the transverse
acetabular ligament (TAL) and at the superior border of the obturator foramen (OF) (Figure 6).

While on the femoral side, recognition of the anatomical reference landmarks include identify-
ing greater trochanter (GT), Lesser trochanter (LT), the medullary canal (MC) and the sloppy
saddle (SS) where distally the lower aspect of the neck meets greater trochanter (Figure 6).

2.5.2. Analyzing quality of the radiographs

Properly exposed, high quality standardized AP radiographs with set magnification are prereq-
uisite for hip joint templating (Figure 6). Although this looks simple but it is a real challenging

Standing

Figure 6. Standing AP hip X-rays suitable for templating. Anatomical Landmarks: (1) femoral medullary canal; (2)
greater trochanter; (3) saddle; (4) lesser trochanter; (5) acetabular roof; (6) teardrop; (I) obturator foramina; (II) symphysis
pubis; (III) sacrococcygeal joint; (IV) distance to measure for pelvic tilt observation.
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task in our modern day practice for acquiring proper exposure. A low pelvis radiographs cen-
tered over pubis is preferred for hip templating. With this approach the entire proximal third
of the femur is obtained. Pelvis should be kept square in an ideal radiograph. To gain insight
into leg length discrepancy, pelvic tilt in both frontal and sagittal plane should be observed. To
exclude this effect, keep the AP radiographs in standing position with iliac spines at the same
distance bilaterally. This will be confirmed when the symphysis pubis is passing right through
the middle of sacrum (Figure 6). To calculate sagittal tilt, distance between sacrococcygeal
joint and the upper aspect of symphysis pubis is calculated. In neutral alignment it reflects a
distance of 32 mm (range: 8-50 mm) in women and 47 mm (range: 15-72 mm) in men. This
distance increases when pelvis is tilted forward and the reciprocal is true as well [18].

Another task is to determine femoral neck length (femur offset). To obtain real measurements
both femurs should be kept about 15-20° of internal rotation (IR) corresponding to the femoral
anteversion. This will highlight actual neck length and thus help in obtaining correct femoral
offset (Figure 7) while radiographs obtained of femur with more or less IR will underesti-
mate the true femoral neck length and thus femoral offset. Hananouchi et al. [19] highlighted
that femoral rotation can be estimated by measuring lesser trochanter projection. By keeping
femoral neck parallel to the film, the lesser trochanter is on the average 2.3 + 3.1 mm broad.
This means in most cases around 5 mm of lesser trochanter should be visible medially before
attempting to calculate neck length and femoral offset.

2.5.3. Choosing mechanical references

Important mechanical references to determine include:

Figure 7. Femoral rotation influence on neck length. (A) IR corresponding to 15-20° with measuring neck length and
femoral offset. (B) Femur kept in neutral position underestimating neck length and offset. (C) Femur kept in excessive IR
also has same effect in underestimating neck length and femoral offset.

1
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2.5.3.1. Hip, femoral and acetabular rotation Center

The hip joint rotation center is the central point around which all hip joint movement occurs.
If the acetabulum and femoral head are concentric, then realistically their center of rotation
projects on the hip joint center of rotation. As such, the hip rotation center can be easily found
as the center of a circle fitted to the projection of the femoral head (Figure 8).

On the other hand, if the hip joint is deformed due from dysplastic cup or femoral head
dysplasia then it makes very difficult to find hip joint center as its position may vary during
hip joint movements. To make such situation easier we will define the “original rotation cen-
ter” where the native femoral head and acetabulum rotates on the centers before the defor-
mity occurs. This can be usually identified on the preserved inferior one-third of the femoral
head and the preserved part of the acetabulum (generally the teardrop and the medial wall).
Applying both rotation centers on each other, will likely give a good idea of the native hip
joint center of rotation before appearance of the secondary changes.

2.5.3.2. Femoral, acetabular and combined offset

The femoral offset is defined as the least distance between the femoral head center of rota-
tion and the longitudinal axis of the femur [20]. The longitudinal axis of femur is drawn as a
line in the middle of projected femoral canal. In cases of dysplastic femoral head, the original

Standing

i

Figure 8. Mechanical landmarks: (1) hip rotation center; (2) longitudinal axis of proximal femur; (3) femoral offset; (4)
acetabular offset; (5) hip length; (6) LLD is calculated as difference between distances 6R and 6L.
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femoral offset can be estimated between original femoral center of rotation and the longitu-
dinal axis of the proximal femur. Remember femoral offset calculation depends on leg rota-
tion and inevitably it will under estimate femoral offset if the neck is not kept parallel to the
radiographic film (Figure 7).

Acetabular offset is defined as the distance between acetabular center of rotation and a verti-
cal line drawn through the teardrop. If acetabulum is dysplastic then the original acetabular
offset can be found in the same way except replacing hip center of rotation with the original
acetabular center of rotation by considering tear drop segment of acetabulum reflecting true
acetabular landmark.

The combined hip offset is defined as the cumulative sum of the femoral and acetabular offset.
This parameter is important as it bears the tension in hip abductor muscles along with the soft
tissues as it controls relative position of greater trochanter with respect to the pelvis.

2.5.3.3. Leg length versus hip length

The “leg length” is defined by measuring distance between a fixed reference point on the
pelvis, ideally teardrop inferior edge and the floor where heel lies on the ground. In real sense
this measurement is not possible as the floor is not visible on any single radiographic image.

The “hip length” is defined by measuring distance between teardrop inferior edge and a hori-
zontal line through a fixed point on the proximal femur like upper part of the lesser trochanter
(Figure 8). Remember hip length is influenced by position of the hip in flexion/extension or
abduction/adduction therefore, both hips should be kept in a similar position to determine
hip lengths and simultaneously to help determine in “hip length discrepancy.”

2.5.4. Implant selection and positioning

After labeling of the anatomical landmarks on standardized radiograph and choosing the
mechanical reference points, an ideal fitting implant size is chosen for both the acetabular and
the femoral component. Our aim is to restore the original hip anatomy and biomechanics.
However in certain cases it is not feasible and compromise has to be considered.

2.5.5. The templating task

If the pathological hip undergoing surgery for arthritis is anatomically acceptable then it is
preferred to have templating performed on it otherwise it will be technically difficult and a
substitute choice should be to template contralateral hip to determine the implant sizes for
the operative hip.

2.5.5.1. Positioning: aim to restore the native hip anatomy and biomechanics

First, acetabular cup is selected to fit the acetabular cavity based on line to line reaming or
press fit technique to restore the native acetabular center of rotation. Acetabular component
should be templated with an abduction angle of 40-45° between longitudinal axis of the cup
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and the teardrop [21], while template still kept in its position, cup insertion depth compared
to the medial acetabular wall, the insertion height compared to the inferior border of the
teardrop and the cup margins sitting on the superolateral border of the acetabular roof is
noted. These anatomical reference marks are easily identifiable during surgery and will help
in restoring original hip anatomy. In cases of protrusio acetabuli, planning is made for lateral-
izing the acetabular component while grafting the medial acetabular wall will help restoring
the acetabular center of rotation thereby avoiding impingement [1]. In dysplastic hips, our
goal again is to restore acetabular center of rotation. However, as the acetabulum is often sec-
ondarily deformed and shallow, obtaining superolateral roof coverage is a challenging task.
This may require consideration for bone grafting or at times will require an additional use of
shell and mesh to reconstruct the superolateral defect [1].

Secondly, a femoral implant is selected to fit the medullary canal based on the trial implant
size. The longitudinal axis of the implant should be following the longitudinal axis of the
femur, while approximate insertion depth is chosen to correctly restore the leg or the hip
length. Three techniques are available to achieve the native femoral center of rotation and the
femur offset.

i. Lateralizing or medializing the femur by choosing standard versus high offset stem.
ii. Modifying the size of the femoral head component.
iii. Choosing a stem with different neck shaft angle.

Opting between a standard or high offset stem is an easy option as it has no effect on the leg
and hip length while the other options does influences on the hip length. By opting to use a
stem with less neck shaft angle, compromise is made on the hip length, which can be adjusted
by the use of increase in head size or by keeping the stem proud. Using a large size femoral
head component will increase both femur offset and hip length and thus will require a more
distal stem insertion to control hip length.

More importantly, if a radiograph is obtained with leg in altered rotation. This will impact in
determining adequate hip offset and should always be born in mind while decision is made
on choosing right offset for the involved hip.

With templating, an appropriate neck cut and its orientation can be planned along with the
insertion depth of the stem prosthesis.

2.5.5.2. Equating a balance when failure to restore the native hip anatomy

When it becomes impossible to restore adequate native hip anatomy in that scenario it
becomes ideal to restore the combined femoro-acetabular offset and the hip length. When
acetabular offset is decreased and hip rotation center is medialized then it becomes prudent to
increase the femoral offset. Likewise, increasing the acetabular offset can compensate loss of
the femoral offset. This will maintain the soft tissue tension between pelvis and the proximal
femur and thus hip abductor function will be optimized.

Similarly, keeping stem more or less proud can compensate for a low or high set hip center
of rotation.
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Soft tissue balancing is of paramount importance when our goal is to increase or decrease in
the leg length. When considering lengthening it is vital to consider for decreasing combined
femoro-acetabular offset by medializing the cup or reducing femoral offset by using low off-
set stem. On the contrary, when planning shortening of the leg, it would be best to consider
increasing combined hip offset to minimize the risk of dislocation and gluteal muscle weak-
ness due from lack in the soft tissue tension.

2.5.5.3. Challenges in tackling extreme varus and valgus hips

In a varus hip, with its excessive femoral offset, surgeon can help restore the native anatomy
by using high offset stem combined with a large head. To avoid with increase in the leg length
with these choice of implants, surgeon may plan a distal neck osteotomy together with low
stem insertion. Rarely, this may be benefited further if required with the use of large cup posi-
tioned laterally as possible or by using a lateral cup insert thereby helping in increasing acetab-
ular offset. This will restore correct soft tissue tension. However, this increase in the acetabular
center of rotation should be opted as the last resort as it increases the acetabular loading [20].

In a valgus hip, with its associated reduced combined hip offset should be respected as over
stretching the soft tissues by increase the hip offset could lead to trochanteric bursa pain.
This can be maintained by an attempt in medializing the cup. This further helps in reduc-
ing the mechanical load at the acetabular component and optimizing abductor function by
improving femoral offset [20]. If femoral offset needs to be reduced further, a low offset stem
combined with short head should be considered. However, this will require leaving the stem
proud if it shortens the leg length.

3. Newer innovation in preoperative planning

Complex primary hip cases involving dysplasia at either side of the joint, trauma cases with
fractures requiring arthroplasty, ankylosing spondylitis, protrusio cup and revision hip cases
are a big challenge for arthroplasty surgeons. Rapid prototyping (RP) is a new concept adopted
from industrial designing. This involves laying down series of additional layers of a material
to regenerate a 3D model. Computer aided designing (CAD) program enables rapid produc-
tion of a component with super accuracy [22]. This model is adopted in medical specialties
including orthopedics to develop accurate replica of a body part in cross-section using CT scan
as an input source. They are further printed using layered material to generate a 3D-printing
model. This rapid prototype model provides a unique opportunity in preoperative planning,
in terms of understanding deformity pattern, providing intraoperative referencing and surgi-
cal simulation. This further helps an arthroplasty surgeon for inventory planning as they can
order necessary implants to make their availability on the day of surgery. This will save time
during surgery and minimize on table bleeding, infection rate and thereby patient morbidity.

3.1. Customized instruments and implants

With advancement in the modern day technology, patient specific instruments can be obtained
by using rapid prototyping [23]. This will aid in complex cases and will aid in improvement
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in operative results. In future more customized implants will be developed to use for the indi-
vidual case demand that will fit for the purpose and will have better survival outcome for our
patients by improving joint kinematics.

4. Conclusion

Preoperative planning is an important step in the actual delivery of joint replacement as it
allows the patient to go through a comprehensive assessment and preparation for under-
taking joint replacement in a schematic fashion. This begins with a thorough clinical assess-
ment by their operating surgeon and a series of investigations followed by actual planning of
their hip joint replacement, utilizing template on their standardized radiographs. Templating
process allows assessment of their anatomical landmarks to mark as reference points while
implanting prosthesis with correct depth. This will allow the surgeons to restore hip biome-
chanics and thereby improving post-surgical outcomes. This will further allow anticipating
difficulties and pitfalls prior to surgery.

Some surgeons do not like to proceed with this important step of templating prior to their
joint replacement surgeries. However, unless it is done systematically, it might be difficult,
even for the experience hip surgeons to identify those hips, which will definitely benefit from
a proper anatomical and mechanical assessment. Moreover, these less planed cases without
templating are at increase risk to suffer inadequate hip biomechanics and higher complication
rates including trendelenburg gait, joint dislocation, significant leg length discrepancy, peri
prosthetic fracture and trochanteric pain. It has been proven to have similar efficacy of preop-
erative templating by the junior surgeons in training as their senior counter parts [11]. Thus
it makes it a legitimate cause for carrying out this vital process of templating of the hip joint
prior to actual implantation of the prosthesis. In crux this will improve the long-term outcome
and patient satisfaction in both subjective and objective manner [3, 4].
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Abstract

Total hip arthroplasty is one of the most successful operation to be done and is definitely a
rewarding procedure for both the surgeon and the patient. Ever since 3 days of low
friction arthroplasty by Sir John Charnley, there has been considerable interest in improve-
ment in the knowledge of surgical techniques and hip biomechanics. Over the past two
decades there has been an exponential increase in total hip replacements. Therefore strat-
egies to simplify the procedure and classifications to encounter difficulties in treatment
plans were devised. It is imperative for consultants and trainees to be aware of these
classifications systems which are helpful in pre op, intra op and postop planning.

Keywords: Vancouver, Paprosky, Brooker

1. Paprosky classification of acetabular deficiencies for revision hip
arthroplasty
1.1. Introduction

Wayne Paprosky (Illinois, USA) proposed this classification in 1994 based on his experience
with revision of 134 acetabular cups [1] (Figure 1).

1.2. Classification

Type I: Defect with undistorted rim.
Type II: Defect with distorted rim but adequate to support a hemispherical cup.

¢ IIA: Superior and medial with intact superior rim.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [(cc) ExgIEN
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Figure 1. Paprosky classification of acetabular deficiencies.

e IIB: Superior with less than one-third superior rim deficient.
e IIC: Medial wall defect.
Type III: Defect with non-supportive rim.

e III A: Superior and lateral with 40 to 60% of the host bone intact and partial inherent
mechanical stability.

e III B: Superior and medial with host bone less than 40% and possibility of occult discontinuity.
1.3. Clinical applications

Bone grafting techniques depends on the type of acetabular bone defect. Superior dome defect
will need structural distal femoral allografts or trabecular metal wedges. Medial wall and
ischial defect will need particulate bone grafts. Pelvic discontinuity needs ORIF versus
triflanged custom cage. Unsupportive bone stock will need cup and cage construct.

1.4. Reliability

Gozzard et al. had performed a study to assess the reliability and validity of classification
systems used for defects in acetabulum during revision arthroplasty [2]. It was found that
there was poor to good intra observer agreement with the consultants (0.24) and moderate to
good intra observer agreement with the registrars (0.36). Interobserver agreement was noted to
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be moderate with consultant and registrars scoring 0.56 and 0.27, respectively. Validity was
deemed to be good (i = 0.65). Overall, the authors found the system to be unreliable.

2. Saleh classification of acetabular deficiencies for revision hip
arthroplasty

2.1. Introduction

This system of classification was proposed by Saleh et al. in 1999. The study had included 21
expert arthroplasty surgeons and was proposed based on estimation of anticipated bone stock
following implant removal [3] (Figure 2).

2.2. Classification

Type I No significant bone loss.

Type II Contained loss of bone stock where there is cavitary enlargement of the acetabular
cavity but no wall deficiency.

Type III Uncontained loss of bone stock where there is <50% segmental loss of the acetabulum
involving anterior or posterior column.

Type IV Uncontained loss of bone stock where there is >50% segmental loss of the acetabulum
affecting both anterior or posterior columns (if there is >50% loss of the acetabulum, involving

Figure 2. Saleh classification. (A) Type uncontained cavitary loss of bone stock. (B) Type III, uncontained (segmental) loss
of bone stock involving <50% of acetabulum. (C) Type IV, uncontained (segmental) loss of bone stock involving >50% of
the acetabulum.

21
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mostly the medial wall but the columns are intact, then this type of defect is considered type II
because of the availability of the columns for reconstruction).

Type V Acetabular defect with uncontained loss of bone stock in association with pelvic
discontinuity.

2.3. Reliability

Gozzard et al. had observed an Inter-observer reliability testing revealed kappa values of 0.89
for the acetabulum. Average validation value was kappa = 0.86 for the acetabulum [2]. To put
things into perspective: clinical epidemiologists consider correlation values of 0.6-0.8 to be
“substantial” and between 0.8 and 1.0 to be “perfect association”.

3. Hodgkinson classification of radiographic demarcation of the socket
following total hip arthroplasty
3.1. Introduction

This classification was proposed by Hodgkinson et al. from Wrightington, UK in 1988. He
reviewed 200 patients undergoing revision arthroplasty and found out strong correlation
between the extent of radiographic demarcation at bone-cement interface and intraoperative
loosening of cemented acetabular components [4].

3.2. Classification

Type 0: No demarcation.

Type 1: Demarcation of outer one-third.

Type 2: Demarcation of outer and middle thirds.
Type 3: Complete demarcation.

Type 4: Socket migration.

3.3. Clinical significance

This classification helps surgeon help decide between partial or complete revision preoperatively.

4. Paprosky classification of femoral bone deficiencies

4.1. Introduction

This classification was described by Wayne Paprosky et al. from Illinois, USA. He emphasized
that his classification will help the surgeon determine the most appropriate option for
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Figure 3. Paprosky classification.

reconstruction and thereby assists with ensuring that the appropriate implants and instru-
ments are available at the time of surgery [5]. Gozzard et al. found moderate agreement
between the preoperative and intraoperative validity; but the reliability of the classification
was found to be fair (Figure 3).

4.2. Classification

Type 1: Minimal metaphyseal and diaphyseal bone loss.

Type 2A: Absent calcar extend just below the inter-trochanteric region.

Type 2B: Anterolateral metaphyseal bone loss wit absent calcar.

Type 2C: Posteromedial metaphyseal bone loss.

Type 3A: 2A plus diaphyseal bone loss but at least 4 cm of diaphyseal support possible.
Type 3B: 2B plus diaphyseal bone loss with less than 4 cm of diaphyseal support available.
Type 3C: 2C plus complete diaphyseal bone loss.

4.3. Clinical applications

Type 1: Cemented or proximally porous coated cementless implant can be used.

Type 2A, 2B, 2C: Extensively porous coated cementless stem is preferred. Cemented stem
should be avoided because of loss of metaphyseal endosteal bone.

Type 3A: Extensively porous coated stems or modular distal fitting tapered stems can be used.
Type 3B: Modular tapered cementless stems are used if adequate bone stock.

Impaction bone grafting is also an option.

23
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Type 4: Impaction bone grafting with tapered cemented stem if intact cortex. Composite
prosthesis allograft if no proximal cortex. Long cemented stem is an option in elderly.

5. AAOS classification of femoral bone deficiencies for revision hip
arthroplasty

5.1. Introduction

This classification was first proposed by D’ Antonio et al. (Pennsylvania, USA) in 1989 and later
adopted by American Academy of Orthopedic Surgeons (AAOS) [6] (Figure 4).

5.2. Classification

Type I: Segmental deficiencies.
1a: Proximal either partial or complete.
1b: Intercalary.
1c: Greater trochanteric.
Type 1I: Cavitary deficiencies (cancellous, cortical or ectasia).
Type III: Combined.
Type IV: Rotational or angular malalignment.
Type V: Femoral stenosis.

Type VI: Femoral discontinuity.

Figure 4. AAOS classification.
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This classification is very useful in describing the bone defect accurately but has less role in
guiding the surgeon determine the reconstructive option.

5.4. Reliability

Gozzard et al. in their study observed the inter observer agreement among consultants and
registrars. They noted a fair agreement (k value of 0.28) among consultants and a poor

agreement (k value of —1.0) among the registrars.

6. Saleh classification of femoral bone deficiencies

6.1. Introduction

This system of classification was proposed by Saleh et al. in 1999. The study had included 21
expert arthroplasty surgeons and was proposed based on estimation of anticipated bone stock

following implant removal [3].

6.2. Classification

Type Defect

Treatment

I No significant loss of bone stock.

I Contained loss of bone stock, cortical sleeve intact

i Non-circumferential loss of bone stock uncontained
Proximal circumferential loss of bone stock less than 5 cm
in length

v Circumferential loss of bone stock more than 5 cm in

length (distal to lesser trochanter)

\Y Periprosthetic fracture with proximal circumferential loss
of bone stock.

Conventional cemented
Uncemented components

Proximal fixation
Impaction grafting
Porous coated implant
Modular implant

Cortical strut allograft
Calcar replacing prosthesis

Custom implant, proximal femoral allograft

Restoration of bone stock plus long stem femoral
component custom implant proximal femoral allograft.

6.3. Reliability

In the study by Saleh et al., they noted an inter observer reliability of k value 0.88 and average
validity, k value of 0.88; indicating perfect association. The classification also provides proba-

ble treatment options for each type.
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7. Dossick and Dorr classification of proximal femoral geometry

7.1. Introduction

Based on the calcar-to-canal ratio which is defined as the diameter of the femur at the
midportion of the lesser trochanter divided by the diameter at a point 10 cm distal [7].

7.2. Classification

Type A: Calcar-to-canal ratio < 0.5.

No thinning of cortices on AP or lateral radiographs.
Type B: Calcar-to-canal ratio 0.5-0.75.

Thinning of the posterior cortex on the lateral view.
Type C: Calcar-to-canal ratio > 0.75.

Thinning of cortices on both views (Stovepipe femur) (Figure 5).

7.3. Clinical significance

Type A suitable for cementless femoral stem, type C requires use of cemented stem and type B
is intermediate.

A B

%

A%
) ) 1[”)

Figure 5. Dossick and Dorr classification.
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8. Vancouver classification of intraoperative periprosthetic femur fractures
around total hip arthroplasty

8.1. Classifications

Type A: Proximal metaphyseal.

A1: Cortical perforation.

A2: Undisplaced linear crack.

A3: Displaced or unstable fractures.
Type B: Proximal diaphyseal.

B1: Cortical perforation.

B2: Undisplaced linear crack.

B3: Displaced or unstable fractures.
Type C: Distal diaphyseal fractures.

C1: Cortical perforation.

C2: Undisplaced linear crack.

C3: Displaced or unstable fracture [8].

8.2. Clinical applications

Type Al: Bone graft alone.

Type A2: Circelage wire if using proximally porous coated stem and can be ignored if using
fully porous coated stem and there is no distal extension into diaphysis.

Type A3: Needs fixation.

Type B1: Bypassing stem = cortical allograft fixation.

Type B2: Circelage wire £ cortical allograft fixation.

Type B3: Long stem with cortical allograft fixation.

Type C1: Morselized bone graft + bypass stem and cortical allograft.
Type C2: Circelage wire + bypass stem and cortical allograft.

Type C3: ORIF (Figure 6).
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Figure 6. Intraoperative Vancouver classification.

9. Vancouver classification of postoperative periprosthetic femur fractures
around total hip arthroplasty

9.1. Classification

Type A: Peritrochanteric.

AG: Greater trochanter.

AL: Lesser trochanter.

Type B: Around or just distal to the tip of the stem.
B1: Well-fixed femoral component.

B2: Loose femoral component.

B3: Loose femoral component and poor bone stock.

Type C: Well distal to the stem.
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9.2. Clinical application

This classification guides the surgeon with treatment decision.
AG and AL: Usually stable and can be treated non-operatively.
B1: ORIF if displaced.

B2: Revision to long stem.

B3: Revision with struct grafting.

C: ORIE.

9.3. Reliability

A European validation for this classification was performed by Rayan et al. The study had
included consultants, trainees and medical students. It was noted to have an inter obse-
rver reliability of substantial agreement among consultants (k value of 0.72-0.74) orthope-
dic trainees (k value of 0.68-0.70) and medical students (k value of 0.61). The validity
within B type fractures revealed an agreement of 77% with a k value of 0.67 [9, 10]
(Figure 7).

Figure 7. Postoperative Vancouver classification.
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10. Tsukayama classification of infected hip joint prosthesis

10.1. Introduction

Tsukayama et al. proposed the classification based on the study of 97 patients with infected hip
joint prosthesis [11].

10.2. Classification

Positive intraoperative cultures: Two out of five intraoperative specimens positive on culture in
a patient undergoing revision hip arthroplasty with no clinical evidence of infection at the time
of revision.

Early postoperative infection: Wound infection developed less than 1 month after the operation.

Late chronic infection: Wound infection developed 1 month or more after the index operation
and with insidious course.

Acute hematogenous infection: Associated with a documented or suspected antecedent bacter-
emia and characterized by an acute onset of symptoms in the affected joint with the prosthesis.

10.3. Clinical implication (treatment guidelines)

Positive intraoperative cultures: Intravenous administration of antibiotics for 6 weeks without
operative intervention.

Early postoperative infection: Debridement, replacement of the polyethylene inserts of the
acetabular component, retention of the prosthesis, and intravenous administration of antibi-
otics for 4 weeks.

Late chronic infection: Debridement; removal of all prosthetic components and bone cement;
and placement of antibiotic beads. Intravenous antibiotics for 6 weeks. Revision arthroplasty
2 weeks after cessation of antibiotic therapy.

Acute hematogenous infection: Debridement, replacement of the polyethylene insert, retention of
the prosthesis if it was not loose, and intravenous administration of antibiotics for 6 weeks [11].

11. Brooker’s classification

11.1. Introduction

This system was proposed by Brooker et al. from John Hopkins Hospital in 1973 on a series of
100 consecutive patients undergoing Total hip arthroplasty. Since then it has been in wide-
spread use and has stood the test of time [12].
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11.2. Classification

Class I: Isolated islands of bone.
Class II: Gap between bones at least 1 cm.
Class III: Gap between bones less than 1 cm.

Class IV: Apparent ankylosis.

11.3. Clinical application

This classification is useful in the follow up of the high-risk patients and in patients with post
HO resection.

11.4. Reliability

Vasileiadis et al. from mayo clinic in their study noted a moderate to substantial agreement (k value
0.49-0.71) in the inter observer reliability. Grade IV had best inter observer reliability [13, 14]

(Figure 8).

C

Figure 8. Brooker classification.
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12. Barrack grading of cementing

12.1. Introduction

This classification was proposed by Barrack et al. based-on review of 50 second generation
cemented femoral stems [15].

12.2. Classification

Grade A: White-out with complete filling.
Grade B: Slight defects at the cement-bone interface.

Grade C: Defective cement mantle or radiolucency involving 50 to 99% of the cement-bone
interface.

Grade D: 100% lucency or failure to cover the tip of the stem.

12.3. Clinical applications

This classification helps in predicting the survivability of the implant based on the grade of
cementing.
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Abstract

Patients with hip fractures have high morbidity and mortality, which has not changed
significantly since last two decades. There are various national guidelines in UK, which
give guidance to help improve outcomes in these patients such as National Institute for
Health and Clinical Excellence’s guidelines (NICE), Guidelines from Anaesthetists of
Great Britain and Ireland (AAGBI) and Scottish intercollegiate guideline network (SIGN).
NICE guidelines recommend total hip replacement (THR) rather than hemiarthroplasty in
patients with a displaced intracapsular hip fracture in selected patients. AAGBI has
produced guidelines for Management of Proximal Femoral Fractures 2011.

Keywords: total hip replacement, hip fracture, AAGBI, spinal anaesthesia, nerve block

1. Introduction

Patients with osteoporotic hip fracture have poor outcomes, which have not changed signifi-
cantly in the last 20 years. Rates of morbidity and mortality are high in these patients and also
there is decline in function and loss of independence. NICE, AAGBI, and SIGN have provided
guidelines to help improve outcomes in these patients [1-3]. New approaches to treatment aim
to improve outcomes. In older adults, hemiarthroplasty (or ‘partial’ hip replacement) has
largely replaced internal fixation for displaced intracapsular hip fractures and this is associated
with lower rates of revision surgery and better overall outcomes. Lately, in this population,
there has been a thrust to enhance the use of total hip replacement (THR) because there are
better chances of returning to functional mobility and, therefore, independence. THR is used
more commonly for arthritis of the hip.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{(cc) ExgIN
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NICE guidelines [1] recommend total hip replacement (THR) rather than hemiarthroplasty to
patients with a displaced intracapsular hip fracture if they were:

*  able to walk independently out of doors with no more than the use of a stick;
e are not cognitively impaired; and
*  are medically fit for anaesthesia and the procedure.

Outcomes after THR for displaced fractures of hip are similar to those after THR for elective
surgery. Careful selection of patients is essential to achieve this success.

Perioperative care of patients with proximal femoral fractures can be challenging, as it involves
care of large numbers of older patients with significant comorbidities. Risk of significant
morbidity and mortality in these patients can be reduced by early surgical fixation of the
fracture and early, effective rehabilitation.

The Department of Health has suggested the following targets for patients with hip fracture [4]:
i.  All patients should be admitted within 4 h of arrival in the emergency department; and

ii. Patients should be operated on by an experienced clinical team within 24 h of a decision
that the patient is fit for surgery.

Multidisciplinary care improves the quality and efficiency of hip fracture care. The multidis-
ciplinary team includes trauma co-ordinators, general practitioners, nurses, emergency staff, bed
managers, orthopaedic nursing staff and surgeons, anaesthetists, orthogeriatricians, physio- and
occupational therapists, social workers and rehabilitation services.

2. Preoperative management

2.1. Initial management

‘Fast-track’ triage systems should be in place as most of these patients are admitted via the
emergency department. These will enable early clinical recognition of hip fracture with early
radiography and diagnosis, allowing rapid ward admission. The use of a care pathway pro
forma ensures basic quality standards are met and helps in patient care.

Patients who have a clinical suspicion or confirmation of a hip fracture should have the ‘Big
Six’ interventions/treatments before leaving the Emergency Department [5].

1. Provision of pain relief. All patients should be offered analgesia. The use of a nerve block
helps to reduce pain, opioid requirement and delirium. Painkillers such as paracetamol
should be prescribed on regular basis. Opioids should be prescribed with caution. Non-
steroidal anti-inflammatory drugs and codeine to be avoided due to its side effects

2. Screening for delirium.

3.  Early warning score (EWS) system.
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4.  Full blood investigation and electrocardiogram

5. Intravenous fluids therapy: Many hip fracture patients are fluid deplete at presentation. Assess-
ment of hydration is difficult in elderly patients as they may not exhibit typical physiological
responses such as tachycardia or hypotension. These patients tolerate hypovolemia poorly,
risking cardiovascular instability and organ hypoperfusion. All patients should have a
documented assessment of fluid status and resuscitation with IV fluids where appropriate.
Preoperative administration of colloid solution intravenously before hip fracture surgery does
not improve outcome, compared with a conventional IV fluid regime with a crystalloid
solution.

A literature review to identify relevant evidence supporting the use of blood resuscitation
in adult patients aged 65 years and over who have presented within 24 h of sustaining a
fracture of the proximal femur when compared with crystalloid or colloid resuscitation did
not yield any articles [6].

6. Pressure area care.

2.2. Preoperative assessment

The assessment by anaesthetist allows pre-optimisation, planning of anaesthetic techniques
and communication of perioperative risks to the patient and relatives.

Early involvement of orthogeriatrician has been shown to be useful in many ways such as
medical pre-optimisation of patients, early rehabilitation and discharge planning.

One-fourth of these patients have moderate cognitive impairment and therefore tools such as
abbreviated mental test score (AMTS) should be used to assess for cognitive impairment.
Capacity assessment is vital for informed consent. Treatment may be provided according to
the Mental Capacity Act 2005, if the patient lacks capacity and should be undertaken in the
best interests of patients.

2.3. Nottingham hip fracture score

Nottingham hip fracture score (NHFS),a risk prediction tool [7], has been developed to predict
postoperative mortality. It is summative score of seven variables—comorbidities and other
factors (age, male sex, malignancy, preoperative cognitive function, place of residence and
anaemia). NHFS is used to predict mortality at 30 days and it provides the information about
outcome which may be discussed with the patient or their relatives (Tables 1 and 2).

2.4. Investigations

Full blood count, urea, electrolytes and ECG should be done in all patients. Anaemia is
common in these patients due to various reasons and a lower threshold for blood transfusion
should be considered in this group of patients.
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Variable Points
Age 66-85 years 3
Age 86 > older 4
Male 1
Haemoglobin concentration < 10 g.dl ™" on admission to hospital 1
Abbreviated mental test score < 6/10 on admission to hospital 1
Living in an institution 1
More than one co-morbidity 1
Active malignancy within last 20 years 1

Table 1. Derivation of Nottingham hip fracture score (NHFS). Reproduced with kind permission of AAGBI [2].
Copyright ©2000-2018 by John Wiley & sons.
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Table 2. Predicted 30-day mortality as per NHFS. Reproduced with kind permission of AAGB [2]. Copyright ©2000-2018
by John Wiley & sons.

2.5. Special cases

2.5.1. Atrial fibrillation

All patients in AF should have ventricular rate less than 100 per min. Reversible causes such as
electrolyte imbalance and hypovolemia should be corrected if rate is faster. Pharmacological
treatment will be required if still remains high [8].

2.5.2. Anticoagulation

INR should be less than 2 for surgery and less than 1.5 for neuroaxial anaesthesia. Patients
having warfarin should have vitamin K to reverse the effect.
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If a patient is on clopidogrel, surgery should be done with expectation of higher blood loss.

Platelets should not be given prophylactically. The haematologist’s opinion should be taken if
required.

2.5.3. Chest infection

Patients with chest infection should have their surgery done under regional anaesthesia which
will give the benefit of analgesia and help in early mobilisation and chest physiotherapy.

2.5.4. Heart murmur

The management of patients with hip fracture in whom a systolic murmur (indicating aortic
stenosis) is heard remains debatable. If aortic stenosis is suspected and echo has not been done
preoperatively, then the patient should be managed as having aortic stenosis.

2.5.5. Implantable pacemakers

Preoperative evaluation by cardiologist is necessary to know the type of device.

2.5.6. DNA-CPR (do not attempt cardio pulmonary resuscitation)

Resuscitation may not be in the best interests of the patient or not desired by the patients.
DNA-CPR should be discussed with the patients where appropriate. Patients with pre-existing
DNA-CPR orders must have perioperative modifications to that process prior to coming to
theatre for having surgery [9] (As per recommendations from Resuscitation Council UK and
Association of Anaesthetist of Great Britain & Ireland).

3. Intraoperative management

3.1. Surgical management

They can be broadly classified into extracapsular and intracapsular fractures.

Intracapsular fractures are further classified as subcapital, transcervical and basicervical frac-
tures depending on the site of fracture. These may be displaced or undisplaced (Table 3).

Intracapsular Extracapsular

Undisplaced fracture - internal fixation with multiple screws or a sliding Intertrochanteric fractures - a sliding hip screw
hip screw.

Displaced fractures - hemiarthroplasty or total hip replacement Subtrochanteric fractures - proximal femoral
intramedullary nail

Table 3. Surgical management of proximal hip fractures.
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Cemented arthroplasty as compared to uncemented arthroplasty improves hip function and is
associated with lower residual pain postoperatively.

3.2. Anaesthetic considerations

Both audit and meta-analysis of anaesthetic practice have not shown any great difference in
outcome between general and regional (spinal) anaesthesia.

Parker and colleagues [10] in Cochrane review of 2004 analysed 22 trials (all of which were
found to be methodologically flawed and many do not reflect current anaesthetic practice),
involving 2567 patients, and concluded that regional anaesthesia may reduce the prevalence of
acute postoperative confusion (9% vs. 19%); however, no difference in 30-day mortality after
regional anaesthesia compared with general anaesthesia. Based on these findings, the Scottish
Intercollegiate Guidelines Network (SIGN) has produced recommendation concerning choice
of anaesthetic technique, namely that ‘Spinal/epidural anaesthesia should be considered for all
patients undergoing hip fracture repair, unless contraindicated’.

A meta-analysis [11] of 34 randomised controlled trials, 14 observational studies, and 8
meta-analyses, involving 18,715 patients, concluded that spinal anaesthesia is associated with
significantly reduced early mortality, fewer incidents of deep vein thrombosis, less acute
postoperative confusion, a tendency to fewer myocardial infarctions and fewer cases of pneu-
monia, fatal pulmonary embolism and postoperative hypoxia.

A further recent meta-analysis [12] of 47 clinical trials and 35 reviews/meta-analyses in geriat-
ric patients undergoing non-cardiac surgery concluded that regional anaesthesia is associated
with reduced early mortality and morbidity, for example, fewer incidents of deep vein throm-
bosis and less acute postoperative confusion, as well as a tendency towards fewer myocardial
infarctions and fatal pulmonary embolisms.

Large observational studies in UK [13, 14] and US [15-17] show there is no difference in 30-day
mortality between general and spinal anaesthesia.

NICE support the use of either spinal or general anaesthesia, + nerve block.

There are various problems attempting to perform the definitive outcome comparison study
between general and regional anaesthesia, including, but not restricted to, definition of the
primary endpoint.

For the time being, the AAGBI recommends that either method of anaesthesia (but not both
together) may be used, but most importantly that they are administered with care to any
patient, using reduced doses of anaesthetic agent combined with multimodal analgesia with
an aim to minimise rapid fluctuations in arterial pressure and resultant changes in cerebral and
coronary perfusion pressures. This is supported by a recent retrospective study of 1131
patients which showed that a reduced volume of intrathecal 0.5% hyperbaric bupivacaine
was associated with a reduction in intraoperative hypotension, and therefore less reactive
fluid administration avoiding consequent haemodilution [18].
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3.2.1. General anaesthesia

Small doses of intravenous induction agents should be used. Alternatively, inhalational induc-
tion can be done. The advantages of inhalational induction are that it is well tolerated by the
elderly patients and also allows for maintenance of spontaneous ventilation. The choice of
using mechanical ventilation versus spontaneous ventilation remains controversial. The bene-
fit of using mechanical ventilation is that there is reduced risk of aspiration and better control
of carbon dioxide levels. On the other hand, there is greater physiological derangement with
paralysis and tracheal intubation as compared to spontaneous ventilation.

3.2.2. Regional anaesthesia

Spinal anaesthesia: Lower doses of intrathecal bupivacaine (<10 mg) and unilateral subarach-
noid anaesthesia may help to decrease hypotension. Use of intrathecal opioids helps for
postoperative analgesia. As morphine or diamorphine is associated with greater respiratory
and cognitive depression, it is preferable to use fentanyl.

Sedation should be used cautiously in elderly patients with spinal anaesthesia. If necessary for
patient comfort, sedation should be restricted to propofol. Ketamine can cause postop confu-
sion and delirium.

Epidural: It provides good postoperative analgesia, but may limit early mobilisation after surgery.

Nerve block: NICE recommends to consider intraoperative nerve blocks for all patients under-
going surgery.

The rational being, co-administration of a nerve block, reduces age-adjusted maintenance doses
of general anaesthesia, helps in positioning of patient for spinal anaesthesia, enables the use of
low-dose spinal anaesthesia as it provides analgesia during skin closure even if spinal starts
wearing off and it helps in providing opioid sparing analgesia in early postoperative period.

Blockade of the three nerves—femoral, obturator and lateral cutaneous nerve of the thigh—can
provide adequate analgesia. The most reliable method of blocking all three nerves is the psoas
compartment block. The fascia iliaca block/femoral nerve blocks do not reliably block all three
nerves but do provide some pain relief. Ultrasound guidance can be used for performing these
nerve blocks.

3.3. Monitoring

As recommended by AAGBI, minimum standards for monitoring as for any other surgery
include the continual presence of the anaesthetist, pulse oximetry, capnography, ECG and non-
invasive blood pressure monitoring.

As elderly patients are prone to hypothermia, core temperature monitoring should be used
routinely.

Further monitoring should be considered depending on the risk. This may include invasive
blood pressure monitoring, central venous pressure (CVP) monitoring and cardiac output
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monitoring. Transoesophageal Doppler, Transthoracic Doppler or LIDCO can be used for
cardiac output monitoring.

Bispectral index (BIS) monitors may be used to monitor the depth of anaesthesia as it will
allow for dose reduction and hence avoid potential hypotension. Initial BIS levels may be
abnormally low in alcoholic patients and patients with dementia.

Cerebral oxygen saturation: Postoperative cognitive dysfunction is associated with reduced
cerebral oxygen saturation.

AAGBI emphasises the finding in the NCEPOD reports ‘Extremes of Age (1999) and "An Age
Old Problem (2010)’ that, in spite of being among the sickest patients with the worst outcomes
in hospitals, elderly hip fracture patients were not intensively monitored during surgery, and
recommend a greater consideration be given to invasive arterial pressure monitoring and use
of cardiac output (e.g. Doppler, LiDCO) and cerebral function (e.g., bispectral index, cerebral
oxygen saturation) monitors.

3.4. Infection control

Antibiotic prophylaxis significantly reduces overall wound infections. Antibiotics should be
administered within 1 h of skin incision according to AAGBI recommendations. Hospital
antibiotic protocols should be followed.

3.5. Fluid management

Perioperative optimisation of fluid management helps to reduce morbidity. Cardiac output-
guided fluid administration in this group of patients could reduce hospital stay and improve
outcome [19].

3.6. Thromboprophylaxis

The following strategies will help reduce the risk of deep vein thrombosis-thromboprophylactic
stockings or intraop usage of intermittent calf compressors, regional anaesthesia, early surgery
and early mobilisation.

3.7. Prevention of hypothermia

Active warming techniques like body warmers and warm IV fluids should be used as elderly
patients are prone to intraoperative hypothermia.

3.8. Tranexamic acid

Patients with hip fractures can have significant blood loss. The rate of blood transfusion in the
perioperative period for hip fracture patients is reported between 20 and 60%.These patients
have multiple comorbidities making them more susceptible to adverse events from blood loss.

Antifibrinolytics, such as tranexamic acid (TXA), have been used to limit bleeding in orthopae-
dic surgery and prevent the need for blood transfusion.
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It acts as a competitive inhibitor in the activation of plasminogen to plasmin, therefore
preventing the degradation of fibrin. Despite its proven efficacy in patients undergoing elective
orthopaedic surgery, including total joint replacement and spine surgery, there is clinical uncer-
tainty and a lack of high-quality evidence regarding the use of TXA in hip fracture patients.

Four of five studies [20-24] identified a significant decrease in rate of transfusion in patients
who received TXA compared to those that did not. Some of these studies were underpowered
for detecting significant differences in thromboembolic events. Also, patients were only
followed perioperatively, and differences in 6-month and 1-year mortality rates and late-onset
complications were not assessed.

A systematic review of tranexamic acid in hip fracture surgery showed moderate quality
evidence that TXA reduces blood transfusion in hip fracture surgery and low-quality evidence
suggesting no increased risk of thrombotic events. A randomised controlled trial on the
efficacy of tranexamic acid in reducing blood loss in hip fracture patients is being done. The
immediate goal of this trial is to provide high-quality evidence that can be used to develop
clinical guidelines for use of TXA in patients with hip fractures [25].

3.9. Bone cement implantation syndrome (BCIS)

This is characterised by hypoxia, hypotension, or both, and/or unexpected loss of consciousness
[26]. This occurs at the time of cementation, prosthesis insertion and reduction of the joint or,
occasionally, limb tourniquet deflation in a patient undergoing cemented bone surgery. Several
mechanisms may contribute to a multimodal aetiology, including fat/platelet/fibrin/marrow
emboli and stimulated release of vasoactive mediators. The treatment of BCIS includes delivery
of 100% oxygen, fluid resuscitation (guided by CVP measurement) and vasoactive/inotropic
support. AAGBI [27] has made several recommendations to reduce the risk of developing BCIS
from cemented arthroplasty. They advocate a three-step check process to ensure we are prepared
for such events and we are able to manage them in a proactive manner.

4. Postoperative care

AAGBI recommends use of point-of-care Hb analysers (e.g., Hemocue or similar) routinely at the
end of surgery to assess the degree of anaemia and guide blood transfusion. Haemoglobin and
electrolytes need to be monitored postoperatively. An analysis of postoperative haemoglobin
levels in patients with a fractured neck of femur demonstrated that a haemoglobin value taken
on D2 postoperatively represents the largest drop in a patient’s circulating haemoglobin with
statistical and also clinical significance [28]. Certain groups will require close daily monitoring of
haemoglobin levels such as patients with chronic renal, cardiac disease and patients taking any
form of anticoagulation.

Good nursing care with regular input from orthogeriatricians, adequate analgesia, hydration
and nutrition are all important for good postoperative outcomes.

Early rehabilitation helps return the patient to their pre-morbid level of activity.
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4.1. Postoperative cognitive dysfunction

This is common in this group of patients. Management includes adequate analgesia, nutrition
and hydration, electrolyte balance, appropriate medication, optimising bowel habit, mobilisation
and also identifying and treating any infection or silent myocardial ischaemia. Drugs such as
haloperidol or lorazepam should only be used for short-term control of symptoms.

5. Conclusions

1. Patients with a hip fracture have a relatively high risk of perioperative morbidity and
mortality.

2. High-quality care of these patients requires multidisciplinary care and protocol-driven
care pathways

3. Early surgery aids in providing analgesia and allows early mobilisation, and is associated
with reduced morbidity and mortality.

4. The mode of anaesthesia provided is less important than the manner with which it is
delivered with regard to the age and pathophysiological status of the individual patient.

5. Surgery and anaesthesia must be undertaken by appropriately experienced surgeons and
anaesthetists.
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Abstract

Hip fracture is usually seen in advanced age. Due to the presence of metastases in
elderly patients, the density of bones decreases, and the possibility of fracture increases.
Cytokines, released from osteoclasts resulting in post-bony destruction, cause pain by
activating pain receptors; hence, pain-related motion restriction may occur. Bone mar-
row suppression and medulla spinalis pressure may be seen in metastatic bone tumors.
Three major complications can be observed in hip fracture operations: (1) perioperative
bleeding, (2) bone cementum implantation syndrome and (3) thromboembolism. These
indicate superiority of general anesthesia: 1 —controlled respiration. 2 -Invasive interven-
tions to be performed during shock treatment can be made more easily and smoothly.
3 — The safest way to ensure that patients remain immobilized on the operating table. 4 —
Hemodynamic parameters can be better controlled. Regional anesthesia has benefits such
as allowing early mobilization and postoperative pain control and few complications
such as hypoxia, deep vein thrombosis and consciousness blurring. Various regional
anesthesia methods such as spinal, epidural, combined spinal-epidural and peripheral
nerve blocks are applied. The knowledge and experience of the anesthetist, the general
condition and the mental state of the patient, the skill of the surgeon and the type of sur-
gery determine the type of the anesthesia.

Keywords: hip fracture, regional anesthesia, general anesthesia

1. Introduction

Hip fracture is an important medical problem, which is seen in elderly patients, and has a
higher incidence related to increased life expectancy, causing increased economic burden.
Substantial increase of hip fractures is seen due to increased incidence of age-related osteo-
porosis and decreased balance resulted in falling. Fractures are more common in women,
since osteoporosis is seen frequently in women. About 15-30% of patients with hip fracture

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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die in a year. In addition to osteoporosis, hip fractures due to bone metastases are too high
to be neglected. Current treatment is to provide patient weight bearing as soon as possible.
Hemiarthroplasties and locked hip nails are the first surgical treatment methods [1].

The most common problems faced in clinical practice are as follows:

¢ Periosteum stretching

¢ Intramedullary hypoxia

¢ Infiltration and compression in the nerve roots
* Reflex muscle spasm

* Pathological fracture formation

¢ Direct bone invasion and destruction

* Pain due to activation of pain receptors by cytokines (prostaglandin, etc.), released by os-
teoclasts due to bone destruction

¢ Limitation of movement due to pain

* Bone marrow suppression due to medulla spinalis pressure and bone marrow infiltration

Non-surgical treatment is only available to patients with poor general conditions that are too
low to tolerate any of the anesthetic methods. Hip fracture treatment requires a treatment
choice, which needs to be individualized at the highest level. The choice of treatment should
be based on surgeon, type of fracture, patient’s age and health status. In an elderly patient
population, hip fractures due to falling are among the first causes of death. An important
factor determining the mortality in these surgeries is an advanced age; 30% of these cases are
above 85 years of age.

Complications due to hip fracture operations:

* Bone cement implantation syndrome
¢ Perioperative bleeding

e Thromboembolism

2. Bone cement

Bone cement is a chemical substance consisting of methyl methacrylate polymers, which
tightly adheres prosthetic material to the patient’s bone by filling in the slots of the spongiosa.
The exothermic reaction followed by the placement of the cement causes the cement to harden
and expand. As a result, a pressure greater than 500 mmHg is seen in the bone medullary.
This pressure causes fat, bone marrow and air embolism in femoral deep veins. In addition,
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residual methyl methacrylate monomers cause vasodilatation and reduce systemic vascular
resistance. Release of tissue thromboplastin triggers platelet aggregation that leads to micro
thrombus formation in the lungs and cardiovascular instability due to vasoactive substances
in circulation [2].

Clinical signs of complication related to bone cement are as follows:

* Hypoxia (increased pulmonary shunt).

¢ Hypotension.

¢ Arrhythmia (including heart block and sinus arrest).

¢ Pulmonary hypertension (increased pulmonary vascular resistance).
¢ Reduced cardiac output.

* Embolism most commonly occurs when a femoral prosthesis is placed.

Methods to reduce cement-related complications:

* Increasing oxygen concentration in inspiration before cement procedures
* Close monitoring of the patient’s fluid balance

* Opening a hole in the distal region of the femur (vent hole)

* Cleaning the femoral shaft with high-pressure lavage to remove debris

¢ Using prosthesis without cement

3. Bleeding

Hip surgery is an operation causing significantly blood loss. Average loss of blood is about
1000-1500 ml. Bleeding cause depends on several factors. These factors are as follows:

* Experience of the surgeon.
* The surgical technique and the type of prosthesis.
¢ Controlled hypotension may reduce intraoperative bleeding.

* Some studies have shown that loss of blood in regional techniques (spinal and epidural)
providing equal average blood pressure was 30-50% less than general anesthesia [3, 4].

* For bleeding control, preoperative embolization, autologous and allogeneic transfusions
and hemodilution methods may be applied. Aprotinin, epsilon aminocaproic acid and
tranexamic acid prevent blood loss without increasing thrombus formation risk [5].
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4. Venous thromboembolism

Factors that increase the risk of thromboembolism are as follows:

* Previous thromboembolism history

* Previous venous surgery and/or varicose surgery history

¢ Previous orthopedic operations

* Advanced age

* Malignancy

* Congestive heart failure

¢ Chronic lower limb laceration

¢ Immobilization

* Obesity

* Oral contraceptive and estrogen

¢ Unnecessary blood transfusions

Regional anesthesia reduces the incidence of thrombus formation and pulmonary embolism
[6]. Davis et al. found that the deep vein thrombosis was 13% in spinal anesthesia, while
27% in general anesthesia [7]. Other approaches that reduce the risk of thromboembolism

are the use of devices providing intermittent compression to legs and low-dose anticoagulant
prophylaxis.

Pulmonary artery and its branches are obstructed by venous thrombus from systemic veins.
There is a close relationship between pulmonary embolism (PE) and deep vein thrombosis (DVT).

DTV is responsible for 90% PE. In 1856, Wirchow described clinical triad about the reasons of
venous thromboembolism:

¢ Venous stasis
* Hypercoagulopathy

* Local injury at vessel walls (intraluminal damage)

Clinical impact of PE depends on several factors:

Width of obstructed vessels bed

¢ Humoral factors released by serotonin and thromboxane A2

Whether the patient has cardiopulmonary disorders or not

¢ Patient’s age and general health status
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4.1. Diagnosis

Chest X-ray
ECG
Arterial blood gas analyses:

Major findings include hypoxemia, hypocapnia, respiratory alkalosis, and alveolar-arterial
gradient increase (PO, A-a).

Biochemical investigations: While CPK-MB, D-dimer, FDP, SGOT are normal, LDH and
bilirubin are high.

Respiratory function tests:

The physiological dead space (VD) and the tidal volumetric ratio (VD/VT) are increased.

4.2, Treatment

Ventilation with 100% O,.
Heparinization.
Inotropic agents.

Surgical embolectomy is performed in the large embolus. The small embolus is anticoagu-
lated. The best treatment is prophylaxis.

Venous stasis should be avoided. For this purpose, the legs should be lifted up and early
mobilization should be provided postoperatively. Advanced venous stasis causes deep
vein thrombosis and pulmonary embolism.

5. Venous air embolism

Low venous pressure and open ventilation are required for the air to enter the venous system
as compared with the atmospheric pressure.

This most often occurs during the neurosurgery operations in a sitting position.

In addition, poor surgical technique may increase the formation of air embolism.

Factors affecting air embolization are as follows:

Intravascular air volume

Air inlet velocity

The use of nitrogen protoxide
Foramen ovale presence

General health status
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Slowly entering a small air bubble has usually minimal physiological importance. In this case,
venous air bubbles are taken out from lungs based on increased compensator pulmonary
artery pressure (PAP). If this situation exceeds the capacity of lung removal, PAP increases,
cardiac output (CO) decreases and hearth failure occurs. If balanced, namely, if venous air
input is equal to pulmonary removal, PAP reaches a plateau.

300-ml air is fatal in adults. In animal trials, 1 ml/kg/min causes embolism signs; 3-8 ml/kg
causes death. The earliest sign is cardiovascular collapse. Blood pressure decreases dramati-
cally; sudden hypotension, tachycardia, arrhythmia and cardiac arrest occur in succession.
CVP increases; a metallic sound is heard with the precordial or esophageal stethoscope. In
case of this, characteristic “sound of the mill wheel” is heard. This sound can be heard in all
precordium. Respiratory changes such as increased respiratory rate, irregularity and apnea
can be seen.

5.1. Diagnosis

* Doppler ultrasonic flow meter
e PAP
End-tidal CO,

Other methods: Monitoring should be done for patient in a sitting position. In these pa-
tients, continuous measurement of arterial blood pressure, CVP, end-tidal CO,, Doppler
ultrasound and esophageal stethoscope should be applied.

6. Fat embolism

6.1. Etiology

* Bone fractures

¢ Liver and kidney ruptures
¢ Rarely, after bone surgery
6.2. Diagnosis

With the presence of free fat in sputum and urine and in histological examination, petechiae and
hyperlipidemia are diagnosed, with maximum level of free fat being reached in 34 days [8].

6.3. Treatment

Hypovolemia and shock should be treated. Clofibrate (atromid-S) and alcohol should be used
for hyperlipidemia.
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6.4. Preanesthesia assessment in arthroplasties

¢ Personal background.
¢ Physical examination:

* The patient’s age, weight, body mass index and vital signs (blood pressure, heart rate,
pulse rate, body temperature, number of breaths, (depth breathing)) of the patient are
evaluated.

¢ In these patients, the underlying etiology is mostly osteoarthritis or rheumatoid arthritis.
Therefore, examination of the cervical and lumbar vertebrae is especially important for
anesthesia.

* The cervical spine mobility should be checked to evaluate any restriction and assessed for
intubation difficulty. Also, under the anesthesia and during intubation, attempts should be
avoided from excessive extension of the neck joint.

¢ Osteoarthritis may lead to nerve root compression in the spine. Cervical spine and tem-
poromandibular joint may be involved in patients with rheumatoid arthritis. In the pres-
ence of atlantoaxial joint subluxation, diagnosis can be made radiologically. During in-
tubation, subluxation of the atlantoaxial joint may cause foramen magnum protrusion to
odontoid process, reducing vertebral blood flow and compressing the spinal cord or brain.
Intubation must be done by stabilizing the neck. A vigilant intubation technique may be
preferred in some patients. It may be easier to prefer regional anesthesia in this group of
patients [9].

* Because of multiple joint involvements in rheumatoid arthritis, it should be taken into ac-
count when placing intravenous catheters to the hand, wrist, foot, etc.

* Since most of patients undergoing arthroplasty are older, having cardiac, respiratory, cere-
bral, renal and endocrine diseases, perioperative and postoperative morbidity and mortal-
ity increase. Therefore, evaluation of systems is very important.

6.4.1. The evaluation of cardiovascular system

MET'’s (classification of metabolic equivalent) meaning is that 40 years old, 70-kg man
expresses oxygen consumption at rest. It is considered to be over 4 in the MET evaluation, can
go uphill, go up 2 stories of stairs, walk straight on the road at 6 km/h, run short distance, do
heavy work at home and participate in moderate activities. Patients with MET >4 are consid-
ered to be good in terms of functional capacity.

* 1 MET resting, eating, toilet needs
* 3 MET mild housework, walking at 2-3 mph

* 4 MET 2-story climbing stairs
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7 MET heavy housework

>10 MET heavy sports ability

6.4.2. Cardiovascular risk assessment: the Lee risk index is the most appropriate for orthopedic
patients

Number of current risks and incidence of cardiac complications

00.4%
10.9%
2 7%

>3 11%

6.4.3. Cardiovascular drug management

Antihypertensive agents should not be discontinued until morning of the operation.

Beta blockers should not be discontinued until an operation; the drug dose should be ad-
justed so that the heart rate is below 65/min.

Aspirin reduces the risk of deep vein thrombosis and pulmonary embolism. The use of
aspirin alone provides suboptimal protection for thromboembolic events associated with
hip fractures. It is imperative that aspirin should be continued for stapled, drug-free stents.

Thienopyridine (clopidogrel and ticlopidine) combined with dual use of aspirin is associat-
ed with the use of coronary stent. Dual use increases the possibility of bleeding by 0.4-1.0%
compared with aspirin treatment alone. Three ways may be followed based on the type of
stent and intervention time:

Dual treatment is continued without interruption.

Bridging therapy with antithrombotic agents (low molecular weight heparin, glycoprotein
II b/III a inhibitors) can be applied.

Thienopyridine treatment is discontinued 10 days before surgery and resumed in a safe
period.

Antithrombotic agents; fondaparinux, unfractionated heparin (UFH) and low molecular
weight heparin (LMWH).

7. Airway assessment

There is a risk of difficult mask ventilation and difficult intubation due to hardness in the
neck, dental deterioration and cervical joint degeneration.
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Hypoxia may be associated with pulmonary collapse and/or infection. Preoperative physio-
therapy and spirometer may be beneficial to postoperative hypoxia.

Death, pneumonia, prolonged extubation and persistent bronchospasm can be seen in patients
with COPD and smokers. The length of stay in intensive care unit is longer. The incidence of
postoperative pulmonary complications is about 25-90% (If FEV1 < 65%, risk of complications
>50%). Arterial blood gas analysis may be done. If the value of PaCQO, is above 45 mmHg, it is
a strong risk factor for preoperative pulmonary complication. In case of preoperative inhaler
use, respiratory exacerbations and the presence of lung infection, antibiotic and supportive
treatment should be provided with optimal conditions.

8. Neurological assessment

In the group of patients planned for arthroplasty, weakening of the memory, decrease in
cognitive and intellectual functions, diminished movements, deterioration of sleep order,
decrease in visual, acoustical, taste and smell sensation, autonomic nervous system imbal-
ances, Parkinson, depression and dementia are common. If there is a suspicion of a mental
condition of the patient, the mental status test (Mini Mental Status Test) can be planned.

9. Renal assessment

There is a risk of renal insufficiency and preoperative azotaemia related to age. Prerenal azo-
taemia should be corrected by hydration, by taking patients into dialysis program if necessary
and by optimizing biochemical values.

10. Glycaemia control

Autonomic dysfunction, which is usually caused by diabetes mellitus in a long term, is an
important actor for regional anesthesia and for control of perioperative hemodynamic. There
is a possibility of silent myocardial ischemia. Oral antidiabetics should be stopped at least
24 hours before the operation.

11. Nutrition control

Because patients undergoing arthroplasty are geriatrics, preoperative nutritional status
should be evaluated. Their nutritional status is assessed by Mini Nutritional Assessment
Test. If albumin is <3.5 gr/d], the patient should be supported. Reduced glomerular filtration
rates due to age should be considered. Urea, serum creatinine and electrolytes should be
examined.
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12. Pain education

Preoperative training including surgical procedure and rehabilitation protocol, informing the
prospective benefits of the procedure, postoperative pain level and pain management tech-
niques (intravenous, epidural patient-controlled analgesia), is beneficial to reduce patient anxi-
eties, increase patient satisfaction, and reduce rehabilitation and hospital stay. Pre-emptive
administration of opioid analgesics, NSAII and COX-2 inhibitors can provide effective postop-
erative analgesia. However, it should be considered that opioid use is associated with increased
postoperative nausea and vomiting risk. Pre-emptive epidural analgesia with an epidural cath-
eter prior to arthroplasty can provide postoperative pain control at a significant level [10].

13. Approaches to oncological patients

Systematic evaluation of oncologic patients is important. Patients are questioned about whether
they have received chemotherapy (RT) or radiotherapy (RT). In these patients, impaired health
status and blood vessel changes due to bone marrow suppression may be seen.

Alkylating agents such as cyclophosphamide may cause prolongation of the neuromuscular
block.

It should be kept in mind that oxygen therapy at high concentration increases interstitial
pneumonia and interstitial fibrosis due to bleomycin.

Skin reactions related to RT and KT should be noted. Vascular access may be problem-
atic. Most cancer patients are malnourished due to their illnesses and side effects of treat-
ment. Loss of appetite, cachexia, hyperproteinemia and hypoalbuminemia are common.
Preoperative nutritional support should be given. Immunonutrition is thought to be useful to
reduce immunosuppression. Lung metastases may be found to impair respiratory functions.
The cardiotoxic effects of KT and RT may extend to cardiomyopathy, pericardial effusion,
pericarditis and congestive heart failure.

In the hepatobiliary system, hepatomegaly, deterioration in liver function tests and even cir-
rhosis can be seen. Decrease in coagulation factors and coagulopathy can be seen.

In the urinary system, radiation nephropathy can be seen.
In the hematopoietic system, immune system impairment may be seen.

Multidisciplinary examination of cancer patients should be done. After their clinical and labo-
ratory values are improved, the patients should be given to surgery.

14. Anesthesia techniques in hip fracture operations

14.1. General anesthesia

* It may be possible for hip fracture operations to obtain safer results with general anesthesia.



Anesthesia Management in Total Hip Replacement
http://dx.doi.org/10.5772/intechopen.76366

¢ With controlled breathing, it may be possible to obtain the patient’s alveolar oxygen pres-
sure to the levels that meet the oxygen needs of the tissues.

¢ Invasive interventions to be done for the treatment of shock and monitoring of unconscious
patient can be completed more easily and free of problems.

* It is the safest way for patients with restless and agitation due to shock and pain due to
trauma to remain immobilized on the operating table.

¢ General anesthesia has some advantages (better control of hemodynamic parameters, giv-
en oxygen with higher concentration compared to regional anesthesia) [11].

Important points in general anesthesia:

¢ Firstly, enough volume should be replaced.

¢ Induction under appropriate monitoring conditions following a good pre-oxygenation to
reduce hypoxemia risk.

* Hypnotics, narcotic agents and inhalation agents with balanced anesthesia usually mini-
mize the potential problems in a perioperative period.

* It should be given attention for the position of the patient during anesthesia.

14.1.1. The general anesthesia management in elderly patients

Given that the vast majority of hip fracture surgeries are performed on elderly individuals,
general anesthesia guidelines should be followed in geriatric patients. At first, the premedica-
tion to which the respiratory tract may be depressed should be avoided or the dose should
be reduced.

When performing volume replacement, the cardiac load should be avoided and the mean
arterial pressure should be preserved. Respiratory depression can be avoided by minimizing
the opioid dose. The inotropic medicines can be necessary to treat hypotension. The preserve
of renal function should also be supplied.

We must make sure that the neuromuscular block is completely turned. For postoperative
analgesia, regional anesthesia techniques should be used and the dose should be adjusted.

14.2. Regional anesthesia

There is a long history for epidural and spinal block interventions and the use of these inter-
ventions for pain relief. Both techniques are widely used around the world. They have some
advantages such as regional anesthesia interventions, early mobilization, postoperative pain
relief and reduced risk of DVT, hypoxia and conscious problems [12]. There are a number of
studies in geriatric patients that indicate the superiority of regional anesthesia in hip fracture
operations.

Advantages of spinal anesthesia:
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¢ Short acting time

* Provide better muscular relaxant effect
* More effective analgesia

* Rarely serious respiratory depression
¢ Cost-effective

* Easy to perform
Disadvantages:

* Provide low dose and toxicity.

* Rarely shaking.

* Hypotension is more frequent and sudden onset.

* The incidence of post-spinal headache is high.

* Upper level of blockage may be changed and cannot be adjusted.
* Postoperative analgesia cannot be obtained.

¢ Duration of the effect cannot be extended.
Advantages of epidural anesthesia:

¢ The desired block level can be titrated with the catheter.
e The duration of anesthesia can be extended with added doses.

¢ Itis possible to obtain postoperative analgesia [13].

* No headache.

* The effect time is long.

* The depth of the block may vary depending on the agent.
¢ Lower boundary may vary; sacral distribution is limited.
* High dose is required.

* Shaking is often present.
Combined spinal-epidural anesthesia:

¢ [t provides both spinal and epidural advantages as mentioned above in abdominal, lower
extremity surgery and birth analgesia.

* Itis possible to complete an inadequate spinal anesthesia.
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¢ It provides longer analgesia with opioids and/or local anesthetics even in postoperative
period.

* The incidence of headache due to postdural puncture is low, and it also provides autog-

enous blood injection to treat/protect headache due to incidental postdural puncture.

14.3. Peripheral nerve blockage

If neuro-axial blockage is contraindicated, fascia iliaca block, femoral nerve block and sciatic
nerve block can be applied. Peripheral nerve blockage is particularly useful in tumor patients
developing opioid intolerance and using anticoagulants.

Lumbosacral blocks and femoral and sciatic nerve blocks may be used in hip arthroplasty
operations in geriatric patients. These blocks also provide postoperative pain treatment. Since
peripheral nerve blocks do not have sympathetic blockade, sudden hypotension cannot occur.

Advantages:

* Protection of the patient’s consciousness and unaffected respiration.
¢ Higher possibility of providing unilateral blockage.

* The respiratory system is not affected.

The effect of them on central nervous system is minimal.

¢ Less sympathetic blockade than regional techniques.

The use of ultrasonography in peripheral blockage:

¢ The use of Stimuplex may not be needed, the number of punches is reduced, the dose is
reduced, and the blockage application time is reduced. Vasculature may not be prevented,
the duration of the blockage is not prolonged in adults, and the shortened neuropraxia
does not decrease [14].

14.4. Evaluation after operation in hip fracture surgery

Decent postoperative evaluation and care after the surgery are important factors for the heal-
ing of the patient. Post-anesthetic care includes periodic follow-up, if necessary; the treatment
of respiratory, cardiovascular and neuromuscular functions of the patient; and monitoring
of blood level, body temperature, pain intensity, nausea, vomiting, drainage, bleeding and
urinary output.

The respiratory system is followed by the pulse oximeter monitoring. It is useful for early
detection of hypoxia. ASA recommends oxygen supplementation therapy at risk of hypox-
emia, during transport and at collection facilities. Oxygen therapy for up to 24 hours is espe-
cially recommended in the elderly group at risk of myocardial ischemia undergoing the hip
fracture surgery.

61



62 Total Hip Replacement - An Overview

Cardiovascular system: ECG and blood pressure monitor should be continued during wak-
ing and compilation. It should not be forgotten that arthroplasty patients are elderly and
cardiovascular comorbid diseases can be found and the risk of postoperative cardiac com-
plications is high. The most important factor affecting mortality in geriatric patients is the
current co-morbidities. Increase in troponin I is important in postoperative follow-up due to
myocardial ischemia.

Assessment of neuromuscular functions (NMF) is done by physical examination and neuro-
muscular block monitors.

Body heat: Preservation of normothermia and periodic body temperature measurements
should be made to prevent hypothermia, and heaters should be used if necessary. Both anes-
thesia recovery and postoperative patient comfort are important. In the treatment of thyroid
disease, agents such as low-dose meperidine and tramadol can also be used.

Thromboemboli: Prophylactic anticoagulants, early mobilization, intermittent pneumatic
compression devices, compression socks and neuro-axial anesthesia can reduce thromboem-
bolic complications. Continuation of acetyl salicylic acid therapy is recommended in elderly
patients. The use of regional anesthesia and anticoagulation is still controversial.

Nausea and vomiting: Periodic control of nausea and vomiting is important to detect compli-
cations. In the treatment of nausea and vomiting, 5-HT3 antagonists, tranquilizers/neurolep-
tics, scopolamine, dexamethasone, antihistamines or metoclopramide may be used.

Renal functions: Urinary retention is a common complication. It is especially more common
after epidural anesthesia. This complication does not occur in peripheral nerve blocks.

Cognitive changes: Cognitive changes after hip fracture operations are common in elderly
patients. There are studies showing that short-term cognitive changes are less frequent after
spinal anesthesia. However, there was no difference in the long term.

15. Postoperative analgesia methods in hip fracture surgery

Pain management in hip fracture operations is multimodal. The combined use of different
effect mechanistic analgesics provides less pain relief resulting in less opioid use and less
complications [15].

Inadequate postoperative pain treatment causes prolonged hospitalization and additional
malignancy. Inadequate pain management leads to the chronicity of the pain and the decrease
in the quality of life of the patient.

Intraoperative analgesic treatment from the preoperative epidural catheter ensures that the
patient does not have pain at the end of the operation. The patient can return to daily activities
more quickly. Patient-controlled analgesia (PCA) technique is frequently used in postopera-
tive pain management. It can be administered via peripheral intravenous or epidural catheter.
Peripheral nerve blocks can also be provided with PCA using catheter.
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Bupivacaine and opioid protocols. are mostly used in regionalized PCA. It should be noted
that opioids administered by the epidural route may also cause sedation.

Periarticular injection and multimodality in patients with hip arthroplasty should be part of
the treatment [16]. Periarticular injection solution includes; bupivacaine 0.5% 200-400 mg, mor-
phine sulfate 4-10 mg, epinephrine 300 mcg, methylprednisolone 40 mg, cefuroxime 750 mg
and 0.9% NaCl. The total volume is 60 ml.

Periarticular injection is applied in anterior capsule, iliopsoas tendon and inseriosion before
reduction. After reduction,it is applied in abductor, fascia lata, snovia, gluteus maximus and
insercius, posterior capsules, short external rotators.

Duration of hospital stay and ambulance: The average length of hospital stay is 3 days in
hip arthroplasty. After a hip fracture repair, the average time for elderly patients is 20 days.
Although there are many studies advocating that neuro-axial anesthesia is an advantage in
ambulance [17], there are studies advocating that the anesthesia route is not effective.
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Abstract

Fall-induced hip fracture is a major worldwide health problem among the elderly popu-
lation. Nowadays, hip replacement surgery represents a big part of the orthopedic sur-
geons’ workload and has associated remarkable clinical and social cost implications.
Hip fractures have several complications including medical and surgical treatment. A
significant number of biomechanical models have been introduced to study hip fracture
risk. The purpose of proposing the biomechanical models for predicting the hip fracture
risk is to introduce prevention and protection activities that may reduce the number of
hip fractures. For accurate prediction of hip fracture risk, the fracture procedure and the
parameters that affect the risk of hip fracture should be well studied. The objective of
this study is to investigate in-depth the hip fracture anatomy, causes, and consequences.

Keywords: hip fracture causes, hip anatomy, fall, hip impact force, hip fracture
consequences

1. Introduction

Low-trauma hip fracture has become a common health problem among the elderly all over
the world [1-21], mainly due to the population aging and the prevalence of osteoporosis.
Of all osteoporotic fractures, hip fracture has the highest morbidity and mortality rate [22].
Approximately 50% of patients have permanent functional disability greater than that before
fracture [23, 24]. The incidence of hip fracture appears to be increasing in many countries [10],
and the total number of hip fractures is estimated to be more than five million by 2050 [25].
Socioeconomic impacts of hip fracture are twofold. On the one hand, hip fracture increases
the morbidity and mortality in the elderly [26-28]; on the other hand, it is a substantial source
of healthcare expenditure [29, 30]. Therefore, there is an urgent need to accurately assess
hip fracture risk and then develop preventive and protective measures. In this chapter, hip

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [(cc) ExgIEN



68 Total Hip Replacement - An Overview

anatomy is first reviewed, and hip fractures are classified by anatomic location. Then, preva-
lence of hip fracture is presented, followed by a description of the significance of accurately
assessing hip fracture risk.

2. Hip fracture anatomy

Hip fracture is a medical condition in which there is a break in the continuity of the femoral
bone. Hip fracture is generally affected by hip anatomy [31], the applied forces to the hip [32],
and bone mechanical properties [33]. In this section, hip anatomy is explained to show why
the hip is likely to experience fracture in a fall.

The hip joint is one of the most important joints in the human body. It is also one of the most
flexible joints allowing a great range of motions. To better understand hip fracture, it helps
to know the anatomy of the hip joint. The hip is a joint formed by the ball-shaped head of
the femur and the socket of the pelvis. The femurs are the longest and the strongest bones in
the human body, extending from the hip to the knee. Important geometric features of femur
bones include the head, neck, and greater and lesser trochanters, as shown in Figure 1(a). A
femur is composed of two types of bones, cortical and cancellous. The cortical bone forms the
outer layer of the femur and withstands most of the forces and moments. Cancellous bone is
mostly enclosed by the cortical bone and mainly absorbs the shock energy produced in walk-
ing and running [34]. The hip joint is a stable ball-and-socket joint, much more stable than the
shoulder joint. The stability in the hip mainly attributes to the deep socket, i.e., the acetabulum.
Additional stability is provided by the strong joint capsule and its surrounding muscles and
ligaments. The high level of stability of the hip joint is required to support the upper body [34].
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Figure 1. (a) Anatomic structure of the hip [35]. (b) Concentration of applied forces on the proximal femur in a lateral fall
which increases the risk of fracture.
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More than 90% of all hip fractures occur in falls [36] as the femur is subjected to a high-level
impact force. As shown in Figure 1(b), in a sideways fall, the greater trochanter and the femoral
head are subjected to the impact and the joint force, respectively, from the ground and the ace-
tabulum. The forces produce a moment at the intersection of the neck-shaft axes. Muscles that
are attached to the femur also produce forces during the fall. As it is shown in Figure 1(b), the
applied forces in a fall are mainly on the proximal femur, and it may explain why the major-
ity of fall-induced hip fractures occur at the proximal femur [37]. A hip fracture refers to any
fracture of the proximal femur down to a level of approximately 5 cm below the lower border
of the lesser trochanter [38]. The extent of the break depends on the forces that are involved.

3. Hip fracture causes

Hip fracture is usually caused by an applied force that exceeds the strength of the femur bone
[39]. Therefore, any situation that either induces a high level of force on the femur bone or
decreases the bone strength should be considered as a hip fracture cause.

The main cause of hip fracture is falling (90-92%) [36, 40—42], in particular falling in sideways
direction (63-69% in fall-related fractures) [8, 43], as it induces a high level of force on the
femur. Parameters that increase the risk of fall and apply a high level of force on the femur,
especially in the elderly, are:

* Mental impairment and confusion

¢ Impaired vision

¢ Impaired muscle reactions

* Slow reflex response

¢ Inability to effectively use the arms to reduce the energy of the fall

¢ Impaired neuromuscular coordination and neurological diseases (e.g., hemiplegia, Parkin-
son’s disease)

* Reduced soft tissue padding over the hip [44, 45]

In the elderly, most fractures occur after a low-trauma fall, which would not cause any severe
injury to a healthy individual. Therefore, low bone strength is another main cause of hip
fracture. Osteoporosis as a progressive bone disease, which is characterized by decreases in
bone mass and density, has been identified as one of the main contributors of hip fracture
[46, 47]. Osteoporosis advances when bone resorption exceeds bone formation, and therefore
it is more common among the elderly [48]. Approximately three to four out of ten women
over the age of 50, and one in eight men, suffer osteoporotic fracture in their lifetime [49].

Apart from osteoporosis, several other causes may reduce the strength of the bone such as
bone cancer and medical side effects [38]. Other factors associated with reduction in bone
strength include [38]:
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¢ Genetic and family history

* Sedentary lifestyle

* Impaired nutrition

* Smoking

* Excess alcohol

* Medications (including tranquilizers, hypnotics, anticonvulsant drugs, and steroids)

* Osteomalacia from vitamin D deficiency, malabsorption, and liver or renal disease

¢ Cardiovascular disease and cardiac arrhythmias

* Underlying bone disease (e.g., Paget’s disease, bone tumors, and secondary bone tumors)
* Endocrine abnormalities: hyperthyroidism, hyperparathyroidism, or hypercortisolism

In addition to the mentioned causes, high-trauma falls and accidents such as car and motorcycle

accidents can lead to hip fracture [50]. But they are not studied in this dissertation. Figure 2
shows how different factors contribute to the hip fracture [6, 38].
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Figure 2. Conceptual model of the fall-induced hip fracture procedure and associated effective factors [15].
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4. Hip fracture consequences

Hip fractures are associated with significant morbidity, mortality, loss of independence, and
financial burden [3, 9, 25, 42, 51-53]. It has been reported that approximately 20% of hip frac-
ture patients died within 1 year of the fracture [54]. Generally, the first year after hip fracture
appears to be the most critical time. A recent meta-analysis revealed that women sustaining
a hip fracture had a fivefold increase and men almost an eightfold increase in relative likeli-
hood of death within the first 3 months compared with age- and sex-matched controls [29].
The relative death risk decreases substantially over the second year but still much higher than
that of the controls [55]. Many lose their ability to walk mainly due to the pain caused by the
hip fracture. In fact, only 40-79% of patients regain their previous ambulatory function a year
after the fracture, and less than half return to their pre-fracture status of daily activities [56].

In addition to functional impairments, hip fracture can have a negative impact on self-esteem,
body image, and mood [57], which may lead to psychological problems [58]. Individuals who
suffer fractures may be immobilized by a fear of falling again and suffering more fractures. They
may feel isolated and helpless. The National Osteoporosis Foundation conducted a survey [59]
among 1000 women with osteoporotic fracture in the United States to investigate the psycho-
logical effects of the fracture on the patients. Eighty-nine percent of said they feared breaking
another bone; 80% were afraid that they would be less able to perform their daily activities and
lose their independence; 73% worried that they would have to reduce activities with family and
friends; and 68% were concerned that another fracture would result in their having to enter a
nursing home [59]. If not addressed, fear about the future and a sense of helplessness can pro-
duce significant anxiety and depression. These problems may be compounded by an inability
to fulfill occupational, domestic, or social duties, thus leading to further social isolation.

The disability, reduced functional status, and poor mental health caused by hip fracture
can have a profound impact on the quality of the individual’s life. Survivors of hip fracture
reported a 52% reduction in the quality of life in the first 12 months and a 21% reduction after
2 years [60].

Also, hip fracture is a major cause of the need for long-term nursing home care and a major
contributor to healthcare costs [30, 61, 62]. There are approximately 23,000 cases of hip
fracture every year in Canada with associated treatment costs of about $1 billion [63]. In
the United States, 310,000 hip fractures occurred in 2003, and the total Medicare cost was
estimated between $10.3 and $15.2 billion, including acute medical care and nursing home
services [53, 64, 65]. As the population of the elderly is still continuously increasing, the
number of hip fractures is expected to rise dramatically, and it will put more burdens on the
community healthcare system [2, 66].

5. Classification of hip fractures

In general, there are three types of hip fractures, depending on what region of the proximal
femur is involved [67]:
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1. Femoral neck fractures occur in the narrow section of the proximal femur that lies between

the femoral head and the intertrochanteric cross section. Most femoral neck fractures occur
within the capsule surrounding the hip joint and are, therefore, termed intracapsular frac-
ture. The blood supply to the femoral head is carried by a number of arteries that pass
through the femoral neck region. Therefore, femoral neck fractures may disrupt the blood
supply to the femoral head, causing death of the femoral head bone tissues, called osteone-
crosis or avascular necrosis. Femoral neck fractures are further grouped into nondisplaced
and displaced fractures by the alignment of the fractured segments in relation to the origi-
nal anatomic position of the femur [68].

. Intertrochanteric fractures occur at a lower location than femoral neck fractures, in the area
between the greater and lesser trochanters. The trochanters are bony projections where
major hip muscles are attached. Intertrochanteric hip fractures occur outside of the joint
capsule and are therefore also called extracapsular fracture in the literature. Intertrochan-
teric fractures are complicated by the pull of the hip muscles on the bony muscle attach-
ments, which can exert competing forces against fractured bone segments and pull them
out of alignment. Thus, healing of the fracture in a misaligned position is considered as
a complication for intertrochanteric fractures. Intertrochanteric fractures may be further
grouped into stable and unstable fractures, depending on the location, number, and size of
the fractured bony segments [68].

. Subtrochanteric fractures occur in the zone about 5 cm below the lesser trochanter of the
proximal femur. The blood supply to the bone of the subtrochanteric region is not as good
as the blood supply to the bone of the intertrochanteric region, and thus subtrochanteric
fracture heals more slowly [68]. Similar to the intertrochanteric fractures, subtrochanteric
fractures are likely to cause femur misalignment [68].

In more complicated cases, the fracture of the bone can involve more than one of these zones.
Figure 3 shows different types of proximal femur fracture.

\ J N /! b I"L '
¢ F ¥
[ | Fi i w"_
Subcapilal nack Transcarvical neck Intertrochantanc Subtrochanteric
fracture fraciure fracture fracture

Figure 3. Three main types of hip fractures: femoral neck fracture (subcapital and transcervical fractures), intertrochanteric
fracture, and subtrochanteric fracture [69].
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6. Demographic feature of hip fractures

A variety of studies have examined hip fracture rates in different regions of the world
[10, 51, 52, 70]. Greater than tenfold differences have been found on the basis of studies under-
taken at a regional or national level for different calendar years. The studies show that the
main demographic risk factors for hip fractures include increased age and female gender
[10, 25]. The geographic distribution by fracture risk is shown for men and women combined
in Figure 4. Heterogeneity in hip fracture risk in countries can be seen in this figure. Based on
statistical results [10], for women, the lowest annual incidences are found in Nigeria (2/100,000),
South Africa (20), Tunisia (58), and Ecuador (73). The highest rates were observed in Denmark
(574/100,000), Norway (563), Sweden (539), and Austria (501). The incidence of hip fracture in
men is approximately half of that noted in women. The highest annual incidence in men has
been found in Denmark (290/100,000) and the lowest in Ecuador (35/100,000) [10].

As it is shown in Figure 4, the high-risk countries are Iceland, the United Kingdom, Ireland,
Denmark, Sweden, and Norway in Northwestern Europe; Belgium, Germany, Austria,
Switzerland, and Italy in Central Europe; Greece, Hungary, Czech Republic, Slovakia, and
Slovenia in southwestern Europe; Lebanon, Oman, Iran, Hong Kong, Singapore, Malta, and
Taiwan in Asia; and Argentina in South America. Regions of moderate risk include North
America, Oceania, the Russian Federation, and southern countries of Latin America. Low-
risk regions include the northern regions of Latin America, Africa, Jordan, Saudi Arabia,

Figure 4. Hip fracture rates (men and women combined) in different countries of the world categorized by risk. Where
estimates are available, countries are color-coded red (annual incidence >250/100,000), orange (150-250/100,000), or
green (<150/100,000) [10] (reproduced with permission).
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Figure 5. Estimated number of hip fractures by sex in the year 1990 and the number expected in 2025 and 2050 by region
assuming no increase in age- and sex-specific rates, a 1% annual increase worldwide, or no increase in North America
and northern Europe but an increase in age- and sex-specific incidence elsewhere of 2, 3, or 4%. (ROW is rest of world)
[25] (reproduced with permission).

India, China, Indonesia, and the Philippines. It is notable that in Europe, the majority of
countries are categorized as high or moderate risk. Low risk is identified only in Croatia and
Romania [10].

Hip fracture incidence rates are known to increase exponentially with age in both men and
women for the most regions of the world [71-74]. The increasing rate of hip fracture in the
elderly is mainly associated with their slower reflex response and the inability to effectively use
their arms to reduce the energy of the fall and low bone density of the proximal femur [44, 45].

Epidemiological studies show that the number of hip fractures will rise from 1.66 million in
1990 to 4.5-21.3 million by 2050 (Figure 5) depending on the underlying assumptions about
age- and gender-specific incidence trends [9, 25, 51, 75].

7. Significance of accurately assessing hip fracture risk

The aim of accurately assessing hip fracture risk is to identify patients at high risk of hip frac-
ture and to start intime prevention and protection measures to reduce the number of hip frac-
tures. These measures are accepted by the patients only after they are accurately diagnosed
with the high fracture risk. Also, accurate assessment of hip fracture risk is the prerequisite
step before starting a therapy. For example, during the process of osteoporosis treatment, it is
required to monitor the change of fracture risk and subsequently track the effectiveness of the
therapy. By knowing the risk of fracture, people can improve their bone health and change
their environment to reduce the likelihood of the fall.
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Patients diagnosed with high fracture risk may consider the following prevention measurements:

Individualized exercise programs:

o Muscle-strengthening exercises [76]

o Practicing balance exercises [77]

o Increasing the lower extremity joint function [32]
* Management of visual impairment:

o Obtaining maximum vision correction [6, 78]

¢ Examination of basic neurological function, including mental status, muscle strength,
lower extremity peripheral nerves, and reflexes [79]

Using mobility assisting devices (e.g., walking stick, frames)

Implementing surveillance and observation strategies

Protection measurements must be provided to patients with high fracture risk, for example:
* Remembering that sideways falling is more likely to result in a hip fracture than falling in
other directions [8]:

o Trying to fall forward or backward not from sides

* Taking steps to reduce the potential energy and subsequently decrease the risk of fracture
[80]

* Landing with the aid of hands or rea’chable objects around to break the fall [81]
¢ Using hip protectors [82-87]

¢ Environmental modification (e.g., flooring) [31]

* Medication and nutritional improvement:

o Consuming a calcium-rich diet that provides about 1000 mg (milligrams) daily for men
and women up to age 50 [88]. Women over age 50 and men over age 70 should increase
their intake to 1200 mg daily from a combination of foods and supplements.

o Obtaining 600 IU (international units = 0.025 ug) of vitamin D daily up to age 70 [88].
Men and women over age 70 should increase their uptake to 800 IU daily.

o 5-15 min’ exposure to sunlight 4-6 times per week [89].

8. Bone fracture criterion and hip fracture risk measurement

From biomechanics point of view, assessment of hip fracture under stance loading or lateral
impact force has been performed using three criteria: factor of safety (FOS) [90], risk factor
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(RF) [70], and fracture risk index (FRI) [91]. In this section, a review is performed on previ-
ously adopted bone fracture criteria in both 2D and 3D FE models.

Keyak et al. [90] assessed FOS under two loading conditions: one representing loading during
the stance phase of gait and the other simulating the impact from a fall. Their study was based
on a 3D FE model generated from CT data of the patient. They calculated FOS to compare the
actual element strength with the applied von Mises stress.

Schileo et al. [92] applied maximum principle strain, von Mises stress, and maximum prin-
ciple stress criteria to calculate risk factor and to predict fracture location of the femur. RF
compares the applied stress/strain with the yield one to predict the bone fracture. Lotz et al.
[93, 94] also used von Mises stress yield criterion for the cortical bone and crushing-cracking
stress criterion for the trabecular bone. The performance of nine stress- and strain-based fail-
ure theories in assessment of hip fracture is investigated by Keyak and Rossi [95]. They evalu-
ated the distortion energy (DE), maximum normal stress, maximum normal strain, maximum
shear strain, maximum shear stress, Coulomb-Mohr, modified Mohr, Hoffman, and strain-
based Hoffman failure theories, using CT-based FE models of the femur [95].

The abovementioned fracture risk measurements are all derived from CT images. The most
recent DXA-based fracture risk criterion is proposed by Luo et al. [91]. They calculated the
averaged FRI as a ratio between the effective stress (von Mises stress) by applied forces and
the allowable stress (yield stress) of the bone over a region of interest (ROI). FRI is a local
fracture risk measurement, while FOS and RF are global ones.
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Abstract

With an increasing global incidence of hip fractures, designing appropriate treatment
strategies for hip fractures is fundamentally important to healthcare professionals,
policymakers, and payers of healthcare services. We will evaluate the role of total hip
replacement (THR) in the setting of trauma for the acute treatment of hip fractures. In
this chapter, we will compare hemiarthroplasty and total hip replacement in the acute
setting while also examining the role of arthroplasty in the setting of failed internal fixa-
tion, as well as in pathologic fractures. We will describe the pearls and pitfalls of surgical
technique in these scenarios, highlighted with case examples.

Keywords: arthroplasty, trauma, hemiarthroplasty, THR, salvage

1. Introduction

The incidence of the neck of femur fracture is increasing alongside the increasing proportion
of elderly patients with multiple comorbidities in our population statistics [1]. It is currently
estimated that more than 80,000 hip fractures are treated each year in the United Kingdom —
the great majority of these fractures require some form of surgical treatment, as nonoperative
management is associated with high morbidity and complication rates [2-5]. Deciding on
the most appropriate intervention is often challenging; factors such as fracture location and
configuration, bone stock, physiological age, mobility, comorbidity, and implant selection are
only some of the considerations in such cases. Optimal care for these patients requires mul-
tidisciplinary intervention across a broad range of services including surgery, anaesthesia,
physiotherapy, geriatrics, and rehabilitative medicine.

Fractures are broadly categorised as intracapsular or extracapsular and can be classi-
fied as stable or unstable. In general, extracapsular fractures are treated by reduction and
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osteosynthesis, as are selected intracapsular fractures. Displaced intracapsular fractures
are conventionally treated by hemiarthroplasty, but total hip replacement [THR] has a role
either as a primary intervention in the younger more active patient or as a salvage proce-
dure for failed osteosynthesis or hemiarthroplasty. Well-recognised goals of operative treat-
ment include immediate pain relief, a rapid return to ambulation, an accelerated period of
rehabilitation, and maintenance of independent living. Arthroplasty is generally considered
to be a highly effective treatment for many painful hip conditions. By definition total hip
replacement requires prosthetic replacement of the femoral and acetabular joint surfaces. All
implants require an interface for skeletal fixation which can be achieved using bone cement or
by biological fixation. In addition the implant must be able to accommodate an articular sur-
face to provide a low-friction, physiological range of motion. Identifying the most appropriate
treatment strategy for hip fractures avoids secondary hospital admissions, costly and often
complicated reoperations, loss of independence, and physical disability. Designing optimal
treatment strategies for hip fractures is fundamentally important to healthcare professionals,
policymakers, and payers of healthcare services.

Stable fractures can be treated by osteosynthesis with predictable and favourable results [6, 7].
Conversely, surgical fixation of unstable fracture patterns remains challenging due to deficient
bone stock and osteoporosis [8, 9]. In the past, fixed nail-plate devices used for the fixation of
these fractures had high rates of cut-out and fracture displacement. Sliding hip screws have
become the predominant method of fixation of these fractures with reduced rates of cut-out
and fracture displacement compared with fixed nail-plate devices [10-14]. Cephalomedullary
fixation has also demonstrated reduced cut-out rates in osteoporotic bone and is the preferred
method of fixation for unstable intertrochanteric fractures [15, 16].

Complications of internal fixation are well documented including perforation of the femoral
head, excessive sliding with secondary shortening, plate pull-out, and plate breakage [17, 18].
In cases where fixation is tenuous, a period of restricted mobilisation is suggested [19] during
which morbidities such as pressure sores, respiratory tract infections, atelectasis, and deep
vein thrombosis may develop. Despite considerable advances in internal fixation methods,
the failure rate of the sliding hip screw is 6.8-9.8%, while the failure rate of cephalomedullary
nails ranges from 7.1 to 12.5% in unstable fractures [20-22].

While internal fixation is widely viewed as the preferred treatment for young patients and
elderly patients with stable fractures, there is still no standard treatment for active patients
above 70 years of age [23, 24]. A suggested treatment algorithm can be seen in Chart 1. While
hemiarthroplasty is expeditious and permits early mobilisation, in certain cases revision to a
THR is required due to painful acetabular erosion or protrusion [25]. Radiographic studies
have demonstrated that most of the motion in hemiarthroplasties occurs at the interface of
the bipolar component and the acetabulum, not between the femoral head and the bipolar
component. The significance of acetabular erosion and groin pain after a hemiarthroplasty is
a topic of debate among the orthopaedic community. Many studies contributing to the pool of
knowledge on the topic use outdated implants. Added to this is the fact that the cognition and
activity levels of patients receiving hemiarthroplasty vary widely and may affect the report-
ing of pain.
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Chart 1. Proposed algorithm in addressing femoral neck fractures in the trauma setting.

The recently published HEALTH trial protocol [26] outlines a prospective randomised control
trial to evaluate the outcomes of THR versus hemiarthroplasty in the treatment of femoral
neck fractures. This study aims to assess the outcomes of both treatment modalities up to
2 years postoperatively. A recent publication in the Journal of Arthroplasty by Grosso et al.
demonstrated a low conversion rate of hemiarthroplasty to THR when a hemiarthroplasty
was performed for a displaced neck of femur fracture in patients over 75 years. In this study,
a 2.5% conversion rate at an average of 1.9 years post-index procedure was recorded, with
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acetabular wear, which is the leading cause [27]. Uncertainty remains as to which type of
prosthesis is most appropriate for the treatment of fractures in these elderly patients. This
leads to significant regional variations in treatment: THR is up to three times more likely to
be performed in the treatment of hip fractures in Sweden than in England and twice as likely
as in Canada [28].

2. Preoperative evaluation

A detailed history and clinical examination is necessary in all cases of hip fractures. Particular
care must be made to identify pre-existing medical comorbidities and regular anticoagulants
being taken by the patient. A comprehensive discussion should take place with the patient
and their relatives in relation to any proposed management strategy. Morbidity and mortality
associated with femoral neck fracture care should be discussed. Mortality is 10% within the
first 30 days reflecting the compromised status of many of these patients. Mortality rates rise
to approximately 40% at 12 months.

Examination may reveal a shortened, externally rotated lower extremity. The neurovascular
status of the lower limb should be evaluated and documented, and a secondary survey should
be completed to rule out associated injuries.

Appropriate imaging should take the form of plain film radiographs of the pelvis and femur
in anterior-posterior and lateral planes. The pelvis should be held in neutral with both femurs
clearly visible and the feet held in internal rotation. Preoperative estimates of magnification
on X-rays are frequently incorrect and can lead to mismatching of implant sizes, limb length
discrepancies, and disturbance of the biomechanical parameters of the hip joint. The magnifi-
cation factor for pelvic imaging normally ranges from 109 to 128%. Radioopaque calibration
spheres can be sited midline to femurs and proximally towards the pubic symphysis to aid
in digital templating of the preoperative X-rays. The contralateral hip should be used as a
surrogate for templating in the trauma setting. Digital templating is essential to determine
the location of the neck cut, size of the prosthesis, appropriate offset, and depth of insertion.
If there is a concern for pathological fracture, appropriate imaging of the whole femur should
be obtained in the first instance, and intraoperative histological samples should be sent for
analysis.

All patients with a hip fracture should have a preoperative electrocardiogram, and in those
over the age of 65, a chest X-ray should also be performed. It has been determined by the
Association of Anaesthetists of Great Britain and Ireland (AAGBI) that a preoperative echo-
cardiogram should not delay the passage of a patient with a hip fracture to theatre and should
rather be performed, if necessary, during the postoperative period. Routine preoperative
blood tests may reveal preoperative anaemia which occurs in 30-40% of patients and may
be attributable to the fracture itself, haemodilution or a pre-existing condition. The acute
response to trauma may lead to neutrophilia or leucocytosis. It is noteworthy that electrolyte
imbalances are not uncommon in this cohort of patients, especially hyponatremia and hypo-
kalemia. Hyperkalemia may also be an indicator of rhabdomyolysis occurring secondary to a
prolonged period of immobilisation following the initial traumatic event.
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Neuraxial anaesthesia is often the preferred form of anaesthesia for treatment of femoral frac-
tures. The suspicion of aortic stenosis on clinical examination often precludes neuraxial anaes-
thesia. Despite this, general anaesthesia is also a safe option, and the Sprint Audit has shown
no significant difference in mortality between these modes of anaesthesia [29]. Combined
neuraxial anaesthesia and general anaesthesia has shown a trend towards increased mortal-
ity. This is most likely related to the ‘double hit’ hypotensive effects of both modalities of
anaesthesia.

3. Hemiarthroplasty versus total hip replacement

In the vast majority of cases, the accepted treatment for displaced neck of femur fractures
in the elderly is a unipolar or bipolar hemiarthroplasty, especially in elderly patients with
low functional demands. Compared with THR, hemiarthroplasty has the advantage of being
a simpler, standardised procedure with shorter operating times, and less blood loss. In the
acute trauma setting, many orthopaedic surgeons are more comfortable performing hemi-
arthroplasty rather than THR. Therefore, THR may not be readily available to the trauma
patient, and surgical delay is likely to increase morbidity and mortality. Recent studies con-
clude that THR in the trauma setting is associated with improved functional outcomes and
lower reoperation rates when compared with hemiarthroplasty, albeit with a higher disloca-
tion rate [30-32]. Instability post THR is multifactorial, and contributory factors include surgi-
cal approach, bearing diameter, restoration of hip biomechanics, cognitive dysfunction, and
presence of neuromuscular disease. Where the posterior approach has been utilised, meticu-
lous capsular repair is essential to minimise instability. Some authors advocate the anterolat-
eral approach when treating a femoral neck fracture with THR. This reduces the dislocation
rate at the expense of potential abductor dysfunction and a postoperative Trendelenburg gait.
The use of large head sizes has also reduced dislocation rates, with the literature suggesting
that the benefit is greatest when utilising the posterior approach.

It is essential to adhere to strict selection criteria when determining suitability of patients with
hip fractures for THR in order to minimise complication rates. In 2011 the National Institute
for Health and Care Excellence (NICE) published their guidelines and recommended THR
for patients with adequate cognitive and physical function who are fit to undergo anaes-
thesia and major surgery. Perry et al. evaluated UK Hip Fracture Database information to
ascertain compliance with NICE guidelines for THR [33]. Their study evaluated patients over
the age of 60 presenting acutely with displaced intracapsular femoral neck fractures. They
determined that only 32% of ostensibly eligible patients underwent THR, and, of those who
had surgery, 42% did not qualify under the NICE eligibility criteria. Inclusion and exclusion
criteria for THR in trauma need to be defined more accurately based on specific rather than
arbitrary parameters.

THR performed for trauma has equivalent results to those performed electively. Anakwe et al.
matched 100 trauma patients with an elective cohort and demonstrated equivalent functional
outcomes [34]. THR may appear as a more expensive treatment for trauma in terms of implant
cost, but the overall costs associated with unipolar and bipolar hemiarthroplasties (including
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revision surgeries) are higher in the long term [35]. Maceroli et al. demonstrated lower mor-
tality rates in patients undergoing THR for femoral neck fractures in centres that performed
large numbers of such procedures [36]. Uhler et al. demonstrated that a patient will gain
more cumulative utility over the course of 2 years by waiting 48 hours for a THR, despite an
increase in short-term morbidity associated with delayed surgery [37]. It seems reasonable
therefore to advocate THR for suitable patients where dedicated arthroplasty services are
available. Figure 1 demonstrates a left basicervical neck of femur fracture, with subsequent
treatment with a hybrid THR shown in Figure 2.

Figure 1. AP radiograph of pelvis showing left basicervical neck of femur fracture.

Figure 2. AP pelvis demonstrating subsequent treatment with a hybrid THR in the acute setting.
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4, THR for failed neck of femur internal fixation

Following initial treatment with internal fixation, the neck of femur fractures may develop
nonunion and osteonecrosis, with reoperation rates of up to 40% reported in the literature.
Nikolopoulos et al. demonstrated in a prospective study that patients with displaced neck
of femur fractures who underwent internal fixation had a higher rate of avascular necrosis
than those that were undisplaced [38]. This group of patients may develop disabling second-
ary degenerative symptoms necessitating arthroplasty. We highlight this with examples of
clinical cases. Figure 3 shows the collapse of the femoral head following initial sliding screw
fixation of a basicervical neck of femur fracture. This was subsequently revised to a hybrid
THR as demonstrated in Figure 4. Figure 5 describes the case of screw cut-out post ORIF of
the neck of femur fracture, which was subsequently revised to a modular prosthesis as seen
in Figure 6.

Tidermark et al. demonstrated suboptimal outcomes in patients with displaced neck of femur
fractures treated with internal fixation, showing impaired functional outcomes when com-
pared with a cohort of undisplaced fractures despite radiographic and clinical evidence of
union [39].

In treating nonunion the surgical team must consider the presence of infection. Clinical evalu-
ation and serial erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels are
useful diagnostic tools and if abnormal might prompt joint aspiration or bone biopsy and
culture. If preoperative or intraoperative findings suggest infection, a two-stage revision with
removal of metalwork and excision of the femoral head is usually performed. An antibiotic-
impregnated spacer is implanted in the first instance, and subsequent arthroplasty is per-
formed at an appropriate later date.

Figure 3. AP radiograph of pelvis demonstrating collapse of femoral head post dynamic hip screw fixation of basicervical
neck of femur fracture.
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Figure 4. Demonstrating subsequent revision to hybrid THR following failed internal fixation.

Figure 5. AP radiograph demonstrating screw cut out of post ORIF of neck of femur fracture.

Preoperative templating, paying particular attention to the length of the proposed femoral
component is essential to bypass bone defects or screw tracks. An attempt should be made
to recreate the patients’ normal anatomy; it is essential to restore offset, length, and centre
of rotation. If acetabular bone loss is noted as autogenous bone graft, allograft or a fixation
device may be necessary to reconstruct or span a marginal, cavitary, or combined defect.
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Figure 6. Demonstrating subsequent revision to a modular prosthesis.

During the preparation of the femur, it is recommended to leave the internal fixation device
in situ and to avoid excessive traction and leg rotation until dislocation to minimise the risk
of intraoperative fracture. Cemented or uncemented components can be used depending on
user preference and in conjunction with intraoperative evaluation of acetabular and femoral
bone quality.

In such cases the acetabulum may not be degenerative and thus less sclerotic than usually
encountered in elective arthroplasty. Reaming therefore should be performed with caution,
being mindful of the risk of medial wall penetration. In performing a THR in a cognitively
impaired patient, an extended stability or constrained liner and a larger diameter bearing
should be considered.

5. THR for failed intertrochanteric fracture fixation

Patients with failed internal fixation of intertrochanteric fractures present with significant
functional disability and pain. In these patients revision of the fixation device will often be
considered as a first option, but these surgeries are often complicated by bone loss and the
presence of avascular bone at the nonunion site. Hip arthroplasty offers a good salvage option
for selected patients as it obviates the need for fracture healing and establishes immediate
skeletal continuity allowing early, progressive weight bearing. Figure 7 shows a nonunion of
a subtrochanteric femur fracture following cephalomedullary fixation which was successfully
revised to a modular THR as seen in Figure 8.

Technical issues such as difficulty of implant removal, bone loss, trochanteric nonunion, antic-
ipated haemorrhage and suboptimal bone quality must be considered. A common mode of
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Figure 7. AP radiograph demonstrating non union of a subtrochanteric femur fracture following cephalomedullary
fixation.

failure in intertrochanteric fractures is cut-out of the lag screw which consequently damages
the acetabular cartilage and often necessitates acetabular replacement during the conversion
arthroplasty.

It is imperative that the surgeon eliminates infection as a cause of failure and preoperative
evaluation should include measurements of CRP and ESR levels and aspiration or biopsy if
inflammatory marker levels are concerning. If infection is demonstrated, a two-stage proce-
dure should be performed with the removal of components and the femoral head during the
first stage, with the use of an antibiotic-impregnated cement prosthesis.

During revision of a failed intertrochanteric fracture, it is again advisable to leave the fixa-
tion in place until surgical dislocation of the hip is performed. Access is often determined by
trochanteric anatomy: gained either between ununited fragments or with mobilisation of mal-
united fragments. If some continuity is maintained with the fibres of vastus lateralis, the expo-
sure resembles a trochanteric slide. In these cases, the risk of mechanical complications such
as fractures and cortical perforations is increased due to reduced bone quality, loss of bone
stock, presence of screw holes from previous fixation devices, and distorted bony landmarks.
If trochanteric nonunion is encountered, fibrous tissue is debrided from the cancellous surface
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Figure 8. Demonstrating subsequent revision to a modular prosthesis.

of the fragments, and a high-speed burr can be used to expose bleeding cancellous bone. The
excised femoral head is often a useful source of autograft, and applying an acetabular reamer
to the femoral head will rapidly morselise the fragment. Patients with cephalomedullary nails
in situ may exhibit neocortex formation and sclerosis around the nail, and broaching the canal
in these cases can be facilitated by using a high-speed burr. Calcar replacing and fully coated
stems may be considered in those with loss of proximal bone. Modular implants may also
play a role in the setting of severe proximal bone loss. Reattachment of the trochanter in cases
of nonunion is a crucial step towards regaining stability, and trochanteric cable plates are
particularly useful in many of these cases.

Lee et al. recommended the use of total hip arthroplasty for failed internal fixation of intertro-
chanteric fractures. They report a 3% 1 year mortality rate in the conversion group. At 3 years
of follow-up, there was no significant difference in clinical scores or component loosening
when compared to a matched cohort who received hemiarthroplasties [40].

6. THR for pathological or impending fracture

Of patients with advanced cancer, 50% develop bony metastases, and 30% of metastatic depos-
its occur within the proximal femur. Due to the high mechanical forces directed through the
hip, surgery is often required for pain palliation, to restore function and to allow immediate
unrestricted weight bearing. Current treatment options include intramedullary nailing, osteo-
synthesis with a plate-screw construct and endoprosthetic replacements —taking the form of
hemiarthroplasties, total hip arthroplasties, and proximal femoral replacements.

For patients expected to live greater than 6 months, the literature supports curettage
of the lesion with cemented hemiarthroplasty [41-43]. Those patients demonstrating a

93



94 Total Hip Replacement - An Overview

radioresistant tumour may necessitate en bloc excision and proximal femoral replacement
[44]. Intramedullary fixation should be utilised in those with a life expectancy less than
6 months as it has been demonstrated to provide reliable fracture fixation up to 12 months
post-procedure [45, 46]. The use of a hemiarthroplasty to treat pathologic or impending
pathologic fractures of the proximal femur has an acceptable rate of complications, reopera-
tions, and functional outcomes as demonstrated by Houdek et al., who studied 199 patients
treated with a hemiarthroplasty for metastatic femoral neck disease. They demonstrated a 1%
conversion rate to THR due to degenerative changes and groin pain. [47].

With advances in medical management of metastatic disease and concomitant increase in
patient’s life expectancy, the durability of these implants has become increasingly impor-
tant. Due to the poor survival rates in this cohort of patients, it has been difficult to compare
implant survival rates for patients with metastatic disease with those utilised in primary joint
replacement. However, in series comparing THR with osteosynthesis in the setting of patho-
logic fracture, THR has demonstrated a lower rate of mechanical failure as well as a higher
rate of implant survival [48].

7. Conclusion

In conclusion, in the setting of the neck of femur fracture, a cemented hemiarthroplasty is an
appropriate treatment for elderly patients. However, studies have suggested that patients
treated with THR experience improved functional outcomes but at the expense of a greater
dislocation rate. The selective use of THR in cognitively intact, active patients is well sup-
ported. In the setting of failed internal fixation, an arthroplasty, while technically demanding,
represents an acceptable salvage procedure for the neck of femur and intertrochanteric frac-
tures. However, in both scenarios it is essential that infection is excluded as a precipitant of
fixation failure prior to arthroplasty. In cases of pathologic fracture, arthroplasty can represent
an appropriate treatment option following careful evaluation of the patient’s life expectancy.
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Abstract

Total hip arthroplasty (THA) is the preferred treatment for end-stage osteoarthritis of the
hip. The posterior, posterolateral, direct lateral, anterolateral, or the anterior approaches
are the currently established surgical approaches for THA. Over the last decade, the
anterior approach has gained increasing popularity. Its muscle-sparing nature and flu-
oroscopy-guided component positioning are the most important benefits. It has been
suggested that postoperative recovery is facilitated by an anterior approach. Patients do
not need to follow hip precautions, and can return to driving after 1 week. The anterior
approach uses a muscle interval between the tensor fasciae latae and the rectus femoris
to open the capsule without detachment of muscles. Especially, the external rotators and
posterior capsule remain intact and reduce the risk of posterior dislocation. Accuracy
of acetabular component positioning has an impact on postoperative dislocation rates,
polyethylene wear, and impingement. When the operation is done in a supine position,
fluoroscopy is available to check the acetabular component inclination and anteversion
during THA as well as leg length and offset. The current chapter reports on the surgical
approach, surgical technique, and results of anterior THA.

Keywords: primary total hip arthroplasty, minimally invasive surgery, anterior
approach, osteoarthritis, intraoperative fluoroscopy, outcome

1. Introduction

THA is used to treat a variety of primary and secondary end-stage osteoarthritis, and has the
primary goal to decrease pain, restore function, and increase joint mobility [1]. Depending
on the specific patient there are various surgical techniques described to perform a THA. The

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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general goal is to have an accurate and reproducible procedure and to avoid complications.
Younger and more active patients have increased functional demands during early recovery.
Utilizing an intramuscular approach allows for a faster return to activities of daily living,
reduced pain, shortened recovery, and reduced costs [1].

The various available approaches are characterized by their own distinct advantages and
risks. Extensions to these approaches have been described and allow for more extensive expo-
sure and revision procedures.

In the USA, the most frequently used approach is the posterior approach. It provides easy
access to the hip joint and minimizes the trauma to the hip abductor muscles. However,
detachment of external rotator muscles and a complete capsulectomy results in an increased
dislocation rate [2, 3]. Therefore, the repair of the external rotators and the capsule is of great
importance in posterior THA [4]. In addition, the posterior approach is associated with an
increased variance of acetabular component positioning [5-7]. Poor component positioning
increases the risk of dislocation, facilitates increased polyethylene wear, and impingement [5,
8, 9]. Variations in the lateral patient position and the lack of intraoperative fluoroscopy might
explain the less predictable cup positioning [10].

The lateral approach (anterolateral) with the patient lying in a supine position is a popular
approach in Europe. The posterior part of the gluteus medius insertion can be preserved.
However, injury or release of its anterior portion can result in limping [11]. Fractures of
the greater trochanter are more likely using the lateral approach compared to the posterior
approach [12, 13]. Postoperative patient-reported limping occurs twice as often using the lat-
eral approach compared to the anterior approach [14]. Limping may be caused by trochan-
teric pain, leg length discrepancy, lack of offset restoration, nerve injury, or insufficiency of
the gluteal muscles [15].

The anterior THA is unique because of its intramuscular and internervous exposure of
the hip joint. A release of major muscular stabilizers is not necessary for most patients.
First described by Smith-Peterson in 1949, the anterior approach became more popular in
the USA over the last decade [16]. Rapid recovery, decreased dislocation rate, fluoroscopy
controlled restoration of leg length, and offset as well as component position are its main
benefits.

2. History

In 1881, Carl Hueter was the first surgeon to describe the anterior approach for resection of
the femoral head. Smith-Peterson further developed the approach and described the extended
exposure of the pelvis to perform a hip replacement. In 1978, Wagner preferred the approach
for hip resurfacing procedures due to its preservation of the femoral blood supply and inter-
muscular dissection [17]. In 1947, the Judet table was developed and predominantly used in
France. Ten years later, a special table was developed to optimize and ease the positioning of
the operated leg in order to decrease injury to muscles and bone.
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In the US, the anterior approach was originally combined with a lateral incision to facilitate
the insertion of the femoral component and was marketed by Zimmer Biomet (Warsaw, IN,
USA) in conjunction with Richard Berger as a “two incision” THA [1, 18]. Because of the
higher complication rate, especially on the femoral side (fracture), the approach fell out of
favor in the beginning of the twenty-first century [19]. At the same time, Joel Matta promoted
an anterior approach without a second incision [20]. Matta soon realized that a special table
similar to the Judet table was needed to improve exposure of the femur and provide elevation
of the femur. Since the Judet table was not available in the USA, he pursued the development
of the Hana® table (Mizuho OSI, Union City, CA, USA).

In 2004, large studies [20, 21] showed encouraging outcomes with low dislocation rate (<1%)
and improved component positioning, but above all faster recovery pushed the interest in the
anterior approach.

3. Anatomy and approach

The anterior approach classically described as Smith-Peterson approach uses an incision
proximal and distal to the anterior superior iliac spine (ASIS) along the tensor fasciae latae
[16]. While the proximal portion of the Smith-Peterson approach facilitates exposure of the
pelvis, the distal portion is used during a direct anterior THA to expose the hip joint. The
groin area usually has less subcutaneous fat than the lateral thigh, and therefore an anterior
approach often has a more direct access to the fascial layer. The ASIS and greater trochanter
are used as bony landmarks to guide placement of the incision. The incision usually starts

Figure 1. Patient in a supine position on a Hana® table. The skin incision, the anterior superior iliac spine (black arrow),
and greater trochanter (white arrow) are marked.
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two fingerbreadths lateral and distal of the ASIS and extends distally and posteriorly in line
with the tensor fasciae latae muscle [20]. A slightly more lateral position can help to avoid the
lateral femoral cutaneous nerve (LFCN) that enters the thigh medially to the ASIS (Figure 1).

The approach uses an intermuscular plane and does not require muscle releases. Medially,
the interval borders to the Sartorius muscle (innervated by the femoral nerve) and laterally
to the tensor fasciae latae muscle (innervated by the superior gluteal nerve) [22]. While the
original Smith-Petersen approach entered between the sartorius muscle and the tensor fasciae
latae, the modern anterior approach usually stays inside the fascia of the tensor fasciae latae
to minimize the risk to injure the LFCN (Figure 2) [22]. Care should be taken not to confuse
the medial located sartorius muscle and the more lateral tensor fasciae latae. Both can usually,
easily be separated by the direction of the fibers. The tensor fasciae latae muscle fibers ran
toward the lateral thigh in contrast to the sartorius muscle fibers, which run medially. After
skin incision, the fascia of the tensor is split followed by deep finger dissection to separate
the overlying fascia and the muscle belly of the tensor fasciae latae and progress toward its
medial borders.

The deep intermuscular fat tissue between tensor and rectus femoris muscle contains the
ascending branch of the lateral circumflex artery just proximal to the vastus lateralis muscle.
At the level of the capsule, the interval is bordered by the gluteus medius (superior gluteal
nerve) and medially by the rectus femoris muscle (femoral nerve). Ligations of the branches
of the circumflex vessels are necessary to prevent perioperative bleeding and postoperative
hematoma formation (Figure 3).

A Hohmann retractor is used to expose the anterior hip capsule. It is placed underneath
the rectus muscle. A second blunt retractor is placed around the lateral femoral neck. The
reflected head of the rectus femoris muscle is elevated and released to expose the capsule
entirely. The released tendon can be marked to facilitate its identification and repair at the
end of the procedure.

Figure 2. Incision of the fascia of the tensor fasciae latae muscle.
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Figure 3. Image of the deep interval bordered laterally by the gluteus medius (superior gluteal nerve) and medially by
the rectus femoris muscle (femoral nerve). The lateral femoral circumflex vessels (arrow) are visualized proximal to the
vastus lateralis muscle.

4. Surgical technique

The procedure is performed under general or regional anesthesia. It can be performed with a
standard operating table with an Omni-Tract® femur elevating system (Integra, Plainsboro, NJ,
USA) or a specialized orthopedic table (Hana®, Mizuho OSI, Union City, CA, USA). The latter
helps to control hip rotation, abduction, flexion, and traction of the affected extremity and facil-
itates exposure of the proximal femur for femoral component insertion. However, the costs,
fracture risk, and limited ability to intraoperatively test the range of motion (ROM) are its main
disadvantages. A number of alternative tables are currently available by other manufactures.

The authors recommend careful templating and implant selection. The primary goal of the
templating is to guide acetabular reaming toward the most appropriate reamer size. On the
femoral side, depending on the type of femur, shorter implants with less sizable distal dimen-
sions might be preferred in a Dorr Type A Femur, while compression broaching for a longer
implant with a collar might be preferred for a Dorr Type C femur [23]. In addition, careful
planning of the femoral neck resection can help intraoperatively to restore the leg length.

The patient is lying supine on the table with a perineal post and both legs secured with the
feet in boots. The pelvis and the nonsurgical hip are placed in a neutral position. After the
standard anterior approach, as described above, a T-shaped capsulotomy is performed with
medial and lateral extension at the level of the intertrochanteric ridge (Figure 4). The capsule
can be tagged and preserved for later repair. Two Hohmann retractors are now placed within
the capsule around the lateral and medial femoral neck. A napkin ring double osteotomy of
the femoral neck is performed to ease removal of the head (Figure 5). The femoral head is
removed with a corkscrew extractor. Additional traction and external rotation on the operated
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Figure 5. Photograph of a napkin ring double osteotomy of the femoral neck.

leg supports removal of the napkin ring and exposure of the acetabulum. Alternatively, to the
in situ neck osteotomy, the hip can be dislocated using a corkscrew. The capsular releases are
completed with the hip dislocated before the hip is reduced, the neck is cut, and the head
removed (technique according to Matta et al. [20]).

Multiple retractors are used to facilitate acetabular exposure. First, an acetabular retractor is
placed inferiorly to the fovea against the transverse acetabular ligament. This usually requires
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a short incision of the medial capsule. This is, followed by an anterior retractor, placed
between the anterior labrum and capsule. A posterior retractor can be placed between the
posterior labrum and capsule. The foveal tissue and labrum are removed. The acetabulum
is either reamed under direct visualization or under fluoroscopy guidance. A press fit cup
is placed and impacted (Figure 6). To facilitate cup alignment under the anterior acetabular
bone, an implant less hemispherical then 180° is preferred. It also helps to medialize the center
of rotation in comparison to a hemispherical cup.

The C-arm is used to guide intraoperative component positioning. An alternative to this
technique is the use of intraoperative navigation. Because of the supine position and easy
access to the iliac crest intraoperative navigation is usually fairly straightforward in anterior
THA. Other techniques available for optimized cup position are based on C-arm images and
include software programs like Radlink® (Radlink, El Segundo, CA, USA) and Jointpoint®
(Jointpoint Inc., Belleair Bluffs, FL, USA).

The C-arm is positioned in 90° to the supine patient and centered over the pelvis to make sure
the pelvis is in a neutral position (Figure 7). A neutral pelvis position is the requirement for any
of the described C-arm based algorithms. If no software is available, the cup inclination can be
checked with the C-arm centered in the middle of the pelvis. After reaching the target inclina-
tion of the acetabular component, the C-arm is moved over the operated hip. After estimating
the cup anteversion based on the opening ellipse, the cup anteversion can be determined based
on the C-arm tilt angle described by Boettner et al. and Zingg et al. [6, 24] (Figure 8). When
aligned perfectly the elliptical shape of the cup presents as a line. The tilt angle can be measured
on the C-arm and used to calculate the acetabular anteversion. Following correct acetabular
implant positioning, the final liner is inserted and osteophytes are removed.

Exposure of the proximal femur can be facilitated by a standard release to minimize trac-
tion forces on the greater trochanter. This prevents intraoperative complications like fractures

Figure 6. A press fit cup is placed and impacted into the reamed acetabulum.
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Figure 7. C-arm position in a 90° angle to the supine patient. The beam is centered over the neutral pelvis to assess
inclination of the cup.

Figure 8. C-arm is tilted away from the operated hip until the ellipse of the positioned acetabular component is a straight
line. The tilt angle is measured on the C-arm.

during anterior mobilization of the femur. The gluteus minimus muscle is elevated of the
lateral capsule. The operated leg is positioned in extension, 90° external rotation and 20°
adduction. In flexible patients adequate exposure might be possible without further releases;
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however, the senior author favors the release of the conjoined tendon. The piriformis muscle
insertion is preserved together with the posterior capsule, obturator externus muscle, and
quadratus femoris muscle.

The Hana table® or Omni-tract® retractor provides a hook attached to a connector arm of the
table. In combination with maximum extension of the leg, the hook elevates the femur ante-
riorly and provides better exposure for the preparation of the femoral component (Figure 9).
Offset handles facilitate the broaching of the femur. Femoral preparation and broaching the
femoral canal is done in a standardized fashion (Figure 10). The final trial stem is impacted
into the femur with a trial head and neck.

Care should be taken not to injure the tensor fasciae latae. Good exposure to the femoral
canal eases preparation and broaching. After adding the trial neck and head, the surgeon can
reduce the dislocate hip with gentle traction and internal rotation. The surgeon guides the
femoral head into the socket. Fluoroscopy can be used to assess leg length discrepancy, offset,
and implant alignment.

For measurements of the leg length discrepancy, the inter-teardrop line is used as horizontal
reference of the fluoroscopy image. The difference between the vertical distances from the
reference line to the most prominent point on each lesser trochanter defines the leg length
discrepancy with reference to the contralateral hip. Neutral pelvis position and equal leg
abduction and rotation are required for accurate measurements. Alternatively, leg length and
offset can be determined by overlaying two print-out images and comparing the contour of
the operated hip to either the opposite normal or the preoperative image. Finally, the defi-
nite femoral component is implanted. The wound is irrigated and the anterior capsule closed
using Vicryl #0 suture (Figure 11). The reflected head of the rectus can be repaired. Finally, the
fascia of the tensor fasciae latae muscle is closed with #0 Vicryl sutures (Figure 12).

Figure 9. A hook attached to a connector arm of the table facilitates femoral exposure.
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Figure 11. Tagging sutures in the medial and lateral capsular sleeve.

Many surgeons prefer a curved “Banana Type” stem for the anterior approach. Straight stem
designs with a lateral shoulder require more aggressive releases including the piriformis ten-
don. There have been some concerns about increased femoral loosening rates and continued
efforts are made to improve and develop femoral implant design. Due to the missing lateral
shoulder, the curved stem provides no lateral support. As a result, lateralization and subsidence
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Figure 12. Photograph of the closed fascia of the tensor fasciae latae. A local anesthetic is injected into the subcutaneous
layer.

Figure 13. DePuy Synthes, Warsaw, IN, USA: (A) Medial collar and triple tapered ACTIS® Total Hip System. (B) Tapered-
wedge TRI-LOCK® Bone Preservation Stem. (C) SUMMIT® Tapered Hip System.

with weight bearing can occur. The new stem designs often add a medial collar to augment
primary stability for immediate weight bearing and reduced risk of subsidence (Figure 13).

To increase short and long-term stability, fully coated stems are preferred to achieve
more reliable fixation. In addition, an overall more canal filling proximal stem design
provides more proximal bone fixation compared to blade shaped medial-lateral implant
fixation.
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5. Standard table

Several advantages exist for the standard table in comparison to the Hana table. The ability to
maneuver the legs allow for intraoperative assessment of leg length. The surgeon can directly
manage the leg and no additional assistance is required to manage the table. In general, any
operative table can be used that is radiolucent and allows for extension of the legs at the level
of the hip joint. Regarding the surgical technique, there is no difference in the type of soft
tissue releases between a standard or specialized table. The patient is positioned in a supine
position with the hip joint at the level of the table break. It is necessary to hyperextend the
operated hip during femoral preparation. Draping both lower extremities in a sterile fashion
allows an intraoperative crossover of the operated leg for femoral exposure. The leg length
discrepancy can be measured manually.

If an anterior retractor is used, the bone hook is inserted with the femur in neutral rotation.
Afterward the leg is placed in a figure 4 position (external rotation) to release the medial cap-
sule down to the lesser trochanter. There is no difference in the soft tissue release technique;
however, the piriformis usually has to be released in heavy male patients. The distal part of the
standard table is extended to 40° allowing hyperextension of the operated hip as well as adduc-
tion and external rotation while positioning the limb crossing under the contralateral side.

6. Outcome

Opver the last couple of years, the anterior approach has become increasingly popular. Many
advantages are described in comparison to the other approaches mentioned at the begin-
ning of this chapter. Patients treated with the minimal invasive approach suffer less pain
and consume fewer narcotics [25, 26]. This is usually explained by less soft-tissue damage
while avoiding muscle splitting and detachment in comparison to the posterior or anterolat-
eral approach.

An improved hip function and earlier return to normal gait are attributed to using an inter-
muscular and internervous interval [27, 28]. Rodriguez et al. have shown that patients reach
certain milestones after an anterior THA earlier compared to a posterior THA. However,
patients with a posterior approach had a similar result after 12 weeks [29].

The possibility of using intraoperative fluoroscopy when performing an anterior THA offers
advantages over a posterior THA. The percentage of cup placed in the safe zone increases
when using fluoroscopy routinely [6]. A higher precision and increased accuracy when
implanting cup components can lead to a decreased dislocation rate [6, 21]. The anterior
approach also improves relation of leg length and offset [7].

The majority of hip dislocations occur during the first 3 months after surgery. The healing
of the posterior capsule and external rotator muscles release during a conventional poste-
rior approach is considered the reason for early dislocation [30]. Hip precautions are recom-
mended for 4-12 weeks to prevent any flexion and internal rotation after posterior THA [31].
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The muscle sparing anterior approach avoids release of the piriformis and obturator externus
tendon. No specific hip precautions are needed and the patient is able to return to his or her
normal activities after surgery without limitations [32]. The dislocation rate for the anterior
THA is described in literature ranges between 0.6 and 0.9% [20, 21]. It is lower in comparison
to those reported for other approaches; however, comparative studies have failed to show a
consistent benefit [33, 34]. The senior author has no reported dislocations at all after perform-
ing more than 500 THAs using an anterior approach.

7. Challenges with the anterior approach

Switching the surgical approach to an anterior THA is associated with a learning curve within
the first 40-100 cases [35, 36]. Improvements in surgical and fluoroscopy times as well as dif-
ferences in leg length have been reported during the learning curve [37, 38]. During the learn-
ing curve, it is recommended to carefully select patients. In general, preferred patients are
thin and younger females with elongated femoral necks and a type B Dorr Femur.

The anterior approach has some specific complications. These include LFCN injury and
greater trochanteric fracture. Injury of LFCN is most commonly encountered during expo-
sure and retraction. The nerve is located in the intermuscular-internervous interval between
the sartorius and tensor fasciae latae muscle and is at risk if the incision is extended distally.
Its course varies in different branching patterns and is at risk in approximately one-third of
the patients during an anterior approach [39]. The risk of an injury can be minimized when
staying inside the tensor fascia rather than the interval between the tensor and sartorius mus-
cle [40]. LCEN neurapraxia occurs in approximately 0-5% of patients [41, 42]. None of the
patients experienced any hip-related functional limitations, while most symptoms resolving
after 6-24 months [37, 43, 44].

Muscle damage has not been considered a major problem due to the intermuscular nature of
the approach [45]. Nevertheless, incorrect placement or retraction may cause damage. During
capsular exposure the rectus femoris muscle is elevated and at risk. Attention while placing
the retractors or using specialized retractors developed for the anterior THA can reduce the
risk of soft-tissue damage. During femoral exposure the tensor is at risk for injury as well.

Cup alignment is challenging when performing an anterior THA due to limited view of the
anterior acetabular wall. When inserting the reamer into the acetabulum, the anterior aspect
of the femur might block its entrance. This may lead to an anterior shift of the reamer and can
violate the anterior wall. Careful retractor placement and use of intraoperative fluoroscopy
can minimize the risk associated with reaming.

Fractures might occur during femoral preparation, while manipulating on a specialized table
[20]. Aggressive extension and external rotation of the femur using the table can result in a
fracture of the tip of the greater trochanter secondary to tension of the conjoined tendon. Calcar
fractures are the results of medial force on the calcar during broaching and can be fixed with
cerclages (Figure 14). A rare complication, which might only occur when using a specialized
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Figure 14. Intraoperative complication: calcar fracture fixed with two cerclages.

table, is a fracture of the ankle while performing external rotation in order to dislocate the
operated hip. This is why close monitoring of the torque applied to the fixed leg is necessary.

In general, straight access to the femoral canal is limited in an anterior approach. The correct
implant design and broaching instruments are essential and avoid malpositioning or frac-
tures [46]. Perforation of the femur can occur when the direction of the femoral canal is not
respected. The risk of postoperative complications in the hand of an experienced surgeon
performing an anterior approach is comparable to other approaches.

The dislocation rate for the anterior THA is lower compared to the anterolateral and posterior
approach [47]. Preserving the piriformis tendon, obturator externus tendon, and posterior
capsule increases the stability when using the anterior approach. Therefore, the routine use of
hip precautions for the anterior approach is not recommended [32].

The risk of postoperative hematoma can be minimized by routine exposure and proper liga-
tion of the ascending branches of the lateral femoral circumflex vessels. The vessels are variable
in number, location, and extend, but are usually found underneath the deep fascial layer of the
tensor fasciae latae. At the end of the procedure, care should be taken for hemostasis. The risk
of postoperative drainage can be reduced by meticulous capsular and tensor fasciae closure.
Kasparek et al. describes the topical use of tranexamic acid (TXA) to reduce transfusion rates
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and increase postoperative Hb-levels [48]. For all patients undergoing anterior THA, intrave-
nous TXA should be used as part of blood management. The location of the wound in the groin
close to a natural skin fold can result in wound dehiscence and infections in patients with a
larger soft tissue pannus overlaying the incision.

8. Conclusion

The popularity of the anterior approach has increased in the last decade. Its soft tissue sparing
nature results in a faster recovery and a more stable hip joint. Postoperative precautions are
not routinely applied. The use of intraoperative fluoroscopy has improved cup positioning
and restoration of the leg length and offset.
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Abstract

Total hip replacement is a highly effective surgical procedure for patients suffering from
end stage osteoarthritis and its success in improving symptoms of osteoarthritis has
meant that its use has increased across many healthcare systems. Although in experi-
enced hands the procedure provides very effective outcomes one must be aware of the
potential complications of the procedure. These can be divided into general and proce-
dure specific. General complications include infections, postoperative pulmonary issues
and thromboembolic complications. Procedural specific complications include a surgi-
cal site infection, haemorrhage, nerve injury, dislocation, leg length discrepancy, peri-
prosthetic fractures and heterotrophic ossification. This chapter explores and describes
the complications a surgeon may face when performing a total hip replacement and how
one may avoid and address these.

Keywords: complication, hip, arthroplasty

1. Introduction

Total hip replacement is a highly effective surgical procedure for patients suffering from end
stage osteoarthritis [1]. Its success in improving pain, mobility and quality of life for patients
has meant its use has increased since its introduction [2, 3].

As like any surgical procedure however, total hip replacements have associated surgical com-
plications. Thanks to advances in technology, surgical awareness and anaesthetic techniques
the overall rates of complications have been declining despite an increasing burden of co-
morbidities in the population [4]. The complications encountered can be divided into general
and procedure specific. This chapter will explore both aspects of complications that the sur-
geon may encounter when performing total hip replacements.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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2. General complications

2.1. Urinary tract infection

Urinary tract infections represent an approximately 13% of all healthcare-associated infec-
tion [5] and in the context of post total hip replacement is seen to be the most common minor
postoperative compilation [6]. The estimated rates of postoperative urinary tract infections
are at 3.26 [7]. Risk factors for the development of a urinary tract infection include female sex,
increased age, ASA 3 or higher and the use of a general anaesthetic [6]. Of these in a recent
multicentre study by Alvarez et al., increased age followed by female sex was the strongest
variable in developing a postoperative urinary tract infection. As with respiratory tract infec-
tions to be discussed in the next section, urinary tract infection in the postoperative setting
following total hip replacements have been linked to more significant adverse effects such as
peri-prosthetic infections, implant failure and revision procedures along with the immediate
prolonged hospital stay [8].

2.2. Postoperative pulmonary complications

Postoperative pulmonary complications are common after major surgeries and are defined
as a collective of respiratory failure, pneumonia, pleural effusion, atelectasis, pneumothorax
and aspiration pneumonia [9]. Postoperative pulmonary complications are a common com-
plication after total hip replacement with 45.9% patients having some form of postoperative
pulmonary complications on postoperative CT screening [10]. The symptoms of any post-
operative pulmonary complication can vary greatly with many atelectasis following general
anaesthesia being asymptomatic but as like urinary tract infections can cause more serious
complications along with increased length of stay. The rate of in-patient pneumonia following
total hip replacement is estimated to be between 0.74 and 0.86% [7].

2.3. Thromboembolic complications
2.3.1. Deep vein thrombosis

Deep vein thrombosis is a common complication following total hip replacements due to the
venous stasis and hypercoagulability experienced both during and subsequent to the proce-
dure, adversely influencing Virchow’s triad towards a state of thrombus formation [11]. The
subsequent results of deep vein thrombosis can vary from asymptomatic, chronic venous
insufficiency and proximal propagation. Without the use of any prophylaxis the overall radio-
logical diagnosed rates of deep vein thrombosis has been as high as 70% in total hip replace-
ment cases [12].

With the introduction of modern thromboprophylaxis the overall rates of deep vein thrombosis
has reduced to approximately 44% and in those that are symptomatic as low as 1.3% [13, 14].
Thankfully with prophylactic treatment the rate of symptomatic proximal propagation to form
a pulmonary embolus is lower still at less than 0.6% [15].
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Although half of patient who develop a deep vein thrombosis post total hip replacement have
no identifiable risk factor there are numerous well recorded risk factors that alter Virchow’s
triad towards a state of thrombus formation [16]. These include associated fracture, malig-
nancy, previous history of thromboembolism, immobility, obesity, pro-thrombotic conditions
such as anti-phospholipid syndrome and the use of oral contraceptive pills. Furthermore an
ASA grade of greater than 3 is an independent risk factor [16].

The prophylaxis for deep vein thrombosis is aimed at returning the pro-thrombotic state into
equilibrium by adjusting the parameters of Virchow’s triad. This is done by treating the stasis
of flow in the lower limbs both by mechanical thromboprophylaxis but also by the choice
of anaesthetic used. A regional anaesthetic has been shown to reduce the risks of deep vein
thrombosis over that of general anaesthetic by 50% alone due to the relative improvement in
the flow of venous blood in the lower limbs [17]. Furthermore chemical thromboprophylaxis
can be used to reverse the hypercoagulability. Various agents are used for chemical throm-
boprophylaxis but include low molecular weight heparin and more recently oral factor Xa
inhibitors. Mechanical and chemical prophylaxis are utilised both intra and postoperatively
to reduce the overall risk of deep vein thrombosis.

2.3.2. Pulmonary embolism

Deep vein thrombosis has a risk of propagating proximally through the right sided cardiac
circulation into the pulmonary system. If the thrombus passes into the lungs they result in pul-
monary embolisms. The results of these pulmonary embolisms can vary from being asymp-
tomatic to caused catastrophic respiratory failure and can be fatal and pulmonary embolus
being one of the leading causes of mortality post total hip replacements. The overall rates of
postoperative total hip replacements are 3% in the absence of chemical prophylaxis [15], and
0.21% when chemical prophylaxis is used from a recent large review [18]. The prevention of
pulmonary embolism lies primarily in the prevention of deep vein thrombosis discussed in
the previous section. The treatment of established pulmonary embolisms are by the use of
therapeutic agents to inhibit the pro-thrombotic cascade and profibrinolytic agents to dissolve
away the embolus.

2.3.3. Fat embolism

In the same way that a deep vein thrombus can pass into the pulmonary circulation, at the
time of implant insertion the rise of intramedullary pressure from the prosthesis and cement
can cause the embolization of medullary fat and marrow contents into the venous system
[19, 20]. If the fat or marrow then passes into the pulmonary circulation in can pass in the
pulmonary arteries in the same way as a venous thrombus causing much the same issues.
These bodies of fat can also pass into the left sided circulation and cause cerebral embolisms
and infarction causing neurological deficits [21]. By the same pattern the fat bodies can cause
infarcts in the systemic circulation in tissues causing a classic upper body petechiae. As such
the classic symptomatic triad of fat embolism is respiratory distress, neurological symptoms
and upper body petechiae. To avoid such complications the intra-medullary canal is lavage
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cleaned prior to implant insertion to reduce the fat content. The treatment of fat embolism is
supportive principally for the symptoms of respiratory compromise [22].

3. Procedure-specific complications

3.1. Surgical site infection

Surgical site infections can be classified as that of superficial and deep. Whereas superficial
infections can be a nuisance and cause prolonged hospital stays and increased morbidity for
patients and potential for wound dehiscence the sequelae of deep infection post total hip
replacement can be catastrophic and challenging for the clinician to manage.

At the advent of its introduction the deep infection rates for total hip replacements were
recorded to be as high as 9.4% [23]. However in modern practice with the widespread adop-
tion of laminar flow operating theatres and prophylaxis antibiotics the current rates of deep
infection are at between 0.3 and 1.5% [24, 25].

The prevention of deep infection is principally reducing the contamination of the surgical site
from contaminants. These contaminants can arise from the patient’s skin, the surgical person-
nel or the surgical instruments [26]. The use of laminar flow air circulation in theatres and the
adaptation of rigorous sterile techniques and practices in the operating room is now standard
practice to reduce the contamination of the surgical site. However despite these best practice the
reality is that all surgical wounds are contaminated and even the most thorough of skin prepara-
tion will not decontaminate the micro-organisms in the deeper layers of the skin and the efficacy
of laminar air flow can be easily influence by a variety of factors in the operating room [27-29].

As the contamination of the surgical site cannot be fully eliminated the use of prophylaxis
antibiotics is standard practice with recognised benefits to reduce the risk of deep infection
[30, 31]. The use of prophylaxis antibiotics in total hip replacements have been shown to
reduce the absolute risk of infection by 81% [32]. Such use of prophylaxis antibiotics is not
without its risks however and include both the direct side effects of its use but also the increas-
ing concern of resistance. As such the choice of antibiotics is best directed by local protocols
and guidelines and currently there is no clear consensus on the best regime [32].

Despite the effort to reduce the rates of deep infections however they do still occur and the
diagnosis of a deep infection can be clinically challenging. The principal symptom is hip pain,
but this along with more systemic symptoms such as fever, malaise and rigours are very vari-
able. Further the clinical examination may show signs of local inflammatory changes along
with reduced range of motion within the hip joint.

Biochemical marks such as CRP and ESR are widely used. However in the both markers are
non-specific and can be elevated in the presence of any concurrent inflammatory process. In
the absence of any concurrent conditions that may increase their levels the a CRP of greater
than 10 mg/1 has a sensitivity and specificity of 96 and 92% and an ESR of over 30 mm/h that
of 82 and 85% [33].
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Radiological investigations can aid the diagnosis with signs of osteopaenia and osteolysis
however there is no clear way to distinguish these from aseptic loosening on plain radio-
graphs alone. Radionucelotide scanning can identify areas of increased bone turnover and
inflammatory foci and are more sensitive and specific to deep infection. More specialist radio-
logical investigations such as labelled white cell scans and immunoglobin scans and modern
PET scanning techniques are more sensitive and specific still, at 85.5 and 92.6% respectively
for PET scans, but the availability remains challenging [34, 35].

Cytological and microbiological analysed sample can give both diagnostic information on
the presence of infection but also the causative organism. Done radiologically under sterile
conditions, a guided aspirate has been shown to have a sensitivity and specificity of 82 and
91% [36]. A surgically performed procedure allows the concurrent washout of the surgical site
to furthermore reduce the organism load. Any such sample however should be taken with 2
weeks of antibiotic cleared time to avoid any false negative findings.

The treatment of deep infection in total hip replacement is based on the principles of eradi-
cation of infection and restoration of function [37]. If deep infection occurs in the acute
period, in the first 2 weeks, then component retention may be possible with thorough
debridement and antibiotic treatment. However such this only results in clearance of infec-
tion in 50-74% of patients [38]. More often the presence of deep infection requires a full
revision of the total hip replacement. This can be performed as either a single or two stage
procedure. A single stage procedure is the removal of the prosthesis with thorough clear-
ance of the infection with the implantation of a new prosthesis and subsequent antibiotics
therapy. This differs to that of a two stage procedure whereby the first stage is the removal
of the infected prosthesis, soft tissue debridement and the insertion of an antibiotic loaded
spacer. After an interval of approximately 6 weeks of antibiotic therapy and the patient
undergoes a second stage procedure with the insertion of a new prosthesis [39, 40]. The
benefits of a single stage procedure are that of reduced operative morbidity however the
results of successful treatment of the infection is consistently better with a two stage proce-
dure at 87-94% [41] (Figure 1).

3.2. Haemorrhage

Haemorrhage can be classified into intraoperative haemorrhage and postoperative. Arthro-
plasty surgery is associated with significant levels of haemorrhage and a relatively high
demand of blood transfusion [42, 43]. Haemorrhage that is deemed to be clinically significant
is difficult to determine and varies between clinician, centres and trails. One large multi-cen-
tered study defines important haemorrhage to be as “bleeding that is recorded by the surgeon as
being outside the range of “typical expected levels’ of bleeding following THA/TKA, or bleeding that
is cited as the cause of prolonged hospital stay” [44]. Rates of intraoperative haemorrhage vary
from 2 to 3.6 unit [44—47]. Risk factors for increased intraoperative haemorrhage rates include
increased operative time, with one study demonstrating a 1 min increase in operative time
resulting in a 1.552 ml increase in intraoperative bleeding in total hip replacements [48]. Low
and high BMI has been both associated with increased risk of haemorrhage [49, 50].
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Figure 1. Management algorithm of peri-prosthetic infection.

Due to the high rates of intraoperative haemorrhage total hip replacement has a high rate of
transfusion requirements. Median volume of allogenic transfusions in total hip replacements
is 2 units [46, 47]. Autologous transfusion is also extensively used in total hip replacements
with estimates at 20-80% of all total hip replacement patients requiring an allogenic trans-
fusion [51-57]. When autologous transfusion is used the rates of requiring only autologous
transfusions vary from 49 to 79% [47, 58-61]. Risk factors for intraoperative blood transfusion
are low preoperative Hb, high age, female gender, large estimated volume of intraoperative
blood loss and American Society of Anesthesiologists score of more than 2 [49, 62].

The risks of allogenic transfusions have been widely reported to include disease transmis-
sion, haemolytic reactions, fluid and haemodynamic overload, acute lung injury, coagulopa-
thy, febrile non-haemolytic reactions as well as the a potential increased length of hospital
stay and the financial cost [54, 63-65]. Various methods of blood management interventions
are utilised to reduce the rates of autologous blood transfusions to include correcting any
preoperative anaemia, ceasing antiplatelet and anticoagulant medications, intraoperative cell
salvage and autologous transfusions and the use tranexamic acid [66-68].

Tranexamic acid in particular has been widely adopted as an agent to reduce intraoperative
haemorrhage. As a synthetic lysine analogue tranexamic acid acts as an antifibrolytic agent by
inhibiting plasminogen to plasmin and therefore delays the breakdown of fibrin containing
blood clots. Studies have shown that the administration of tranexamic acid has reduced the
proportion of patients requiring allogenic blood transfusions but not increasing the rates of
complications including thromboembolic events and renal failure [68, 69].
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3.3. Nerve injury

The incidence of nerve injury following a total hip replacement is approximately between 0.05
and 1.9% [70]. Damage to the sciatic and femoral nerve is most common, accounting for 79
and 13% respectively, with combined nerve palsy occurring in 5.8% cases. Obturator nerve
palsies are more rare, occurring in 1.6% of cases [71].

Risk factors for nerve injury include revision surgery, female sex and developmental dyspla-
sia of hip or acetabulum [72, 73]. The most common cause of nerve injury in total hip replace-
ment is of unknown aetiology at 47%. Other recognised causes are iatrogenic with damage
during the operative approach, though direct laceration is rare at 1%, or due to the mechanical
effects of limb lengthening and offset mismatch [74]. If cement is used then the direct pressure
effect or thermal injury can cause damage to the nerve. Haematoma formation can cause dam-
age to the nerve and therefore meticulous haemostasis is important [72, 75].

There is no difference in the incidence of nerve palsy between the direct lateral or posterior
approach [76]. When the sciatic nerve is affected it is usually the peroneal component, as it
is more susceptible to traction and trauma [72]. Femoral nerve palsy is less common and is
usually the result of direct compression intraoperatively by the retraction of soft tissues by
surgical instruments.

Management of nerve injury can be challenging. The surgeon must ensure that the appropri-
ate radiological imaging, usually an ultrasound to exclude a haematoma and possibly an
MR, is performed to exclude a reversible cause of injury and also other causes not related to
the surgical intervention. Nerve conduction studies may be of benefit to assess the level and
degree of injury. If the limb has been lengthened and there are no other causes of the injury
identified, the leg length can be addressed to reduce the stretch of the sciatic nerve. If a hae-
matoma is confirmed this may be an indication for surgery if symptoms do not resolve [72,
77-79]. However as most causes of nerve injuries are of unknown aetiology, generally in the
absence of a clear cause, conservative management is advocated for a postoperative neuritis
in a multi-disciplinary approach to ensure that all other causes of nerve injuries are excluded
[80-82]. In this manner, one would ensure close observation and follow-up to ensure gradual
improvement in function.

3.4. Dislocation

The rate of hip dislocations can range from 0.2 to 10% with 2% of patients dislocation within
1 year of their operation [83]. Of those who dislocate their total hip replacement, approxi-
mately one third will go on to have recurrent dislocations [84]. Risk factors are multifactorial
and divided into patient, surgery and implant related.

3.4.1. Patient related factors

Cognitive disorders such as cerebral palsy, muscular dystrophy, dementia, advanced age
and impaired compliance have showed increased chances of hip dislocations. Patients
should avoid movements such as bending forward from a standing position or internal rota-
tion of a flexed hip [76, 83]. Previous hip surgery have also shown to double the risk of
dislocations [85].
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3.4.2. Surgical risk factors

Surgical risk factors for dislocation of total hip replacements include the surgical approach,
soft tissue tension, component design and orientation and surgeon experience. The majority
dislocations occur posteriorly and therefore the posterior approach has the highest risk of
dislocation. It has been documented in the literature a rate of 5.8% for the posterior approach
in comparison to 2.3% for the anterolateral approach [85]. However recent research showing
patients that have had a posterior capsular and external rotator repair have comparable rates
to other approaches [76].

Implant alignment during hip replacement surgery is very important for stability of the joint.
‘Safe zones’ for acetabular cup position are defined as an abduction angle of 40 + 10 degrees
and anteversion of 15 + 10 degrees, first defined by 6 in 1978 [86]. Recent studies have shown
that although this range can be a useful guide to acetabular position, stability of a total hip
replacement is multifactorial and should be assessed on an individual basis and therefore the
‘Safe Zone’ for a particular patient may lie outside this range [87].

3.4.3. Implant related factors

Component position and design can both influence the risk of dislocation. Head to neck ratio
is very important for stability of the prosthesis and to allow a free range of movement without
impingement. Larger femoral heads also allow a wide a mechanical range of motion when
compare it to smaller head diameters [88]. In addition to this a larger femoral head has to
move a greater distance away from the centre of the acetabular component before it can dis-
locate (jumping distance) therefore protecting against dislocation.

3.4.4. Management

Dislocations are initially managed by closed reduction in the majority of cases. In practice it is
commonly seen that these patients are placed in an abduction brace though there is little evi-
dence to support their use [76]. Patients who have recurrent or irreducible dislocations with
correctly positioned components, can be managed with restrained liners. This has become
a relatively more recent method of treatment that can be complicated with the increase risk
of restricted range of movement due to impingement, osteolysis due to wear debris or early
acetabular loosening. These should be used if a cause for instability has not been identified
and can be used as a salvage procedure [89].

Recurrent dislocations can also be treated with a bipolar hemiarthroplasty due to the larger
head size providing additional stability. This should be reserved for elderly low demand
patients [89].

The use of dual mobility cups in unstable hips is becoming increasingly popular. Dual mobil-
ity cups have two points of articulation allowing increased stability with less restriction on
range of movement [90].

Poor component position, soft tissue laxity and dislocations due to impingement may require
surgical intervention to revise their total hip replacement.
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3.5. Leg length discrepancy

Leg length discrepancy following a total hip arthroplasty is one of the most common reasons
for patient dissatisfaction as it can cause nerve palsies, abnormal gait, lower back pain and
reduced functional outcome. Inevitably this often leads to litigation against orthopaedic sur-
geons [91].

The incidence has been reported between 1 and 27% [92]. The measured leg length discrep-
ancy have been reported to vary from 3 to 70 mm [93]. As previous covered, nerve palsies are
one of the most serious complications of leg length discrepancy. Sciatic and peroneal nerve
palsies have both been associated with limb lengthening [74].

Minor leg length discrepancy of less than 1 cm may be tolerated well by the patient but more
than 2 cm may cause gait abnormalities as well as increase in physiological demand [91, 94]. It
is important to assess the patient preoperatively and measuring true and apparent leg lengths
can do this. True leg length is measured from the ipsilateral anterior superior iliac spine to
medial malleolus whereas apparent leg length is measured from the umbilicus to medial mal-
leolus. Apparent leg length discrepancies can be affected by pelvic abnormalities secondary
to lumbar spine pathology or contractures around the hip. Leg length discrepancy that occurs
secondary to chronic lumbar spine pathology can be very difficult to correct and may lead
shortening or lengthening of the overall leg length.

Radiographs can be used for preoperative evaluation of leg length discrepancy and the use
of a preoperative template to determine the level of the neck cut and position of acetabu-
lar component [95, 96]. However the reliance of preoperative templating alone has shown
that its efficacy in avoiding any leg length discrepancy to be only 60% [96]. There are many
intraoperative techniques using landmarks to ensure that the correct leg length is maintained.
One review of the literature by Desai et al. has identified over 20 methods discussed in the
literature [91]. These methods have in common the two constant reference points, one of the
pelvis and the other on the femur intraoperatively to ensure the leg length is maintained and
traditionally the greater trochanter is the reference point of the femur [97].

The achievement of absolute leg length equality is challenging to achieve [98]. There must
be adequate time allowed for any contractures to resolve and any residual minor leg length
discrepancies can be corrected with simple shoes raises. Although a simple intervention these
are not always well received by patients [99]. In more significant discrepancies surgical inter-
vention may be required to address the symptoms of pain and functional impairment then
surgical correction may be required [100].

3.6. Peri-prosthetic fracture

With increasing life expectancy and an ageing population, resulting in more patients with poor
bone quality and increase risk of falls, the number of total hip replacement is increasing. Thus
the likelihood of patients who have had a total hip arthroplasty sustaining a peri-prosthetic
fracture is on the rise. Furthermore with a broader indication for surgery, younger patients
who are more active and therefore high energy trauma prone are increasingly undergoing
such procedures, again increasing the risks of subsequent peri-prosthetic fractures [101].
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Peri-prosthetic fractures can either occur in the intraoperative or postoperative period.
Intraoperative and postoperative peri-prosthetic have been reported at 1 and 1.1% respec-
tively. Cementless fixation are at higher risk for intraoperative peri-prosthetic fracture at
5.4% for primary total hip replacement and 21% for revision surgery [102]. For those sustain-
ing a postoperative peri-prosthetic fracture the most significant risk factor is osteolysis with
implant loosening [103]. The most common mechanism for peri-prosthetic fractures is a low
energy movement accounting for over 75% of all peri-prosthetic fractures [104].

Peri-prosthetic fractures of the femur can be classified using the Vancouver classification
(Table 1).

The management of peri-prosthetic fractures following total hip replacement is based not
only on the fracture characteristics as defined by the Vancouver system but also patient fac-
tors including co-morbidities and bone quality. However the Vancouver classification does
provide a well proven approach in considering the management of such injuries and we will
briefly describe some of the approaches used in addressing such injuries.

Type A fractures are usually treated non-operatively unless a large part of the calcar is
involved leading to instability of the prosthesis which would then require revision surgery.
Type B fractures occur around or just distal to the stem and are most common representing
80% of all cases [101]. B1 fractures may be treated with open reduction internal fixation with
a combination of plate and cerclage wire system. B2 type fractures have good bone stock and
are commonly treated with revision total hip arthroplasty with a long stem, bypassing the
fracture site in combination with plates and cerclage wires. B3 can be the most challenging
to treat due to the poor bone stock. These may be treated with either revision hip arthro-
plasty with structural allografts, distally fixed long stem implants or custom proximal femo-
ral replacements. Type C can be fixed using an open reduction internal fixation technique
and there are numerous methods in use to include locking plates, screw and cable plates and
intramedullary systems [101].

Various implants are available but treatment is very much dependent on the type of fracture,
amount of bone stock along with taking into account patient factors. Dynamic compression
plates (DCP) or locking compression plates (LCP) can be used in combination with cerclage
wires and screws. Fixation of the plate can be done with either cerclage wires or unicortical
screws. Proximal fixation with unicortical screws increases strength and therefore preferred

Type Subtype Description
A AL Lesser trochanter
AG Greater trochanter
B Bl Well-fixed prosthesis
B2 Loose prosthesis
B3 Loose prosthesis with poor bone stock
C Fracture well below the tip of prosthesis

Table 1. The Vancouver classification for periprosthetic fractures of total hip replacements [105].
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over cerclage wires. Plates can also be biplanar to provide further stability. Various proximal
femoral replacements are available and the choice depends on level of fracture, quality of
bone and amount of bonestock remaining [106].

Acetabular peri-prosthetic fractures are uncommon but usually occur intraoperatively when
inserting the acetabular component. The aim of treatment is to stabilise the fracture and pre-
vent further propagation of the implant by plating the anterior or posterior columns, using
bone grafts and, or using jumbo revision cups if there is significant bone loss [107].

3.7. Heterotopic ossification

Heterotopic ossification is the abnormal formation of lamellar bone in extra-skeletal soft
tissue [108]. The reported rates of heterotopic ossification post total hip replacement varies
greatly between 0.6 and 90% [108-112]. Risk factors include male gender, previous history
of heterotopic ossification, pre-existing hip fusion, ankylosing spondylitis, Paget’s disease,
post traumatic osteoarthritis, osteonecrosis and rheumatoid arthritis [113]. Surgical factors
may also play a role and include, extensive soft tissue dissection, haematoma formation, and
excess bone debris [113].

Early changes of heterotopic ossification can be detected as early as 3 weeks on bone
scan, 6 weeks on plain radiographs but can take up to 1 year for bone to fully mature [76].
Heterotopic ossification is usually asymptomatic and diagnosed on follow up radiographs.
When symptomatic, patients most commonly present with pain and stiffness [108].

The abductor compartment is most commonly affected and is classified using the Brooker
classification which is based on extent of heterotopic ossification seen on anteroposterior
radiographs of the pelvis [114].

The management of heterotrophic ossification is divided into prevention and treatment once
established. The prophylactic management was pioneered by Dhal with the administration
of non-steroidal anti-inflammatory drugs [115]. Radiotherapy treatment in the form of 60Co
gamma radiation or high energy X photons is also used to prevent the formation of heterotro-
phic ossification. The treatment of established heterotrophic ossification include physiother-
apy during the maturation phase to prevent further propagation and no surgical intervention
such as radiotherapy and extracorporeal shockwave therapy [116, 117]. Interventional pro-
cedures in the form of embolization of the nutrient arteries have been used to prevent the
formation of further heterotopic ossification [118]. Surgical excision of the lesions may be
considered to treat the symptoms of both pain and stiffness [119, 120].

3.8. Other complications

Osteolysis and subsequent aseptic loosening are complications that can occur as a late compli-
cation in total hip arthroplasty. Osteolysis is induced by several mechanisms to include; adap-
tive bone remodelling, fluid pressure and particulate debris [121]. The principle mechanism for
osteolysis following total hip arthroplasty is particular debris, particularly polyethylene [122].
These particulates are dissolved in the surrounding joint fluid that can lead to chronic inflam-
mation at the implant bone interface. This leads to a build-up of cells such as macrophages,
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fibroblasts, giant cells, neutrophils, lymphocytes and osteoclasts. The cellular response created
by these cells lead to resorption of bone leading to aseptic loosening and failure of the arthro-
plasty [123]. This type of complication would be treated with a revision total hip replacement.

Trochanteric bursitis can be seen in 3-17% of patients following total hip arthroplasty. This
can be a result of irritation due to over use, change in posture, leg length discrepancy or inap-
propriate offset. This is usually treated non operatively with simple analgesia, non-steroidal
anti-inflammatory drugs or steroid injections [124].

Finally although more of an irritation rather than a complication with significant morbidity,
some total hip arthroplasty can have issues with squeaking. Squeaking is an issue found on
hard on hard bearings and rates have been reported between 0.3 and 24.6% in ceramic on
ceramic arthroplasty [125]. The sound is thought to be produced from the friction created from
hard on hard surfaces with insulfficient fluid film lubrication. Although a nuisance, there is
currently no clear consensus on the association of squeaking with ceramic failure, but patients
should be counselled on the issue if hard on hard bearing surfaces are to be considered [126].

4. Conclusion

Complications following total hip replacement can be broadly divided into systemic and pro-
cedure specific complications. Overall, incidence of complications have improved over time
as surgical and anaesthetic techniques have improved along with the diagnosis and manage-
ment of such complications.

The most common systemic complication is a deep vein thrombosis. Infection is the most
feared complication but the incidence have reduced with prophylactic antibiotics and
improved theatre environment. Leg length is one of the most common causes of patient dis-
satisfaction and all complications can be challenging to manage for the hip surgeon. However
despite these complications total hip replacements is one of the most successful orthopaedic
procedures performed and continue to be widely performed across different healthcare sys-
tems with very positive patient satisfaction outcomes.
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Abstract

This chapter analyzed the vascular complications in total hip replacement. Vascular injuries
are the uncommon but well recognized and serious issue. During total hip replacement, lac-
eration of major blood vessels has been reported which even cause morbidity and mortal-
ity. The injury to vascular structures occurs due to the placement of screws to fix acetabular
components, structural grafts, and protrusio cages or rings. Massive hemorrhage resulting
in immediate exsanguination may be caused due to the damage of any of these vessels by
processes such as drilling, reaming, retraction, or dissection. The majority of these vascular
injuries might be better prevented or even more proficiently treated by comprehensive pre-
operative assessment, better instrumentation, and careful postoperative monitoring.

Keywords: vessel injury, uncemented total hip replacement, reaming, bone screws,
acetabulum, iliac artery, acetabular cup, obturator artery, reaming

1. Introduction

This chapter gives an etiology, management, and prevention of common injuries that occur at
the time of total hip replacement surgeries or postoperative period. A total hip replacement
has become one of the most successful procedures with minimal complications and long-
term result [1]. According to the data published by various major national and international
joint registries, an increasing number of total hip replacements are performed each year. The
incidence of vascular injury occurs at the time of hip surgery or immediate postoperatively or
in the late postoperative period, which is quite rare (0.2-0.3%), but the inevitable and serious
issue may cause morbidity and even mortality [1, 2]. The most common pattern of vessel inju-
ries include lacerations, pseudoaneurysms, thromboembolic and arteriovenous fistula [3-5].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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Contiguous arteries to the acetabulum that are susceptible to be injured during total hip
replacement are mostly branches of common iliac vessels; external iliac vessels, obturator ves-
sels, superior and inferior gluteal artery, and internal pudendal arteries and veins as shown in
Figure 1 [6-12]. Indeed, many vascular structures surrounding the acetabulum may be injured
by direct and indirect trauma have been reported [12, 13]. In particular, the primitive cause of
injuries includes reaming during acetabular preparation, and retractor induced injury, drill-
ing holes for fixation of screws in cementless acetabular cups, excessive traction in surgery,
postoperative cup migration (Figure 2a and b). Also, cement erosion, excessive local heating
by methyl methacrylate in cemented total hip replacement are further reasons of occurrence
of arterial injuries during total hip replacement [4, 14-20]. However, there are many reported
reasons in which symptoms of vessel injury were not evident. The possible reasons might be
bone fragments or contamination caused due to soft tissue defect, result in infections [21].

Vessel injuries giving immediate symptoms of total hip replacement are the severe hemor-
rhage. The most common ischemic symptoms in the delayed postoperative period include
pain, the decrease of hemoglobin, swelling, reduced blood pressure and hypovolemic shock
[1, 2, 4, 6, 10, 11, 22, 23]. Other presenting signs and symptoms of vessel injury in revision
surgeries include excessive bleeding, loss of pulse and instability during extraction of hip
prosthesis [19].

In some reports, gender biasing has also been observed as one of the causes of vessel injury.
In several retrospective studies, the female dominance of vessel injury as compared to male
(3:2) has been confirmed [1, 4, 5, 16, 24].

At present, the participating physicians in total hip replacement are increasing, and indeed,
vessel injury is a credit to those who are engaged in these types of surgeries. The relationship
of pelvic vascular structures surrounding the acetabulum has been described in several stud-
ies [7, 9, 25]. Currently, substantial work by researchers has been carried out to visualize the

_~common iliac art.

external iliac artery——

deep circumflex iliac arte
superficial circumflex artery—

obturator artery——

Figure 1. Three-dimensional construction of pelvis and vessel structures using computed tomographic images.
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Figure 2. Vessel injury. (a) Photograph illustrating inserted acetabular screw close to external iliac artery and vein
(arrow) (reprinted with permission from Hwang [25]). (b) Postoperative false aneurysm of superior gluteal artery
(circled lines) by protruding cement to fix acetabular component (horizontal arrow) (reprinted with permission from
Bakker and Gast [10]).

detailed vascular structures surrounding the acetabulum with the use of three-dimensional
computed tomographic angiography (3DCT-A) [26-30]. These studies identified the actual
distance of vessel structures to the osseous surface of the acetabulum to prevent the injuries
caused by fixation of screws in cementless total hip replacement.

2. Prevention of vascular injuries

2.1. Obey quadrant system

Earlier, in continuation to prevent these injuries during fixation of acetabular screws, a sim-
ple method of acetabular quadrant system was described by Wasielewski et al. and accepted
widely till date [9]. Various anatomical studies have shown the fixation of screws in cement-
less primary total hip replacement, particularly in revision surgeries being most prominent
reason for vascular injuries.

Wasielewski et al. defined the acetabular-quadrant system for managing safe placement of
screws during primary and revision total hip replacement surgeries. The quadrant system is
proposed to explain the relationship between the osseous structure of acetabulum and sur-
rounding vascular structures to prevent the vascular structures.
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Acetabular quadrant system consists of four parts of acetabulum by dividing acetabulum
with two mutually perpendicular lines. The first line A originates from the anterior superior
iliac spine (ASIS) and passes straight to the center of the acetabulum, dividing the acetabu-
lum into two halves and named collectively as anterior and posterior quadrants. The second
line B originates from center of acetabulum and perpendicular to the first line, resulting in
the two superior and inferior halves (Figure 3). To this end, these two perpendicular lines
together form four quadrants by intersecting each other at the center of acetabulum, which
is collectively named as an anterior superior quadrant, anterior inferior quadrant, posterior
superior quadrant and posterior inferior quadrant. Most of the work published on vascular
injury has been carried out on the cadaveric bone; the authors tried to give a clear picture of
quadrant system by developing the three dimensional computational model of the pelvis and
surrounding vascular structure with the help of angiographic computed tomography (A-CT).
In the development of three-dimensional models of vascular structures, some of the arteries
and veins are not visible because of imaging limitations of computed tomographic machine.

Quadrant system specifies the safe zones to fix the proper sized acetabular screws that are
carefully considered at the time of total hip replacement surgery. The relationship between
vascular structures and four quadrants with lines passing and center of acetabulum respec-
tively mimic the safe and dangerous zones, which are as follows:

"<
Posterior ‘ML )\ . Anterior
' ( Superior

Inferior ‘ . _.

" Inferior

Line A Line B

Figure 3. Demonstration of quadrant system used for placement of screws in total hip surgery.
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2.1.1. Anterior-superior quadrant

This quadrant contains the external iliac artery and vein. The acetabular screws fixed in this
quadrant will be directed towards these vessels. However, it was found that external iliac
vein is lying down in more medial position than an artery and therefore is in more risky as
compared to the artery.

2.1.2. Anterior-inferior quadrant

Obturator artery is present in this quadrant, and the bone stock is thin in respect of other
quadrants. This order will increases the possibility of vessel injury during screw placement.

2.1.3. Posterior-superior quadrant

From the previous literature of dissection and a considerable amount of three-dimensional
studies, it is evident that superior posterior quadrant has good bone stock. This quadrant
contains the superior gluteal artery and vein, as they pass to the pelvis through the greater
sciatic notch. The proper sized screw may be considered for safe placement as the bone stock
in the central zone of this quadrant is more than 25 mm.

2.1.4. Posterior-inferior quadrant

Screws that are fixed in this quadrant are directed towards inferior gluteal and pudendal ves-
sels. The quadrant is considered safe for screw placement as the central zone has a good bone
purchase, and therefore a proper size of a screw may not touch the vessel structure thereby
preventing the vessels from injury.

2.1.5. Center of the acetabulum

Line A and line B intersect each other at the center of the acetabulum. This position is very
close to the obturator artery and is always avoided for placement of screws.

However, screws placed along line A in the superior portion of the acetabulum are directed
towards the external iliac artery and may not be appreciated. Screws placed along line A in
the inferior portion of acetabulum lie close to obturator vessel.

From the above discussion on quadrant system, it must be pointed out that external iliac ves-
sels, obturator vessel and superior gluteal artery seem to have the most frequent injury. The
anterior quadrant must be avoided for the placement of screw during total hip procedures, as
these vessels mostly lie in this quadrant. In the exposure of posterior quadrants, the superior
posterior quadrant is typically safer for proper sized screw placement as it has good bone
purchase regardless of the presence of vessel structures.

In view of above, to give a clear picture of the quadrant system to prevent vascular structures
from injury, the acetabular cups with 12 holes and additional central screw fixation is demon-
strated along with vessel structures in Figure 4.
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~common illac art.

External lliac Vel : ! Aw _—superior gluteal artery

deep circumflex iliac artery—"
superficial circumflex artery—"

obturator artery—"
. __——pudendal artery

Figure 4. Visualization of vessels surrounding the pelvis which are prone to injury from screw placement.

2.2. High hip center

In cases of high hip center, the quadrant system serves as in normal hips but it is constructed
in different ways. In the high hip, posterior superior and inferior posterior quadrants are
found safe for screw placement with good bone stock at the periphery of the acetabulum as
shown in Figure 5 [31].

Besides, a rare case of the aberrant anatomy of vessels was found, in such cases, care must be
taken during fixation of screws as they are more susceptible to injury [9, 32-34].

In the cases of revision surgeries where there is a bone loss in posterior quadrants, placement
of screws is necessary in anterior quadrant. To place proper sized screws in the anterior col-
umns, Lewallen proposed a technique in which screws and drill bits may be passed by visual
perception and palpation of the careful dissection of soft tissues in anterior quadrant [7].

The quadrant system described by Wasielewski et al. is prevalent among total hip arthroplasty
surgeons, until the normal hips are taken into account. In the technical demand for total hip
replacement of Crowe type-IV developmental dysplasia, the posterior superior quadrant system
is condemned. The reason behind this is that center of the acetabulum is shifted anteroinferiorly
in the hip with a high, complete dislocation (Figure 6). Screws lying in the safe quadrant (pro-
posed by Wasielewski et al. for normal hips) may frequently injure the obturator blood vessels. In
such type of cases, modified quadrant system must be used on surgeon recommendations [26].

2.3. Acetabular retractors positioning

Retractors are placed around the acetabulum for proper exposure of acetabulum during total
hip arthroplasty. It has been found that surgical approaches adopted by surgeons, are not
only the appropriate causes of injury. Consequently, appropriate retractor positioning and
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Figure 6. [llustration of shifted quadrant system anteroinferiorly in Crowe type-IV developmental dysplasia.

compression is critical to minimizing the vascular injury during total hip arthroplasty. Placing
the anterior acetabular retractor at anterior inferior iliac spine and inferior acetabular retractor
to the anterior wall is the safest position to avoid vascular injury during total hip arthroplasty.
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2.4. Acetabular reinforcement ring and antiprotrusio cage

Acetabular reinforcement ring and antiprotrusio cages are generally used in traumatic hips
and revision surgeries [35]. These prosthesis enable to fix the screws to actualize the pre-
existing anatomical conditions of acetabulum. Avoiding the risk of vascular injuries, screw
positioning in ventral and dorsal type of prosthesis is generally avoided. However, in such
critical anatomical situations, radiological interventions must be required during surgery.

2.5. Cement

During cemented total hip replacement surgeries, cement must be allowed to reach lesser pel-
vis. Postoperative vascular complications occur due to cement extrusion in defect of acetabu-
lar wall can put external iliac vessels at risk. Excessive use of cement (methyl-methacrylate)
can cause exothermic reaction, resulting in vessel thrombosis. Cement spiculae can erode
through the artery and result in perforation and pseudoaneurysm formation in postoperative
duration. The vessels are susceptible to avulsion if a revision surgery becomes necessary and
intrapelvic cement is unwisely extracted.

3. Management

3.1. Preoperative management
3.1.1. Preoperative clinical investigation

The preoperative clinical examination of vessels must be carefully performed. Knowledge
and local anatomy of vessel status surrounding the pelvis before surgery is essential and
if necessary, surgeons must use the easier method like Doppler scan to measure the arte-
rial occlusion pressure. Few arteries like femoral artery defects are easily identified in these
examinations, while artery defects for the arteries like obturator and superior gluteal artery
are often difficult to diagnose in early preoperative period.

3.1.2. Preventive measures

In case of revision total hip surgeries and traumatized hip, an appropriate vascular surgeon
must be intimated prior to performing total hip replacement surgeries.

3.2. Intraoperative management

A high index of disbelief and careful intraoperative inspection are fundamental to immediate
diagnosis and treatment of most intraoperative vessel injuries, both in primary and revision
total hip surgeries. Sudden vascular injury at the time of surgery may be caused my many
means for example instrumentation, broken bone edges, implants etc. Prompt recognition of
vessel injury is important. In these injuries, the essential step is of course bleeding control.
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Surgeon must not underestimate the urgency of vessel injury even in slight signs of bleeding.

There are many steps that must be followed in such types of situation, which are listed below

In open massive bleeding or slight signs of bleeding, immediate bleeding sights must be
identified visually, and operated to stop the hemorrhage. Additionally, ultrasonography
is the easiest and immediate way to recognize the site of bleeding in closed or open cases.

In acute hemorrhage at first site, surgeons must put pressure for local control at either end
of injured vessels.

Additional supplies of blood and fresh frozen plasma must be done.

Coagulation and legation technique for smaller vessels can be useful for temporary control
of bleeding.

Compression technique if unsuccessful at first attempt must be followed by surgical lega-
tion, endovascular stenting, and bypass as the next step for sites of vessel injury.

Without time delay, vascular surgeons must be intervened to take the operative actions and
stop the bleeding immediately.

The operating orthopedic surgeon must be familiar with the advanced operative tech-
niques like ilioinguinal and Stoppa approach for intrapelvic exposure, generally used in
major injured vessel repair.

Figure 7. Photograph showing postoperative vessel injury. (A) Arterial injury between the distal external iliac artery and the
femoral artery to the origin of deep femoral artery. (B) Arterial bypass (reprinted with permission from Barbier et al. [36]).
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3.3. Postoperative management

Postoperative insult of vessel injury by surgeons, which is the slightly lesser common cause of
unexplained pathological complications, might even result in death. Immediate after surgery
to few days of recovery, careful monitoring of vessel status is essential to avoid postoperative
vessel complications. After surgery and in the late postoperative period there are many sign
and symptoms, the surgeons, and even individual must not circumvent, of course, it may be
the sign of late vascular injury. Unexplained hypotension, tachycardia, nerve palsy, hypovo-
lemic shock and decreased hemoglobin and blood pressure are the signs of vascular injury,
postoperatively. In postoperative cases with the above signs and symptoms, immediate axial
imaging or radiography, contrast-angiography, color ultrasonography are the more natural
way to diagnose the bleeding source. Monitoring of these signs wisely is better and can be
treated with open repair, stenting, bypass, coiling, or chemoembolization without any delay
(Figure 7) [37-39]. The late symptoms from false aneurysm formation might be in the broad
range of spectrum and very confusing and can be treated by surgical intervention, once the
vascular injury is determined by diagnosis [13, 19].

Total hip replacement surgery is largely performed in aged patients and possibility of arterio-
sclerosis vessel must be taken into account, as these vessels are more vulnerable to injury [29].

4. Conclusion

Conclusively, vascular injuries are rare in hip replacement surgeries. Careful preoperative
planning, better instrumentation, knowledge of anatomical structures and meticulous surgi-
cal technique are necessary to avoid vascular injury. In advent screw penetration leading to
vascular injuries can present early as hemorrhage during surgery, in the intermediate term
as postoperative bleeding, hypotension, etc., and late as pseudoaneurysms. Further, manage-
ment of these complications is beyond the scope of this chapter which focuses on prevention
of these injuries rather than its management.
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Abstract

In this chapter I will focus on the importance of properly managed movement therapy
for patients after total hip replacement. It is necessary to find correct movement patterns
which can help patient to become more independent in ADL and locomotion. It seems
to be much more effective to choose therapy based on closed kinematic chains (CKC). In
CKC we have bigger amount of motor units and it is easier to maintain postural reactiv-
ity. The main aim is to use similarity in movement patterns. In therapy we choose pat-
terns that are similar to ADL activities. Acral Coactivation Therapy (ACT) is a movement
therapy that works with these principles. The effects of the therapy are seen in differ-
ent areas: improvement of patient’s ADL skills, better postural reactivity and stability
(lumbo-pelvic stability), decrease subjective level of pain. In the subacute and chronic
phase of therapy, we can follow up previous aims and focus on restoring full function
and condition.

Keywords: total hip replacement, closed kinematic chain, Acral Coactivation Therapy,
balance therapy, motion abilities for ADL, reduce pain

1. Introduction

This chapter deals with movement therapy management in patients after total hip joint
replacement (THR). Primarily it is about setting movement patterns which are the most ben-
eficial for patients in terms of postural reactivity, next about reducing subjective perception of
pain, renewing functional abilities from the perspective of activities of daily living (ADL) and
last but not least about satisfaction with surgery.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{cc) ExgINEN
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Degenerative changes of weight-bearing joints rank, without hesitation, among diseases of
civilization of the musculoskeletal system. In the final stage of this disease the patients are sig-
nificantly limited, in particular their movement abilities in ADL, and they suffer from strong
pain which is frequently alleviated by pharmaceutical drugs. In the final stage total replace-
ment of the afflicted joint, a hip joint in this case, is indicated in the patients. There is no doubt
that postoperative care of the patients is a multi-branch matter and that rehabilitation man-
aged by a qualified physiotherapist is its integral part [1, 2].

In total hip replacement the joint capsule is damaged, which results in the reduction of states-
thetic and kinetic proprioception and aggravation of postural stability mainly in vertical posi-
tions and deterioration of locomotion skills. Postoperative recovery is accompanied by other
problematic factors, e.g. pain caused by the surgical intervention itself or limited mobility of
the operated limb due to anti-luxation regime. All the named factors reflect on the patient’s
final movement expression.

The aim of the managed postoperative rehabilitation should be not only motor recovery of the
operated lower limb but also setting stereotyped physiological movement concerning ADL. The
selected movement patterns, which the patient performs within the therapy, should reflect on
their daily performance. The therapy should not lack a principle of similarity, i.e. the patients
are provided with such movement patterns that can be integrated in activities of daily living.

Many authors consider learning and mastering closed kinetic chain (CKC) activities as a fac-
tor indispensable for carrying out physiological movements in an open kinetic chain (OKC).
It means that the therapy itself should always start in a position which is relatively easy for
muscle chains activation, i.e. applying pressure. Closed kinetic chain movements optimize
activity of the engaged muscle groups which besides other things helps reduce subjective
pain perception [3-7].

For the purposes of our study we chose the Acral Coactivation Therapy (ACT) that meets all
the above mentioned criteria for the management of high quality rehabilitation of the patients
after total hip joint replacement.

This study also aims at pointing out that minimum objectivization means are used in the
branch of rehabilitation, which results in interpretation of movement therapy as an empiri-
cal branch lacking objective values. The patients” subjective feedback concerning evaluation
of therapy results is certainly important, however, efficacy of therapy cannot be objectively
assessed without recorded data. For this reason we chose a measurement system of a force
plate by Tekscan or specific questionnaires tailor-made for patients with a given diagnosis in
order to make the results objective.

2. The Acral Coactivation Therapy (ACT) characteristics

The Acral Coactivation Therapy is a physiotherapeutic method based on neurophysiology.
The founder of the ACT is PhDr. Ingrid Pala¢akové Springrova Ph.D. and the basic ideas are
inspired by Roswitha Brunkow’s method.
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Figure 1. Dorsal and ventral muscle chain.

One of the basic ACT principles is applying pressure on the acral parts of extremities (both
upper and lower). Applying pressure on the acral parts leads to straightening the spine and
activating posture against external forces. Setting and maintaining correct posture is funda-
mental for creating a physiological movement programme, thus part and parcel of a movement
itself. Muscle contraction proceeds in the disto-proximal direction, i.e. from the acral parts
toward the trunk. Applying pressure aims at co-activation of muscle chains (see Figure 1).
In order to improve movement pattern quality, thus better co-activation of muscle chains,
manual techniques are used. Muscle tone balance of co-activated muscle chains is achieved
by exteroceptive and proprioceptive inputs [7].

The ACT works on the principle of repetition of a movement pattern based on applying pres-
sure on the acral parts. These conscious repetitive presses form the basic element of mastering
the practised movement skills (motor learning). Mastering new skills by means of conscious
repetition of movement patterns is one of the basic principles of the ACT. Motor learning can
be simply characterized as a set of processes connected with training or experience leading to
relatively constant changes of the ability to react [7, 8].

The acres are significantly represented in human brain matter so they initiate motor activity in
the ACT. Unlike proximally placed muscle groups, which are significantly represented in the
pre-motor brain area, the acres are located mainly in the primary motor cortical areas [7, 8-10].

During the workout patients carry out planned (intentional) movements. It is presumed that
applying pressure activates the limbic system. Motivation is indispensable for movement as
well. Activation of the limbic system is followed by a sensory analysis of the movement, the
function of which is to draw up an ideal plan of the press. While pressing up the central ner-
vous system (CNS) uses peripheral information and assesses quality of the press, in particu-
lar straightening the spine apparatus. If the spinal alignment is not correct (the spine is not
straightened), the posture is adjusted, i.e., the angle of the acres is changed. After adjusting
posture, pressure is applied again and a new movement pattern with the identical objective of
straightening the spine apparatus is ingrained [7, 9, 11, 12].

The ACT therapy exploits positions from ontogenetic development of human motor activ-
ity. The early motor activity of newborns manifests itself in open kinetic chains. However,
during development the postural activity caused by confrontation of the CNS and external
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Figure 2. Evaluation of arches of the hand and the foot by means of the ACD.

stimuli increases. Movement patterns in closed kinetic chains are involved. Due to increasing
demand on movement patterns the CNS is forced to choose an adequate movement pattern in
terms of its economy and function [7, 13-15].

The closed kinetic chain activities provide the basis for postural presumptions of all motor
activities of a child. The open kinetic chain motor activity is focused mainly on movements
with a particular purpose, i.e. teleological movements [3, 4, 7, 13].

Many authors consider learning and mastering closed kinetic chain (CKC) activities as a fac-
tor indispensable for carrying out physiological movements in an open kinetic chain (OKC).
It means that the therapy itself should start in a position which is relatively easy for muscle
chain activation, i.e. applying pressure. Closed kinetic chain movements optimize activity
of the engaged muscle groups. Correct involvement of muscle groups as well as centration
of key joints in closed kinetic chains requires correct physiological position of the trunk and
the limbs. The ACT method uses mainly closed kinetic chain movements since many authors
consider them more functional, thus more effective in the therapy [3-5, 7].

The Acral Coactivation Diagnostics (ACD) is irreplaceable in the Acral Coactivation Therapy.
It includes evaluation of position of upper and lower extremities and straightening of the
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spine. The ACD exploits measuring instruments, e.g. PodoCam or Tekscan, thanks to which
position of the acral parts of limbs can be objectively evaluated. If a pathological position of
arches (of a hand or a foot) occurs, a press is not possible in the quality ensuring physiological
muscle coactivation that results in straightening the spine and centration of root joints. The
ACT uses also entry and exit questionnaires including, beside other things, basic case history,
visual analog scale (VAS) and questions targeted at early motor development [7] (Figure 2).

3. Methodology of the study

Thirty patients of the Department of Orthopedics and Traumatology of Pferov Hospital (SMN
Prerov), branch of the business Stfedomoravska nemocni¢ni a.s., took part in the study. In order
to be included in the study the patients had to meet the following criteria: they had not under-
gone any endoprosthesis or lower extremities surgery in the past and they were not diagnosed
with any mental illness or neurological disorder of central or peripheral nervous system.

“Only” 30 patients out of total 352 applicants who had undergone total hip joint replacement
in Pferov Hospital met these criteria. Collecting data for this study took 12 months.

3.1. The CKC group (CKC=closed kinetic chain)

The CKC group consisting of 15 patients (7 men and 8 women) of the Department of
Orthopedics and Traumatology of SMN Pferov went through postoperative rehabilitation
according to the Acral Coactivation Therapy principles. The average age of the patients was
59 +13.9 years.

3.2. The OKC group (OKC=open kinetic chain)

Also the OKC group included 15 patients (8 men and 7 women) of the Department of
Orthopedics and Traumatology of SMN Pferov who underwent postoperative therapy, which
is based mostly on open kinetic chain exercises, according to the standard procedures of SMN
Prerov. The average age of the patients was 58 + 9.7 years.

The probands were divided into individual groups by means of adaptive randomization.
At the beginning of the study both groups of the patients did not differ considerably in
terms of the observed parameters (Table 1). At-entry differences of the observed groups did
not show any statistical significance.

3.3. The CKC group therapy

The CKC group therapy followed the basic principles of the Acral Coactivation Therapy. The
rehabilitation plan consisted of (on average) six 30-min workout units under the guidance
of a qualified physiotherapist who supervised quality of the carried out motor patterns. The
therapy itself began the second postoperative day and continued until the patients were dis-
charged and took part in subsequent rehabilitation treatment.
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CKE group {p} F OKE group [p)
Age ah 11D af
B.ES.5. B3 A1 B3
FT 361 gD 355
HHS 481 s 52.8

Table 1. Entry parameters.

The managed therapy took place only during working hours of the physiotherapist (i.e. working
days). In order to improve quality the patients got an aid: Functional Hand Arch Support (only
for the purpose of the managed therapy). These gloves, specially tailored for the ACT method,
maintain optimum setting of arches of the hand. Outside the time set aside for the therapy (i.e.
at weekends, in free time) the probands carried out autotherapy according to the ACT without
the physiotherapist’s intervention. For these purposes the patients got the publication of The
Acral Press Up Exercises for Straightened Spine where the ACT positions used in the therapy
were marked. First, the patients carried out all the safe exercises in the managed therapy con-
ducted under the guidance of a physiotherapist to avoid wrong fixation of motor patterns and
subsequent errors in autotherapy. The therapy took place in SMN Pferov in the gym of the
department of orthopedics and traumatology. This place was calm with suitable conditions for
working out. Selected positions from the CKC group therapy are depicted in Figures 3-10.

3.4. List of CKC group static positions and their variants

When selecting static positions for therapy in a closed kinetic chain we took into consideration
regime measures (anti-luxation regime) that the patients had to observe. The applied posi-
tions were chosen from the publication of The Acral Press Up Exercises for Straightened Spine
in order to make autotherapy easier [16].

Figure 3. A press up in the supine position variant of flexion: Static coactivation.
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Figure 5. A press up in the low oblique sitting: Static coactivation.

Figure 6. A press up on all fours: Static coactivation.
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Figure 7. A press up in the sitting position, initial stage of dynamic transition from the sitting to the standing position.

Figure 8. A final stage of dynamic transition from the sitting to the standing position.
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Figure 9. A press up in the standing position with 2 forearm crutches; putting a foot forward on the step: Static
coactivation.

Figure 10. A press up in the standing position with 2 forearm crutches, extension against the wall: Static coactivation.
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1. A press up in the supine position and its variants:

* gait movement pattern: alternating flexion and extension of lower extremities in the CKC
(after mastering the OKC exercises)

* alternating flexion of lower extremities in the CKC

2. A press up in the side-lying position (lying on the healthy hip) with neutral position of
lower extremities and its variants:

* abduction of the operated leg in the CKC after mastering OKC exercises

3. A press up in the side-lying position while pressing up the upper body with an arm.

4. A press up in the prone position and its variants:

¢ alternating knee joint flexion

5. A press up in the position on all fours and its variants:

¢ alternating flexion and extension of lower extremities
* pressing up on all fours while lifting the knees above the floor

* abduction of lower extremities while lifting the knees above the floor

6. A press up in the upright kneeling position.
7. A press up while sitting on the chair and its variants:

* gait movement pattern: alternating flexion and extension of lower extremities in the CKC
(after mastering the OKC exercises)

8. A press up while standing with two forearm crutches and its variants:

* putting a foot forward on the step (alternating lower extremities) with subsequent support

* training of extension while leaning against the wall (alternating lower extremities)

3.5. List of dynamic transitions in the CKC group

The patients carried out dynamic transitions from individual press up (static) positions. These
were functional dynamic changes in positions according to the ACT principles. Two sets of
dynamic transitions selected in advance were applied. Dynamic transitions were chosen on
the basis of the similarity principle in order to evoke the movement patterns the patients used
in ADL. The therapy was aimed at integration of physiological movement patterns into motor
expression of the patients in ADL [16].

Dynamic transitions for verticalization from the supine to the standing position (i.e. getting
up from the bed).
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1. A press up from the supine to the side-lying position.

2. A press up from the lateral to the side-lying position while pressing up the upper body
with an arm and having lower extremities hanging off the bed.

3. A press up from the side-lying position while pressing up the upper body with an arm to
the sitting position with lower extremities hanging off the bed.

4. A press up from the sitting position with lower extremities hanging off the bed to the
standing position (hands on thighs — the CKC).

Dynamic transitions for verticalization from the supine to the standing position (from the floor).

1. A press up from the supine to the lateral position.
A press up from the lateral to the prone position.

A press up from the prone position to the position on all fours.

=N

A press up from the position on all fours to the upright kneeling position.

5. A press up from the upright kneeling position to putting the foot forward (i.e. the healthy
leg); with support of 1 forearm crutch if needed.

6. A press up from the position of having a foot forward to the standing position (with sup-
port of a chair or a forearm crutch if needed).

3.6. The OKC group therapy

Also the patients in this group went through managed (on average) six 30-min workout units.
These patients worked out according to the standardized SMN Prerov rehabilitation plan
intended for patients after total hip joint replacement. The exercises were analytical exercises
mostly in an open kinetic chain, without a direct link to the ADL therapy. The beginning and
the end of the therapy collided with the CKC group. In order to maintain the same conditions
this group worked out in the same gym of the department of orthopedics and traumatology of
Prerov Hospital as well. In their free time the probands performed autotherapy based on a list
of standardized SMN Pferov exercises intended for patients after total hip joint replacement
(see below). First, the patients carried out all the exercises under the guidance of a physio-
therapist, next the exercises became part of their autotherapy.

3.7. The list of exercises for patients after total hip joint replacement according to
the SMN Pterov standards

1. In the supine position
* point and flex your feet rhythmically
¢ flex your feet, straighten your knees and squeeze your buttocks

¢ move the extended leg sideways (on the bed) and back to the body axis
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¢ bend the knee (i.e. move the heel along the bed)
* bend the knees, put a pillow between them and squeeze you knees together

* bend your knees, lift your buttocks (hold for a few seconds), your arms rest along your
body

¢ lie on your side and raise your top leg
2. In the prone position

* squeeze your buttocks and push your pelvis toward the floor
* push your toes to the floor and straighten your knees
e alternate flexion and extension of your knees

e lift the entire extended leg

3. Sitting with legs hanging off the bed
¢ straighten your knee while pushing your thigh toward the bed (hold for a few seconds)
* put your hands on your thighs, squeeze your buttocks and then release

* raise your feet slightly
4. Standing at the head of the bed:

* stand on your toes
* move your operated leg sideways and back
¢ flex your operated hip (no more than 90 degrees)

* extend your operated leg backwards

3.8. Common therapy

Both groups of probands went through the same locomotion training using stairs and mobil-
ity aids, i.e. two forearm crutches in this case. Another common therapy element was practis-
ing forward bends (picking things up off the floor) while extending the operated hip joint.

3.8.1. Evaluation of postural stability by means of MobileMat™ Programme

Postural stability and reactivity was evaluated by means of a force plate by Tekscan using
the MobileMat™ programme. This programme works on the Balance Error Scoring System
(B.E.S.S.) principle developed by researchers Guskiewitz, Riemann and Shields.

MobileMat™ programme was developed mainly in order to improve the accuracy of B.E.S.S.
evaluation, which can be influenced by a human factor, i.e. subjective inputs of a testee. It is a
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computer-based evaluation of B.E.S.S. The studies show that the MobileMat™ programme can
run a more precise analysis of B.E.S.S,, in particular lifting a part of the foot off the force plate, lift-
ing an arm from the base position or changing the position of a non-weight bearing hip (i.e. when
standing only on the other leg). However, MobileMat™ programme cannot evaluate if the testee
closes their eyes. In this case, this factor is supervised by a qualified physiotherapist [17-19].

Evaluation of postural stability took place in a calm environment of the department of orthope-
dics and traumatology in the gym of SMIN Pferov. The measurement included three positions
that were repeated three times by the probands. With regard to an early postoperative stage alter-
native positions were chosen (see below) which could be carried out by the patients without being
exposed to dangerous positions or inadequate physical load of the operated leg. The patients
held each position for 20 seconds and had their eyes closed during the whole measurement.

3.8.1.1. Selected positions

1. Standing with feet hip-width apart on both feet; the entire feet are in touch with the Teks-
can force plate; standing straight with the hands on the hips.

2. Standing on both lower extremities, in tandem left forward position; the entire feet are in
touch with the Tekscan force plate; standing straight with the hands on the hips.

3. Standing on both lower extremities, in tandem right forward position; the entire feet are in
touch with the Tekscan force plate; standing straight with the hands on the hips.

Two physiotherapists made measurement while one of them operated the computer and the
other one supervised correct posture of the probands in the selected positions. Due to person-
nel reasons the persons who were not familiar with classification of the probands into the
test groups could not make measurement. Evaluation was carried out properly without any
intervention leading to distorting results. Measurement was performed 1 day before surgery,
the fourth postoperative day and finally on the tenth postoperative day (i.e. the last day of the
managed rehabilitation). During evaluation of postural stability the measured values of the
individual positions were counted up and the arithmetic mean was calculated.

Both groups had the same average values, i.e. 5.3 postural errors, during entry measurement.
In the postoperative stage the CKC group showed 5.1 errors per patient, while the OKC group
had 3.5 errors on average. The measured values were entered in a table (see Table 2). Graph 1
shows the differences in the reached B.E.S.S. values of the observed groups.

The final measurement showed a significant statistical difference (p =0.008975) between the entry
values of the individual groups. The CKC group reached 1.2 error, while the OCK group had 4.1
errors on average. This difference shows also high effect size (Cohen’s d =0.875). Non-parametric
Mann-Whitney U test was used to determine statistical significance of two selected files.

3.8.2. Evaluation of the patient functional movement skills

A day before surgery a qualified physiotherapist evaluated functional skills of the patients
according to the Functional Test Questionnaire (see Table 3). This specific questionnaire was
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CKC group {u} P OKG group [}
BE.E.5.5.1 3 B2 A3
B.ES.5.2 b1 S KR
B.E55.3 1.2 550 1.1
Table 2. B.E.S.S. evaluation.
B.E.S.S,
10
9 !
8
? !
E !
E !
4 !
3 !
a |
'| !
O T BESS.1 | BESS.2 BESS. 3
DSK CKC 53 5,1 1,2
BSK OKC 53 a5 41

Graph 1. Results of the balance error scoring system explanatory notes: B.E.S.S. 1-evaluation of postural errors according
to the balance error scoring system in the MobileMat™ programme (preoperative measurement), B.E.S.S. 2-evaluation
of postural errors according to the balance error scoring system in the MobileMat™ programme (postoperative
measurement), B.E.S.S. 3-evaluation of postural errors according to the balance error scoring system in the MobileMat™
programme (after termination of the managed rehabilitation), SK CKC-the CKC group, SK OKC-the OKC group.

developed solely for the purpose of this study. The Functional Test Questionnaire included
those movement patterns that the patients used in ADL. Evaluation of functional movement
skills consisted in assessment of a manner of execution of the selected movement patterns.
Finally, these results were quantified in the questionnaires. The highest achievable score was 50.

Functional skills were evaluated again on the fourth postoperative day in order to visualize
the differences between the preoperative and postoperative physical condition of the patients.
Exit measurement took place on the tenth postoperative day (i.e. the last day of the managed
rehabilitation). The testing was done by one qualified physiotherapist in order to avoid data
distortion.

Before surgery the CKC group patients reached 36.1 points on average. The fourth postop-
erative day the average value of functional skills fell to 11.1 points. However, the patients
reached 38.1 points on average within the final measurement. The OKC group showed an
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belore after after
surgery surgery | rehabilitation

[Turning from the supine to the side-lying position

{on the healthy hip)

Without any aids (without a wedge) S5p
With a pillow, without difficulties ip
With a pillow, with ditficulties 1p.
| Cannol manage to do it 0p
Turning from the supine to the prone position
Without any sids (withou! a wedge) S5p.
With a pillow, withaut difficulties ap
With a pillow. with difficulties ip.
| Cannol manage to do it 0p.

Verticalization from the supine to the sitting
position with legs hanging off the bed

Without any aids (without a wedge) Sp.
With a pillow, without difficulties Ip
With a pillow, with difficulties _[using a bar| 1p.
| Cannol manage bo do it Op.
Verticalization from the sitting to the standing
| position

| Without any aids (without crulches) 5p.
With support of 1 cruteh 3p
With support of 2 crulches 1p.
Canngl manage to do it 0p
Picking things up off the floor

| Can manage to do it without any aids 10p.

Can manage to do it with 1 forearm crulch 5p.
Can manage 1o do it with support of the lurniture

2p.
Cannol manage to do it 0p.
Verticalizatlon from the floor
Can manage o do it without any aids 20p.

Can manage to do it with 1 forearm crutch 10p.
Can manage to do it with support of the furmniture

S5p
Canngl manage to do it 0p.

Table 3. Functional tests.

average value of 35.5 points of functional skills at the beginning of the research. The average
reached value after surgery was 7.3 points. However, the OKC group reached only 17.1 points
on average within the final measurement.

Table 4 shows results of the individual measurements. In order to visualize the results a graph
(see Graph 2) was developed in order to depict changes in the result values of both groups.

The difference between exit values (i.e. those measured after termination of rehabilitation)
of the individual groups was statistically significant (p = 0.00001). This result showed also a
significant effect size (Cohen’s d = 4.04). Non-parametric Mann-Whitney U test was used to
determine statistical significance of two selected files.
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CKC group {u}

OKC group ()

FT1

35.1

30

FT2

11.1

=11

T3

FT3

3R

580

174

Table 4. Evaluation of movement skills (Functional tests).

Functional Tests

50
45
40
35
30
25
20
15
10

g L

0

FT1 FT2

36,1 11,1
35,5 7.3

FT3
38,1
17,1

O SK CKC
W5K OKC

Graph 2. Results of the functional tests explanatory notes: FT 1-functional tests (preoperative measurement), FT
2-functional tests (postoperative measurement), FT 3-functional tests (final measurement after rehabilitation), SK CKC-
the CKC group, SK OKC-the OKC group.

3.8.3. Objectivization of the closed kinetic chain therapy results based on the Harris hip score

The patients who took part in the study filled in a Harris Hip Score questionnaire before their
surgery. This is a specialized questionnaire assessing skills within ADL in patients with hip
joint diseases (arthrosis, necrosis of the ball). William H. Harris developed this questionnaire
in order to evaluate level of pain and movement skills of patients before and after surgery.
For the purpose of our study a modified version of the questionnaire was used, i.e. evaluation
of the range of motion of the hip joint. The highest achievable score is 100. If a patient reaches
70 points or less, their physical condition is considered bad. Willim H. Harris considered a
surgery successful when the score reached after surgery was at least 20 points higher than
before surgery [20-24].

The patients filled in the Harris Hip Score questionnaire again on the fourth postoperative
day in order to visualize the difference between the preoperative and postoperative physical
condition. The final evaluation took place on the last day of the managed rehabilitation, i.e.
on the tenth postoperative day.
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CKC group (4)

OKC group ()

HHS 1

454

SID

2.4

HHS 2

AL

5D

A2

HHS 3

f8.4

330

1.2

Table 5. Harris Hip Score values.

Harris Hip Score

100
a0
80
70
&0
30
40
30
20
10

o

HHS 1 HHS 2 HHS 3
OSK CKC | 48,4 40,5 _ 78,4
mSK OKC 52,8 _ 40,5 542

Graph 3. Harris hip score results explanatory notes: HHS 1 - Harris hip score (preoperative measurement), HHS 2 -
Harris hip score (postoperative measurement), HHS 3 - Harris hip score (final measurement after rehabilitation), SK
CKC - The CKC group, SK OKC - The OKC group.

Within the entry measurement of the Harris Hip Score the CKC group reached 48.4 points on
average. The OKC group’s average score in the questionnaire was 52.8. Both groups reached
equal values in the postoperative measurement, i.e. 40.5 points per patient on average. The
measured values were entered in a table (see Table 5). Graph 3 shows the differences between
the reached values of the individual group.

The exit measurement showed a significant statistical difference (p =0.00001), where the CKC
group reached 78.4 points and the OKC group 54.2 points on average. This difference showed
also a high effect size (Cohen’s d = 3.63). Non-parametric Mann-Whitney U test was used to
determine statistical significance of two selected files.

3.8.3.1. Two-year study assessing Harris hip score results

The Harris Hip Score questionnaire has been used in the department of orthopedics and
traumatology of SMN Pferov since the beginning of 2015 and it replaced the Staffel Score
questionnaire used formerly, which is not globally recognized and is less specific in terms of
evaluation activities of daily living.
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168 CKC group patlents [}

HHS 1 13.3
HHS 2 743
HHS 3 9

Table 6. Harris Hip Score results of two-year observation.

On the grounds of the two-year research efficacy of the therapy based on the ACT principles,
i.e. therapy in a closed kinetic chain, was assessed. In order to get long-term results the time
during which the patients filled in the questionnaire was modified.

The first time the patients filled in the questionnaires was standard, i.e. 1 day before surgery,
next after termination of the managed rehabilitation in the department of orthopedics and
traumatology of SMN Pferov (6 therapies on average) and the last time was 4 months after
hip joint replacement, i.e. within a regular orthopedic check-up. The patients were observed
from the beginning of 2015 until the end of 2016. During this period 168 patients who under-
went total hip joint replacement went through the therapy based on the ACT principles. The
measured values were entered into a table (see Table 6). Before surgery the patients had 43.3
points of Harris Hip Score, after termination of the managed rehabilitation they reached 74.3
points on average. After leaving the department of orthopedics and traumatology of SMN
Prerov the patients started subsequent rehabilitation treatment, they followed up the existing
therapy and went on improving their functional and conditional skills. Within the regular
orthopedic check-up, i.e. during the fourth month after surgery, the patients reached on aver-
age 94 points in the Harris Hip Score questionnaire.

The benefit of the therapy applied in a CKC consists mainly in relatively easy performance
and understanding of exercises which can be modified according to the skills and needs of
an individual. The therapy based on the ACT principles helps to reduce subjective perception
of pain and to improve motor skills in patients. Patient satisfaction with surgery depends on
improvement of the quality of their life, i.e. on reduction or elimination of pain and renewal
of motor skills they could do with a healthy hip joint [25-29].

4, Conclusion

The results of this study show that the managed rehabilitation in a closed kinetic chain has
demonstrably better results compared to the therapy conducted in an open kinetic chain. The
similarity principle, which integrates functional movement patterns into patients” activities of
daily living, is considered the key element. The patients agree that if the movement therapy is
aimed at improvement of specific motion skills applicable in ADL, their motivation to perform
the exercises is higher. Correctly set up CKC therapy leads to reduction of subjective percep-
tion of pain, which has already been proved in various studies. The results of our study show
not only significant improvement of functional skills of patients in ADL but also significant
reduction of a number of postural errors concerning standing positions and locomotion.
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Patients undergo total hip joint replacement in particular in order to improve the quality of
their life. On the grounds of our study’s results it can be stated that the ACT based therapy,
compared with the open kinetic chain therapy, influences the quality of the patients’ life after
total hip joint replacement in a significant way.
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