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Preface

Shoulder injury is a reason for everyday pain in thousands of patients every year. 
The 340-degree range of movement (ROM) of the shoulder is the cause of many 
pathologies of the rotator cuff (RC) tendons. Impingement syndrome, rotator cuff 
rupture, shoulder fractures, and RC arthropathy are painful conditions of the upper 
extremity resulting in serious discomfort. Shoulder pathology is primarily diagnosed 
by history and physical examination. The mainstay of treatment involves early 
identification before the onset of degenerative changes, physical therapy exercises 
to strengthen the shoulder girdle, and pharmacological interventions to decrease 
inflammation.

This book describes the pathology, evaluation, and management of shoulder RC 
pathology and shoulder arthritic changes (arthropathy) and highlights the role of 
an interprofessional team in the care of patients with these conditions. Open and 
arthroscopic techniques, especially in the last decade, have changed therapeutic 
solutions, minimizing the possibility of RC arthropathy and arthritis. In addition, new 
conservative therapies with stem cells and platelet-rich plasma (PRP) have opened a 
new field of treatment for shoulder injuries.

Dr. Dimitrios D. Nikolopoulos and Dr. George K. Safos
Central Clinic of Athens,

Athens, Greece
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Chapter 1

Review of Ortho-Biologics in 
Rotator Cuff Repair
Andrew Konopitski and Ajith Malige

Abstract

Rotator cuff repair is one of the most commonly performed surgeries in orthopedics, 
yet rates of postoperative failure and retear remain relatively high. Poor biology and lim-
ited healing potential at the cuff insertion are frequently cited as potential confounders 
to otherwise technically successful surgeries. Over the past several years, ortho-biologics 
have been developed in an attempt to augment rotator cuff repairs. The following review 
will briefly cover normal biomechanics and histology of the rotator cuff and how this is 
altered in cuff tears, provide an in-depth summary of the available literature on vari-
ous ortho-biologic agents, outline the limitations of each agent and give an idea on the 
future of ortho-biologics in rotator cuff.

Keywords: rotator cuff repair, biologics, stem cells, growth factors, platelet rich plasma

1. Introduction

Rotator cuff disease is among the most common causes of shoulder pain and 
dysfunction in adults. The overall incidence ranges from 87 to 198 cases per 100,000 
person-years, with the prevalence only increasing with age [1]. Rotator cuff (RTC) 
pathology is present in as few as 10% of symptomatic patients under the age of 
20 years, but this rate increases precipitously to 63% in patients over 50 years of age 
[2]. While technology and techniques used in rotator cuff repair (RCR) have evolved, 
outcomes have generally plateaued. Rates of repair failure continue to range from 20 
to 60% and usually occur within the first 15 months of surgery [3]. Furthermore, 
rotator cuff re-tear has been associated with significant decreases in patient reported 
outcomes and function [3, 4].

Several factors have been postulated to contribute to the relatively high failure rate 
of RCR, mostly due to either patient specific versus factors involving surgical technique. 
Patient related risk factors can be modifiable (smoking, compliance to post-operative 
protocol, strict blood sugar control) or non-modifiable (RCT size, chronicity, patient 
age, etc.) [5]. In an effort to improve success after RCR as well as patient outcomes, 
surgeons have explored the addition of biologic augmentation aimed at addressing each 
of these obstacles to tendon healing. The goals of this review are as follows:

• Review the normal histology and mechanics of the rotator cuff

• Explain how the repaired cuff differs from the native histological structure
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• Introduce several ortho-biologic technologies and their theoretical mechanism of 
action and how they are surgically implemented

• Review the current literature on each ortho-biologic application

• Provide a brief discussion on future directions in the field of ortho-biologics.

2. Biomechanics and histology of the native and diseased rotator cuff

2.1 Biomechanics

The rotator cuff is a confluence of both static and dynamic stabilizers that work 
together to maintain the instantaneous center of rotation of the humeral head within 
the glenoid fossa throughout the arc of shoulder motion [6]. The static stabilizers 
include four glenohumeral ligaments, the coracohumeral ligament (CHL) and the 
glenoid labrum. The glenohumeral ligaments are discrete capsuloligamentous bands 
which become variably tensioned depending on arm position and serve as checkreins 
to excessive humeral head translation at the extremes of motion [7, 8]. The CHL 
works in conjunction with the superior glenohumeral ligament (SGHL) to resist 
inferior humeral head translation with the arm adducted, and the labrum serves not 
only to deepen the relatively shallow glenoid fossa but also to contribute to the overall 
negative pressure within the glenohumeral joint [8].

While static stabilizers are instrumental in maintaining normal shoulder biome-
chanics, they are far less frequently injured than the dynamic stabilizers which fall 
victim to degenerative changes of age, chronic overuse and acute trauma. The four 
rotator cuff muscles are the supraspinatus, infraspinatus, teres minor and subscapu-
laris. The supraspinatus originates in the supraspinatus fossa of the scapula and 
inserts along the superior aspect of the greater tuberosity. Its primary function is to 
work in conjunction with the deltoid to initiate shoulder abduction and to counteract 
superior migration of the humeral head [6]. The infraspinatus and teres minor both 
insert along the posterior aspect of the greater tuberosity and function primarily as 
external rotators of the shoulder as well as resistors to posterior translation, though 
the infraspinatus does contribute somewhat to abduction and resistance to superior 
translation as well [6, 8]. Lastly, the subscapularis originates in the subscapular fossa 
and inserts broadly along the lesser tuberosity, medial to the bicipital groove where 
it becomes confluent with the transverse humeral ligament. The subscapularis is a 
strong internal rotator of the humerus, resists anterior and inferior translation, and 
provides stability to the biceps tendon [8]. Disruption of any one of these dynamic 
stabilizers can result in the loss of the physiologic force coupling between the humeral 
head and the glenoid leading to pain, weakness, reduced active range of motion and 
eventual degenerative changes.

2.2 Histology

Understanding the histology of the rotator cuff is imperative in order to contex-
tualize the use of biologic adjuncts to improve healing responses. Near their insertion 
points on the greater tuberosity, the tendons of the supraspinatus and infraspinatus 
become confluent into one conjoined tendon. The microscopic cross-sectional 
anatomy of the conjoined tendon has been described as being 5 distinct layers.  
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Layer 1 is the most superficial layer composed of fibers from the CHL and is rich in 
blood supply. Layer 2 is composed of large bundles of parallel tendon fibers with arte-
rioles from layer 1 intermixed. Layer 3 has small diameter tendinous bundles which 
are loosely packed and have a sparse blood supply. Layer 4 is primarily loose connec-
tive tissue with collagen bundles, and Layer 5 is continuous with the joint capsule and 
inserts on the humerus as Sharpey fibers [9]. More simply, the cuff can be thought of 
as having a bursal side superficially and an articular side abutting the joint capsule. 
The bursal side has more tensile strength and better vascularity than the joint side, yet 
it is prone to degenerative tears frequently resulting from impingement whereas joint 
sided tears often result from acute trauma [10].

The blood supply to the rotator cuff plays an important role in both injury and 
healing potential. Codman in 1934 first described a “critical zone” of the supraspi-
natus tendon roughly 1 cm proximal to its insertion on the greater tuberosity which 
exhibited poor blood supply. A cadaveric study by Determe et al. in 1996 confirmed 
the presence of this hypovascular zone, and Levy et al. later showed that the presence 
of this hypovascular zone is exacerbated in impingement [11, 12]. It has therefore 
been postulated that the critical zone plays a significant role in the development of 
degenerative rotator cuff tears and may also provide a suboptimal environment for 
tendon healing after attempted repair.

The tendon-bone interface, known as the enthesis, is the region of the RTC most 
prone to tears and can be separated into four distinct zones: tendon, nonmineral-
ized fibrocartilage, mineralized fibrocartilage, and bone [13–16]. Healing of rotator 
cuff tears (RCT) progresses through three overlapping stages. Stage 1 (0–7 days) 
is characterized as the inflammatory phase. In this stage, damaged tissues release 
various cytokines which recruit inflammatory cells such as neutrophils, monocytes 
and fibroblasts. These inflammatory cells release further cytokines, clear cellular 
debris and promote early angiogenesis. Stage 2 is the repair phase (5–21 days) in 
which a pro-fibrotic environment causes scar formation primarily composed of type 
III collagen. Stage 3 is the remodeling phase which can last for up to 8 weeks where 
type III collagen is steadily converted into type I [17]. Unfortunately, even after 
complete remodeling, the resulting healed scar at the enthesis fails to reach the same 
biomechanical strength as the native tendon insertion [13]. This is compounded by 
the frequent formation of gaps within the repaired tendon which have been shown 
through post-operative ultrasonographic and MRI studies [18–20]. The aim of 
ortho-biologic augmentation in RCR is to create an environment which minimizes the 
amount of type III collagen scar formation and instead

3. Osteoinductive growth factors

The introduction of osteogenic growth factors in RCR is one of the earliest uses of 
biologic augmentation aimed at improving the healing response. Studies have shown 
that healing of a repaired cuff tendon to bone is dependent on bony ingrowth. In vitro 
studies were able to demonstrate improved attachment strength of tendon within 
bone tunnels with the addition of bone morphogenic proteins (BMPs) [20]. Through 
immunohistological staining, Würgler-Hauri et al. isolated eight different osteoinduc-
tive growth factors (bFGF, BMP-12, BMP-13, BMP-14, COMP, CTGF, PDGF-B, and 
TGF-β1) which were temporally expressed throughout the 16 week arc of healing 
[21]. Following this, Rodeo et al. in 2007 were the first to introduce an exogenous 
osteogenic bone protein extract in vivo in a sheep model. A bovine derived extract 
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contained a mixture of BMP-2, BMP-7, transforming growth factor-β-1-3 (TGF-β1, 
TGF-β3) and fibroblast growth factor (FGF) which was impregnated into a type 
I collagen sponge and placed over the repair site. This study demonstrated greater 
formation of new bone, fibrocartilage, and soft tissue, with a concomitant increase 
in tendon attachment strength, but less stiffness than repairs treated with the type 
I collagen sponge carrier alone [20]. An important caveat to this study is that MRI 
evaluation of the repairs showed consistent gap formation at the repair sites.

3.1 Bone morphogenic proteins

BMPs are part of the TGF-β family and have been identified as growth factors 
important for new bone formation [22]. In vitro studies of BMP-2 and 7 have demon-
strated dose dependent increases in type I collagen production, expression and cellular 
activity [22, 23]. Further in vitro study of BMP-7 has shown that it can induce differen-
tiation of mesenchymal stem cells into chondrocytes which promotes the regeneration 
of interfacial cartilage and improves the quality of tendon healing [24]. In both rabbit 
and rat models, BMP-2 and 7 have demonstrated the ability to enhance new bone 
formation and tensile strength in repaired tendon insertions [24–26]. Unfortunately, 
no studies have been published on the use of BMP-2 or 7 in human RCR.

BMP-12 and 13 are thought to be important regulators of fibrocartilage, neoten-
don, and ligament formation [27]. There are limited in vitro studies of BMP-12 and 
13 in the literature, but several in vivo studies have been published. Seeherman et al. 
in 2008 used human recombinant BMP-12 (rhBMP-12) on a collagen sponge carrier 
in the sheep model which resulted in higher tensile strength and faster healing times 
compared to untreated controls [28]. In the rat model, Lamplot et al. administered 
recombinant adenoviral vectors which caused the upregulation of BMP-13 and found 
increased biomechanical strength in the healing tendons after 2 weeks [29]. There 
is one randomized, multicenter study in humans which implanted an absorbable 
collagen sponge treated with BMP-12. This study did demonstrate safety of BMP-12, 
but did not evaluate whether there were any clinical, biomechanical or structural 
improvements with BMP-12 treatment [30].

BMP-14 has been found at the tendon edges on the bursal side of torn rotator 
cuffs. In conjunction with BMP-13, it has been shown to increase the tensile strength 
of regenerated tendon [31]. As of yet, no human studies have evaluated the safety or 
efficacy of BMP-13 or 14 in isolation for RCR.

3.2 Platelet derived growth factors

Platelet derived growth factor (PDGF) includes a family of 5 soluble, dimeric gly-
coproteins (PDGF-AA, -BB, -CC, -DD, -EE) which are released from alpha granules 
in platelets. PDGF-BB has been shown to have mitogenic and chemotactic effects on 
tenocytes, fibroblasts and mesenchymal stems cells and is another important growth 
factor in tendon healing [32]. One notable point which has been demonstrated with 
PDGF research is the influence of timing of administration on tendon healing, as not 
all growth factors are present at equal concentrations throughout the healing process. 
The normal peak PDGF-BB concentration occurs between 7 and 14 days after surgical 
repair [31]. In a rat patellar-tendon defect model, there was an increased prolifera-
tive response when PDGF-BB was injected on day 3 after surgery, and addition of 
PDGF-BB on day 7 improved peak load and pyridinoline content after administration 
of the highest dosage of PDGF [33, 34].
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The primary modes of administration for PDGF-BB are by way of suture dip-
coated with the growth factor or by being housed within a type I collagen scaffold. 
PDGF-BB dip-coated suture did show overall improved histological scores in sheep 
models, but there was no significant increase in ultimate load-to-failure after 6 weeks 
[32]. Studies measuring the effect of PDGF-BB impregnated collagen scaffolds in 
rat models have provided heterogeneous results and no study has been conducted in 
humans [35, 36].

3.3 Transforming growth factor-β

Transforming growth factor-β (TGF-β) is a ubiquitous growth factor which is 
present throughout all phases of tendon healing and is secreted by all cells participat-
ing in the healing response including platelets, lymphycytes, macrophages, endothe-
lial cells and fibroblasts [37]. The three isoforms most closely linked to scar formation 
and tendon healing are TGF-β1, TGF-β2 and TGF-β3. Initial studies in TGF-β came 
from information gained through the study of healing fetal tissues. It was found that 
wound healing in fetal tissue is marked with decreased expression of TGF-β1 and 
β2 with increased expression of TGF-β3 [38]. These studies in fetal wound healing 
spawned a plethora of similar explorations of TGF-β as it relates to tendon healing in 
the rotator cuff. An early study performed by Kim et al. on rat supraspinatus models, 
neutralizing antibodies were used in conjunction with an osmotic pump to allow 
for the selective presence of each TGF-β isoform in isolation. They found that type 
III collagen production was increased in the context of TGF-β1, but were unable to 
show significant differences in mechanical properties with any of the isoforms [39]. 
At the same time, Manning et al. used a heparin/fibrin-based delivery system to 
affect a sustained concentration of TGF-β3 to the supraspinatus tendon of rats. They 
found significant improvements in tendon healing histologically as well as improved 
biomechanical strength [38]. Several years later, Yoon et al. again tested the sustained 
administration of TGF-β, but this time using the TGF-β1 isoform. This study found 
improved mechanical and histological properties of sustained TGF-β1 delivery on 
an alginate scaffold compared to a single TGF-β1 injection or suture repair alone in 
the rabbit models [40]. Most recently, Yoon et al. (2021) again tested a sustained 
release model of TGF-β1, but this time they developed a porous suture containing the 
growth factor and tested it on a rat model. They found similar improvements in the 
biomechanical and histological properties with the porous suture containing TGF-β1 
compared to controls [41]. As of yet, no study has evaluated the safety or efficacy of 
isolated TGF-β biologics in human RCR.

3.4 Basic fibroblast growth factor

Early in vitro studies of basic fibroblast growth factor (bFGF) highlighted the 
importance of this growth factor in promoting the proliferation of mesenchymal stem 
cells as well as collagen production [42]. BFGF, specifically FGF-2, causes fibroblasts 
to produce collagenase and stimulates proliferation of capillary endothelial cells, 
both of which are necessary for angiogenesis. It also helps to initiate the formation of 
granulation tissue [34]. In one of the earliest studies investigating bFGF on rotator 
cuff tissue in mice, Ide et al. combined FGF-2 with a fibrin sealant which was then 
placed within the greater tuberosity decortication site. They compared the FGF-2 
additive to fibrin sealant alone and found that the repair sites were histologically more 
mature and biomechanically stronger at 2 weeks, but these improvements were not 
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seen at 4 and 6 weeks [43]. Later, Lu et al. loaded bFGF onto a hydroxyapatite coated 
orthocord suture and found that the addition of bFGF increased tendon thickness, 
but did not show histological improvements [44].

With the advent of collagen scaffolds (discussed below), in vivo studies of bFGF 
have greatly expanded. In 2015, Peterson et al. used an FGF-2 impregnated scaffold 
in the repair of ovine supraspinatus tendons. At 8 weeks they found thicker tendon 
formation which mimicked native tendon structure, more new bone formation, less 
gap formation and improved biomechanical properties compared to controls [45]. 
Tokunaga et al. translated this information to the rabbit model and tested two dif-
ferent concentrations of FGF-2, 3 μg and 30 μg, in a gelatin hydrogel sheet which 
was inlayed into the greater tuberosity decortication site prior to tendon repair. At 
12 weeks both treatment groups demonstrated improved histologic and biomechani-
cal properties compared to controls [46]. Similar improvements in histologic scores 
and biomechanical strength have now been found with the addition of FGF-2 to 
chronic RTC tears as well as in the context of platelet-rich plasma (discussed below) 
[47, 48]. However, while in vivo evidence supporting the use of bFGF in tendon repair 
appears robust, there is no current evidence addressing the safety or efficacy of bFGF 
in human RCR.

4. Platelet-rich plasma

Platelet-rich plasma (PRP) has been extensively studied in its use as a stand-alone 
or adjunctive treatment option for rotator cuff tears, with its use projected to continue 
to increase in the coming years. This autologous agent is obtained from the patient 
and centrifuged down in a cost effective manner [49], resulting in a plasma layer that 
is highly concentrated in platelets (3–5 times higher than in normal blood) [50]. It 
is then most commonly delivered as an injectable concentration to the desired site. 
PRP can also be made [17] into a gel state that allows delivery to a specific area with 
prolonged function [51]. Ersen et al. studied the delivery method of PRP, finding that 
injectable PRP and absorption from a PRP sponge have similar effects on tendon-bone 
interface biomechanical properties [52].

There are four types of formulations described: platelet-rich fibrin matrices made 
from activating autogenous thrombin with the plasma, leukocyte-platelet-rich plasma 
made by retaining leukocytes while preparing the PRP concentration, platelet rich 
in growth factors, and an autologous conditioned plasma that is an Arthrex product 
(Naples, FL, United States) made from a centrifuged solution of autologous blood 
[53–55]. Regardless of type, PRPs have been theorized to be efficacious in tendon 
repair due to their myriad of growth factors and cytokines, including transforming 
growth factor beta (TGF-β), basic fibroblast growth factor (FGF), insulin-like growth 
factor (IGF-1), vascular endothelial growth factor (VEGF), and platelet rich derived 
growth factor (PDGF) [56–60].

Proponents of PRP argue that it is an easily harvestable autologous agent with a 
low-risk profile that offers the potential to deliver high concentrations of beneficial 
growth factors. Detractors note that the final PRP concentration can be highly vari-
able based on patient biology and the preparation process [61]. When considering 
their benefit in RCR specifically, in vitro studies have theorized that PRP not only 
increases tenocyte matrix synthesis and cell proliferation but also can activate exist-
ing tenocyte progenitor cells that can aid in tendon regeneration and healing [62–64]. 
Hoppe et al. theorized that existing fibroblasts showed increased proliferation in 
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the presence of PRP, citing PRP as a beneficial activator in the healing process [65]. 
Dolkart et al. used a rat model to demonstrate a higher load to failure, better stiffness, 
and improved histological characteristics in a PRP-augmented RCR [66].

Based on these theorized benefits, PRP has been explored as a stand-alone non-
operative treatment option for rotator cuff tears. Kesiburun et al. compared PRP 
injections to saline injections, finding that there was no difference in pain scores or 
functional outcomes between the two treatment options [67]. Shams et al. compared 
subacromial PRP injections to corticosteroid injections, finding that both groups had 
improved pain scores post-injection. They also found that patients who received PRP 
injections had more pain relief at 3 months postoperatively but similar pain improve-
ment at 6 months compared to the corticosteroid injection group [68].

Studies exploring PRP as an adjunct during surgical rotator cuff repair are hetero-
geneous and hard to draw conclusions from due to the variety of patient biology, cuff 
tear patterns, tendon quality, and repair techniques. Studies have demonstrated the 
imaging-backed conclusion that PRP injections improve structural healing rates of 
the injured tendon with decreased failure rates [69]. This is important, especially in 
younger patients, since this can be associated with improved strength and overhead 
function. Hurley et al. in their review showed that PRP can reduce the rate of incom-
plete tendon healing in small to medium sized tears and medium to large sized tears 
[70]. A few studies have built off of these improvements in tendon healing and have 
noted improvements in patient satisfaction and pain scores after rotator cuff repairs 
utilizing PRP [71]. Multiple studies have noted lower re-tear rates after RCR utilizing 
PRP as well [69, 72, 73].

However, for the most part these improvements in tendon healing have not 
resulted in sustained clinical improvements, as most studies detail a lack of dif-
ferences long-term in patients who undergo rotator cuff repair with PRP using an 
adjunct versus those who undergo a repair in isolation [74–76]. Charousset et al. 
found no difference in outcomes, both functional and radiographic, or re-tear rates 
between repairs completed utilizing leukocyte-rich PRP and those without [77]. 
Rodeo et al. in their randomized controlled trial reported no difference in tendon 
healing or functional improvement after RCR utilizing platelet rich PRP versus 
repairs without an adjunct. Interestingly, they did report that using this PRP came 
with a 5.8 higher likelihood of tendon-bone healing failure at 12 weeks compared to 
repairs without this adjunct [78]. Ruiz-Moneo et al. reported similar improvements 
in functional outcomes, patient satisfaction, and tendon healing after RCR utiliz-
ing PRP versus repair without it [79]. These similarities between groups remained 
in studies that looked at 10-year outcomes after RCR utilizing PRP versus RCR 
alone [80].

5. Stem cells

The use of stem cells to enhance tendon healing responses is a fairly new and 
quickly evolving field. It has become evident that tendon healing is a complex pro-
cess that involves the overlapping of a multitude of growth factors and cell types. 
Targeting pluripotent stem cells to RCR sites can theoretically prompt the cells to 
differentiate into the tenocyte lineage, thus allowing for the production of all the 
required growth factors and machinery to create a more robust repair that mimics the 
native tendon. The following sections will focus on different sources for stem cells and 
will summarize the evidence available for each in the context of RCR.



Shoulder Surgery for RC Pathology, Arthropathy and Tumors

10

5.1 Bone marrow-derived mesenchymal stem cells

Mesenchymal stem cells are pluripotent cells which can differentiate into any 
tissue of mesenchymal embryologic origin including muscle, fat, bone and tendon. 
This, along with the relative ease with which the cells can be obtained via bone mar-
row aspirate, make bone marrow-derived mesenchymal stem cells (BMSC) attractive 
candidates for biologic augmentation in RCR.

In vivo studies of BMSCs have been flooding the literature over the last 
10–15 years and have utilized several different animal models as well as delivery 
methods. A summary of the literature can be found in Table 1. Overall, in vivo data 
supporting the use of BMSC in isolation or in combination with other factors such as 
PRP or demineralized bone matrix is strong. It has been shown repeatedly that histol-
ogy of repaired tendon in the context of BMSC tends to closely align with native 
tendon structure and biomechanical strength has been shown to improve in concert 
with this data [83–87].

5.2 Adipose-derived stem cells

Adipose-derived stem cells (ADSC) have been a more recent focus of investigation 
than BMSCs, but have similarly strong in vivo data supporting their use. ADSCs share 
a similar advantage to BMSCs in that they are fairly easily harvested and have signifi-
cant pluripotent cell potential [98]. The most commonly cited method for purifica-
tion of ADSCs is the protocol outlined by Zuk et al. in a series of eight steps: obtain 
adipose tissue by liposuction, wash raw lipoaspirate, enzymatically digest lipoaspi-
rate, centrifugal separation, lyse contaminating red blood cells, filter, incubate, and 
final wash to remove residual red blood cells [98, 99].

A summary of the available evidence for the use of ADSCs is found in  
Table 1, but only three of these studies were based on human trials. Kim et al. in 
2017 injected ADSC along with a fibrin glue at the conclusion of surgical repair. At 
one year, the patients treated with ADSC and fibrin glue did have a significantly 
lower retear rate, though this did not translate into improved pain or functional 
scores compared to control [100]. The following year Jo et al. published two stud-
ies in which they injected ADSCs directly into partial RCTs. In the first of the two 
studies, patients were given either a low, mid or high concentration of ADSC in 
order to establish safety and tolerability. After this, a second study was conducted 
where all patients received the high concentration injection. In both studies, 
patients exhibited improved pain and functional scores as well as near complete 
RCT healing on repeat MRI evaluation at 2 years [101, 102]. While the number of 
patients included in this study was relatively small, the results show promise for 
future applications.

5.3 Umbilical cord blood-derived mesenchymal stem cells

Of the various tissues containing mesenchymal stem cells, human umbilical cord 
blood-derived MSCs (UCB-MSC) have theoretical benefits over other tissue deriva-
tives including: (1) the ability to home in on injured tissue, (2) low immunogenicity, 
(3) multidirectional differentiation, (4) extensive secretion profiles, (5) ability to be 
produced commercially in large quantities with homogenous quality and (6) allogenic 
UCB-MSCs are not prone to degenerative impairments of age seen with autologous 
MSCs [95].
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Thus far, all published data on UCB-MSCs has been conducted on animal models 
that undergo a simulated RCT followed by the later injection of UCB-MSCs under 
ultrasound guidance with no attempt at underlying repair. A summary of the 

First author, year Cell type Vehicle Animal 
model

Major findings

Gulotta, 2009 [81] BMSC Fibrin Rat RCT No change in histology or 
biomechanics at 2 or 4 weeks

Gulotta, 2011 [82] BMSC + 
Scleraxis

Fibrin Rat RCT Improved histology and 
biomechanical strength at 4 weeks

Yokoya, 2012 [83] BMSC PGA sheet Rabbit 
RCT

Improved histology and 
biomechanical strength at 8 weeks

Hernigou, 2014 [84] BMSC Injection Human 
RCT

Improved healing rates by US/MRI 
with lower rates of retear at 10 years

Degan, 2016 [85] BMSC Fibrin Rat RCT Early histoligic and biomechanical 
improvement at 2 weeks, no 
significance at 4 weeks

Thangarajah, 2017 [86] BMSC DBM Chronic 
rat RCT

Enhanced bone mineral density at 
enthesis at 6 weeks

Han, 2019 [87] BMSC + PRP Injection Rat RCT Improved histology and 
biomechanical strength at 8 and 
weeks

Oh, 2014 [88] ADSC Injection Rabbit 
RCT

Improved histology and 
biomechanical strength at 6 weeks

Mora, 2014 [89] ADSC Collagen 
Scaffold

Rat RCT Decreased inflammation, no change 
in biomechanical properties

Lipner, 2015 [90] ADSC + BMP2 Nanofiber 
scaffold

Rat RCT Decreased mechanical properties, 
no change in bone mineral density

Chen, 2015 [91] ADSC Injection Rat RCT Initially improved histology and 
biomechanical strength at 7 days, 
no significant difference at 28 days

Rothrauff, 2019 [92] ADSC + 
TGF-β3

Fibrin, 
GelMA

Rat RCT ADSC in isolation provided greatest 
improvement in bone mineral 
density over TGF-β3 additive

Wang, 2019 [93] ADSC 
exosomes

Injection Rat RCT Improved histology and 
biomechanical strength at 16 weeks

Park, 2015 [94] UCB-MSC Injection Rabbit 
RCT

Partial thickness tendon healing 
with type I collagen

Kwon, 2018 [95] UCB-
MSC + PDRN

Injection Rabbit 
RTC

Improved histological and 
functional outcomes

Kwon, 2018 [96] UCB-
MSC + PDRN

Injection Rabbit 
RTC

No significant differences with 
treatment

Kwon, 2018 [97] UCB-MSC Scaffold Rabbit 
RTC

Improved histological and 
functional outcomes

BMSC—bone marrow-derived stem cells, RCT—rotator cuff tear, PGA—polyglycolic acid, PRP—platelet rich plasma, 
ADSC—Adipose-derived stem cells, BMP2—bone morphogenic protein 2, TGF-β3—transforming growth factor beta 3, 
UCB-MSC—umbilical cord blood-derived mesenchymal stem cell, PDRN—polydeoxyribonucleotudes.

Table 1. 
Summary of studies conducted using mesenchymal stem cell derivatives.
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available data can be found in Table 1. While all studies have shown the ability to 
produce at least partial thickness healing with a high concentration of type I collagen, 
further investigation is needed to determine the utility of UCB-MSCs in the context 
of RCR. It should also be noted that all the available literature regarding UCB-MSC 
has been published solely out of Catholic University of Daegu School of Medicine in 
South Korea.

5.4 Subacromial bursa-derived cells

Perhaps the most recent tissue type to be harvested for stem cells is subacromial 
bursa tissue. The potential for subacromial bursal tissue to supply mesenchymal stem 
cells was first described in a protocol outlined by Lhee et al. where human tissue 
was obtained, treated with a collagenase to isolate cells, then serially cultured. The 
resulting cell lines were then subject to immunohistochemical staining to confirm 
their mesenchymal potential [103]. This process was later refined by Morikawa et al. 
in an effort to identify an effective, nonenzymatic method for maximizing the yield 
of subacromial bursa-derived nucleated cells (SBDC). They found that a mechani-
cal chopping method of tissue processing led to similar yields of SBDC which could 
easily be implanted during surgery [104]. Morikawa et al. also conducted an in vitro 
study in an effort to compare SBDC to BMSC (discussed above) and found that SBDC 
possessed significantly increased differentiation ability and gene expression over time 
compared to BMSC [105]. This data has been further substantiated by the work of 
Meunch et al. and Landry et al. [106, 107].

Thus far, no in vivo or human trials investigating SBDCs have been published. 
Freislederer et al. did publish a technique in which subacromial bursal tissue from 
the lateral subdeltoid region is used to overlay the RCR and sutured in place, but no 
long-term results from this technique have been reported [108].

6. Scaffolding devices

Biomaterials that are used as a scaffold during rotator cuff repair should fulfill 
the following four criteria: (1) they should withstand the stresses placed at the 
bone-tendon interface by mimicking the biomechanical properties of native tissue 
(2) the physical structure should closely mimic fibrocartilage 3.) the material should 
both be biodegradable and lack side effects during degradation 4.) the biomaterial 
should be capable of being used in multiple settings and have multiple functions [22]. 
Furthermore, pore diameter, especially in porous scaffolds, is important to con-
sider, as smaller pores are inefficient and larger pores can compromise the scaffold’s 
mechanical properties [109].

Biological, or natural, scaffolds have been formed from human, equine, porcine, 
and bovine sources. All the non-collagen components are processed out while the col-
lagen 1-predominant structure is kept in order to maintain its biomechanical proper-
ties [110]. Other scaffolds designed from natural polymers include silk, fibrin, and 
polysaccharide based augments [111]. Silk scaffolds in particular have been greatly 
explored due to its biodegradable and biocompatible properties. They have been 
theorized to both be reliable augments as well as a scaffold for stem cell delivery to the 
repair site [112, 113].

Synthetic scaffolds trade out the ability to have better biomechanical proper-
ties compared to natural scaffolds for limited biocompatibility when used in vivo. 
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These scaffolds are theoretically more versatile in their tailoring and utilization as 
rotator cuff repair augments as well, representing a possibly reproducible source 
that can deliver growth factors and stimulate tendon healing with low immunoge-
nicity. However, the lack of biomechanical or clinical superiority of these scaffolds 
compared to natural scaffolds has stifled much enthusiasm towards exploring these 
structures in rotator cuff repairs [111, 114, 115].

Extracellular matrices have been recently developed as a scaffold patch to sup-
port both cell attachment and matrix formation, aiding in tendon healing after 
rotator cuff repair [116]. These patches have been theorized to help augment repairs 
either by acting as a load-sharing device that reduces strain across the repair site or 
by acting as a scaffold to support cell attachment, matrix synthesis, and new tissue 
formation [117]. Data on the efficacy of this augment is limited but promising. Bokor 
et al. utilized a collagen patch augmentation and found new tissue formation in all 
patients by 3 months after repair and a nearly normal-looking rotator cuff tendon by 
12 months [118].

Nanomaterial scaffolds are a more recently developed and utilized polymer that 
have had promising results. They have a high surface area to volume ratio and can be 
easily altered for their intended use. They have had promising in vitro, animal, and 
clinical studies showing the potential to be used regularly to improve results due to 
their ability to be a platform for nanotopography-mediated cell response, the incorpo-
ration of stem cells, and the housing and delivery of active growth factors [119–123]. 
Based on the structure and biomolecular basis of these scaffolds, they have been 
shown to aid in cell proliferation [124], osteogenic differentiation [125], osteogenesis 
[126], and improving the biomechanical strength [127] of the healing tendon.

Hydrogel scaffolds have also been explored as useful, biocompatible scaffolds. 
Hydrogels are gelatinous viscoelastic structures that can be utilized in various forms 
while augmenting rotator cuff repairs. They have been loaded with exogenous 
biomolecules, including platelet-derived growth factor [35] and bone morphogenic 
protein (BMP) [26], as well as delivered directly in vivo in combination with pro-
genitor cells and BMP and allowed to polymerize [128]. Both utilizations yielded 
a bone-tendon interface that showed greater collagen fiber orientation, improved 
biomechanical properties, and higher ultimate failure loads.

7. Vesicular phospholipid gels

Vesicular phospholipid gels (VPGs) are lecithin and aqueous buffer solutions 
that allow for the non-toxic and safe prolonged release of growth factors to a specific 
location. These products are easy to produce and easy to deliver to a desired location 
with minimal systemic effects. This product can theoretically house and deliver any 
product that can help improve tendon healing [129, 130]. Buchmann et al. showed 
that VPGs filled with granulocyte colony-stimulating factor improved load-to-failure 
ratio and improved collagen I/III ratios when combined with rotator cuff repairs 
compared with repairs done without VPGs [129].

8. Matrix metalloproteinase inhibitors

Matrix metalloproteinases (MMPs) are a group of enzymes belonging to a family 
of 24 zinc-dependent endopeptidases that exist as inactive proenzymes and become 
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activated after proteolysis secondary to physiologic or pathologic conditions. Once 
active, they break down extracellular matrix components and have been found in high 
concentrations with acute RCTs, especially MMP-13 [22, 131, 132]. It has therefore 
been hypothesized that inhibiting local MMP activity in RCR will lead to a more 
robust healing response. Bedi et al. conducted a rat based study in which three treat-
ment groups were given 130 mg/kg oral doxycycline, a known MMP synthesis inhibi-
tor, at different time frames. Group 1 was treated in the immediate postoperative 
period, group 2 was given oral doxycycline starting 5 days postop, and group 3 began 
doxycycline treatment 14 days postoperatively. Groups 1 and 2 exhibited improved 
histologic healing and load to failure, while group 3 demonstrated no such benefit 
[133]. The same group of researchers conducted a follow-up study in a rat model in 
which alpha-2-macroglobuline (A2M) was locally applied to the RCR intraoperatively. 
While the repair sites did show improved histologic collagen organization, they failed 
to demonstrate biomechanical improvements [134].

Studies looking at the effects of MMP inhibition in RCR are limited in both 
scope and number, but preliminary in vivo studies have provided promise for future 
investigation.

9. Future directions

The most recent research has veered away from utilizing exogenous agents and 
towards utilizing intrinsic progenitor cells, or the “stem cell niche.” It is theorized that 
while most of these cells are quiescent at baseline, they are stimulated during tissue 
injury and repair, and this property can be utilized during RCR. This includes sources 
such as previscular mesenchymal stem cells [135], subacromial bursa [136], and 
umbilical cord blood [95] among others. Furthermore, continued work is necessary 
to try to maximize the localization of stem cell treatments and avoid any systemic 
effects, side effects, or possible cellular mutations that can adversely affect the patient 
[22]. Finally, most adjuncts have been studied in isolation. The combination of one or 
more of the already discussed adjuncts could help achieve results that are more effica-
cious than any adjunct used in isolation.

Outside of the utilization of indogenous agents, gene therapy and gene editing 
has also been hypothesized as a possible target in helping to improve the biologic 
activity of progenitor cell lineages. The exosomes of mesenchymal stem cells have 
recently been extracted and studied as a possible adjunct. It is hypothesized that M2 
macrophage-derived exosomes contain proteins and RNA that can stimulate tendon 
healing without triggering an immune rejection response; however, further research 
is necessary to truly know if they have a beneficial role in tendon healing and whether 
any benefit will translate to improved clinical outcomes [137, 138]. The use of aug-
mented sutures and anchors should also continue to be explored [139]. The study of 
biomaterials that re-create the bone-tendon interface and can augment tendon repair 
have also been of interest recently and should continue to be explored [140]. Finally, 
nanotechnology has only been recently explored as a possible adjunct in aiding RCR 
success and can continue to be a topic of exploration [141].
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Abstract

Rotator cuff tears are a common cause of pain and disability among adults. Partial 
tears are usually treated conservatively. Complete tears might be treated conserva-
tively in some cases; however, surgical repair is often performed in selected cases and 
situations where conservative treatment fails to restore function and pain relief. In 
addition, some patients with acute tears might be good candidates for acute surgi-
cal repair, as will be studied in this chapter. A plethora of techniques is available to 
repair rotator cuff tears. Among these, the surgeon faces the dilemma to choose the 
best treatment for the patient. Open techniques were the gold standard in the 1990s. 
However, the advent of arthroscopy has led the shoulder and sports surgeon com-
munity towards these. Arthroscopic rotator cuff repair has become the gold standard 
nowadays despite the lack of proper evidence to support this change. Furthermore, 
simple single-row repairs had been discarded favouring double-row techniques, 
yet new evidence supports the use of the former due to similar results, simplicity 
and cost-effectiveness. This chapter examines current evidence to help the surgeon 
decide between open and minimally invasive techniques and select suitable repair 
configurations.

Keywords: rotator, cuff, single-row, transosseous, double-row, mini-open, arthroscopy

1. Introduction

Rotator cuff tears are commonly seen in the orthopedic surgeon clinic, even more 
in the shoulder and elbow subspecialized professional practice. Different muscles 
form the rotator cuff: subscapularis, supraspinatus, infraspinatus, teres minor, and 
some authors also include the teres major due to its role as an internal rotator. The 
primary role of the rotator cuff is to stabilize the humeral head regarding the glenoid 
to allow the deltoid to perform the elevation of the arm. In addition, the rotator 
cuff externally rotates the glenohumeral joint (infraspinatus and teres minor) and 
contributes to internal rotation (subscapularis, assisted by the pectoralis major, teres 
major and latissimus dorsi) [1].

Patients with rotator cuff tears mainly complain of pain during daily living 
activities but also at night, when the pain can likewise interfere with proper resting. 
Moreover, a significant tear may impair function, limiting the active range of motion 
and can be the culprit of premature glenohumeral arthritis. Loss of external rotation, 
sometimes isolated, may appear in the onset of a posterior rotator cuff tear [1, 2].
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Rotator cuff tears are expected after 60 years old. They correspond with the Neer 
type 3 stage and can be identified in about 20–30% of the patients in this age group. 
Beyond 80 years old, the ratio of patients suffering from cuff tears rises to more than 
60%. However, the symptoms do not correlate with the presence of tears or even the 
size or retraction. Most patients do not seek advice from an orthopedic surgeon and 
do not demand a surgical intervention. More than half of the patients where a tear 
is identified will also suffer from a tear in their contralateral shoulder, especially in 
those older than 60 years [2–7].

1.1 Risk factors

Several risk factors have been identified concerning cuff tears. Age, as it was afore-
mentioned, is the most significant. However, others such as smoking, hypercholester-
olemia, diabetes, hypo or hyperthyroidism, trauma, scapular dyskinesia and kyphosis 
also play a critical role in the development and progression of cuff tears [7–15].

1.2 Classification

A plethora of classifications for rotator cuff tears has been described since the 
pathology became more interesting for the orthopedic community.

Neer described the evolution of rotator cuff disease in three stages. First, in 
individuals younger than 40 years, one can observe oedema and hemorrhage in the 
rotator cuff. In a second stage, the disease evolves in individuals between 40 and 
60 years old, and fibrotic and tendinosis phenomena might be observed. Finally, in 
a third stage, usually, in patients older than 60 years, a tendon rupture is observed. 
Probably a fourth stage would involve rotator cuff arthropathy, with cephalad migra-
tion of the humeral head and degenerative osteoarthritis at the level of the glenoid as 
well as in the humeral head [15, 16].

Some authors have advocated for a classification based on tear size. Cofield in 1982 
described four types of tears: small (<1 cm) medium (1–3 cm) large (3–5 cm) massive 
(>5 cm) [17].

Bateman also described a four-group classification based on the size: Grade 1 
(<1 cm after debridement), Grade 2 (1–3 cm, after debridement), Grade 3 (<5 cm) 
and Grade 4 (global tear with no cuff left) [18].

Harryman described a classification based on the number of injured tendons. It is 
commonly accepted in Europe that a complete tear of two or more tendons should be 
considered massive, and concerns about reparability should arise [19].

Ellman and Gartsman introduced in 1993 a classification differentiating partial-
thickness and full-thickness tears. Partial tears were classified in grade 1 (<3 mm 
deep, <25% thickness), grade 2 (3–6 mm, <50%) and grade 3 (>6 mm, >50%). The 
partial tear classification system is accepted worldwide as it helps in treatment selec-
tion, as discussed in the next section. These authors also proposed a full-thickness 
classification based on tear-shaped, which has been judged useful and is currently 
used worldwide. Five groups were described: crescent shape, L shape, Reverse L, 
trapezoidal shape and massive tears [20, 21].

Concerning partial tears, Snyder clarified that a distinction between articular and 
bursal tears is mandatory as the criteria for surgery are different.

Fox and Romeo described a specific classification for subscapularis tears in 2003. 
Four types were proposed: Type 1, partial thickness; Type 2, complete tear of the 
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upper 25%; Type 3, a complete tear of the upper 50%; Type 4, complete rupture of 
the subscapularis tendon [22].

Other authors prefer to classify tears about the retraction, as it can help the 
surgeon assess reparability before the operation. Patte described in 1990 three groups: 
Stage 1, where the tendon stump is adjacent to its insertion; Stage 2, with a tendon 
stump at the level of the humeral head; Stage 3, where the tendon is at the glenoid 
level or even more medial.

Patte also described a classification in the sagittal plane based on six segments: 
Segment 1, isolated subscapularis tear; Segment 2, isolated rotator interval tear; 
Segment 3, isolated supraspinatus tear; Segment 4, supraspinatus and upper one-
half of the infraspinatus; Segment 5, complete supraspinatus and infraspinatus; and 
Segment 6, complete cuff rupture [23].

Finally, some authors prefer a classification based on tissue quality and atrophy. 
Currently, the classification proposed by Goutallier in 1994 is the most accepted and 
used. The author described stage 0, corresponding with a normal muscle. Stage 1, 
some fatty streaks; Stage 2, less than 50% of fatty atrophy; Stage 3, more than 50% of 
fat; Stage 4, fatty atrophy greater than 50% [24].

2. Treatment

The orthopedic surgeon’s community has failed, to the date, to clearly identify 
which patients would benefit from surgical repair as the primary treatment. Most 
patients accept an initial attempt of conservative treatment, which is successful in 
most cases. They undergo a surgical rotator cuff repair if the former fails to provide 
pain relief and function improvement. Although this strategy is accepted worldwide, 
it does not provide a definitive solution for the tear, which seldom heals on its own 
(about 10% of small tears heal, and 10% become smaller). Tear progression is always 
worrisome as it may lead to non-repairability, arthritis and chronic pain. As a matter 
of fact, more than 50% of patients with partial tears experience a progression, which 
is closely correlated with the size of the index tear, and more than half of those with 
a full-thickness tear will suffer from an increase in the size of the tear, which may 
be the culprit for an increase in pain and disability. Acute traumatic tears, either in a 
previously asymptomatic patient or in patients with a previous history of rotator cuff 
disease yet compensated, with a significant loss of function, are good candidates for 
surgical repair without unnecessary delays [25–27].

The objective of the orthopedic surgeon, once the surgery is indicated and agreed 
upon by the patient, is to achieve sound fixation of the cuff to humeral tuberosities. 
Thorough attention to avoid gap formation is also a must. If the tendon is well fixed 
close to the bone, healing tissue will develop [28].

Despite some studies that show few differences in pain relief concerning tendon 
healing or retear, many others have identified a well-healed cuff as the main factor for 
improved strength and range of motion [28].

2.1 Open vs. arthroscopic

Open rotator cuff repair has been the gold standard when treating cuff tears. 
However, some concerns about infection and faster recovery have led shoulder 
surgeons to investigate the use of minimally invasive and arthroscopic technique.
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Neviaser et al. retrospectively reviewed a cohort of patients who underwent 
anterosuperior rotator cuff repair with subscapularis involvement and found no dif-
ferences in the outcomes between both modalities [29].

Hasler et al. in a prospective, randomized and long-term outcome study compar-
ing open and arthroscopic rotator cuff repair did not document any difference either 
clinical or radiological. In addition, they did not find any harmful consequence due to 
transdeltoid mini-open approach [30].

Nazari et al. studied the effects of arthroscopic and mini-open rotator cuff repairs 
concerning pain and range of motion and did not find significant differences at 3, 6 
and 12 months between both techniques [31].

Bayle et al. studied not only clinical outcomes but rotator cuff integrity at 1-year 
follow-up and did not find differences in a prospective study [32].

Fink Barnes et al. studied patient satisfaction and rotator cuff integrity in a cohort 
and found better results concerning integrity in the open surgery group. However, no 
statistical differences were found between both at the end of the study [33].

To sum up, if cost or time is an issue, open rotator cuff surgery is preferred. 
However, if short-term results are crucial and the patient seeks a faster return to work 
or sport, the arthroscopic repair is the technique of choice. The patient needs to be 
advised that both techniques may lead to excellent results and that the community of 
orthopedic surgeons cannot recommend one over the other if the factors mentioned 
above are not taken into account.

2.2 Repair techniques

With the advent of open and mini-open techniques, some classic repair techniques 
were developed. Transosseous sutures were mainly implemented, where bone tunnels 
are created, and sutures are placed directly through them, allowing for cuff reinser-
tion, as depicted in Figure 1.

A single-row repair is performed by means of anchors, usually one or two, with 
sutures integrated into them that permit cuff repair, as depicted in Figure 2. Single-
row techniques are easier to perform arthroscopically, as well as in an open fashion.

Double-row repairs use one or two anchors in a medial row, suturing far from the 
tendon stump border area and a lateral row, again with one or two anchors, closer to 

Figure 1. 
a. and b. Transosseous repair, usually used in open surgery.
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the end of the ruptured tendon and the lateral border of the cuff footprint along the 
tuberosity, as it can be seen in Figure 3.

More recent are transosseous equivalent techniques, similar to double-row 
techniques yet requiring only a medial row and knotless implants laterally (without 
sutures passing through the tendon laterally but applying those from the medial row 
against the tendon)(see Figures 4 and 5) [28].

2.3 Single vs. double row

Single- and double-row techniques have been compared about their failure loads 
and gap formation. In an experimental study, Kim et al. and Ma et al. reported 
significant more load to failure and less gap formation in favor of double row. They 
also confirmed in vitro that the strain using a double row was a third of that of a single 
row. However, other studies, such as the one performed by Mazzoca et al., compared 
both without finding any difference. Finally, a meta-analysis by Hohmann et al. 
revealed a possible superiority in vitro regarding gap formation and load to failure yet 
not observed clinically in vivo. Therefore, a superiority of a technique versus the other 
has not been demonstrated, and the final decision belongs to the orthopedic surgeon 

Figure 2. 
a. and b. classic single-row repair with two lateral anchors.

Figure 3. 
a. and b. classic double-row configurations. Two anchors medial and two anchors lateral to the footprint with 
mattress sutures.
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Figure 5. 
The medial row mattress sutures, tied, are inserted into the bone, lateral to the footprint, by means of a knotless anchor.

Figure 4. 
On the left, a classic double row with independent sutures and anchors. On the right, the medial row sutures have 
been passed through the cuff, very close to the musculotendinous junction.
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who should analyze factors such as simplicity, skill, cost and time consumption when 
choosing the right technique for the patient [28, 34–36].

Deveci et al. and Maasse et al. reported that most studies comparing single- and 
double-row techniques were comparing different constructs and suture configura-
tions, and thus the results obtained are not valid. Most studies used lateral single-row 
configurations either in vitro or in vivo, and very few a more medial single row 
avoiding unnecessary tension at the level of the repair (which is a must, especially in 
large and retracted tears) When a proper, more medial, single-row configuration was 
used, the results become similar. It is not fair to compare single-row configurations 
performed poorly and too lateral to modern double-row techniques, and despite that, 
clinically relevant results have failed to be obtained [37, 38].

2.4 Transsosseous vs. single row

Transosseous repairs are of everyday use during open rotator cuff repair. The use 
of bony tunnels avoids anchors, which is a significant advantage concerning cost 
and ease of revision surgery. The former is performed either by employing guides 
and Kirschner wires or bone needles in the osteoporotic bone. Ahmad et al. and 
Park et al.compared micromotion in vitro at the footprint interface and concluded 
that transosseous repair minimizes strain and, therefore, would be advantageous 
concerning tendon to bone healing. Apreleva et al., in another experimental study, 
demonstrated that footprint anatomy restoration was superior when using transos-
seous techniques [39–42].

On the contrary, other authors such as Randelly et al. in a clinical study concluded 
that single-row and transosseous hardware-free repairs led to the same results 
concerning pain, function and retear rate at 15 months. However, transosseous repairs 
might be more cost-effective because they avoid the use of anchors [43].

Same principles apply to partial repairs when comparing transtendon single-row 
techniques versus double-row suture bridges. Zafra et al. demonstrated that partial 
tears might be treated with similar results using both techniques [44].

2.5 Transosseous vs. double row

Traditional transosseous repair focuses on restoring cuff footprint and applying 
pressure on the enthesis (against tuberosity bone). On the contrary, the traditional 
double row focuses on suturing the tendon medial and lateral in the footprint. 
Waltrip et al. compared both and demonstrated that a higher stress concentration 
was found in the latter at the medial anchors and suturing areas, while the former 
had more significant stress at the tendon to bone interface level. Forces through the 
tendon to bone enthesis can be beneficial, and on the contrary, forces around the 
anchors may explain the high recurrence rate and pull-out observed in double-row 
repairs [28, 45].

2.6 Transosseous equivalent vs. double row

Transosseous equivalent techniques mimic the effect created by traditional tran-
sosseous techniques utilizing lateral knotless anchors, which insert the sutures used in 
the medial row into the lateral cortex of the tuberosity. Hence, this technique mimics 
the effect of the classic techniques as it adds pressure forces that apply the tendon 
stump against the bone.



Shoulder Surgery for RC Pathology, Arthropathy and Tumors

34

Siskoksy et al., in a cadaveric study, compared load to failure and gap forma-
tion using transosseous equivalent and double-row techniques. They concluded 
that load to failure was higher when using a transosseous equivalent construct. 
However, gap formation was similar between both [46]. The same conclusion was 
obtained by Costic et al. in a similar study in cadavers where cyclic loading was 
applied on the footprint [47].

Park et al. demonstrated in vitro that the pressure exerted by a transosseous 
equivalent is significantly higher than that observed in double rows. Nevertheless, it 
remains difficult to know the right amount of pressure or the ischemic effect of an 
excessive force on the tendon stump [48].

3. The art of the single-row technique

Not all single-row techniques are created equal. Arthroscopic rotator cuff repair 
emerged in the 1990s, and logically single-row constructs were the first used by 
shoulder and sports medicine surgeons. Initially, a unique row formed by one or two 
anchors (placed in the centre of the footprint or lateral to it) was used.

Not all single-row techniques are created equal. Arthroscopic rotator cuff repair 
emerged in the 1990s, and logically single-row constructs were the first used by 
shoulder and sports medicine surgeons. Initially, a unique row formed by one or two 
anchors (placed in the centre of the footprint or lateral to it) was used. Despite initial 
promising outcomes, the retear rate was undoubtedly worrisome, which explains the 
subsequent interest in developing double rows or transosseous equivalent techniques.

Complex and more robust suture configurations (such as the Mason-Allen tech-
nique) are complicated to replicate arthroscopically.

Simple or mattress sutures, often used arthroscopically, may not be sufficient 
to hold a rotator cuff with poor-quality tissue to the bone long enough to allow for 
proper healing. These statements led to a quest to find a better technique by add-
ing anchors and complexity to the repairs. However, it was not until later that some 
surgeons started to question if a well-performed single row would be sufficient. To do 
so, a more medial single row started to be used with the rationale behind it that less 
tension on the rotator cuff would result. This is very useful in the onset of chronic 
and massive tears where even after proper slide liberation, tendon retraction impedes 
proper footprint anatomical restoration, as depicted in Figures 6–9 [49].

Several factors may contribute to the final healing of the rotator cuff tendons 
to the bone. Among them, mechanical factors such as gap formation, stiffness and 
strength of the repair, load to failure, repair tension have already been discussed in 
previous sections of this chapter. However, other factors such as tendon vascularity, 
footprint coverage and respecting the proper biology of tendon healing are sometimes 
forgotten [49].

Suture bridge techniques have demonstrated in vitro superior strength, stiff-
ness, less gap formation and more load to failure. However, this comes at the cost of 
vascularity disruption, high tension at the muscle to tendon junction (which may 
lead to a tear at this level). Transosseous equivalent techniques enhance the resistance 
and stability of the repair at the tendon to bone interface; nevertheless, they neglect 
biology as they create an ischemic environment. As a matter of fact, in vivo studies 
have failed to demonstrate the superiority of transosseous rotator cuff repair over 
single-row repair [49, 50].
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Figure 6. 
Classic single row is performed with anchors in a more central or even lateral position in the footprint. Modern 
single row uses anchors closer to the cartilage, in a more medial position in the footprint (red area).

Figure 7. 
The number of anchors varies between one and three depending on the size of the tear.
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In the context of a single-row repair, a more medial row may enhance biology as 
it adds less loading forces and respects vascularity. However, footprint non-anatomic 
restoration may arise as a concern. By medializing the anchors in the footprint (not 
medial to it), a part of the surface may stay uncovered by the tendon stump. Although 
the real significance of this has not been established, surgeons commonly think 
anatomic restoration would be superior to a ‘leave it alone’ strategy. To cope with 
this problem, creating bone marrow vents through microfracture instruments would 
promote the formation of a neotendon and fibrocartilage. The benefits of adding 
mesenchymal cells to the healing area would also increase the chances of the tendon 
to bone healing. Yamakado et al. concluded in a prospective randomized trial compar-
ing suture bridge configurations and single-row (medially based) repairs that both 
techniques lead to the same clinical results. They found that incomplete healing was 
more common in single-row repairs, and on the other hand, medial cuff failure was 
more common in patients with bridge constructs. However, the differences were not 
significant from a statistical point of view [49].

Another argument favoring single-row techniques is that excessive medial sutures 
in the cuff may lead to a myotendinous junction tear. Despite some authors that 
studied the use of more medial sutures in vitro, advocating for more stability of the 
construct, it is accepted globally that this can be dangerous as it might come with a 
rupture at the level of the muscle, ending up with a tendon stump anchored to the 
tuberosity but without a healthy muscle able to apply traction on it. Therefore, leav-
ing a security distance from the musculotendinous junction of 10 mm is the wiser 
choice [51, 52].

Figure 8. 
A modern single-row construct uses sutures that pass about 1 cm medial to the border of the tendon stump. Thus, 
reducing the tension and minimizing retear rates due to excessive tension or damage to the musculotendinous 
junction.
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It has also been suggested that a single-row technique mimicking the Masson-
Allen suture technique might increase the strength of the repair. Despite some 
studies confirming that these modifications of the original technique (‘modified 
Mason Allen’ or ‘massive cuff suture configuration’) might increase in vitro the 
stability of the repair (similar to the original Mason-Allen technique), they have 
failed to demonstrate a statistical difference or a real relevance clinically. In fact, 
rotator cuff repairs usually fail at the suture-tissue interface due to poor quality of 
the latter; therefore, the culprit might not be suture configuration. This the interest 
in keeping it as simple as possible [53–58].

4. Conclusions

Rotator cuff tear is a common etiology for pain, disability and loss of function that 
might be considered a burden for some health systems.

Conservative treatment may be adequate for a large number of patients; however, 
it is utterly crucial to identify patients who would benefit from an acute repair and not 
to neglect patients who still suffer and do not achieve a satisfactory result employing 
conservative methods.

The selection of the surgical technique for those patients who require a rotator cuff 
repair should be guided by the current evidence. It should favor methods that provide 
the best results for the patient while maintaining simplicity and cost-effectiveness 
at the proper levels. Therefore, a modern single-row technique with a more medial 

Figure 9. 
Final modern single-row construct. Sutures are passed through the tendon far from the musculotendinous junction 
and far from the border. Less footprint is covered by the cuff when using this technique; however, bone marrow 
vents, lateral to the footprint, may provide stem cells which will develop a neotendon.
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anchor placement and bone marrow vents in the rotator footprint is probably the 
technique that balances all the factors mentioned before.
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Chapter 3

Frozen Shoulder: Symptoms,
Causes, Diagnosis, and Treatment
Simona Maria Carmignano

Abstract

Frozen shoulder, or adhesive capsulitis, is a condition caused by impaired soft
tissues and the articular capsule of the shoulder. Although the precise etiology remains
unclear, recent evidence identifies elevated serum cytokine levels as part of the pro-
cess. It is characterized by an insidious and progressive loss of active and passive
mobility in the glenohumeral joint presumably due to capsular contracture. Several
treatments are recognized and utilized to reduce pain and improve range-of-motion
faster than the disease’s natural history course. The chapter aims to spread knowledge
about this often-misunderstood pathology and to highlight the role of the rehabilita-
tive therapeutic approach.

Keywords: shoulder, rehabilitation, pain, physical therapy, complementary therapy,
physiotherapy

1. Introduction

Frozen shoulder, or adhesive capsulitis, is a condition caused by impaired soft
tissues and the articular capsule of the shoulder. Primary frozen shoulder is common,
and it is characterized by debilitating conditions. The prevalence is between 2% and
5% that increasing to 10–38% in patients with diabetes and thyroid disease. The age of
patients is commonly between 40 and 65 years old, and the incidence appears higher
in females than males [1–3]. It may also occur after trauma or in association with other
joint diseases, as acromioclavicular osteoarthritis, which is referred to as a secondary
frozen shoulder [4].

2. Frozen shoulder: clinical definition

Codman defined frozen shoulder as a clinical condition that can hardly be defined,
it is complicated to enclose it in a single pathological mechanism, and therefore, even
less easy to define its treatment. Instead, the term “adhesive capsulitis” was intro-
duced by Neviaser [5] to describe a tissue inflammation condition and subsequent
fibrosis involving the articular capsule of the shoulder. In addition, the definition of
“frozen” shoulder refers to pain and immobility correlation. Lack of function causes
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the capsule to thicken, making it even more difficult to move. Therefore the func-
tional expression of pathology defines the term “frozen.”

Frozen shoulder is characterized by an insidious and progressive loss of active and
passive mobility in the glenohumeral joint presumably due to capsular contracture.

Frozen shoulder can be classified as primary or secondary. Primary idiopathic
frozen shoulder can be often associated with other diseases, such as diabetes mellitus,
thyroid diseases, and Parkinson’s disease. Secondary adhesive capsulitis can occur
after trauma or immobilization. Frozen shoulder is estimated to affect 2–5% of the
general population. A patient who experiments with this pathology can be signifi-
cantly painful and disabling for some months. It most commonly affects those in their
fourth to sixth decades of life and more often occurs in women than in men [6].

3. Frozen shoulder: pathophysiology

The pathophysiological mechanism underlying the pathology remains poorly
understood. Scientific literature shows a correlation with elevated serum cytokine
levels [7]. Although the precise pathophysiology remains unclear, recent evidence
identifies elevated serum levels of cytokines as part of the process. Cytokines are
polypeptide, non-antigen-specific mediators that act as communication signals
between immune system cells and between them and different organs and tissues.
Elevated cytokine levels appear predominantly involved in the cellular mechanisms of
inflammation and fibrosis sustained in the primary and some secondary frozen shoul-
der. Bunker et al. [8] defined that a mild lesional event would trigger an inflammatory
response that results in excessive production of fibroblasts, which release type I and
type III collagen. Fibroblasts differentiate into myofibroblasts, causing the newly
deposited type III collagen to contract. This would result in an imbalance between the
inflammatory phase and the remodeling underlying the fibrosis.

Rodeo et al. [9] described pathological processes like inflammation and fibrosis:
synovial hyperplasia determines a decrease of vascularity. This phenomenon leads to
fibrosis in the sub-synovium and synovium of capsular tissue. This condition could be
the expression of an immune response [10]. Other studies have shown that frozen
shoulder is associated with a dense collagen matrix containing fibroblasts and
myofibroblasts, suggestive of a fibrotic process [9, 11–13]. Furthermore, the compo-
nent of the immune system that is activated is represented by B lymphocytes, mast
cells, and macrophages. Several studies have suggested the immune response overlaps
with inflammatory synovitis, leading to capsular fibrosis in the later stages [5, 14].

There are many etiopathological hypotheses, and all studies suggest that both
inflammation and fibrosis of the joint capsule are regulated by cytokines, growth fac-
tors, MMPs, and immune cells. The results of the next studies will provide the control
mechanisms of FS and identify new therapeutic targets to identify its treatment [14–16].

4. Frozen shoulder: symptoms

Patients typically demonstrate a characteristic history, clinical presentation, and
recovery. Clinical syndromes include pain, a limited range of motion (ROM), and
muscle weakness from disuse [17].

The pain has a typical course involving the entire shoulder up to the insertion of
the deltoid muscle. The patient reports difficulty sleeping on the affected side and
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difficulty in active movement. Clinical examination shows atrophy of the spinate,
restriction on passive mobilization, with painful and limited elevation and external
rotation.

Pain is localized in the shoulder (in the deltoid region), sometimes in the arm with
functional limitation. In patients who have been in pain for a long time, may present
medial to the scapula. This happens because incorrect movements of the
scapulothoracic are established to compensate for the limitation of the glenohumeral
joint [18].

Neviaser et al. [19] elaborated on the natural history of frozen shoulder and
distinguished the following stages:

• Stage 1: It is defined as a pre-adhesive stage. It is characterized by erythematous
joint inflammation and mild pain in the most extreme degrees of movement. It is
often misunderstood because it has a similar clinical presentation to the
impingement of the rotator cuff.

• Stage 2. It is the acute–adhesive stage. Patients complain of severe pain up to
almost the last degree of movement of the joint. An inflammatory process with
thickening of the synovium and change of connective tissue is highlighted.

• Stage 3. Fibrotic or “frozen” stage. At this stage, fibrosis is characteristic of the
presence of more mature adhesions. The pain becomes less intense and joint
stiffness becomes prevalent.

• Stage 4. At this stage, the restriction on movement remains but without synovitis.
In fact, it is defined as the “thawing” phase. Patients present painless stiffness
and movement typically improves by remodeling (Figure 1).

Figure 1.
Natural history of frozen shoulder.
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5. Diagnosis

5.1 Clinical diagnosis

Primary frozen shoulder is essentially a clinical diagnosis. Frozen shoulder is charac-
terized by an insidious and progressive loss of active and passive mobility in the
glenohumeral joint presumably due to capsular contracture. Patients typically demon-
strate a characteristic history, clinical presentation, and recovery. Clinical syndromes
include pain, a limited range of motion (ROM), and muscle weakness from disuse [20].
To carry out the clinical examination of the shoulder it is necessary to observe the neck
and evaluate through a functional examination if the pain comes from the cervical spine.
Subsequently, following the standard shoulder examination protocol, it is necessary to
proceed with the inspection of the shoulder. Observe if there are scars, reduced Tropism
of rotator cuff/deltoid, bone landmarks, and spinal and scapular alignment. People with
frozen shoulders have a limited range of both active and passive motion. Next, proceed
to palpation to rule out acromioclavicular-induced pain. Following this, proceed with an
assessment of shoulder range of motion (ROM). There are four movements that are
useful in the examination—flexion, abduction, internal rotation, and external rotation.
Flexion , abduction and internal rotation are evaluated with active and passive mobili-
zation, while external rotation is evaluated only with passive mobilization [21].

Shoulder pain appears slowly and radiates to the insertion of the deltoid. The
patient reports inability to sleep on the affected side, limitation to active movement,
and painful elevation of the shoulder. Progressively atrophy of the spinate appears.

Imaging studies are not necessary for the diagnosis of adhesive shoulder capsulitis
but may be helpful to rule out other causes of a painful and stiff shoulder. Usually,
resistance in the last degrees of movement is described, this sensation is defined as
firm and “leathery.” During the examination the pain is prevalent, the patient cannot
get to the point where even the examiner would feel the resistance. Therefore it is
most frequently described as a feeling of “empty” end [22].

5.2 Evaluation scale

It should be used to validate functional outcome measures, such as the disabilities
of the arm, shoulder, and hand (DASH), the American Shoulder and Elbow Surgeons
shoulder scale (ASES), or the Shoulder Pain and Disability Index (SPADI). The DASH
questionnaire consists of 30 questions that inquire about symptoms and functions of
the upper limbs.

Table 1 describes the 30 items that are carried out with the application of the scale.
DASH investigates the severity of pain, activity-related pain, tingling, weakness, and
stiffness (five items), and the effect of the upper limb problem on social activities,
work, sleep, and self-image (four items). These provide a single main score, the DASH
function/symptoms (DASH-FS) score, which is basically a summation of the
responses on a one-to-five scale, after transformation to a zero (no disability) to 100
(severe disability) scale [23].

The shoulder and elbow surgeons shoulder scale (ASES) is a physician assessment
section that includes physical examination and documentation of a range of motion,
strength, and instability, and demonstration of specific physical signs. No score is
derived for this section of the instrument. The patient self-evaluation section has 11
items that can be used to generate a score. These are divided into two areas—pain (one
item) and function (10 items) (Table 2).
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Dash questionnaire

Difficulty No Mild Moderate Severe Unable

1. Open a tight or new jar 1 2 3 4 5

2. Write 1 2 3 4 5

3. Turn a key 1 2 3 4 5

4. Prepare a meal 1 2 3 4 5

5. Push open a heavy door 1 2 3 4 5

6. Place an object on a shelf above your head 1 2 3 4 5

7. Do heavy household chores (e.g., wash
walls, wash floors)

1 2 3 4 5

8. Garden or do yard work 1 2 3 4 5

9. Make a bed 1 2 3 4 5

10. Carry a shopping bag or briefcase 1 2 3 4 5

11. Carry a heavy object (over 10 lbs) 1 2 3 4 5

12. Change a light bulb overhead 1 2 3 4 5

13. Wash or blow-dry your hair 1 2 3 4 5

14. Wash your back 1 2 3 4 5

15. Put on a pullover sweater 1 2 3 4 5

16. Use a knife to cut food 1 2 3 4 5

17. Recreational activities that require little
effort (e.g., card playing, knitting, etc.)

1 2 3 4 5

18. Recreational activities in which you take
some force or impact through your arm,
shoulder, or hand (e.g., golf, hammering,
tennis, etc.)

1 2 3 4 5

19. Recreational activities in which you move
your arm freely (e.g., playing frisbee,
badminton, etc.)

1 2 3 4 5

20. Manage transportation needs (getting
from one place to another)

1 2 3 4 5

21. Sexual activities 1 2 3 4 5

Disabilities

Not at
all

Slightly Moderately Quite
a bit

Extremely

22. During the past week, to what extent has
your arm, shoulder, or hand problem
interfered with your normal social activities
with family, friends, neighbors, or groups?

1 2 3 4 5

Not
limited
at all

Slightly
limited

Moderately
limited

Very
limited

Unable

23. During the past week, were you limited in
your work or other regular daily activities as a
result of your arm, shoulder, or hand
problem?

1 2 3 4 5
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The final score is tabulated by multiplying the pain score (maximum 10) by 5
(therefore total possible 50) and the cumulative activity score (maximum 30) by 5/3
(therefore, a total possible 50) for a total of 100 [24].

The Shoulder Pain and Disability Index (SPADI) is a self-administered question-
naire that consists of two dimensions, one for pain and the other for functional
activities. The pain dimension consists of five questions regarding the severity of an
individual’s pain [25].

5.3 Diagnostic imaging

Radiographic examination is carried out to make the differential diagnosis and
exclude other pathologies, for example, calcific tendinitis, rupture of the rotator cuff,
arthritis of the glenohumeral, and acromioclavicular joint or a neoplastic process. In

Dash questionnaire

Difficulty No Mild Moderate Severe Unable

Severity symptoms in the last week

None Mild Moderate Severe Extreme

24. Arm, shoulder, or hand pain. 1 2 3 4 5

25. Arm, shoulder. or hand pain when you
performed any specific activity

1 2 3 4 5

26. Tingling (pins and needles) in your arm,
shoulder, or hand

1 2 3 4 5

27. Weakness in your arm, shoulder, or hand 1 2 3 4 5

28. Stiffness in your arm, shoulder, or hand 1 2 3 4 5

Difficulty No Mild Moderate Severe So much-
I cannot
sleep

29. During the past week, how much
difficulty have you had sleeping because of
the pain in your arm, shoulder, or hand?

1 2 3 4 5

Strongly
disagree

Disagree Neither
agree nor
disagree

Agree Strongly
agree

30. I feel less capable, less confident, or less
useful because of my arm, shoulder, or hand
problem

1 2 3 4 5

Work module (optional)

This part of the scale is about the impact on working skills (including doing housework). These are four
questions that concern five levels of difficulty in using the shoulder during work activities

Sports/performing arts module (optional)

This part of the scale is about the impact of playing musical instruments or sport or both. These are four
questions that concern five levels of difficulty in using the shoulder during work activities

Table 1.
Disabilities of the arm, shoulder, and hand (DASH).
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patients with frozen shoulder radiographic examination is normal, however,
osteopenia of the humerus head may be an indirect sign [26].

Ultrasound is an essential tool for diagnosing shoulder disorders. However, the role
of ultrasound in assessing and diagnosing adhesive capsulitis has not been fully stud-
ied. Sonography had high diagnostic accuracy for the diagnosis of adhesive capsulitis
using a combination of parameters, such as coracohumeral ligament (CHL) thickness,
rotator interval (RI) thickness, and hypervascularity, axillary recess (AR) thickness
[27, 28].

Several studies have shown that the CHL is thickened and stiffened in adhesive
capsulitis on ultrasound [29–31]. Other researches correlate AR thickening as a key
diagnostic finding of adhesive capsulitis [32] and approximately the AR cutoff value
for adhesive capsulitis diagnosis was 4 mm [28].

RI vascularity is a sign of adhesive capsulitis, but controversy remains in the
literature about hypervascularity of the RI in adhesive capsulitis [33].

Magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA)
may reveal thickening of capsular and pericapsular tissues as well as a contracted
glenohumeral joint space. Sliding movement of the supraspinatus tendon [34].

Shoulder and elbow surgeons shoulder scale (ASES)

1. Usual work

2. Usual sport/leisure activity?

3. Do you have shoulder pain at night? Yes No

4. Do you take pain killers, such as paracetamol (acetaminophen),
diclofenac, or ibuprofen?

Yes No

5. Do you take strong pain killers, such as codeine, tramadol, or
morphine?

Yes No

6. How many pills do you take on an average day?

7. Intensity of pain? Visual analog scales (VAS)—
from 10 (pain as bad as it can
be) to 0 (No pain at all)

8. Is it difficult for you to put on a coat? 1.Unable to do
2.Very difficult to do
3.Somewhat difficult
4.Not difficult

9. Is it difficult for you to sleep on the affected side? 1.Unable to do
2.Very difficult to do
3.Somewhat difficult
4.Not difficult

10. Is it difficult for you to wash your back/do up bra? 1.Unable to do
2.Very difficult to do
3.Somewhat difficult
4.Not difficult

11. Is it difficult for you to manage toileting? 1.Unable to do
2.Very difficult to do
3.Somewhat difficult
4.Not difficult

Table 2.
Shoulder and elbow surgeons shoulder scale (ASES).
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Arthrography is rarely indicated in the diagnosis of frozen shoulder syndrome. It is
an invasive procedure that is painful and costly and does not necessarily provide
diagnostic insight but it may be associated with a therapeutic articular injection of
corticosteroids as a therapeutic intervention [35].

6. Treatments

The goal of the treatment of adhesive capsulitis is to restore the shoulder to a
painless and functional joint [36, 37].

6.1 Pharmacological treatment

Initial treatment is aimed at reducing inflammation and pain. Analgesic and anti-
inflammatory drugs are used. Aspirin and paracetamol are the most used and with
fewer side effects, the dosage is similar to that used in osteoarthritis. Among the
nonsteroidal anti-inflammatory drugs (NSAIDs) the most commonly used are ibu-
profen, which has the lowest incidence of side effects, naproxen, and diclofenac [38].

Corticosteroids (for which the generic term “steroids” is usually used) strongly
suppress all stages of acute and chronic inflammation. In relation to frozen shoulders,
they may be injected intra-articularly (directly into the joint) or taken orally. Intra-
articular injections of corticosteroids are the most used method. Corticosteroid intra-
articular injections demonstrate short-term (4–6 weeks) benefits. Literature reported
a moderate effect of corticosteroid injections on pain, external rotation ROM, and
disability at 6 weeks, and only small effects after 12 weeks [39, 40]. Corticosteroid
injections have been shown to be as effective as exercise for treating frozen shoulder,
particularly when provided in the early stages of the pathology. Blanchard et al. [41]
suggested that corticosteroid injections have a greater effect when compared to
physical therapy when utilized within the first 6 weeks of treatment, although these
differences diminished over time.

The injection of sodium hyaluronate (defined as distension or hydrodilation therapy)
into the glenohumeral joint for the treatment of adhesive capsulitis results in an
improvement in pain and range of motion, similar to the effects of corticosteroid injec-
tion but with fewer side effects. Hyaluronic acid has anti-inflammatory properties and it
is similar the synovial fluid that occurs naturally in the joints. It works by acting like a
lubricant and shock absorber in the joints and helps the joints to work properly [42].

These lubricating effects of hyaluronate have led to use in orthopedic surgery as
well, via prevention of adhesion formation after both wrist and finger flexor tendon
repair [43]. Thus, extrapolation to the treatment of stiff shoulder and adhesive
capsulitis has demonstrated success and improvements in range of motion, pain, and
function.

6.1.1 Physical therapy

6.1.1.1 Ultrasound

A common clinical practice among physical therapists is the use of ultrasound prior
to capsular and soft tissue stretching techniques based upon its thermal and mechan-
ical effects. Ultrasound is used to manage several soft-tissue conditions, such as
tendinitis, bursitis, and muscle spasm; reabsorb calcium deposits in soft tissue; and
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reduce joint contractures, pain, and scar tissue. Used in conjunction with hot packs,
muscle spasms and muscle guarding may be reduced [44]. The effect of ultrasound
therapy at a frequency of 1 MHz, unlike the hot pack that produces surface heating, is
a heating in the deeper tissues due to the increase in blood flow resulting in an
analgesic muscle relaxant effect and wash out of pain mediators. Ultrasound therapy is
used in association with the electric current that produces a modulation of muscle
tone or further modulates pain. Robertson et al. [45] reported the usage of ultrasound
therapy (UST) clinically in the rehabilitation of patients with frozen shoulders. Direct
contact is the most common method that therapist applies ultrasound. It consists in
the application of a transducer that is pressed gently into conductive gel and against
the skin.

It is recommended that ultrasound be applied in a pulsed mode at low intensity
(0.5–1.0 W/cm2) during the acute phase of inflammation to minimize the risk of
aggravating the condition and to accelerate recovery, and that continuous ultrasound
at high enough intensity to increase tissue temperature be applied in combination with
stretching to assist in the resolution of chronic phase, only if the problem is accompa-
nied by soft tissue shortening [46–48]. In a guideline it is reported that therapeutic
ultrasound (US) was effective in the treatment of calcific tendonitis of the shoulder,
there was no evidence that it was beneficial for other forms of shoulder pain (e.g.,
capsulitis, bursitis, tendonitis) [49].

The use of ultrasound therapy is indicated as a treatment for the painful phase of
adhesive capsulitis and is indicated in the literature alone or in therapy with other
therapies (stretching, mobilization, transcutaneous electrotherapy, and laser therapy)
with a type B degree of evidence (there is research-based evidence to support the
recommendation) [50]. Other studies have shown efficacy not superior to other
therapies [51].

6.1.1.2 Transcutaneous electrical nerve stimulation (TENS)

TENS consists of low-frequency electrical pulses (generated by a small, portable
unit) transmitted to the tissues through electrodes on the skin. The pulses stimulate
peripheral nerves in such a way as to suppress the perception of pain. TENS therapy
determines analgesia by different mechanisms—by causing interactions between
types of nerve fibers, resulting in a “block” on the transmission of pain signals to the
brain; or by releasing hormones that block pain receptors in the central nervous
system. The effects of transcutaneous electrical nerve stimulation (TENS) for the
treatment of adhesive capsulitis seem to be superior in comparison to stretching
exercise [52].

6.1.1.3 Electromagnetic therapy

Electromagnetic fields (EMFs) provide a noninvasive, safe, and easy method to treat
pain with respect to musculoskeletal diseases. Magnetic field therapy was applied to
promote bone healing, treat osteoarthritis and inflammatory diseases of the musculo-
skeletal system, alleviate pain, enhance healing of ulcers, and reduce spasticity [53, 54].
This mechanism could promote the resolution of pain by accelerating the removal of
inflammatory substances. PEMF stimulates chondrocyte proliferation, differentiation,
and extracellular matrix synthesis through the release of anabolic morphogens, such as
bone morphogenetic proteins and anti-inflammatory cytokines [55].
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Pulsed electromagnetic field (PEMF) therapy has been reported to produce anti-
inflammatory and bone-healing effects, but it is unclear whether—it is more or less
effective than placebo, or whether other electrotherapy modalities are an effective
adjunct to exercise for the treatment of frozen shoulder.

6.1.1.4 Extracorporeal shock wave therapy (ESWT)

ESWT has been recently receiving attention for the treatment of the frozen
shoulder. Extracorporeal shock waves therapy (ESWT) represents a valid tool for a
wide range of disorders, both in orthopedics and rehabilitative medicine (tendon
pathologies, bone healing disturbances, vascular bone diseases), but also in dermatol-
ogy and vulnology (wound healing disturbances, ulcers, painful scars), neurology
(spastic hypertonia and related disturbances), some andrologic disturbances
(induratio penis plastica and erectyle disfunctions), and cardiology (in relation to
ischemic heart diseases) [56]. ESWT is a treatment method that applies extracorporeal
shock waves to lesions to aid revascularization and stimulate or reactivate the healing
of bones and connective tissues such as tendons, thereby relieving pain and improving
functions. Data suggest that in the field of tendinopathies ESWT can be considered
not only as a symptomatologic therapy but rather a real curative treatment, able to
relieve pain and inflammation in the short-medium term but also to positively inter-
fere with tendon structure in a regenerative way [57]. In doing this, it causes changes
in cells’ metabolism and the permeability of endothelial cell tissues, leading to pain
relief and having positive effects on soft tissues [58]. A recent systematic review
demonstrated the effectiveness and safety of ESWT for frozen shoulder; ESWT
determines the reduction of pain intensity, and it improves shoulder function, quality
of life without adverse events [59].

6.2 Physiotherapy

Several studies have examined the effect of joint mobilization in patients with
adhesive capsulitis, and although there is evidence that it may be beneficial, there is
little evidence to support superior efficacy over other interventions [60–62].

Joint mobilization procedures are primarily directed to the glenohumeral joint to
reduce pain and increase motion and function in patients with adhesive capsulitis.
Mobilization techniques improve the normal extensibility of the shoulder capsule and
stretch the tightened soft tissues to induce beneficial effects. Mulligan’s mobilization-
with-movement (MWM) treatment techniques, could be used. The most important
points of the Mulligan Concept include the active participation of the patient and the
elimination of pain during therapy [63]. A recent review of the literature analyzed 16
controlled clinical trial (CCT) or randomized controlled trial (RCT) studies that used
MWMs demonstrating efficacy on pain and disability [64].

Also, stretching exercises appear to influence pain and improve ROM. The
Harvard Special Health Report offers some stretching exercises that are effective in
the treatment of adhesive capsulitis—pendulum stretch, towel stretch finger walk,
cross-body reach, armpit stretch, starting to strengthen, outward rotation, inward
rotation. These exercises can be performed with the physiotherapist or carried out as a
home program [65].

No evidence exists to guide the optimal frequency, number of repetitions, or
duration of stretching exercises. Stretching beyond painful limits may result in poorer
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outcomes. Therefore, stretching intensity that matches the given level of tissue
irritability is indicated.

6.3 Manual myofascial therapy

Manual therapy may include myofascial work to release abnormal tension and
restore mobility and function and identify fascial restrictions using motion testing and
palpation.

In the myofascial treatment could be used simple techniques for muscle treatment
and joint manipulations, such as:

• lateral elongation, a force applied with a right angle to the longitudinal axis of the
muscle fascicles.

• linear extension and removal of the insertion points, with force applied
proximally and distally to a dysfunctional area or muscle insertions, with
longitudinal and parallel direction to the muscle fascicles.

• linear shortening and rapprochement of insertion points, with force applied
proximally and distally to a dysfunctional area or muscle insertions, with
longitudinal and parallel direction to the muscle fascicles.

• deep pressure, constant pressure on a zone of retraction or muscle tension or
close to its bony insertion [66].

6.4 Minimally invasive treatments

6.4.1 Acupuncture

Acupuncture can be used to treat the pain of the frozen shoulder. It involves
inserting needles into the skin at sites that vary from case to case and also depend on
the practitioners’ school of thought. Traditional Chinese medicine regarded acupunc-
ture as an effective measure in aborting the signs and symptoms of frozen shoulder
and in preventing future recurrence.

In the treatment of frozen shoulder, as in many other diseases, one in long, 30
gauge, disposable, sterilized, filiform needles are usually used. The sides of the
application are defined as local points and distal points [67].

An integration approach can be ear acupuncture in the treatment of the frozen
shoulder. According to traditional Chinese medicine, the sensitive spots on the auricle
are anatomically and pathologically related to the affected shoulder joint [68]
(Figure 2).

6.4.1.1 Kinesio taping (KT)

Kinesio taping is a complementary therapy based on the application of an elastic
membrane that allows relieving pain. The effect on pain is pain modulation through
pain gate control theory. The epidermis is equipped with a series of nerve receptors that,
if subjected to a series of external stimuli, communicate with the underlying muscles. As
a result, depending on how they are placed, the tapes can inhibit a contracted muscle or
facilitate lymphatic flow, decreasing pain and inflammation [69]. The application KT
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can produce local physiological changes that resulted in therapeutic effects, such as the
relief of pain (pain gate mechanism, reducing muscle spasm) and improvement in ROM
(tissue extensibility) [70, 71].

6.5 Operative treatments

6.5.1 Arthroscopic capsular release and manipulation under anesthetic (MUA)

Arthroscopic treatment is usually indicated in patients who do not respond to
drug and/or rehabilitation therapy. Usually, during this procedure, a manipulation
under anesthetic (MUA) is carried out as in this way, it is possible to reduce the
potential damage by allowing it to be performed with less force. In addition to a
general anesthetic, it is normal for a regional nerve block to be given. This
causes postoperative numbness and enables the patient to get moving at the
earliest possible stage. Intensive physiotherapy is regarded as essential to a good
outcome.

6.6 Postural educational program

After a period of unconditioning typical of the acute phase of pain and contracture,
it is necessary to learn again the correct body schema and achieve the complete
recovery of postural control. It is possible through a progressive recovery of good
motor control, thanks to the muscular selective reinforcement with the increasing
development of strength in different patterns of movement, both the proprioceptive
recovery. In the last rehabilitation phase it is necessary to restore the sensorimotor
skills including proprioception static and dynamic balance either with aquatic reha-
bilitation therapy or through platform swing walkway, which is a common way to
improve gait pattern through activation of sensory stimuli (visual, auditory, vestibu-
lar, and somatosensory) [72, 73].

Figure 2.
Ear acupuncture in the treatment of frozen shoulder.

56

Shoulder Surgery for RC Pathology, Arthropathy and Tumors



6.6.1 Summary of therapeutic strategies

See Table 3.

7. Conclusion

Often a rehabilitative success is defined by the return of normal motion rather than
pain-free functional motion, but adhesive capsulitis is a challenging condition for both
the physical therapist and patient. In fact, the healing process takes months to restore
full mobility without pain, considering the presence of dense fibrotic tissue and the
months of collagen remodeling required to recover soft tissue length. The rehabilita-
tion of frozen shoulder is frequently prolonged despite multiple therapeutic methods
because of the difficulty of acting on the degenerative process of the cartilage matrix
and the progress of adhesive capsulitis. It is important to the diagnosis process and
assessment to choose the best intervention or a combination of strategies for each
patient. Although in scientific literature, a definition of the best rehabilitation
approach is still needed, following an integrated, multifaceted, and combination of
evidence-based approaches, therapeutic success can be achieved!

Disclosure

The author reports no conflicts of interest in this work.

0–2 weeks Physical therapy
Injection therapy
Medication therapy
Mobilization and manual therapy

2–4 weeks Full passive range of motion should be achieved by 2–4 weeks
Scapular and glenohumeral joint mobilization
Begin rotator cuff retraining and strengthening, focus on restoring proper biomechanics

4–8 weeks Progressive strength training contingent upon perfect biomechanics
Development of independent home and gym program (aquatic microgravity environment)

8–10 weeks Progression into normal activity and exercise program
Long home maintenance program to include daily
ROM exercises, rotator cuff program, and postural educational program

Table 3.
Summary of therapeutic strategies.
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Chapter 4

Subacromial InSpace Balloon 
Interposition for Massive 
Irreparable Rotator Cuff Tears
Vladimir Senekovic

Abstract

Massive rotator cuff tears are a challenging problem for treatment. The best results 
we can still achieve with reconstruction. For treatment of massive rotator cuff tears 
when reconstruction is not possible, a new method has been developed recently: 
the implantation of the biodegradable balloon spacer/InSpace™ balloon/filled with 
the saline in the subacromial space. The main characteristic of this method is that to 
allow gliding of the humeral head against acromion without friction and to depress 
the humeral head for 2–3 mm. This depression is just enough that the humerus is 
in a better center of rotation that allows the deltoid muscle more strength—better 
vector forces for the deltoid muscle. This function of the balloon permits better 
deltoid activation and compensation through the arc of motion. Results of our first 
study and results of others show clinical safety and efficacy of the insertion of the 
InSpace™ balloon in a group of patients with massive irreparable rotator cuff tears. 
The insertion of this device shows significantly better early improvement, significant 
improvement in subjective pain scores, and a decrease in reported night pain. The 
measurement of the Total Constant score showed statistically significant improve-
ment after insertion of the InSpace™ balloon at 5 years of follow-up. Generally, all 
studies show 75–80% of good results.

Keywords: massive rotator cuff tear, subacromial balloon spacer

1. Introduction

• The deployment of an inflatable resorbable balloon into the subacromial space is 
indicated in patients with massive-irreparable rotator cuff tears [1–15].

• Rotator cuff tears (RCTs) are among the commonest tendon injuries seen in 
orthopedic patients resulting in significant pain and disability [16–22].

• Irreparable RCTs are those where the rupture at least two tendons is present, 
tendons are retracted, atrophy of muscles and bigger degree of fatty degenera-
tion are present [4, 23].
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• In these situations, direct repair refixation of the tendon at the point of insertion is 
usually not possible despite extensive soft-tissue mobilization and release [24–27].

• The InSpace ™ system is a biodegradable balloon that is made for arthroscopic 
insertion into the subacromial space following bursa excision. The pre-shaped 
balloon is produced from a copolymer of poly-L-lactide-co-ε-caprolactone in a 
70: 30 ratio, which biodegrades over a period of 12 months. The insertion of this 
balloon into the subacromial space is a low-risk procedure [6–9]. The aim of this 
is mainly to allow gliding of the humeral head against acromion without friction 
and to depress the humeral head for 2–3 mm. This depression is just enough 
that the humerus is in a better center of rotation that allows the deltoid muscle 
more strength—better vector forces for the deltoid muscle. This function of the 
balloon permits better deltoid activation and compensation through the arc of 
motion (Figure 1) [10].

• We have to be aware not to put the balloon into osteoarthritic joint—as such a 
joint balloon is not really effective [6, 8].

2. Preoperative assessment

2.1 Clinical assessment

• Patients describe chronicity of the difficulties: chronic night pain, pain at 
motion, limited range of motion [28, 29].

• Examination assesses the location of pain [4, 13].

Figure 1. 
Schematic representation of the InSpace ™ balloon deployment and inflation in the subacromial space.
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• Pain can limit the range of motion. The range of motion is usually limited under 
90° of anteflexion and abduction [13].

• Muscle strength is usually diminished [4, 23].

• Atrophy of the m. supraspinatus and m. infraspinatus is usually  
visible [23].

2.2 Imaging assessment

2.2.1 Radiographs

• Anteroposterior and lateral views detect possible superior migration of the 
humeral head and osteoarthritic joint [23].

2.2.2 Ultra sound (US)

• US is useful for detecting the tear and size of the tear.

• We can see calcium depots and muscle atrophy [23].

2.2.3 Multi resonance imaging (MRI) arthrography

• MRI arthrography is nearly 100° accurate to show RC tear and size of the tear.

• We can determine tendon retraction.

• We can determine atrophy of the muscle and degree of fatty degeneration.

• We can detect osteoarthritic changes in the joint [4, 23].

3. Timing for surgery

• The mean duration of symptoms because of the RCT prior to surgery has to be 
at least 3 months at patients over 60 years of age with documented failure of 
conservative treatment. All younger, we operate earlier [7, 21, 23].

• At operation we always try to mobilize the cuff and make reconstruction or 
partial reconstruction. If this is not possible, then we decide on the implantation 
of the balloon [5].

4. Surgical preparation

4.1 Surgical equipment

• Complete arthroscopic set with a shaver and a high-frequency electrode.

• An arthroscopic pump.
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• Entire arthroscopic RC repair set includes anchor sutures or/and arthroscopic 
tunnel device.

• InSpaceTM resorbable balloons of three dimensions (Figure 2) with appropriate 
20 ml syringe [6].

4.2 Equipment positioning

• The arthroscopic monitor faces the surgeon on the opposite side of the table at the 
level of the patient’s shoulder [2, 7].

4.3 Patient positioning

• We have to put the patient in the beach chair position or in lateral decubitus 
position with the arm in a special holder like at all other shoulder arthroscopic 
procedures. For the lateral decubitus position, we need a special holding device 
for the body of the patient [2, 7].

4.4 Further preparation

• Implantation of the material justify antibiotic prophylaxis [2, 7].

5. Surgical technique

• We perform all shoulder operations with the patient in a beach-chair position.

• Nowadays, we perform shoulder arthroscopic procedures mainly in regional 
anesthesia (scalene block). In only a few cases, we perform in general  
anesthesia [6, 7].

• We use three standard arthroscopic ports (anterior, lateral, posterior, or 
posterolateral).

Figure 2. 
InSpaceTM resorbable balloon—The ballon has been inflated already.
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• At surgery we remove first partially the subacromial bursa (Figure 3), then we 
debride the tear and release the tendon. After this, we try to draw the edge of the 
tendons with an arthroscopic clamp to the footprint region (Figure 4). A decision 
is made to insert the balloon when it is obvious that the RCT is irreparable [6, 7, 30].

• We usually perform tenotomy of the tendon of the long head of m. biceps 
brachii. But this is not necessary [28, 31].

• Measurement of the distance between the lateral border of the acromion and 
the superior rim of the glenoid and defining the extent of any tear extension 
(Figure 5) [17].

Figure 3. 
Debridement of the subacromial space.

Figure 4. 
Grasping the edges of the tendons with an arthroscopic clamp in an attempt to draw it to the footprint region.
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• Then we choose the balloon size (small, medium or large) according to 
measurements.

• Insertion of the proper balloon is aided by folding it into a cylindrical shape 
inside an insertion tube (Figure 6).

• Once positioned in the subacromial space, the balloon is inflated with saline 
permitting frictionless gliding of the humeral head against the acromion. For 
each size we have to fill with the proper amount of the saline—it is written on the 
package (Figures 7 and 8) [6, 7].

Figure 5. 
Measurement of the distance between the lateral border of the acromion and the superior rim of the  
glenoid.

Figure 6. 
Insertion of the proper balloon (cylindrical shape, insertion tube is removed from the joint).
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• Then we simply turn around the green ring on the handle holder and cut of 
insertion device from the balloon.

• After this we can move the arm and suture the ports.

6. Postoperative course

6.1 Postoperative regime

• Medications: pain killer, nonsteroidal anti-inflammatory drugs (NSAI).

Figure 7. 
Inflation of the balloon in the subacromial space.

Figure 8. 
Balloon is inflated in the subacromial space, we can see that humeral head is pushed down.
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• 5–7 days of immobilization of the arm during walking with broad arm sling.

• Immediate mobilization without limitations.

• Further physiotherapy.

• Outpatient visit at day 7 and 21 to check movement [6, 7].

6.2 Early phase postoperative complications

• Swelling of the shoulder

• There may be an obvious swelling in the arm caused by the contracted biceps 
muscle (“Popeye sign”)—this sometimes develops due to tenotomy of the long 
head of the biceps brachii muscle [28, 31].

Figure 9. 
(a) graphical presentation of constant variables following biodegradable spacer insertion. TCS—total constant 
score, pain score, ADL—Activity of daily living, ROM—Range of motion, power. Figure presents change in score 
from baseline to 5 years following insertion. Values are presented as means ±SD. (b)-graphical presentation of 
range of motion scores variables during 5 years follow-up. Active, pain-free range of elevation: 2 points per 30°; 
0 = worst, 10 = best; position of hand:0 = worst, 10 = best. Values are presented as means.
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7. Conclusion

• Our first study and results of other studies show clinical safety and efficacy 
of the insertion of the InSpace™ balloon in a group of patients with massive 
irreparable rotator cuff tears [6, 7].

• The insertion of this device shows significantly better early improvement, sig-
nificant improvement in subjective pain scores, and a decrease in reported night 
pain. The measurement of the Total Constant score showed statistically signifi-
cant improvement after insertion of the InSpace™ balloon at 5 years of follow-up. 
Generally, all studies show 75–80% of good results. (Figure 9) [6, 11–13].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 5

Outpatient Total Shoulder 
Replacement Procedures
Brandon J. Erickson, Yousef Shishani and Reuben Gobezie

Abstract

The number of total shoulder arthroplasty (TSA) and reverse total shoulder 
arthroplasty (RTSA) procedures performed each year has continued to rise. While 
these procedures were historically done in the inpatient setting, many surgeons 
have migrated to performing TSA and RTSA in the outpatient setting. This can 
either involve sending patients home the same day from the hospital or performing 
these in an outpatient center. Specific protocols should be followed in regard to 
patient selection to minimize the risk of complications and readmission. Similarly, 
a team approach between the anesthesiologist and the surgeon is critical to ensure 
adequate pain control. Use of tranexamic acid (TXA), a preoperative nerve block 
as well as specific combinations of preoperative and postoperative medications 
are helpful in creating an optimal environment in which to perform the shoulder 
arthroplasty for the patient. When done well, TSA and RTSA can successfully 
be performed as an outpatient with a very high success rate and a low risk of 
complications.

Keywords: total shoulder arthroplasty (TSA), reverse total shoulder arthroplasty 
(RTSA), outpatient, hospital, surgical center, shoulder, arthroplasty, ambulatory, 
complication, readmission, outcome

1. Introduction

The number of total shoulder arthroplasty (TSA) and reverse total shoulder 
arthroplasty (RTSA) procedures performed each year has continued to rise, and will 
continue to rise as the population ages and lives longer (Figure 1) [1–3]. While shoul-
der arthroplasty has historically been performed in the inpatient setting, over the 
several years, many surgeons have moved to performing TSA/RTSA in the outpatient 
setting. Performing shoulder arthroplasty in the outpatient setting decreases cost 
to the healthcare system as well as provides an excellent patient experience. Recent 
studies have shown excellent results with few complications in patients who have 
undergone outpatient TSA/RTSA [4–7]. However, not every patient is a candidate for 
an outpatient shoulder arthroplasty.
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2. What patients are eligible for outpatient shoulder arthroplasty?

While a great many patients are candidates for TSA and RTSA, not every patient 
is a candidate for a shoulder arthroplasty in an outpatient setting. First, some patients 
may not be comfortable having surgery in an outpatient center and some insurance 
companies may not be accepted by the outpatient center. In these cases the surgery 
should be done in the hospital setting. It also helps if patients have a good home 
support system to help them with activities of daily living following surgery. While 
they will be able to do many things on their own, there will be some things that they 
will likely need help with. There are many services an outpatient center does not have 
that a hospital has, so patients at increased risk for complications, bleeding, breathing 
issues, etc. should not have their shoulder arthroplasty done in an outpatient center. 
The authors have developed criteria to determine whether patients are good candi-
dates for shoulder arthroplasty in the outpatient setting.

From a medical perspective, patients who are American Society of Anesthesiology 
(ASA) 1 and 2 are often eligible. Occasionally patients who are ASA 3 are eligible, but this 
should be a case-by-case decision. Patients under 65 years of age are often better suited 
for an outpatient arthroplasty, although older, high functioning patients can be good 
candidates as well. Patients should be off chronic narcotics before having an outpatient 
shoulder arthroplasty and must be willing to participate in a multimodal pain manage-
ment program. Furthermore, the patient should be a good candidate for a regional block 
for pain control. The following is a list of relative contraindications to patients having 
their TSA/RTSA in an outpatient setting. Any patients who have conditions on this list 
may require a proper medical/cardiology and anesthesia evaluation preoperatively.

• Cardiac

• Significant heart disease

• Poor LVEF (<50%)

Figure 1. 
Examples of advanced arthritis (Coronal X-ray and axial CT scan).
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• Ischemic heart disease, stents

• CHF

• Arrhythmia

• Valve replacement

• Chronic anticoagulation is a relative contraindication and the decision may be 
individualized based on circumstances of case

• Obesity with BMI > 40

• Diabetes with A1C > 8–9

• Chronic Anemia with HG < 10

• Substantial OSA

• Renal insufficiency (creatinine > 1.6)

• COPD or pulmonary hypertension

• Chronic liver disease

• Neurologic issues

• CVA or significant neurologic illness

• History of frequent falls

• History of cognitive dysfunction (dementia, Parkinson’s)

3. How to successfully perform an outpatient shoulder arthroplasty

3.1 Before surgery

There are several keys to a successful outpatient shoulder arthroplasty. Two of 
the most important issues surrounding outpatient shoulder arthroplasty are pain 
control and infection prevention. There are several pieces to pain control including 
preoperative, intraoperative and postoperative pain management. First, patients 
undergoing outpatient shoulder arthroplasty are premedicated in the preoperative 
area prior to surgery. Typically, the authors use 1000 mg of Acetaminophen, 300 mg 
of Neurontin, and 200 mg of Celecoxib all given orally. The patients are also given 
regional anesthesia, typically a supraclavicular or interscalene block. The medication 
used by the anesthesiologist for the block should include a long-acting local anes-
thetic such as Bupivacaine. Some facilities have moved to using an even longer acting 
anesthetic such as Bupivacaine liposome injectable suspension (trade name: Exparel), 
although this can sometimes be cost prohibitive. From an infection prevention 
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perspective, patients are asked to wipe the operative site twice daily with benzoyl 
peroxide beginning 2 to 3 days prior to surgery and continuing this up until surgery. 
This helps decrease the C. Acnes load on the skin. Finally, from a timing perspective, 
it is important to schedule these patients early in the day so they have adequate time to 
recover before going home. Performing an outpatient arthroplasty later in the day can 
be tricky and runs the risk that the patient may need to stay overnight.

3.2 Intraoperative

Once the patient has received their block and preoperative medications they are 
brought back to the operating room where they are given general anesthesia (Figure 2). 
A general anesthetic allows for muscle relaxation which facilitates exposure during a 
shoulder arthroplasty. To minimize the amount of time the patient is under anesthesia 
and to mitigate infection risk, it is important to perform the TSA/RTSA efficiently. 

Figure 2. 
After general anesthesia, the patient is positioned, draped, and secured in the modified beach chair position.
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As such, it is important for the surgeon to be comfortable with TSA and RTSA pro-
cedures before attempting these in the outpatient setting (Figure 3). Having major 
delays during the procedure keeps the patient under anesthesia for a longer time and 
may increase the likelihood that they will not go home after surgery. Furthermore, 
revision TSA/RTSA are not typically performed in the outpatient setting as these 
patients often have more pain, lose more blood, and have longer operative times than 
primary cases (Figure 4). As surgeons get comfortable with sending patients home 
the same day following TSA/RTSA, we recommend surgeons perform these cases in 
an inpatient setting to begin with and send the patients home the same day. Once they 
have successfully sent these patients home the same day they can progress to perform-
ing these cases in the outpatient setting.

Prior to incision the patient should be given 1 g of IV Tranexamic acid (TXA). This 
acts as a clot stabilizing agent (it is not prothrombotic) and will help minimize blood 
loss during the procedure. Cvetanovich et al. performed a prospective, double-blind, 

Figure 3. 
Instrument and back table organization help expedite the performance of outpatient procedures.

Figure 4. 
Revision surgery is usually more complex and demanding. This can require an osteotomy of the humerus that can 
then be secured with metal or FiberTape cerclages.
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placebo-controlled, randomized clinical trial where patients undergoing primary 
TSA and RTSA were randomized to either receiving 1 g of IV TXA or a placebo to 
determine if TXA reduced blood loss [8]. The authors included 108 patients (52 for 
TXA, 56 for placebo) who had no significant differences in preoperative character-
istics. They found that the TXA group had significantly lower postoperative blood 
loss compared with the placebo group. They also found that TXA had lower weight 
of hemoglobin loss compared with placebo. Similar results were seen in the total knee 
and total hip arthroplasty literature [9–12]. Similarly, Gillespie et al. randomized 
111 patients who underwent shoulder arthroplasty to receive topical saline or topi-
cal saline mixed with 2 g of TXA into the wound at the conclusion of the case and 
measured postoperative drain output (patients at the time of this study all received 
a drain. This is not done anymore) [13]. The authors found significantly less blood 
loss in the TXA group compared to the placebo group (108 mL vs. 170 mL) as well as 
a greater drop in hemoglobin level in the placebo group compared to the TXA group 
(2.6 g/dL vs. 1.7 g/dL). As such, we routinely use TXA in all of our outpatient shoulder 
arthroplasty procedures.

Once the preoperative antibiotics (2 g Cefazolin) and Tranexamic acid have been 
administered, the TSA/RTSA is performed in the standard fashion. The patient is 
prepped with a hydrogen peroxide wash to decrease the load of C. Acnes on the skin 
prior to their chlorhexidine prep [14]. The authors use a deltopectoral approach 
(Figure 5). As previously mentioned, exposure is key in TSA and RTSA, so it is 
important to ensure each layer of dissection is complete to avoid shrinking the opera-
tive field. The authors perform a subscapularis peel on all TSA and RTSA (Figure 6). 
Adequate releases on both the humeral and glenoid side will help facilitate glenoid 
exposure so this is imperative to avoid issues with glenoid pin placement. Once the 
humeral head cut is made and the glenoid is adequately exposed, the authors use a 
patient specific guide to place the glenoid pin. A preoperative CT scan is obtained 
on all patients prior to TSA and RTSA and is unloaded into a preoperative planning 
software (Virtual Implant Positioning (VIP) Arthrex, Naples FL USA) (Figure 7). 
The ideal glenoid position can then be planned out, and a reusable guide is used to 

Figure 5. 
An example of a deltopectoral incision used in outpatient procedures.
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place the pin in the preoperatively planned position. Once the glenoid component is 
secured the final humeral implant is placed. The subscapularis is either repaired using 
a suture anchor repair technique in TSA (SpeedScap, Arthrex, Naples FL, USA) or 
in transosseous manner with high tensile sutures in RTSA. Based on evidence from 
the total knee and total hip arthroplasty literature, once the subscapularis has been 
repaired, it is important to allow the shoulder to soak in dilute betadine for 5 minutes 
to help decrease the risk of infection [15, 16]. Some surgeons do not allow betadine 
into operative field as they believe betadine can “burn” tissues. In the author’s 
opinion, this has not been an issue and the addition of betadine has helped mitigate 
infection risk. Once the dilute betadine has had time to sit it is irrigated out. Next, 
1 g of Vancomycin powder is placed in the incision, part just over the subscapularis 

Figure 6. 
As part of the optimal visualization, the subscapularis is identified and released from the humerus via a peel 
technique.

Figure 7. 
Preoperative 3D modeling and visualization help execute the surgical plan. This can help minimize the number of 
trays that need to be available during the procedure.
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and part over the deltopectoral closure [17–21]. A running absorbable stitch is used 
to close the skin along with skin glue. A waterproof silver impregnated dressing is 
utilized to decrease infection risk [22]. During the case the anesthesia team should 
ensure adequate patient hydration to avoid postoperative dehydration.

3.3 Postoperative

Following surgery patients are given a set or oral medication including 1000 mg 
of Acetaminophen, 300 mg of Neurontin, and 200 mg of Celecoxib. If patients are 
experiencing pain, medications including ketorolac, oxycodone, or tramadol can be 
utilized on an as needed basis. Ondansetron should be used to control postoperative 
nausea. A second dose of IV TXA can be given in the recovery room before discharge. 
A second dose of antibiotics (2 g Cefazolin) is not routinely used unless it has been 
more than 8 hours since the preoperative dose and the patient has not gone home. 
Patients are not sent home with any antibiotics. Patients are sent home with a mul-
timodal pain regimen. Further work is needed to determine the ideal combination 
of medications, but some of the options to include are: Acetaminophen, Tramadol, 
Oxycodone, Gabapentin, Celecoxib, Aspirin and Pantoprazole.

3.4 Physical therapy

The demand for shoulder arthroplasty is projected to exceed that of hip/knee 
arthroplasty [23]. For instance, it has been reported that a total of 39,072 patients 
were admitted for total shoulder arthroplasty in 2010, 5 times the number of 
patients in 1998 [24]. This increase is proportionally associated with the need for 
effective and feasible physical therapy, which is critical in the recovery pathway 
following shoulder replacements [25]. Traditionally, physical therapy following 
shoulder surgery has occurred via in-office supervised visits [26]. Home-based 
physical therapy reduces costs and decreases the need for travel [27]. Home-based 
therapy has been shown to be as effective as in-office therapy after total knee arthro-
plasty and has been utilized for rehabilitation after proximal humerus fracture 
[28–30]. It has also been reported to be a safe and effective alternative in the early 
phase following rotator cuff repair [31]. However, home-based therapy lacks the 
ability to monitor patient performance, compliance, and progress. Digital health has 
been incorporated in various medical fields over the past few decades. This process 
has accelerated since the COVID-19 pandemic which has brought to the forefront 
of medicine the need to deliver care and rehabilitation remotely. Remote patient 
monitoring has emerged as a concept in which patient physiologic parameters are 
measured and remotely delivered to a care team. Within our practice, remote patient 
monitoring is implemented via a secure cloud-based provider rehabilitation plat-
form that communicates with a patient application powered by marker-less artificial 
intelligence (AI) technology with a dedicated built-in telemedicine capability (PT 
Genie; Orlando, FL) (Figure 8).

At the initial visit patients are instructed on how to use the platform and are pro-
vided a QR code to scan and download the app onto their device (Android/iOS). PT 
Genie has instructions on the home-based exercise protocol, demonstrates the exer-
cises to be performed and keeps track of progress including pain score, completed 
repetitions and number of sessions all via the AI driven sensor less motion tracking 
using the front facing camera of a cellphone or a tablet. Monitoring is performed on 
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the web-based clinical dashboard by a dedicated care team, who also monitor the 
daily progress and communicate with the patients via in-app messages, telemedicine 
calls, and emails (Figure 9). PT Genie allows the provider to fully customize and 
control the rehabilitation protocol by adding or modifying exercises to go along 
with the patient’s pace of recovery, the addition of bands and calculation of force on 
certain exercises, and the ability to set up a pre habilitation phase, if needed prior to 
surgery.

Figure 8. 
The patient-facing application (PT Genie) which tacks ROM using AI marker less technology.
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4. Results of outpatient shoulder arthroplasty

Several studies have shown the efficacy of outpatient TSA and RTSA compared 
to inpatient shoulder arthroplasty. Cimino et al. performed a systematic review of 
12 studies (194,513 patients, of whom 7162 were outpatients) to evaluate the out-
comes following outpatient TSA and RTSA [32]. The average age of the outpatients 
was 66.6 years while the average age of the inpatients was 70.1 years. The authors 
found the odds ratio for complications was significantly lower in outpatients than in 
inpatients. Furthermore, there was no significant difference in rates of 90-day read-
mission, revision, and infection rate between outpatients with inpatients. Similarly, 
Fournier et al. reported the results of 61 patients who underwent outpatient TSA 
and RTSA [6]. There were no cardiopulmonary events that required intervention or 
hospital admission. These studies evaluated both TSA and RTSA together. This hap-
pens commonly because the CPT code for TSA and RTSA is the same (23472). Below 
are examples of studies that separated outcome based on TSA and RTSA.

i.  TSA

Erickson et al. reported the results of 94 patients (average age 60.4, 67.0% male) 
who underwent TSA 2015–2017 by the senior author. The authors matched this group 
of patients to a group of 77 patients who underwent TSA as an inpatient. Patients 
who underwent outpatient TSA saw significant improvement in all clinical outcome 
scores at both 1 and 2 year postoperatively (Figure 10). There were baseline differ-
ences between groups such that patients who underwent inpatient TSA were more 
likely to be diabetic than those who underwent outpatient TSA. The authors found no 
significant differences in improvements in clinical outcome scores between inpatients 
vs. outpatient groups. They noted that complications were more frequent in patients 
who underwent inpatient TSA (11.4% vs. 2.1%), although this did difference did 
not reach statistical significance (p = 0.080). Brolin et al. evaluated 30 patients who 
underwent outpatient TSA at a freestanding ambulatory surgery center and compared 

Figure 9. 
A secure telemedicine platform (PT Genie) enables the provider and the patient to communicate and interact 
remotely.
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them with an age- and comorbidities-matched cohort of 30 patients who underwent 
inpatient TSA [5]. The authors evaluated 90-day complications, hospital admissions/
readmissions and reoperations. There were significant differences between outpatient 
and inpatient cohorts regarding preoperative demographics. The authors reported no 

Figure 10. 
A 2-years follow-up X-ray for an outpatient total shoulder arthroplasty (TSA).

Figure 11. 
A 2-years follow-up X-ray for an outpatient reverse total shoulder arthroplasty (RTSA).
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hospital admissions from the outpatient cohort and no readmissions from the inpa-
tient cohort. There was no difference in the complication rates between outpatient 
(13%) and inpatient (10%) shoulder arthroplasty.

ii. RTSA.

Erickson et al. reported the results on 241 patients (average age 68.9, 52.3% 
female) who underwent outpatient RTSA between 2015 and 2017 by the senior author 
(Figure 11). The authors matched this group of patients to a group of 373 patients 
who underwent RTSA as an inpatient. There were baseline differences between the 
two groups such that significantly more inpatient RTSA had diabetes (p = 0.007) 
and had a significantly higher body mass index (p = 0.022). The authors found that 
patients who underwent outpatient RTSA had significant improvement in all clinical 
outcome scores at both 1 and 2 year postoperatively (all p < 0.0001). There were no 
significant differences in improvements in clinical outcome scores between inpatient 
vs. outpatient RTSA groups. Most importantly, complication rates were significantly 
lower for patients who underwent RSTA as an outpatient compared to those who 
underwent RTSA as an inpatient (7.0% vs. 12.7% p = 0.023).

5. Conclusion

Many patients are candidates for outpatient TSA and RTSA. Some patients may be 
better suited to have their surgery performed in the hospital setting while other are 
excellent candidates for an outpatient surgical center. A thorough preoperative evalu-
ation is critical for proper patient selection and a set protocol is necessary for the day 
of surgery to ensure proper pain control and to minimize risk of complications and 
readmissions. When performed properly, patients should expect the same outcomes 
as those who undergo TSA and RTSA in the inpatient setting with potentially lower 
complication rates.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 6

Shoulder Surgery for Bone Tumors
Stephanie D. Zarate and Ana C. Belzarena

Abstract

The proximal humerus is a common location for bone tumors. Those can affect 
patients of different ages and can be of benign or malignant nature. For bone sarcomas 
is the 3rd most common location and is a frequent site of spread in non-axial metastatic 
disease. In pediatric patients is frequent to encounter benign bone tumors in this loca-
tion but also osteosarcomas and Ewing’s sarcomas. Careful assessment of the patients 
by a surgeon with the appropriate training is paramount. Shoulder reconstruction for 
patients with bone tumors encompasses a diverse group of patients, diagnoses and 
surgical options. While most patients with primary bone tumors may be of a younger 
age and more involved in sport activities, those with metastatic disease oftentimes are 
associated with an older age, worse preoperative function and worse prognosis due to 
the primary disease. The surgeon must weigh in all factors that need to be taken into 
consideration in the treatment decision-making plan. Currently, with new advances 
in oncology treatments patients may benefit from longer survivals times than in the 
past, thus restoring the patient’s function and quality of life is essential.

Keywords: shoulder surgery, bone tumors, sarcoma, metastatic disease,  
shoulder reconstruction

1. Introduction

The proximal humerus is a common location for bone tumors, benign and malig-
nant, in all age ranges [1–3]. For bone sarcomas is the 3rd most common location and 
is a frequent site of spread in non-axial metastatic disease [2]. The most common 
primary tumors to cause bone secondary lesions are breast, prostate and lung usually 
through a mechanism of hematogenous spread [4]. In the pediatric population benign 
tumors outnumber the malignant ones, with osteochondromas and enchondromas 
being the most frequent [5]. Primary malignant bone tumors are more common 
at a younger age, with osteosarcoma being the most common followed by Ewing’s 
sarcoma [6]. While most benign primary bone tumors tend to be asymptomatic and 
usually diagnosed as an incidental finding, malignant tumors are more likely to cause 
symptoms. Pain constitutes the main complaint followed by tenderness locally and 
swelling of the soft tissues. The pain located over the affected bone can be nocturnal, 
present at rest or constant, of progressive intensity and more or less resistant to over-
the-counter pain medication [7]. Malignant and aggressive tumors that remain long 
periods undiagnosed or without treatment may progress to a pathological fracture, 
event occurring in up to 10% of osteosarcomas [8]. In the case of metastatic disease, it 
is an ominous sign and carries a poor prognosis and increased mortality [9].
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When patients present initially without a diagnosis the first step is obtaining a 
thorough history and performing a detailed physical examination, with emphasis 
on the shoulder function. Following imaging studies need to be obtained. The first 
imaging exam is a radiograph of the shoulder as well as the humerus (Figure 1). 
The orthopedic surgeon should assess for the type of lesion; if it is blastic, lytic or 
mixed; its limits, the presence of periosteal reaction, associated soft tissue masses or 
a pathological fracture (Figure 2). Computed tomography can also be obtained to 
assess the cortical integrity of the bone and for surgical planning as well (Figure 3). 
Additionally computed tomography can show calcifications, healing response in case 
of pathological fractures and are useful for biopsy guidance as well. The biopsy tract 
when performed by a physician other than the surgeon should be discussed with the 
surgeon performing the definitive treatment [10].

In cases where a primary bone sarcoma is suspected a magnetic resonance should 
be obtained with and without contrast (Figure 4). The entirety of the bone must be 
imaged due to the occasional presence of skip lesions [11]. In the case where meta-
static disease is suspected or for staging purposes of a primary sarcoma, a bone scan 
should be obtained to assess for additional bone lesions (Figure 5).

Figure 1. 
Antero-posterior radiograph of a 17-year-old patient with a destructive lesion of the proximal right humerus with 
a mixed patter, of lytic lesions and osteoid production, and periosteal reaction.
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Once a diagnosis has been made the treatment plan needs to be formulated. The 
goal of surgery will depend on the diagnosis, benign versus malignant, primary versus 
secondary lesion. In the case of benign lesions surgical treatment is usually reserved 
for symptomatic patients, for example in the case of an osteochondroma impinging at 
the extremes of range of motion. For metastatic lesions the goal is to render a pain free 
and functional patient, taking into consideration the overall prognosis of the disease. 
For primary bone sarcomas, the mainstay of treatment is surgical resection with 
adequate margins and a functional reconstruction, preferably performed by a surgeon 
with experience on sarcoma care [12].

Figure 2. 
Radiographic images, anterior–posterior and lateral of proximal right humerus lytic lesion and pathological 
fracture in a lung cancer patient.

Figure 3. 
Coronal and axial view of a proximal humerus computed tomography without contrast depicting an aggressive-
appearing destructive lesion that has eroded through the cortex.
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2. Internal fixation for metastatic disease of the proximal Humerus

After assessing the lesion characteristics and the patient’s overall prognosis, a deci-
sion has to be made regarding the surgical planning. For widely metastatic disease and 

Figure 4. 
Magnetic resonance of the humerus with and without gadolinium enhancement. Coronal and axial T1-fat-
suppresed with contrast sequence depicting a proximal humerus bone sarcoma with associated surrounding soft 
tissue component.

Figure 5. 
Bone scintigraphy study with Tecnecium-99 depicting a lesion in the proximal left humerus and sternum.
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a pathological fracture of the proximal metadiaphyseal region internal fixation can 
be indicated. Intramedullary nailing or a proximal plate and screws are valid options. 
Both procedures are performed according to the traditional technique and approach. 
Depending on the location and extent of the lesion, curettage and cement augmenta-
tion may be incorporated into the procedure as a means of enhancing disease local 
control and implant survival. A novel device composed of a liquid photodynamic 
monomer is an additional alternative providing strength and stability under rota-
tional forces [13]. The advantage of long intramedullary devices in patients with 
metastatic disease is the protection of the entire bone in the event of further disease 
progression. Radiotherapy is often indicated postoperatively to increase local disease 
control [14]. In the event of disease progression, the fixation implant may fail requir-
ing a second, potentially more morbid, surgical procedure for revision (Figure 6).

3. Proximal Humerus resection and reconstruction

Primary bone malignancy as well as extensive secondary disease with poor bone 
stock may require a bone resection followed by reconstruction. In the decision-
making process is important to take into account the diagnosis, the patient’s prognosis 
as well as the structures involved by the tumor which may need to be resected along 
the bone such as the rotator cuff or the axillary nerve. For proximal humerus tumors 
the approach is usually the delto-pectoral approach including the biopsy tract, slightly 
lateral to the delto-pectoral line, with the resection specimen in the case of primary 
tumors. The surrounding structures involved and included in the resection will deter-
mine the postoperative function of the patient and will dictate the type of reconstruc-
tion indicated. When both the rotator cuff and an innervated deltoid muscle can be 
preserved allograph-prostheses composite can be used. If only a functional deltoid is 
maintained but the rotator cuff is involved in the resection, a reverse total shoulder 
can be used for the reconstruction. For tumors extending outside of the humerus 
where the deltoid and rotator cuff have to be resected, a proximal humerus endopros-
thesis can be used as a spacer (Figure 7).

Figure 6. 
Radiograph depicting disease progression of a metastatic lesion in the proximal humerus and bony destruction.
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For proximal humerus tumor resection and reconstruction the complication rate 
ranges from 20 to 45% [15]. Dislocation of the implant along infection are the most 
common encountered problems (Figure 8). Besides any hardware or surgically related 
complications, local recurrences can be another problematic event for these patients. 
Occurring in 12% of patients, tumor recurrences are a common cause for a subse-
quent amputation [16]. For surgical constructs where an allograft is added or used as 
a reconstruction option, the most common complications are fracture, infection and 
collapse of the subchondral surface [17, 18]. Comparing the diverse options for tumor 
resection, endoprosthetic replacement is the one associated with lowest complication 
rates whereas allograft-implant composites would have a better functional outcome 
[19]. Some authors advocate for the use of a vascular synthetic mesh around the 
implant for proximal humerus endoprosthetic reconstructions to reduce the rate 
of dislocations [20, 21]. The mesh creates a surface for adherence of the remaining 
surrounding soft tissue attachments (Figure 9). For a small percentage of patients, 
resection and reconstruction may not be an option and an amputation will have to be 
indicated, fortunately due to advances in surgical implants as well as adjuvant treat-
ments such as radiotherapy and chemotherapy, most patients can benefit from a limb 

A B

C D

Figure 7. 
Clinical images and radiographs of a proximal humerus resection. A: Resection piece and trial implant. B: 
Surrounding soft tissues remaining tagged. C: Implant in place, tagged from the surrounding soft tissues are later 
attached to the implant. D: Final radiograph showing the implant in place, a long stem was chosen given the 
presence of metastatic lesions distally.
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Figure 8. 
Radiographic image depicting a dislocated humeral endoprostheses, one of the most common complications.

Figure 9. 
Clinical image of a proximal humerus endoprosthetic replacement with surrounding vascular synthetic mesh and 
surrounding soft tissues tagged for later reattachment to the mesh.
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salvage procedure [22]. In cases where the tumor extends into the glenohumeral joint 
or even into the scapula a Tikhoff-Linberg amputation may be indicated. This proce-
dure consists of an extra-articular resection of all the areas involved by the tumor plus 
a surrounding adequate surgical margin [23]. This procedure has been associated with 
high rate of complications and mortality [24, 25].

Prior studies have shown that the implant survivorship for proximal humerus 
replacement due to primary bone sarcomas is 77% for the first year and 74% at 
5 years from the index procedure [26]. Most common reasons for implant failure 
are infections and local tumor recurrences [26]. The functional outcomes for 
these patients are going to be determined by the reconstruction type but also by 
the extent of the resection and the structures involved. The activity level has been 
shown to decrease significantly in the first year from the initial operation with 
some improvement after 3 years, yet to lower levels than preoperatively [27]. 
Moreover, even though most patients remain active and are able to get back and 
be involved in sport activities, most patients have to switch to a lower extremity 
activity such as soccer, bicycling or running. Those who prior to surgery practiced 
sports with overhead activities, unfortunately are usually not able to return to 
that sport [27]. A slightly improved level of sport performance can be expected in 
patients where the resection can spare an active deltoid muscle [28]. Some authors 
also advocate for the use of the synthetic vascular mesh as a means of increasing 
shoulder function as well [21].

4. Curettage and grafting of benign and aggressive lesions

The proximal humerus is a common location for benign bone tumors such as 
osteochondromas, enchondromas and unicameral bone cysts. Additionally, it is also 
a frequent location for more aggressive lesions such as or chondroblastomas. As with 
other bone tumors the assessment starts with a thorough history taking and physical 
examination followed by the appropriate imaging studies. In questionable cases or 
where imaging findings are non-specific a biopsy is indicated, performed ideally by 
a physician with the appropriate training on bone tumors. For most benign lesions 
patients are asymptomatic and diagnosis is made incidentally. Non-aggressive lesions 
such as non-ossifying fibromas, asymptomatic osteochondromas or enchondromas, 
observation may be all the necessary treatment. Curettage is indicated in the case of 
aggressive bone tumors that tend to continue to grow causing bone destruction or even 
a pathological fracture. Others such as atypical cartilaginous tumors may later on dedif-
ferentiate into a higher-grade tumor [29]. The surgery usually involved a small incision 
over the most direct pathway to the lesion. Once the bone is reached a small window is 
created with the help of a burr or an osteotome. The lesion is thoroughly and carefully 
curetted avoiding any spilling of the surrounding tissues. Fluoroscopic visualization 
may help confirm all the extent of the lesion has been reached (Figure 10). In the case 
of unicameral bone cysts, intramedullary decompression with the help of a curette or 
a Kirschner wire of the canal is indicated [30]. In the case of aggressive lesions, the use 
of adjuvants such as nitrogen, phenol or high-speed burr can help decrease the local 
recurrence, a common outcome for these type of tumors [31]. Once the lesion has been 
curetted there are several options for filling such as autologous bone graft, allografts 
and synthetic bone substitutes (Figure 10).
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5. Conclusions

Shoulder reconstruction for patients with bone tumors encompasses a diverse group 
of patients, diagnoses and surgical options. While most patients with primary bone 
tumors may be younger and more active, those with metastatic disease oftentimes 
are associated with an older age, worse preoperative function and worse prognosis; 
all factors that need to be taken into consideration in the treatment decision-making. 
Currently, with new advances in oncology treatments patients may benefit from longer 
survivals times than in the past, thus restoring the patient’s function and quality of life 
is paramount. Ideally, an oncology orthopedic specialist ought to be included in the 
multidisciplinary treating team from the moment of diagnosis of bone disease.

Figure 10. 
Radiographic images depicting a recurrent unicameral bone cyst of the proximal humerus in a pediatric patient 
and its treatment. A: Unicameral bone cyst of the proximal left humerus. B: Decompression of the canal during 
the surgical procedure. C: Curettage of the lesion. D: Filling of the cavity with biosynthetic material composed of 
calcium sulfate with calcium phosphate.
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Chapter 7

Scapular Dyskinesis
Mohammed Hegazy

Abstract

In order for correct shoulder function to occur, the scapula plays a number of 
responsibilities. These functions include synchronous scapular rotation during 
humeral motion, providing a stable basis for rotator cuff activation, and acting as a 
kinetic chain link. Scapular dyskinesis is defined as a change in the resting or dynamic 
position of the scapula. Scapular dyskinesis is a nonspecific response to a painful 
shoulder ailment rather than a specific response to glenohumeral pathology. Visual 
assessment of the scapular position at rest and during dynamic humeral motions, as 
well as objective posture measurements and scapular corrective techniques, is used to 
diagnose scapular dyskinesis. Treatment for scapular dyskinesis focuses on improving 
dynamic scapular stability by improving the motor control and strength of scapular 
stabilizers, as well as the flexibility of tight muscles and other connective tissues.

Keywords: kinetic chain, dynamic stability, scapular dyskinesis

1. Introduction

Scapular dyskinesis is a disorder characterized by altered scapular mechanics and 
motion, with “dys” denoting alteration and “kinesis” denoting motion [1]. Scapular 
dyskinesis is not always a medical word. In fact, it has been seen in both asymptomatic 
and symptomatic patients with shoulder girdle discomfort [2–5]. It was thought to 
be caused by abnormalities in scapular stabilizing muscle activation [6], injury to the 
long thoracic, dorsal scapular, or spinal accessory nerves, or potentially decreased 
pectoralis minor muscle length [7].

SICK (scapular malposition, inferior medial border prominence, coracoid pain 
and malposition, and dyskynesis of scapular motion) was coined by Burkhart et al. 
[8], who recognized the importance of scapular dyskinesis in overhead athletes com-
plaining of shoulder pain. As a result, this term should only be used when scapular 
dyskinesis is clearly present.

2. Clinical features of scapular dyskinesis

The anterior and/or posterosuperior aspects of the shoulder, as well as the upper 
region of the lateral arm below the acromion, may be painful in the symptomatic 
patient with scapular dyskinesis. Pain may radiate into the lateral part of the neck 
along the UT or follow a radicular pattern along the upper extremity. Pain in the 
coracoid region due to constriction of the pectoralis minor as a result of downward tilt 



Shoulder Surgery for RC Pathology, Arthropathy and Tumors

112

and lateral displacement of the coracoid is the most common presenting symptom, 
followed by posterosuperior scapular pain [8].

Three dyskinetic patterns were found by Kibler et al. [9]: The inferomedial border 
of the scapula is prominent due to an excessive posterior tilt along a horizontal axis 

Figure 2. 
Type II dyskinesis (adopted from [10]).

Figure 3. 
Type III dyskinesis (adopted from [10]).

Figure 1. 
Type I dyskinesis (adopted from [10]).
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in the plane of the scapula; when this type is isolated, the scapula may be lower than 
the opposite side (Figure 1). Due to excessive external rotation around a vertical 
axis via the plane of the scapula, Type II is characterized by the prominence of its 
entire medial border (Figure 2). These types are frequently linked to superior labrum 
injuries. Type III is characterized by upward rotation of the scapula’s superomedial 
border around a horizontal axis perpendicular to the plane of the scapula, resulting 
in abnormal superior migration of the scapula (Figure 3); this pattern is linked to a 
reduction in the acromiohumeral space and the possibility of rotator cuff injuries. The 
pattern of Type IV is symmetric.

3. Role of scapula

The scapula has three key functions in producing smooth, coordinated move-
ment throughout the shoulder girdle. To sustain the glenohumeral connection and 
provide a stable foundation for muscle function, these tasks are intertwined. The 
scapula’s primary function is to maintain dynamic stability and regulated motion at 
the glenohumeral joint. The scapula must move in sync with the moving humerus in 
order to keep the humeral head restricted within the glenoid during the whole range 
of shoulder motion [11].

Maintaining appropriate glenoid fossa alignment not only provides for ideal bony 
restraint, but it also aids muscular constraint by maintaining proper length tension 
relationships for efficient rotator cuff muscle contraction, squeezing the humeral 
head into the fossa [11, 12]. The scapular musculature must maintain dynamic 
stability while also providing regulated movement. The scapula must be protracted in 
a smooth fashion laterally and then anteriorly around the thoracic wall during throw-
ing motions to allow the scapula to retain a normal positional relationship with the 
humerus. This motion is controlled by eccentric contraction of the medial-stabilizing 
musculature (mostly the rhomboids and middle trapezius), which allows part of the 
deceleration forces experienced during the follow-through phase to be dissipated [11].

With overhead exercises, the scapula must also rotate upward to free the acromion 
from the rotator cuff [13]. The scapula travels laterally in normal abduction for the 
first 30°–50° of abduction. As the shoulder reaches maximal elevation, the scapula 
rotates around a fixed axis across an arc of roughly 65° [14]. With overhead activ-
ity, the 2:1 ratio between glenohumeral abduction and scapulothoracic rotation is 
explained by this motion. To tilt the acromion upward and reduce the possibility of 
impingement and coracohumeral arch compression, upward rotation and elevation 
are necessary (Figure 4) [16].

The scapula’s second function is to serve as a basis for muscular attachment. The 
muscles that control the position of the scapula attach to the medial border of the scap-
ula, stabilizing it. Scapular motion is primarily controlled by this musculature through 
synergistic cocontractions and force couples, which are paired muscles that regulate the 
movement or position of a joint or a body part [17–20]. Muscles that attach along the 
lateral edge of the scapula perform gross motor tasks of the glenohumeral joint in addi-
tion to acting as scapular stabilizers. The rotator cuff muscles adhere to the whole surface 
of the scapula and are positioned so that their most efficient stabilizing activity occurs 
when the arm is abducted between 70° and 100° [21]. The humeral head is compressed 
into the socket by these muscles, which are referred to as a “compressor cuff” [20].

The scapula’s third function is best described as the link in the proximal-to-distal energy 
transfer that enables for the ideal shoulder placement for optimal performance [16, 22–24]. 



Shoulder Surgery for RC Pathology, Arthropathy and Tumors

114

The scapula plays a critical role in transporting enormous forces and high energy from the 
principal sources of force and energy, the legs and trunk, to the actual delivery mechanism 
of the energy and force, the arms and hands [23–25]. Forces generated in the proximal 
segments must be efficiently and effectively transferred via the shoulder and into the hand. 
The scapula provides a secure and regulated platform for these activities, allowing the 
entire arm to rotate as a unit around the sturdy base given by the scapulothoracic joint and 
the glenohumeral joints [20].

4. Scapular kinetics during arm elevation

The musculature connected to the scapula, humerus, thoracic cage, and spinal col-
umn controls the scapulothoracic articulation. During the first phase of glenohumeral 
elevation, the UT and lower SA operate as a force couple to cause scapular upward 
rotation. The LT contributes more in the intermediate phase of glenohumeral eleva-
tion, while the LT, UT, and lower SA are roughly equally active in the final phase of 
glenohumeral elevation. The scapular muscle is responsible for stabilizing the scapula 
and supporting the glenohumeral joint’s base. A loss in the surrounding musculature’s 
ability to stabilize the scapula may result in a shift in scapular position or motion. The 
length-tension relationship can be adjusted by changing the scapular position.

A malfunctioning rotator cuff can theoretically be caused by changes in scapular 
posture and scapular muscular strength [26]. The force couples’ primary roles are to 
provide maximum congruency between the glenoid fossa and the humeral head in 
order to provide dynamic glenohumeral stability and maintain an ideal length-tension 
relationship [12, 25]. The UT and LT muscles, along with the rhomboid muscles and 
the SA muscle, are the appropriate force partners for scapular stabilization. The LT 
and SA muscles, in combination with the UT and rhomboid muscles, are the suitable 
force partners for acromial elevation (Figure 5) [20, 28].

5. Scapular kinematics during arm elevation

Normal shoulder function depends on scapular location on the thorax and con-
trol during motion. The scapula should upwardly rotate and posteriorly tilt on the 

Figure 4. 
Scapulohumeral rhythm (adopted from [15]).
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thorax when raising the arm overhead (Figure 6 and Table 1) [30]. The most com-
mon scapulothoracic motion is upward rotation. The scapula’s motion in response 
to changes in scapular internal rotation angle is more variable between participants, 
investigations, elevation planes, and elevation range of motion points [30, 31]. Early 
in the range of arm elevation in scapular plane abduction and flexion, slight increases 
in scapular internal rotation may be normal. Although there is minimal data, it is 
generally acknowledged that end range elevation in healthy patients requires some 
scapulothoracic external rotation [30].

The sternoclavicular (SC) and acromioclavicular (AC) joints move together 
in scapulothoracic kinematics. In healthy people, substantial 3-D motions occur 

Figure 5. 
Force couples of scapular stabilization (adopted from [27]).

Figure 6. 
Scapular motions from (a) posterior (upward/downward rotation), (b) superior (internal/external 
rotation), and (c) lateral (anterior/posterior tilting) views. Axes of rotation are indicated as black dots 
(adopted from [29]).



Shoulder Surgery for RC Pathology, Arthropathy and Tumors

116

at both the SC and AC joints during arm elevation [30, 32, 33]. As arm elevation 
progresses upward, the clavicle exhibits a pattern of mild elevation and progressive 
retraction [30, 32]. At the AC joint, the scapula rotates upwardly, internally, and 
posteriorly relative to the clavicle at the same time [33]. Elevation/depression and 
abduction/adduction scapulothoracic “translations” have also been described in the 
past [33, 34]. These movements are caused by clavicular motions at the SC joint. SC 
elevation causes scapulothoracic elevation, and SC protraction/retraction causes 
abduction/adduction [33].

6.  Potential biomechanical mechanisms contributing to alterations in 
scapular kinematics

Pain, soft tissue tightness, muscle activation or strength imbalances, muscle 
exhaustion, and thoracic malposture are all potential contributors to aberrant scapu-
lar kinematics (Table 2) [26].

6.1 Effect of muscle activity alteration on scapular kinematics

Muscle activation is the most commonly studied feature in patient populations; 
however, these changes in muscle activity are rarely connected to scapular kinematic 
changes. Significantly less SA muscle activation and greater UT activation were found 
in subjects with impingement or shoulder dysfunction who had less scapular upward 
rotation and posterior tilt as well as greater scapular elevation [35, 36].

When these findings are combined with knowledge of these muscles’ ability to 
induce or govern scapular rotations, the lesser serratus activations may play a key 
role in the observed lower posterior tilt and upward rotation. Increased UT activa-
tion is likely related to greater scapula elevation by increasing clavicular elevation 
[37]. Scapulothoracic muscle activation timing has also been studied. In competitive 
freestyle swimmers with shoulder impingement, the temporal recruitment pattern of 
the UT, LT, and SA showed much more variability than in a control group of competi-
tive swimmers [38].

In comparison to a control group, overhead athletes with shoulder impinge-
ment showed significantly delayed activation of the middle trapezius (MT) and 

Motion Healthy Impingement or rotator cuff disease

Primary scapular 
motion

Upward rotation Lesser upward rotation

Secondary scapular 
motion

Posterior tilting Lesser posterior tilting

Accessory scapular 
motion

Variable internal/external rotation Greater internal rotation

Presumed 
implications

Maximize shoulder range of motion and 
available subacromial space

Presumed contributory to sub acromial 
or internal impingement

Table 1. 
Summary of scapular kinematics during arm elevation in healthy and pathologic state [29].
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long trapezius (LT) in response to an unexpected drop of the arm from an abducted 
posture [39]. The experimental production of muscular fatigue is a model for relat-
ing muscle activation patterns to changes in scapular kinematics. However, none of 
the studies on shoulder fatigue that have been found so far have tried to tire isolated 
scapulothoracic muscles, and the inability to fatigue a particular muscle or muscle 
group hampers interpretation of the results. One study found that after a resisted 
humeral external rotation fatigue treatment, scapular upward rotation, posterior tilt, 
and external rotation all decreased significantly. However, another study that used 
resisted humeral external rotation to induce shoulder fatigue reported significant 
increases in scapular upward rotation rather than decreases. The findings for reduced 
posterior tilt after fatigue were identical in direction in both studies [40, 41].

6.2 Effect of pain on scapular kinematics

The impact of pain on muscle activation patterns is likewise a mystery. 
Interestingly, during repetitive bilateral flexion in otherwise healthy subjects, 
experimentally induced pain caused by injection of hypertonic saline directly into 
the upper, middle, and lower divisions of the trapezius resulted in decreased UT and 
increased LT activation on the painful side and increased trapezius activation on the 
contralateral side [42].

6.3 Effect of soft tissue tightness on scapular kinematics

Another possible cause for the development of the scapulothoracic changes found 
in patients is soft tissue stiffness of muscles or tissues that can inhibit normal scapular 
motions during arm raising. Pectoralis minor and posterior shoulder stiffness have 
both been studied [7, 43].

6.3.1 Effect of pectoralis minor tightness on scapular kinematics

The pectoralis minor can provide scapular internal rotation, downward rotation, 
and anterior tilt thanks to its attachments from the coracoid process to the third 
to fifth ribs. Excessive active or passive tension in this muscle may prevent normal 
scapular upward rotation, posterior tilt, and maybe scapular external rotation from 
occurring during arm raising. Those with a short pectoralis minor resting length, 
indicative of muscular tightness, had considerably less scapular posterior tilt and 

Potential biomechanical 
mechanisms

Associated effects

Inadequate muscle activation Lesser scapular upward rotation and posterior tilt

Excess UT activation Greater clavicular elevation

Pectoralis minor tightness Greater scapular internal rotation and anterior tilt

Posterior soft tissue tightness Greater scapular anterior tilt

Thoracic mal posture Greater scapular internal rotation, anterior tilt and lesser scapular 
upward rotation

Table 2. 
Potential biomechanical mechanisms contributing to scapular kinematic alterations [29].



Shoulder Surgery for RC Pathology, Arthropathy and Tumors

118

more scapular internal rotation during arm elevation than those with a long pectoralis 
minor resting length [7].

A rounded shoulder and forward head position is a frequent postural presenta-
tion in both sedentary people and overhead sportsmen. The subacromial space 
shrank as the shoulder progressed from a retracted to a protracted posture, accord-
ing to dynamic magnetic resonance imaging [44]. Previously, this scapula posture 
was linked to diminished pectoralis minor flexibility or adaptive shortening. This 
decreased flexibility might impact scapula posture as well as create axillary artery 
compression, resulting in neurovascular complaints. Because of the prolonged 
elongation, this postural presentation might lead to stretch weakness of the posterior 
scapular musculature, especially the rhomboid muscles and lower trapezius [45, 46].

6.3.2 Effect of tightness of posterior capsule on scapular kinematics

Tightness in the glenohumeral joint’s posterior capsule, or posterior shoulder, 
has also been proposed as a mechanism for changing scapular kinematics by pas-
sively “pushing” the scapula laterally over the thorax, especially during humeral 
internal rotation in raised arm positions [20]. Subjects with no shoulder complaints 
but a glenohumeral internal rotation range-of-motion deficit on their dominant arm 
(indicative of posterior shoulder tightness) were compared with a control group 
with no such deficit in a subsequent study. The humerus was elevated 90° into both 
flexion and abduction postures, and scapular positioning was evaluated at end range 
humeral internal rotation. At end range humeral internal rotation locations, the group 
with less glenohumeral joint internal rotation range of motion had considerably more 
scapular anterior tilt [7, 43].

6.4 Effect of thoracic mal posture on scapular kinematics

Changes in scapular location have also been linked to thoracic posture. When 
healthy volunteers were requested to sit in a “slouched” position and raise their arm, 
scapular upward rotation and posterior tilt were dramatically reduced, whereas 
scapular internal rotation and scapular elevation were significantly increased [47]. 
With the arm relaxed at the side, increased scapular anterior tilt and scapular internal 
rotation have also been reported in women with increasing thoracic kyphosis, as well 
as increased scapular anterior tilt with age [48].

7. Assessment of scapular dyskinesis

The reliable and correct identification of the presence or absence of scapular posi-
tion or motion abnormalities is one of the problems of the clinical diagnostic procedure 
in people who have shoulder pain. In one study, moderate kappa values for inter-tester 
and intra-tester reliability were obtained employing blinded evaluators who assessed 
recorded patients [9]. Another study found lower inter-rater reliability when patients 
were recorded and examined by therapists who were unaware of the individuals’ 
symptom status. These dependability levels are below what is ideal for routine clinical 
use. Improved reliability could be achieved through direct evaluation (as opposed to 
film), improved training, or revision of movement category definitions [49].

The examination begins with the patient’s arm at a rest. Only one, two, or all three 
dyskinesis patterns can be found. The stability of the SC and AC joints should be tested 
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in the resting position, and the clavicle should be inspected for any shortening, angula-
tion, malrotation, or hypermobility. The coracoid should be palpated to establish its 
position in relation to the opposite side, as well as any soreness along its medial border, 
where the pectoralis minor is implanted. After that, the subject is asked to raise and 
then drop his or her arm in the sagittal and/or scapular planes. The third stage involves 
watching the scapular action while lifting and lowering the arm with a 3–5 pound 
weight [50].

A study was conducted in asymptomatic persons and patients with shoulder 
discomfort to examine the reliability of the clinical assessment [2]. The patients’ 
medial and superior scapular borders were measured as they conducted three to five 
arm elevation trials in the sagittal and scapular planes. The scapular motion was 
classified by two assessors using either the Kibler et al. [7] approach or a two-type 
method (yes/no). Yes, if one or more dyskinetic patterns are present, and no, if nor-
mal motion is present. To identify the presence of dyskinesis and to establish criteria 
validity of the two approaches, a 3-D kinematic analysis utilizing an electromagnetic 
tracking device was also done.

The yes/no method had a greater inter-rater agreement (79%) than the method 
used by Kibler et al. [51] (61%). The former strategy demonstrated a higher 
sensitivity (76%) and positive predictive value (100%) than the latter (74%). 
Multiple-plane asymmetries were detected in a substantially higher percentage 
of symptomatic participants (54%) than in asymptomatic subjects (14%). The 
researchers concluded that the yes/no technique is a good screening tool for scapular 
dyskinesis [10].

In contrast to these findings, Ellenbecker et al. [52] discovered that the Kibler 
et al. [7] technique of evaluation had a low reliability in baseball players who were 
videotaped performing five repetitions of scapular plane elevation while gripping 
a 2-pound weight. McClure et al. [50], Tate et al. [53] described a new approach for 
identifying scapular dyskinesis and determining its severity than Kibler et al. [7], 
which they called the scapular dyskinesis test. Overhead athletes were asked to do five 
repetitions of bilateral weighted shoulder flexion and abduction.

Dysrhythmia (premature or excessive scapular elevation or protraction, non-
smooth or stuttering motion on elevation or lowering, or fast downward rotation 
during lowering) and/or winging are symptoms of scapular dyskinesis (medial border 
or inferior scapular angle posteriorly displaced from the thorax). Normal motion, 

Figure 7. 
Scapular assistance test (adopted from [55]).
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slight abnormalities, or evident abnormalities were assigned to each scapulothoracic 
deviation. The raters’ agreement in identifying normal or dyskinetic patients ranged 
from 75 to 80%. The presence of dyskinesis, on the other hand, was not linked to 
shoulder discomfort.

7.1 Clinical tests of scapular dyskinesis

Two corrective maneuvers can be used to confirm the kinematic changes and 
see if correcting them normalizes the arm motion and relieves the patient’s  
symptoms [5, 6, 54].

7.1.1 Scapular assistance test

During humeral elevation, the examiner passively supports the scapula into 
upward rotation and posterior tilt with the scapular assistance test (SAT) (Figure 7). 
While the patient elevates the arm, the test is performed by pushing upward and later-
ally on the inferior angle of the scapula and drawing the superior aspect of the scapula 
posteriorly. If symptoms are relieved and motion is increased, the test is positive. The 
SAT helps detect the scapular contribution to impingement and rotator cuff dysfunc-
tion by increasing acromiohumeral space [56].

7.1.2 Scapular retraction/repositioning test

Tate et al. [57] described the scapular retraction/repositioning test (SRT). If a 
positive impingement test is found, the procedure can be redone with the scapula 
adjusted manually using the SRT (Figure 8). If symptoms are relieved and motion 
is increased, the test is positive. The SRT is performed by grasping the scapula with 
the fingers anteriorly contacting the acromioclavicular joint and the palm and thenar 
eminence posteriorly contacting the scapula’s spine, with the forearm obliquely angled 
toward the inferior angle of the scapula for additional support on the medial border. 
The examiner’s hand and forearm apply a mild push on the scapula in this manner to 
stimulate scapular retraction (scapular retraction test) or posterior tilting and exter-
nal rotation (posterior tilting and external rotation test) (scapular repositioning test).

Figure 8. 
Scapular retraction or repositioning test (adopted from [55]).
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8. Rehabilitation of scapular dyskinesis

8.1 Stretching of pectoralis minor and posterior capsule

The pectoralis minor, posterior shoulder, and glenohumeral joint capsule are 
prospective candidates for stretching in individuals with scapular kinematic changes 
based on biomechanical variables [7, 43]. Stretching techniques for both of these 
tissues have been recommended. Despite the paucity of research, there have been 
comparisons made across procedures in terms of gains in range of motion or the 
potential to appropriately extend the targeted tissue [7, 58].

For posterior capsule tightness, McClure et al. [58] compared the effectiveness of 
a sleeper stretch, which is thought to better support the scapula, to a more standard 
cross-body stretch. After a 4-week stretching regimen, the passive internal rotation 
range of motion of asymptomatic participants was measured. Both stretching groups 
were also compared with a nonstretching control group. When compared with their 
nonstretched side, both stretching groups exhibited significant within-subject gains 
in range of motion. Surprisingly, only the cross-body stretch group improved much 
more than the control group.

In healthy subjects, the mean length change with three recommended stretches for 
the pectoralis minor was also compared. A unilateral self-stretch or corner stretch, as 
well as sitting and supine manual stretches, was among the stretches. Standing with 
the humerus abducted 90° and the elbow flexed 90°, the unilateral corner stretch 
requires placing the hand of the shoulder to stretch on the wall with the humerus 
abducted 90° and the elbow flexed 90°. The patient next twists their body away from 
the shoulder being stretched until they feel a slight strain in their pectoral muscles. 
The most length change was seen in the corner stretch, followed by the supine manual 
stretch. This shows that a corner stretch would be more successful in lengthening the 
pectoralis minor; however, the patients were not tracked over time in a randomized 
controlled trial [59].

8.2 Scapular muscle control and balance

The rehabilitation’s goal is to reestablish scapular muscle control and balance [60]. 
The goal is to equalize the ratio between the three sections of the trapezius, that is, 
UT/LT and UT/MT, and activate SA, because scapular dyskinesis suggests a larger 
activation of the UT and a lower control of the LT, MT, and SA [10]. The push-up 
plus, wall slide exercises, and shoulder elevation in the scapular plane have all been 
demonstrated to promote SA activation, with the push-up plus causing minimal UT 
activation [61, 62].

In the treatment of patients with shoulder discomfort and scapular motion abnor-
malities, strengthening or retraining the SA muscle warrants special consideration. 
The SA is the only scapulothoracic muscle capable of producing all of the desired 
3-D scapular rotations of upward rotation, AC joint posterior tilting, and AC joint 
external rotation [37, 63]; hence, this recommendation is based on its biomechanical 
capabilities.

The serratus anterior’s position as an external rotator of the scapula may appear 
counterintuitive at first, given the serratus anterior’s lateral line of pull around the 
thorax, which has led to the serratus anterior being described as causing shoulder 
protraction. The clavicle protracts on the thorax at the SC joint, causing this protrac-
tion. Before this secondary joint rotation can take place, the SA’s line of action will 
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pull the scapula’s vertebral border and inferior angle toward the chest wall, causing 
external rotation of the scapula at the AC joint and stabilizing the scapula on the 
thorax while the clavicle protrudes [63].

A number of activities to activate the SA muscle have been recommended based on 
electromyographic examinations, typically in healthy participants. Push-up plus and 
push-up progression exercises, the dynamic embrace, supine punch, and wall sliding 
workouts have all been used. Supine punch and push-up plus may be advantageous 
for people with SIS because they increase SA muscle activation while decreasing UT 
muscle activation. Patients with scapular control issues may benefit from starting 
with supine punch exercises that stabilize the scapula against the table [48, 57, 64, 65].

The LT is another muscle that can help to support the scapula and allow for upward 
rotation. Shoulder flexion in the side-lying position up to 135°, prone horizontal abduc-
tion with external rotation, and shoulder external rotation in side laying have been dem-
onstrated to elicit a beneficial ratio of lowering UT activity and raising LT activity [66].

After a brief time of teaching, Mottram et al. [67] demonstrated that normal 
participants can learn and repeat movements to shift the scapula into posterior tilt 
and upward rotation without the assistance of a physiotherapist. They discovered that 
all regions of the trapezius were active using a motion analysis system and surface 
electromyography. In two of the four exercises described by Cools et al. [66], De Mey 
et al. [68] discovered that conscious patient control of the scapula orientation greatly 
improves the activation of the three components of the trapezius without affecting 
the UT/MT and UT/LT ratios.

Manual scapula adjustment has been demonstrated to improve supraspinatus 
strength and enhance subacromial space in individuals with subacromial impinge-
ment [5, 69]. Manual scapular assistance is utilized in clinical practice to provide 
tactile cueing for scapula positioning in order to identify patients for whom subacro-
mial space is a contributing factor. Shirts intended to provide tactile stimulation for 
good scapular placement can also be used to provide postural cueing for scapular 
positioning. These shirts can be worn during a rehabilitation program as well as dur-
ing everyday activities (ADLs) [70].

8.3 Correction of thoracic mal posture

Thoracic posture should also be addressed in the rehabilitation of patients with 
shoulder impingement or rotator cuff tendinopathy, given the evidence for changed 
scapular kinematics with thoracic kyphosis or flexed thoracic postures [29, 47]. This 
includes paying attention to maintaining erect postures while performing daily activi-
ties that require arm elevation, as well as when performing shoulder workouts. Where 
suitable to the patient’s presentation, exercises aimed at enhancing thoracic extension 
range of motion, strength, and endurance should be considered, keeping in mind that 
typical thoracic extension during arm elevation is only 10° or less [71].

Given the rhomboid’s capabilities as a downward rotator of the scapula, it was sug-
gested that excessive reliance on shoulder retraction exercises for rhomboid training 
as part of a postural exercise program be avoided. Another therapy option to explore 
is joint mobilization in the thoracic spine. In a randomized clinical trial for shoulder 
impingement, adding manual treatment to a supervised exercise regimen resulted 
in much better results than supervised exercise alone [72]. In a sample of 14 patients 
with primary SIS, Conroy and Hayes [73] investigated the effect of joint mobilization 
as part of a comprehensive therapy plan. They found that mobilization reduced pain 
over the course of a day as well as pain during a subacromial compression test.
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8.4 Therapeutic taping

The use of therapeutic taping in the treatment of shoulder discomfort has also 
been studied recently. Significant changes in posture and increases in arm elevation 
pain-free range of motion were observed with thoracic and scapular taping designed 
to change posture in both participants with shoulder impingement and healthy 
subjects. In the impingement group, there was no significant reduction in pain during 
arm elevation. However, for scapular plane abduction and flexion, the point in the 
range of motion when increased pain was first reported was much higher (average 
of 15° and 16° increase in pain-free range of motion, respectively). Another study 
found that using taping reduced upper trapezius electromyographic activation while 
increasing lower trapezius electromyographic activation in participants with shoulder 
impingement during arm motion [74, 75].

8.5 Rhythmic stabilization exercises

Wilk and Arrigo [76] devised specific exercises to regulate the scapulothoracic 
joint’s muscle force coupling while also stimulating proprioceptive and kinesthetic 
awareness to improve the scapulothoracic joint’s neuromuscular control. Because 
of a prevalent weakness, the scapular retractors, protractors, and depressors are 
commonly emphasized with isolation strengthening exercises. The exercise routine 
for the scapula can include neuromuscular control and PNF drills. Proprioceptive 
awareness can be harmed as a result of macro or microtrauma; consequently, early in 
the rehabilitation program, the clinician should undertake drills to restore the neuro-
sensory qualities of the joint capsule to heighten the sensory awareness of the afferent 
mechanoreceptors [77, 78].

8.5.1 Types of rhythmic stabilization exercises

8.5.1.1 Open kinetic chain rhythmic stabilization exercises

Manual rhythmic stabilization exercises are performed with the arm in the 
scapular plane at 30° of shoulder abduction, starting with the internal and external 
rotators. A cocontraction of the internal and external rotators is enabled by varying 
manual input, which necessitates the patient’s isometric stability. These stability 
drills can also be done with the arm at around 100° of elevation and 10° of horizontal 
abduction. Because of the combined centralized resultant force vectors of both the 
rotator cuff and deltoid musculature that induce humeral head compression, this 
“balanced position” is a favorable beginning point [14, 79].

8.5.1.2 Closed kinetic chain rhythmic stabilization exercises

Proprioceptive drills are used to advance closed kinetic chain workouts. 
Advanced weight-shifting drills include a table push-up on a ball or on an unstable 
surface. Completing a push-up exercise on an unstable or modified surface has 
been demonstrated to create higher upper trapezius, middle trapezius, and serratus 
anterior activation in overhead throwing athletes with impingement than perform-
ing a regular push-up exercise. While the patient’s hand is on a little ball and the 
physician performs perturbation drills on the patient’s arm, wall stabilizations are 
conducted [15].
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9. Conclusions

Scapular dyskinesis is a multifactorial disorder characterized by changes in scapu-
lar kinematics during position and motion. Scapular dyskinesis should be assessed on 
both static and dynamic levels, with treatment focusing on scapula motor control and 
increasing the force couple around the scapula to improve shoulder dynamic stability.
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