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Diagnosis and Classification
of Rotator Cuff Tears

Emilio Calvo, Carlos Rebollon Guardado,
Diana Morcillo, and Guillermo Arce

1.1 Introduction

Rotator cuff pathology is the most common con-
dition affecting the shoulder. The clinical results
of rotator cuff repair in symptomatic patients are
good to excellent in a high percentage of cases.
These observations underline the weight of diag-
nosing this pathology correctly. Several classifi-
cation systems have been used to describe rotator
cuff tears in the orthopedic literature, but there is
not a current standard classification that includes
all the types and characteristics of rotator cuff
tears. Possible factors contributing to this situa-
tion could be a poor interobserver agreement,
inaccuracy, incompleteness, or complexity. An
improved evaluation of the rotator cuff tears, the
advances in imaging methods, and the advent of
arthroscopy, in particular, have provided better
opportunities to understand and treat these
lesions. This paper describes (1) a comprehensive
review of diagnostic methods for rotator cuff
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tears and (2) the ISAKOS rotator cuff tear clas-
sification system.

1.2  Diagnosis of Rotator

Cuff Tears

A complete medical history of the patient and a
full physical exam with an adequate imaging
study are mandatory in any patient with shoulder
pain to identify a potential rotator cuff tear, espe-
cially in those over 40 years of age.

1.2.1 Physical Exam

The examination starts with the inspection of the
skin looking for previous surgical scars and mus-
cle periscapular atrophy that could indicate chro-
nicity of the tear or nerve injury. Deltoid atrophy
is directly related to axillary nerve injury, and
muscle atrophy at the supra- or infraspinatus fos-
sae indicates a potential suprascapular nerve
injury. A Popeye’s sign indicates rupture of the
long head of the biceps, a common finding in
rotator cuff tears. A thorough assessment of the
active and passive range of motion comparing
with the contralateral healthy side is mandatory.
Stiffness is a common finding in patients with
long-standing rotator cuff tear and must be recog-
nized before planning any surgical repair.
Massive tears involving the infraspinatus will
typically present with an external rotation lag
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sign. The hornblower’s test performed in abduc-
tion and external rotation assesses the integrity of
the teres minor.

Similarly, large tears involving the subscapu-
laris will often present an increased passive
external rotation, internal rotation lag sign, and
weakness with the classics tests for subscapularis
tendon such as lift-off, bear hug, and belly-press
tests. Massive supraspinatus and infraspinatus
tears may demonstrate a drop arm sign and posi-
tive Jobe test complemented with weakness in
abduction and external rotation. Location of the
pain can be indicative, over the bicipital groove
anteriorly or the acromioclavicular joint superi-
orly. Crepitation over the greater tuberosity is
also indicative of supraspinatus tear.

1.2.2 Imaging Studies for Rotator

Cuff Tears

Despite the initiation of new imaging methods, the
value of conventional radiology is critical, for all
patients with suspected rotator cuff pathology.
Three radiographic views of the shoulder are still
recommended: true anteroposterior (Grashey),
axillary lateral, and outlet (scapular Y). Some indi-
rect radiographic signs, like bone sclerosis at the
level of the greater or lesser tuberosity and the
inferior acromion, often indicate the presence of
rotator cuff disease. Humeral head migration and
adaptive changes are indicative of rotator cuff
arthropathy. A humeral head anteriorly displaced
in the outlet view can be indicative of full-thick-
ness subscapularis tendon rupture. Glenohumeral
arthritis is often more clearly identified on the axil-
lary view, demonstrating narrowing of the joint
line and sclerosis. Radiographs are also essential
to rule out other causes of pain (e.g., tumors, frac-
tures and dislocations, calcium deposits, chon-
drolysis, loose anchors, acromial fracture).
Ultrasonography (US) is cost-effective and has
less postoperative hardware artifact than does
MRI, which makes it especially suitable to evalu-
ate re-tears. However, ultrasonography is operator
dependent, unfamiliar to most orthopedic sur-
geons, and does not provide a thorough evaluation
of the glenohumeral joint. Due to these limitations
in our practice, we reserve US for those patients
with rotator cuff disease in whom surgery might

not be indicated, while magnetic resonance imag-
ing (MRI) or even computed tomography (CT) is
preferred for those patients scheduled for recon-
structive surgery. Our preference for preoperative
imaging evaluation is high-field MRI, at least at
1.5 T. Coronal MRI views are best used to assess
the size, location, geographic pattern of the supra-
and infraspinatus tendon tears, the quality of the
tendon, and chronicity. Sagittal T1 images may
also show atrophy or fatty infiltration of the
involved musculature, which can provide prognos-
tic information. Axial views are better to evaluate
the integrity of the subscapularis and teres minor
tendons and to detect the long head of the biceps
tendon pathology as tendinosis, synovitis, tears, or
instability. Arthro-CT may be considered as an
alternative to MRI to diagnose rotator cuff pathol-
ogy in those patients in whom MRI is contraindi-
cated. CT scan should be performed to evaluate
the glenohumeral joint morphology when a shoul-
der replacement is deemed indicated.

Classification of Rotator
Cuff Tears

1.3

Any classification system for rotator cuff tears
should meet several criteria. First of all, the clas-
sification should have the capacity to describe the
location and pattern of the tear, helping all sur-
geons to understand precisely its characteristics.
Second, the classification system should be already
in use and, if possible, reproducible and validated
for reliability and encourage communication
between physicians and researchers. We are aware
in the orthopedic literature of failed attempts of
new classifications aimed to overcome the limita-
tions of their classic counterparts directly because
the orthopedic community is used to the “classical
language” (i.e., new classifications of proximal
humeral fractures to substitute the classical Neer-
Codman classification). Third, the classification
should be able to dictate an appropriate treatment
in each specific case. Fourth, it should also have a
predictive value to guide physicians and to trans-
mit to the patients the realistic expectations of the
postoperative outcome. The classification for rota-
tor cuff must be not only arranged to be under-
stood but also easy to remember and follow. An
acronym can be helpful in this sense.
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After reviewing the available rotator cuff scor-
ing’s systems, the ISAKOS Shoulder Committee
has developed a new system that is described in
this chapter. The ISAKOS grading system is a
complete and straightforward method to describe
all rotator cuff tears. It relies on the fact that a
good system should allow the surgeon to predict
difficulties during the procedure and advise about
prognostics. It is comprehensive and user-
friendly. The five essential characteristics of the
rotator cuff tears included in this system, pattern
(P), extension (E), fatty atrophy (A), retraction
(R), and location (L), establishing the acronym
“PEARL” are explained below (Table 1.1).

1.3.1 Pattern

The recognition of the tear patterns is critical for
anatomical repair during the arthroscopic proce-
dure. Traditional classification systems of rotator
cuff tears have been based exclusively on the
extension of the tear or the number of tendons
involved, and do not differentiate between spe-
cific tear patterns or methods of repair.

Table 1.1 ISAKOS rotator cuff tear classification system
Location (L) Extension (E)* Pattern (P)®
Partial thickness >50% thickness A (articular)

posterosuperior <50% thickness B (bursal)
I (interstitial)

Full thickness Cl C
posterosuperior C2 U

C3 L

C4 (massive) rL (reverse L)
Anterior 1

2

3

4

5

The characteristic of the partial-thickness
rotator cuff tears is not considered in most clas-
sification systems. The classification of partial
thickness rotator cuff tears proposed by Ellman
included specific considerations of the site of the
tear along the tendon thickness (articular sur-
face, bursal surface, or intra-tendinous) is sug-
gested [1].

Davidson and Burkhart described a three-
dimensional geometric classification obtained
either from preoperative magnetic resonance
imaging (MRI) or at arthroscopy that helps
orthopedic surgeons communicate about tears of
the supraspinatus, infraspinatus, and teres minor
based on tear pattern recognition. The advantage
of this system is that it can be used pre- and
intraoperatively. This classification provides
essential guidance on the treatment technique
and prognosis for each tear pattern [2]. This geo-
metric classification defines four different pat-
terns: crescent-shaped tears, U-shaped tears,
L-shaped tears, and reverse L-shaped tears.
Crescent-shaped tears are relatively short in the
coronal image and wide on the sagittal image
and are the most common type (Fig. 1.1). They

Fatty atrophy (A)° Retraction (R)¢

SSO 1SO

SS1 IS1

SS2 1S2

SS3 1S3 1

SS4 1S4 2
3

SCO

SC1

SC2

SC3

SC4

*Extension in partial-thickness tears is based on the percentage of footprint coverage. Extension in posterosuperior full-
thickness cuff tears refers to the size of the tear as measured medial to lateral (C1 =<1 cm, C2 =1-2 cm, C3 =3-4 cm,
C4 =>4 cm). Extension in anterior (subscapularis) full-thickness tears is based on Lafosse et al. classification system:
1 = Partial lesion of superior one-third, 2 = Complete lesion of superior one-third, 3 = Complete lesion of superior two-
thirds, 4 = Complete lesion of tendon but head centered and fatty degeneration classified as less than or equal to
Goutallier stage 11, 5 = Complete lesion of tendon but eccentric head with coracoid impingement and fatty degeneration
classified as more than or equal to Goutallier stage III (Lafosse et al., JBJS Am 2007 [10])

"Full-thickness posterosuperior rotator cuff tear pattern is described as Ellman and Garstman

“Fatty atrophy is defined using CT or MRI based on the systems by Goutallier et al. (CT) (Goutallier et al., Clin Orthop
1994 [12]) or Fuchs et al. (MRI) (Fuchs et al., JSES 1999 [13]): 0 = Normal muscle, 1 = Some fatty streaks, 2 = Less
than 50% fatty muscle atrophy (more muscle than fat), 3 = 50% fatty muscle atrophy (equal muscle and fat), 4 = More
than 50% muscle atrophy (more fat than muscle). SS supraspinatus, IS infraspinatus, SC subscapularis

dRetraction is assessed following the Patte et al. classification system (1 = Proximal stump close to bony insertion, 2 =
Proximal stump at level of humeral head, 3 = Proximal stump at glenoid level) (Patte, Clin Orthop 1990 [21])
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are commonly mobile from medial to lateral and
can usually be repaired by fixing the tendon end
directly to the footprint on the greater humeral
tuberosity. U-shaped and L-shaped tears are rel-
atively long on the coronal and short on the sag-
ittal images and typically require extensive
release and mobilization (Figs. 1.2 and 1.3).
These tears are generally mobile in an antero-
posterior direction and frequently must be
repaired by a side-to-side or margin convergence
technique.

1.3.2 Extension

Traditionally, rotator cuff tears have been
described as partial or full thickness. The classifi-
cation systems for full-thickness posterosuperior
tears have been based on the size of the tear or the
number of tendons involved [3-5]. The informa-
tion on the extension of the tear, either given as
area or number of tendons involved, is essential
to predict the extent of the surgical procedure and
the need of soft tissue releases for repairing. In
addition, to recognize the tear size allows to pre-
dict the clinical outcome of the repair.

However, the classifications based on the size
of the tear must be bidimensional since a unidi-
mensional description can be misleading because
it measures the tear size only anterior to poste-
rior, as suggested by DeOrio and Cofield. The
behavior of the tear can be unpredictable, and it
depends on different factors. A complete cuff
avulsion described as massive, implying a prob-
lematic repair and unfavorable prognosis, may,
in fact, lie directly over the bed of the insertion
site, be easy to repair, and have a predictably
good result [3]. For these reasons, we propose
the use of the classification system of posterosu-
perior rotator cuff tears suggested by Snyder [6].
This system provides information not only on
the size but also on the number of tendons
involved and the degree of scarring. The full-
thickness tears are classified as C1 (small com-
plete tear, pinhole-sized), C2 (moderate tear less
than 2 cm of only one tendon without retraction),
C3 (large complete tear with an entire tendon
with minimal retraction usually 3—4 cm), or C4
(massive rotator cuff tear involving two or more

Fig. 1.1 Crescent type, extension grade 2 supraspinatus tear

Fig. 1.2 Small pinhole U-pattern tear

Fig. 1.3 Reverse L-pattern supraspinatus tear
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Fig. 1.4 Massive C4 rotator cuff tear

Fig. 1.5 Partial-thickness articular side supraspinatus tear

Fig. 1.6 Partial-thickness bursal
involving less than 50% of tendon thickness

supraspinatus tear

rotator cuff tendons with associated retraction
and scarring of the remaining tendon) (Fig. 1.4).
With regard to partial-thickness rotator cuff
tears, experimental and clinical studies have
demonstrated that tears involving more than half
of the tendon thickness are a significant threat to
tendon integrity and that they outperform better
if treated surgically [7, 8]. Based on these obser-
vations, we recommend in partial-thickness rota-
tor cuff tears to define the site and tendon tissue
involvement as over or fewer than 50% of tendon
thickness (Figs. 1.5 and 1.6).

Whereas tears of the subscapularis were previ-
ously believed to be rare, now it is recognized
that tears of the subscapularis are very common
[9]. The etiology, pattern, and surgical approach
of subscapularis tear are different from those of
posterosuperior rotator cuff tears. Lafosse et al.
created a classification system of subscapularis
tears that shows the pattern and the size of five
different stages based on anatomic observations
with arthroscopy and also showed the surgical
approach for its reconstruction [10]. Type 1
lesions are simple erosions of the superior third,
without bone avulsion. Type 2 consists of detach-
ment restricted to the superior third. Type 3
involves the entire height of the tendon insertion
but without muscular detachment of the inferior
third, with limited tendon retraction. Type 4 is
complete subscapularis detachment from the
lesser tuberosity of the humerus but with the
humeral head remaining well centered, without
contact with the coracoid on internal rotation on
CT scan (Fig. 1.7). Type 5 also represents a com-

Fig. 1.7 Complete Lafosse type 4 subscapularis tear
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plete rupture, but with the anterosuperior migra-
tion of the humeral head, which comes into
contact with the coracoid, with associated fatty
infiltration.

1.3.3 Atrophy and Fatty Infiltration

Tear size and tendon retraction, fatty infiltration,
and muscle atrophy are significant prognostic
factors of the structural and functional outcomes
after rotator cuff tear repair [11]. Rotator cuff
tendon failure is associated with progressive and
probably irreversible degenerative changes of the
rotator cuff muscles.

Thus, a complete rotator cuff classification
system should include information about the pre-
operative muscle status. Goutallier et al. first
described a classification of fatty infiltration of
the supraspinatus based on the presence of fatty
streaks within the muscle belly using CT images,
and later Fuchs et al. validated the same system
based on MRI images [12, 13]. Fatty degenera-
tion is estimated on coronal and sagittal MRI
views as a percentage of fatty tissue in relation to
healthy muscle tissue in the subscapularis, supra-
spinatus, infraspinatus, and teres minor.
Additionally, these authors demonstrated that
multiple muscles could develop fatty degenera-
tion, even when they are not affected directly by
the rotator cuff tear [12]. Melis et al. demon-
strated that the mean time to observe a stage 2
supraspinatus fatty infiltration is 3 years and a
severe fatty infiltration an average of 5 years after
the tendon rupture, respectively. For the infraspi-
natus and subscapularis, the mean time is two
and a half years [14].

The Goutallier classification defines five
degrees of muscle fatty infiltration that can be
ascribed to all the four rotator cuff muscles.
(Grade 0 = normal muscle; grade 1 = some fatty
streaks; grade 2 = less than 50% fatty muscle
atrophy, i.e., more muscle than fat; grade 3 = 50%
fatty muscle atrophy, i.e., equal muscle and fat;
and grade 4 = more than 50% muscle atrophy,
i.e., more fat than muscle.) The mean time to
observe a grade 3 and 4 fatty infiltration is 5, 4,

and 3 years for the supraspinatus, the infraspina-
tus, and the subscapularis, respectively. It has
also been demonstrated that musculotendinous
retraction can be observed in the Goutallier stage
3 occurs more musculotendinous retraction [15].

1.3.4 Retraction

The musculotendinous retraction is a common
phenomenon in rotator cuff tears. It is the most
critical pathophysiological consequence of
chronic tendon tearing and is a significant limita-
tion for successful operative tendon-to-bone
repair [16]. The retraction occurred because of
the shortening of the tendon and muscle that is
not synchronous after the tendon tear [15]. Along
with the retraction, the muscle undergoes atrophy
and fatty degeneration [12], with the conse-
quences of decreased muscle elasticity [17],
strength, and consequently loss of range of move-
ment and loss of work capacity of the joint [18].
It has been demonstrated that formation of a
recurrent tendon defect correlates with the timing
of tendon retraction and clinical outcome corre-
lates with its magnitude [19, 20].

The classification most commonly used to
describe tendon retraction is that suggested by
Patte. This classification uses the distance between
the retracted tendon and its original insertion on
the greater tuberosity in the coronal plane. Stage 1
is a tear with minimal retraction, in stage 2 the
tendon is retracted medial to the humeral head
footprint but not to the glenoid, and stage 3 repre-
sents a tear retracted to the level of the glenoid. In
addition imaging study in preoperative planning
is very important to evaluate the tendon retraction
intraoperatively to establish a surgical strategy
defining the soft tissue releases and to assist in the
prediction of the final outcome of the repair [21].

1.3.5 Location
Most classifications reported in the literature

have been suggested to describe posterosuperior
rotator cuff tears involving the supraspinatus,



1 Diagnosis and Classification of Rotator Cuff Tears

Table 1.2 Intra- and interobserver agreement of the ISAKOS rotator cuff tear classification system

Intrarater agreement

Item Expected agreement (%) Observed agreement (%) K

Observer 1 Observer 2 Observer 1 Observer 2 Observer 1 Observer 2
Extension 19.7 22.8 74.5 94 0.68 0.92
Pattern 30 26 93.5 87.5 0.90 0.83
Location 88.7 92.3 100 100 1 1
Retraction 36.7 39.3 88 92.7 0.81 0.88
Overall 0.88 0.93

infraspinatus, and teres minor, but only more
recently, subscapularis tears have drawn some
attention. Since the characteristics, as well as
therapeutic and prognostic implications of pos-
terosuperior and anterior rotator cuff tears, are
often different, we suggest defining first the ana-
tomic location of the rotator cuff tear, posterosu-
perior or anterior.

While the acronym “PEARL” is helpful to
remember this classification, the sequence to
classify each specific tear should start with the
location of the tear, followed by extension, atro-
phy, retraction, and finally pattern. Tear location
should be first established since the natural his-
tory, prognosis and repair techniques are differ-
ent in anterior and posterosuperior tears are
different. The extension, the degree of fatty infil-
tration and muscular atrophy, and the retraction
provide critical information and the reparability
of the tear. The tear pattern is only useful for
planning the reconstruction.

1.3.6 Preliminary Study

The ISAKOS Shoulder Committee underwent a
preliminary study aimed to assess the reliability
and reproducibility of the ISAKOS rotator cuff
tear classification system. We hypothesized that
the classification system is as reliable and repro-
ducible to be used to communicate as well as for
multicenter studies involving multiple surgeons
and investigators. Sixty videos including a vari-
ety of rotator cuff tendon tears were collected and
edited. Five were discarded and 55 finally
assessed by two blinded surgeons experienced in
arthroscopic shoulder surgery and previously

trained for the classification system. Duplicate
blinded evaluation of the videos was performed
at random and separated for 7 days. Multirater
kappa statistics were used to measure agreement
among the surgeons. As shown in Table 1.2, sta-
tistical analysis of measurements showed excel-
lent inter- and intra-observer agreement of the
classification system.

1.4  Conclusions
Rotator cuff injury is the most common cause of
shoulder pain. Inspection, palpation, active and
passive range of movement, and tests aimed to
identify the specific tendon involved in the tear
should be performed on physical exam.
Ultrasound is efficient in diagnosing the tear, but
MRI is the preferred imaging method for those
potential candidates for surgical reconstruction.
The ISAKOS Shoulder Committee presents
a classification system for rotator cuff tears that
combines the crucial factors from those classi-
fications in current use into a unified evaluation
system easy to remember and that fulfills the
needs of the surgeons to classify the rotator cuff
tears better. Compared to the previous classifi-
cations, this new system has advantages: it (1)
is fitted for both posterosuperior and subscapu-
laris tears, (2) also addresses partial- or full-
thickness tears, (3) gives details on the size and
geographic patterns of the tears useful to estab-
lish an appropriate treatment, (4) and provides
relevant information on the prognosis of the
repair based not only on the size but also on
tendon retraction, muscle atrophy, and fatty
infiltration.
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Rotator Cuff Isometric Strength
Across the Life Span in Normal
Population and in Patients
with Rotator Cuff Pathology

Nahum Rosenberg

2.1 Part A: Normal Values

Diagnosis of rotator cuff muscles’ pathology is usu-
ally based on an initial physical examination, which
has a limited prediction value, and can be estab-
lished with a high precision by much more sophisti-
cated imaging modalities, like ultrasound and MRI
scans. It is desirable that the ultimate cost-effective
diagnostic tool for this purpose should combine the
simplicity and a low cost of the physical examina-
tion with the precision of these imaging tools. Since
the mechanical force generated by rotator cuff mus-
cles is easily measurable, the pathology of these
muscles might be identified by measurement of the
isometric force generated by these muscles, in com-
parison with the data in normal population.

This approach became practical after the large
database of profiles of torque-time curves of iso-
metric force generated by supraspinatus (SS),
infraspinatus (IS), and subscapularis (SSC) mus-
cles in normal adult population became available
[1]. Therefore, the characteristic pathological val-
ues of the isometric mechanical force generation
by the shoulder rotator cuff muscles in patients
with rotator cuff muscle disorders might be diag-
nosed, following the comparison to matched val-
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ues in the healthy individuals, and even a specific
pattern of difference for different types of pathol-
ogy might be detected. The recognition of such
difference in the patterns of isometric force
buildup in normal shoulder and in shoulders with
different pathologies of rotator cuff muscles,
especially in supraspinatus muscle, will allow the
standardization of a simple clinical method for
diagnosis of rotator cuff muscles’ disorders, using
a simple and ready available testing method.

Isometric torque/time curves of the rotator
cuff muscles can be recorded at standardized
positions for the evaluation of the force genera-
tion by a specific muscle (Fig. 2.1) [2] and nor-
malized to the lean body mass [3] for acomparison
between individuals. The measurements of the
isometric force can be easily performed by a
dynamometer with digital recording (Fig. 2.2).

The profiles of isometric force torque by rota-
tor cuff muscles from a large group of healthy
volunteers (40 individuals of both sexes per each
decade of age in the range of 20-60 years of age,
in total 360 tested individuals) are now available
from both upper limbs [1]. As expected, the
matched to the age data shows that the profiles of
the generated force by the SS, IS and SSC are
higher in men than in women and higher in the
dominant limb independently to the gender. The
difference in dominancy is specially prominent in
the SSC muscle (Fig. 2.3). The dynamics of
change in these profiles with age is surprisingly
different between men and women.
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Fig. 2.1 Measurement of the isometric force is per-
formed by a dynamometer with digital record of the gen-
erated force over time (sampling 1200/s, 0.04 Newton
resolution). For the supraspinatus evaluation (a): the arm
is positioned at a 45° abduction and 30° forward flexion in
a standing position. The cuff of the measuring device is
positioned on the arm. The distance from the middle of the
cuff up to 3 cm distal to the acromion (approximate point
of the fulcrum of the head of the humerus) is considered
as the lever arm length. To measure the strength of the
infraspinatus (b) and the subscapularis (¢) muscles, the
test subject is on his/her back with the tested arm placed

In men the highest profile of the generated
force in the tested three muscles raises gradually
from the third to the fifth age decade and drops
in the sixth decade, both in dominant and non-
dominant upper limbs (Fig. 2.3), while in
women the highest profile of the isometric force

in a 30° forward flexion and in a complete adduction. The
arm rests on a support. This position prevents movement
by the scapulae and allows the measurement of the motion
close to the motion axis of the scapulae. The dynamome-
ter cuff is placed on the forearm, and the motion per-
formed is internal rotation for measurement of the force of
the subscapularis and external rotation for measurement
of the infraspinatus. The connection between the cuff and
the dynamometer is perpendicular to the forearm in the
opposite to the direction of the generated force. In this
position the lever arm is negligible

is in the fourth live decade and equally lower in
the third and sixth live decade. Therefore, men
have the strongest rotator cuff muscles in the
age range of 40-50 years, while women have
the strongest rotator cuff muscles one decade of
age earlier. The reason of this difference is not
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Fig.2.2 Example of the recorded by a dynamometer pro-
file of a force-time curve. Each strength measurement is
performed for a 5-second period. This period of the test
was chosen empirically, similarly to the widely accepted
Constant’s shoulder assessment scoring method [9]

clear but has been observed in additional small-
scale studies [4, 5].

It is logical to assume that the drop in the rota-
tor cuff muscles’ ability to generate force drops
after the age of 50 because of the start of the ten-
dinous degenerative process, even asymptomatic,
in rotator cuff tendons at this age.

2.2  PartB:Isometric Strength
of Rotator Cuff Muscles
with Intrinsic and Extrinsic

Pathology

Thus, according to a large database on the normal
values of the isometric force generated by SS, IS,
and SSC, the evaluation of patients suffering
from common rotator cuff disorder, i.e. extrinsic,
such as subacromial impingement, and intrinsic,
such as calcific tendinitis and medium grade 2
tears of SS [6], by isometric muscle strength
measurement became feasible. In this evaluation
the main emphasis should be addressed to the SS
tendon-muscle unit which is mainly involved in
the rotator cuff disease. The disorders of SS cause
disabling pain in shoulder and usually are similar
in their clinical presentation. Currently, the final
diagnosis is based on the imaging modalities. But

the described simple mechanical diagnostic
method might help to initially distinguish
between these disorders and potentially might be
used as a simple tool for a diagnosis of rotator
cuff muscles’ pathology.

In a study on 90 patients, i.e., 30 patients with
subacromial impingement syndrome, 30 patients
with symptomatic grade 2 complete tears in SS
according to ultrasound and/or MRI scans, and a
group of 30 patients who suffer from shoulder
pain due to calcific tendinitis in the SS muscle
without rotator cuff tears, according to radio-
graphic and ultrasonographic evaluation, a diag-
nostic value of isometric force measurements of
SS became evident [7].

The normalized values of force (torque)-time
curves from the three groups of patients were
compared with data of the matched normal val-
ues, according to age, gender, and dominancy [1].

To confirm that a maximal isometric strength
is exercised that is obligatory for the discovery of
muscle impairment [8], surface EMG was
recorded from the anterior deltoid and IS muscle
as a demonstration of the intended maximal iso-
metric effort (Fig. 2.4).

A significantly lower profile of the torque-
time curves in all three pathological conditions in
comparison with the normal values was found, as
expected (Fig. 2.5). The curves of patients with
SS tears and calcifications were undistinguish-
able (p > 0.05) and significantly lower than the
curve profile of patients with subacromial
impingement syndrome (p < 0.01).

In conclusion, the previously unrecognized
variations and difference of SS isometric strength
buildup patterns in the common intrinsic and
extrinsic muscle disorders were revealed indicat-
ing on an effectiveness of a simple mechanical
diagnostic method for identification of the abnor-
mal patterns of muscle isometric strength in
patients with rotator cuff pathology.

The availability of relatively large-scale data-
base of isometric buildup force by the rotator
cuff muscles in normal population and in patients
with rotator cuff disease provides an important
tool for further understanding of these muscles’
physiology and pathology. Furthermore, using
these data might encourage clinicians to use it as
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Fig. 2.3 Average peak values (SEM—uvertical bars) of of each gender for every decade (dec) of age between 20
torque generated by SS (charts a), IS (charts b) and SSC  and 60 years of age. Shoulders of dominant (D) and non-
(charts ¢) by men and women. Twenty normal individuals ~ dominant (ND) upper extremity were examined [1]
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Fig. 2.5 Mean values of SS muscle torque force normal-
ized to lean body mass in patients with subacromial
impingement syndrome n = 30, grade 2 SS tears n = 30,
patients with shoulder calcific tendinitis » = 30 and normal

individuals matched by age and gender [1] The generated
torque profiles differ significantly (p < 0.001) as following:
normal >> impingement > tear = calcification [7]
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a quick and easy diagnostic modality for the
initial detection of rotator cuff pathology and
identification of its intrinsic or extrinsic nature.
This method might add a more precise evalua-
tion ability of the initial rotator cuff disorder
diagnosis and should enable a more efficient
decision-making process for the decisive use of
imaging.
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Healing of the Rotator Cuff Tendon

Laura A. Vogel, Andreas Voss,
and Augustus D. Mazzocca

3.1 Introduction

Rotator cuff injuries are one of the most common
musculoskeletal complaints and affect a signifi-
cant number of patients, particularly in the aging
population. Rotator cuff tears are present in
approximately 13% of patients in their 50s, 25%
of patients in their 60s, and 50% of patients in
their 80s [1]. Surgical treatment with rotator cuff
repair is often indicated after failure of conserva-
tive treatment in patients with symptomatic rota-
tor cuff tears, but a high rate of failure of healing
has been reported in the literature [2, 3]. While
patients may improve after surgery even with
recurrent rotator cuff tears in regard to decreased
pain and increased function, the durability of out-
comes after re-tear can be limited [2], and there is
literature to suggest that an intact repair results in
superior clinical outcomes [3-9]. Tendon-to-
bone healing in rotator cuff repair is a multifacto-
rial process that is affected by patient-specific
characteristics, intraoperative factors, and post-
operative management. This chapter will discuss
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the normal rotator cuff tendon anatomy and heal-
ing response to injury, as well as the various fac-
tors that affect rotator cuff tendon healing.

3.2  Anatomy and Pathophysiology
The normal tendon insertion of the rotator cuff is
a fibrocartilaginous or direct enthesis. There are
four zones of tissue transition between the tendon
and bone: Dense fibrous connective tissue, uncal-
cified fibrocartilage, calcified fibrocartilage, and
the bone [10]. The uncalcified and calcified fibro-
cartilage are separated from each other by the
tidemark, which is a line at the outer limit of cal-
cification that is continuous with the articular
cartilage. Tendon failure at fibrocartilaginous
entheses most often occurs at the subchondral
bone rather than the transitional region between
the harder calcified tissues and softer uncalcified
tissues. The theorized role of the enthesis fibro-
cartilage is to dissipate stress concentration at the
bony interface; there is substantially more fibro-
cartilage at tendon insertions where a large
change in angle occurs through a range of motion
and there is more mechanical stress [10].

Tendon healing occurs in three overlapping
stages: inflammation (0-7 days), repair
(5-14 days), and remodeling (>14 days). The ini-
tial inflammatory stage occurs while platelets
deposit fibrin and fibronectin and macrophages
accumulate in response to insulin-like growth
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factor-1 (IGF-1), platelet-derived growth factor
(PDGF), and transforming growth factor f (TGF-
B). The repair phase begins when macrophages
begin to secrete TGF-f1, which results in fibro-
blastic proliferation and the formation of scar tis-
sue [11]. The scar tissue is composed of primarily
type III collagen (compared to type I collagen in
normal tendons and tendon-bone insertions) and
undergoes subsequent remodeling to type I col-
lagen. The normal zones and gradations of tissue
are not regenerated during tendon-to-bone heal-
ing and rather are replaced by fibrovascular scar
tissue, which is mechanically weaker and more
prone to failure than the native enthesis [12].

3.3  Rotator Cuff Healing

The failure rate after rotator cuff repair has been
reported to be as high as 94% [2] and the litera-
ture suggests that an intact repair results in supe-
rior clinical outcomes [3-8]. Miller et al. [3]
found that the majority of recurrent rotator cuff
tears occurred in the early postoperative period
within the first 3 months, suggesting that the
majority of the tears may have never healed. In
comparison, lannotti et al. [13] found a substan-
tial number of re-tears between 12 and 26 weeks
after repair. Figure 3.1 shows MRI images from a

patient who underwent a one anchor single row
rotator cuff repair for a small rotator cuff tear and
had subsequent massive failure seen 3 months
postoperatively. In comparison, Fig. 3.2 shows
MRI images from a patient after rotator cuff
repair with an intact repair 5 months postopera-
tively. Of note, increased signal can be seen post-
operatively within an intact tendon; this may be
related to tendon degeneration, partial re-tear,
scar, or areas of margin convergence [14].

Gamradt et al. [15] used contrast-enhanced
ultrasound to investigate the vascular response
3 months after rotator cuff repair and found that
tendons with defects after repair had significantly
lower vascular volume at rest and following exer-
cise than intact tendons. They were unable to
state if the decreased vascularity was a cause or
effect of a failed repair, but the vascular supply
likely plays a role in rotator cuff healing and
numerous studies have attempted to improve
healing rates after rotator cuff repair with bio-
logic augmentation. A full discussion of biologic
augmentation with platelet-rich plasma (PRP),
growth factors, and mesenchymal stem cells
(MSC:s) is outside the scope of this chapter but is
discussed briefly. The remainder of this chapter
will discuss the patient-specific characteristics,
intraoperative factors, and postoperative manage-
ment that affect rotator cuff healing.

Fig. 3.1 Coronal (left, a) and sagittal (center, b) MRI
slices from a 64-year-old male showing a full-thickness
rotator cuff tear. He underwent a single-anchor single-row
rotator cuff repair at an outside institution for that injury

pattern and presented to our institution with an MRI scan
performed 3 months postoperatively (right, ¢) which
shows a recurrent full-thickness tear with retraction
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Fig. 3.2 Coronal (left, a) and sagittal (right, b) MRI slices from a 54-year-old male showing intact rotator cuff repair
5 months postoperatively with increased signal at the area of margin convergence

34 Patient and Tear
Characteristics
3.4.1 Age

Increasing age has often been cited as a risk fac-
tor for poor healing rates after rotator cuff repair
[16]. Several studies which showed increased
age as a predictor of poor rotator cuff healing on
univariate analyses found that tissue characteris-
tics (such as fatty infiltration and tear retraction),
and not age, were the only independent predic-
tors of poor cuff healing after rotator cuff repair
in multivariate analysis [17, 18]. Selected series
have shown good outcomes after rotator cuff
repair in patients over 70 years old [19-21]. A
recent study by Diebold et al. [22] of 1600 con-
secutive rotator cuff repairs is likely the largest
existing series investigating the effect of age on
rotator cuff healing. They demonstrated a low
rate of failure to heal or re-tear on ultrasound at
6 months in patients under 50 years old (5%), a
5% linear increase in rate for each decade
between ages 50 and 70, and a substantial
increase in rate after 70 years old (>45% in
patients 85 years old and greater). Performing

arthroscopic rotator cuff repair in older patients
should be preceded by a thorough discussion
with the patient of expected healing rates, surgi-
cal risks and benefits, and alternative treatment
options.

3.4.2 Smoking

Nicotine has been shown to delay tendon-bone
healing with decreased type I collagen expres-
sion and inferior biomechanical properties in a
rat model [23]. Supraspinatus tendon issue sam-
ples from smokers show more advanced degen-
erative changes, increased density of apoptotic
cells, and reduced tenocyte density compared to
non-smokers [24]. A systematic review looked at
four studies that assessed rotator cuff healing
with either MRI or ultrasound after rotator cuff
repair. One study showed impaired tendon heal-
ing in smokers, two found a trend toward impaired
healing in smokers, and one found no association
between smoking and tendon healing [25]. It is
not known whether nicotine replacement therapy
has equivalent deleterious effects as smoking on
clinical healing after rotator cuff repair.
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3.4.3 Diabetes Mellitus

Patients with diabetes are frequently at a higher
risk of poor healing or wound complications due
to compromised microvascular supply. An ani-
mal study by Bedi et al. [26] showed less fibro-
cartilage and organized collagen, as well as
significantly reduced load to failure and stiffness
in diabetic rats after rotator cuff repair. Rotator
cuff tissue samples from diabetic patients show
an upregulation of matrix metalloprotease-9
(MMP-9) and interleukin-6 (IL-6) compared to
normal controls [27]. Clinical studies have also
shown inferior outcomes and higher failure rates
in patients with diabetes [28, 29]. A recent cohort
study by Cho et al. [30] showed a 14.4% re-tear
rate in nondiabetic patients compared to 35.9% in
diabetic patients (p < 0.001) after arthroscopic
rotator cuff repair. Furthermore, the rate of re-
tear was lower in diabetic patients with hemoglo-
bin Alc (Hgb Alc) levels <7% compared to those
with poor glycemic control and Hgb Alc >7%
(25.9% versus 43.2%, respectively; p < 0.001).
Other studies have also found diabetes to be a
significant risk factor for poor rotator cuff heal-
ing [31]. Thus, attempts should be made to opti-
mize glycemic control prior to rotator cuff repair
if possible.

3.4.4 Hypercholesterolemia

Hypercholesterolemia is a pro-inflammatory
state that has well-documented effects on cardio-
vascular health. An animal model of rotator cuff
repair showed significant reduction in normal-
ized tendon stiffness in hypercholesterolemic rats
4 weeks after injury; however, there were no dif-
ferences in collagen organization, cellularity, or
cell shape between groups on histologic analyses
[32]. A large cohort study by Cancienne et al.
[33] showed a higher rate of revision rotator cuff
surgery with moderate and high total cholesterol
or low-density lipoprotein (LDL) levels com-
pared with patients with normal total cholesterol
levels perioperatively. The use of statins resulted
in an absolute risk reduction ranging from 0.24%
to 1.87% when patients were stratified by choles-

terol level and from 0.26% to 1.89% when
patients were stratified by LDL level. Kim et al.
[31] have also reported dyslipidemia as a risk fac-
tor for poor rotator cuff healing in a multivariate
analysis. Thus, perioperative lipid control may be
a potential avenue to improve outcomes after
arthroscopic rotator cuff repair.

3.4.5 Vitamin D Deficiency

An animal model showed a significant decrease
in load to failure in vitamin D-deficient rates
compared with controls at 2 weeks. This differ-
ence was not present at 4 weeks, but there was
less bone formation and less collagen fiber orga-
nization in vitamin D-deficient subject compared
to controls at that time point [34]. A series by
Ryu et al. of 91 patients did not find increased
rates of poor healing in patients with low preop-
erative serum vitamin D, though it was under-
powered to detect a true difference [35]. Further
study is necessary to understand the relationships
between vitamin D levels and rotator cuff
pathology.

3.4.6 Duration of Symptoms

Duration of symptoms of rotator cuff tears may
be a marker of tear chronicity, which may affect
tissue quality and thus influence the success of
any repair attempts. One study showed a non-
statistically significant trend toward improved
healing when rotator cuff repair occurred within
12 months of symptoms onset versus more than
12 months (83% versus 71%, respectively) [36].
Similarly, Charousset et al. [37] found a signifi-
cantly greater rate of persistent rotator cuff
defects in patients undergoing surgery with more
than 12 months of symptoms compared to those
with less than 12 months (60% versus 26%,
respectively; p < 0.05). Tan et al. also found a
higher rate of rotator cuff re-tear in patients with
a history of shoulder trauma who waited more
than 24 months before surgery; this finding was
not present in patients without a history of
trauma [38].
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3.4.7 Tear and Tissue Characteristics

Smaller rotator cuff tears have been shown to
have better healing rates than larger tears in sev-
eral studies [9, 36, 37, 39]. Similarly, single ten-
don tears have been shown to have better healing
rates than multi-tendon tears [40, 41]. Kim et al.
[31] reported that extent of tear retraction and
occupation ratio showed highly accurate cutoff
values for predicting healing after rotator cuff
repair. Lower grades of fatty infiltration have
been associated with improved tendon healing
during rotator cuff repair [9, 16, 18, 31, 36, 37,
40, 42, 43]. One series reported a 100% failure
rate in repairs with a global fatty degeneration
index (defined as the mean of Goutallier grade of
fatty infiltration for three muscles) of greater than
2 [36]. Severe tendinosis, irrespective of tear size
or fatty infiltration, has also been shown to be
associated with increased failure rates [44].
However, a recent study by Sethi et al. [45]
showed poor correlation between macroscopic
tendon appearance and histologic tendinopathy.
Furthermore, neither macroscopic tendon appear-
ance nor histologic tendinopathy correlated with
healing or patient outcomes, and the authors cau-
tion against using gross tendon appearance as the
only criteria when deciding to proceed with rota-
tor cuff repair.

3.5 Intraoperative Factors

3.5.1 Open vs. Arthroscopic
Technique

Open rotator cuff repair has become less com-
mon in practice with technological advances in
arthroscopic rotator cuff repair techniques. Some
authors have shown superior results regarding
repair integrity with open techniques [46, 47], but
many studies (including systematic reviews)
comparing open and arthroscopic techniques
have found no difference in healing rates between
these two approaches [48-50]. Selecting a tech-
nique should be done based on surgeon comfort,
patient preference, and the ability to achieve an
appropriate repair with the given technique.

3.5.2 Single-Row vs. Double-Row

Use of single-row versus double-row techniques
(Fig. 3.3) has been controversial. Double-row
techniques have the theoretical advantage of
improved compression of tissue at the rotator cuff
footprint but increase the surgical cost and time. In
addition, failure after a double-row repair may
result in significant loss of tendon length and make
revision surgery more difficult. Mihata et al. [39]

Fig.3.3 Single-row rotator cuff repair construct with simple sutures (left) and double-row rotator cuff repair construct
with two medial and two lateral row anchors (right)
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found cuff discontinuity in 11% of single-row
repairs, 26% of double-row repairs, and 5% of
compression double-row repairs. Gartsman et al.
[51] showed a 75% healing rate with single-row
repair compared to 93% with double-row suture
bridge repair (p = 0.024). In a study looking spe-
cifically at patients younger than 55 years old,
there was a significantly higher healing rate with
double-row repair compared to single-row repair
(84% versus 61%, respectively; p < 0.05), and the
authors advocate using double-row repairs in
patients younger than 55 with medium to large
rotator cuff tears [52]. A biomechanical study of
double-row repairs showed that vertical mattress
suture pattern in the medial row has a higher load
to failure but no difference in gapping compared
with horizontal mattress pattern [53].

Lapner et al. [54] reported that double-row
repair was associated with higher healing rates,
but no significant differences in functional or
quality-of-life outcome measures. Similarly, in a
systematic review by Nho et al. [55], two of the
three studies that utilized postoperative imaging
showed improved structural appearance of the
repair using double-row techniques without cor-
responding improvements in clinical outcome
measures. Another systematic review of level I
and II studies by DeHaan et al. [56] found a 43.1%
failure rate with single-row repairs compared to
27.2% with double-row repairs (though this find-
ing did not reach statistical significance).

A biomechanical study of double-row repairs
showed that vertical mattress suture pattern in the
medial row has a higher load to failure, but no
difference in gapping compared with horizontal
mattress pattern [53]. Over-tensioning repairs
have been suggested as a source of failure after
rotator cuff repair [57]; Park et al. [58] recom-
mend keeping bridging suture tension in
transosseous-equivalent repairs below 90 N,
though assessing this parameter during clinical
practice may not be feasible for all surgeons.

3.5.3 Greater Tuberosity
Preparation

Preparation of the greater tuberosity during rotator
cuff repair is a routine component of the surgical

technique in order to increase tendon-bone healing.
A goat model showed no difference in tendon heal-
ing between the creation of a cancellous trough and
fixation to the cortical bone [59]. However, a more
recent study by Bilsel et al. [60] using a rabbit
model did show that microfracture of the greater
tuberosity resulted in increased mean ultimate fail-
ure load at 8 and 16 weeks, as well as thicker col-
lagen bundles. A prospective randomized study by
Milano et al. [42] using a marrow-stimulating tech-
nique with microfracture of the greater tuberosity
did not find significant differences in tendon heal-
ing between those patients with and without the
marrow-stimulating technique; however, their sub-
group analysis did find statistically significant
improved healing for large rotator cuff tears with
the use of the marrow-stimulating technique. Jo
et al. [61] found a lower re-tear rate in patients
where multiple channels were created in the greater
tuberosity (with subsequent release of mesenchy-
mal stem cells demonstrated by flow cytometry)
than those without creation of multiple channels
(22.2% versus 45.2%, respectively; p = 0.023).

3.5.4 Acromioplasty

Acromial morphology has been theorized as a
potential initiating factor that can lead to rotator cuff
dysfunction and eventual tearing [62]. However, the
data does not necessarily support improved rotator
cuff healing when rotator cuff repair is performed in
conjunction with acromioplasty. A prospective, ran-
domized study demonstrated no difference in rota-
tor cuff healing between patients undergoing rotator
cuff repair with or without acromioplasty (failure
rate 17% versus 20%, respectively, p = 0.475) [63].
Similarly, a systematic review and meta-analysis of
earlier data found no significant differences in
shoulder-specific outcome measures or the rate of
reoperation between patients with full-thickness
rotator cuff tears undergoing rotator cuff repair with
or without acromioplasty [64].

3.5.5 Scaffold Augmentation

Scaffold augmentation to increase the structural
integrity of rotator cuff repairs has been of
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increasing interest in recent years. Basic science
studies largely show improved repair characteris-
tics during biomechanical testing with scaffold
augmentation of rotator cuff repair [65, 66]. A
cadaver study by Omae et al. [65] showed
improved load to failure with a single-row repair
construct augmented with a human dermal matrix
graft. Clinical studies have also demonstrated
favorable healing rates or improved healing rates
with the use of human dermal matrix grafts com-
pared to non-augmented repairs [67-69]. Other
studies looking at the use of porcine small intes-
tine submucosa augmentation had unfavorable
results and authors have cautioned against their
use in rotator cuff repair [70-72]. In evaluating
the potential use of scaffold augmentation for
rotator cuff repair, it is important to differentiate
between the type of scaffold as the biologic
response, both of the tendon to the scaffold [73]
and of the scaffold to the surrounding milieu
including mesenchymal stem cells [74], can vary
significantly.

3.5.6 Platelet-Rich Plasma (PRP)

Platelet-rich plasma has also been a frequent sub-
ject of study as a means to enhance rotator cuff
repair healing. The majority of early literature
did not show a beneficial effect or improved heal-
ing with the use of PRP in rotator cuff repair,
including systematic reviews and randomized
controlled trials [75, 76]. In fact, one study by
Rodeo et al. [77] found no difference in tendon
healing on ultrasound at 12 months in patients
with and without platelet-rich fibrin (PRF) matrix
augmentation of rotator cuff repair but actually
found that use of PRF was a significant predictor
of persistent tendon defect at 12 weeks. Zumstein
et al. [78] also found no beneficial effects of PRF
application during arthroscopic rotator cuff repair
in clinical outcomes or healing rates. The compo-
sition of PRP and indication for use should be
carefully assessed in any study as the leukocyte
concentration, platelet concentration, and extent
of tendon disease have been shown to be factors
in the effect of PRP with rotator cuff disease [79].
The most recent meta-analysis of randomized
controlled trials did show improved healing rates,

pain levels, and functional outcomes after rotator
cuff repair with the use of PRP, but not with PRF
[80]. Timing of PRP administration is also impor-
tant and postoperative administration may be less
efficacious than intraoperative use [81]. Thus far,
the most consistent favorable data for PRP and its
use in rotator cuff repair is regarding pure PRP
(P-PRP) or leukocyte-poor PRP (LP-PRP) [80,
82, 83]. However, routine use of PRP in
arthroscopic rotator cuff repair may not be cost-
effective at this time [84].

3.5.7 Other Future Targets

Research focusing on the concomitant use of scaf-
folds, PRP, and mesenchymal stem cells (MSCs)
is ongoing. MSCs can be easily harvested during
arthroscopic shoulder surgery for biologic aug-
mentation of rotator cuff repair (Fig. 3.4) [85]. A
reduction in number of MSCs at the tendon-bone
interface of the greater tuberosity in patients with
rotator cuff tears has been demonstrated [86] and
may benefit from augmentation. The following
genes and markers have been identified as possi-
ble targets affecting rotator cuff healing and may
be future therapeutic targets: upregulation of cell
differentiation genes including BMPS5 [87], down-
regulation of inflammatory response genes [87],
single-nucleotide ~ polymorphisms in  the
Tenascin-C haplotype [88] and estrogen-related
receptor beta (ESRRB) gene [89], exogenous

Fig. 3.4 Intraoperative photo of the senior author’s tech-
nique to harvest bone marrow from the humeral head for
augmentation of a revision arthroscopic rotator cuff repair
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expression of BMP13 [90], treatment with TGF-
p1 [91], activation of MSCs with hyaluronic acid
[92], treatment with sclerostin antibody [93], and
treatment of scaffolds with fibroblast growth fac-
tor-2 (FGF-2) [94].

3.6 Postoperative Management

3.6.1 Postoperative Anesthetic
Pumps

The use of continuous subacromial local anes-
thetic infusion has a theoretical risk of local tissue
toxicity, but an animal study comparing bupiva-
caine infusion and saline infusion showed no dif-
ferences at 8 weeks in histologic and
biomechanical characteristics [95]. A recent study
on continuous and patient-controlled subacromial
ropivacaine infusions did not show any difference
in healing rates compared to other pain control
modalities (such as intravenous patient-controlled
analgesia and/or interscalene block) [96].

3.6.2 Nonsteroidal Anti-
Inflammatory Drug
(NSAID) Use

Animal models have shown negative impacts of
NSAIDs on tendon healing such as reduced ten-
don size, poor collagen organization, and inferior
biomechanical properties [97-99]. Dosage tim-
ing may also be important in mitigating the nega-
tive effects of NSAIDs on rotator cuff healing,
and some authors suggest avoiding early postop-
erative use of NSAIDs [100, 101]. Oh et al. [102]
have cautioned specifically against the use of
cyclooxygenase-2 (COX-2) inhibitors after
arthroscopic rotator cuff repair due to negative
effects on tendon-to-bone healing.

3.6.3 Immobilization

Most surgeons protect rotator cuff repairs with
postoperative activity limitations. Galatz et al.
[103] found that complete removal of load nega-

tively affects rotator cuff healing. Several studies
comparing early motion with delayed motion
found no difference in rotator cuff healing
between groups [104-106]. Keener et al. [106]
found no differences in functional scores, active
motion, strength, or re-tear rates between patients
treated with early range of motion versus 6 weeks
of immobilization. Lee et al. [104] did report
more failures with an aggressive early passive
motion group compared to limited early motion,
but this difference was not statistically signifi-
cant. Koh et al. [107] performed a prospective,
randomized trial comparing 8 weeks and 4 weeks
of immobilization for medium-sized rotator cuff
tears and found no difference in healing rates
after single-row arthroscopic rotator cuff repair.
There have been several recent meta-analyses
comparing early and delayed motion after rotator
cuff repair. A meta-analysis by Chang et al. of
randomized controlled trials found that early pas-
sive motion was associated with a higher rate of
recurrent tears after rotator cuff repair; this dif-
ference became statistically significant when
excluding studies that only recruited small- and
medium-sized tears [108]. Kluczynski et al. pub-
lished two different meta-analyses as well com-
paring early versus delayed active [109] and
passive [110] range of motion. In their study on
early passive motion [110], they also found a
higher risk of failure with early passive motion
for large tears (>5 cm). However, they reported a
lower risk of re-tear for small tears (<3 cm) with
a combination of transosseous and single-row
repairs. In their study on early active range of
motion [109], they reported a higher risk of struc-
tural tendon defects with early active motion in
small and large rotator cuff repairs. While limit-
ing early motion and immobilization may result
in postoperative stiffness, McNamara et al. [111]
reported that patients with <20° of external rota-
tion at 6 and 12 weeks postoperatively had
improved rates of rotator cuff integrity 6 months
postoperatively. Overall, the aggregate data seem
to suggest that there is either no difference in ten-
don healing or favoring delayed motion after
rotator cuff repair [112]. A consensus statement
from the American Society of Shoulder and
Elbow Therapists recommends a 2-week period
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of strict immobilization and staged introduction
of protected, passive range of motion during
weeks 2—6 postoperatively [113]. Thus, a period
of postoperative immobilization is likely prudent
to optimize rotator cuff healing while accepting a
risk of some early postoperative stiffness that can
be addressed later in the rehabilitation process.

3.7 Conclusion

Rotator cuff healing is a complex process affected
by multiple factors including patient characteristics
and comorbidities, rotator cuff tissue quality and
tear characteristics, intraoperative technique, and
postoperative management. Rotator cuff repairs
should be performed with adequate construct
strength, stability, and compression while also opti-
mizing the biologic environment for tendon-bone
healing. Despite a significant body of existing lit-
erature, further research is required to improve
rotator cuff healing rates in clinical practice.
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4.1  Introduction
The role of biologic therapy in augmentation of
tendon to bone healing has gained significant
interest in orthopedic surgery, including in rota-
tor cuff repair. Augmentation is of particular
interest in challenging revision cases after failed
rotator cuff repair, chronic retracted rotator cuff
tears with poor tissue quality, and rotator cuff
tears in patients with compromised healing
potential such as smokers, diabetics, and those
with other chronic medical comorbidities.
Histological studies have shown that the
rotator cuff tendon insertion is composed of
unmineralized fibrocartilage and mineralized
fibrocartilage as anatomic intermediates as the
tendon transitions to the bone [1]. Unfortunately,
studies have shown that a histologically normal
insertion site does not regenerate following
tendon-to-bone repair [2]. Instead, rotator cuff
healing involves a reactive scar formation that
differs from native tissue in regard to composi-
tion and organization without reformation of the
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mineralized fibrocartilage. The fibrovascular scar
predominated by type III collagen is biomechani-
cally weaker, which likely contributes to repair
failure [3]. The goals of biologic augmentation
are to increase healing rates, improve clinical
outcomes, limit the amount of scar formation,
and stimulate the regeneration of a more normal
bone-to-tendon interface.

4.2  Growth Factors

Cytokines and chemokines are found in multiple
tissues, such as blood plasma and platelet gran-
ules, and are key regulators in the healing pro-
cess. These growth factors play various roles
during tissue remodeling and tendon healing.
They have become the topic of extensive research
on how they may improve healing rates or heal-
ing potential. Cytokines are key players in cell
chemotaxis, cell proliferation, differentiation,
and matrix synthesis [2]. Osteoinductive growth
factors are also heavily involved in the healing of
the tendon-bone interface. Healing between the
rotator cuff tendon and bone is largely affected
by the degree of bone ingrowth, which is impor-
tant for reestablishment of collagen fiber continu-
ity between the tendon and bone [4].

Multiple researchers have investigated the
actions of growth factors in rotator cuff animal
models. Kobayashi et al. explored the expression
of basic fibroblast growth factor (bFGF),
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insulin-like growth factor-1 (IGF-1), platelet-
derived growth factor (PDGF), and transforming
growth factor-B3 (TGF-B) in a rabbit supraspinatus
full-thickness tendon defect model [5]. They
found increased expression of these four growth
factors, each in specific cells: bFGF was found in
fibroblasts and vascular endothelial cells,
IGF-1 in blood cells and vascular endothelial
cells, PDGF in endothelial cells, and TGF-8 in
blood cells [5]. Another study by Wurgler-Hauri
et al. found upregulation of eight growth factors
(bFGF, bone morphogenetic protein 12 (BMP-
12), BMP-13, BMP-14, cartilage oligomeric
matrix protein (COMP), connective tissue growth
factor (CTGF), platelet-derived growth factor-B
(PDGF-B), and transforming growth factor-1
(TGF-1)) in a rat rotator cuff repair model in the
first week after rotator cuff repair [6]. Rodeo
et al. attempted to use an animal model to evalu-
ate the effect of a combination of bone-derived
growth factors on the healing process. They
found that a mixture of osteoinductive growth
factors loaded on a collagen sponge carrier led to
stronger attachment between the tendon and bone
at 6 and 12 weeks after repair compared to repair
with a collagen carrier alone or no implant [4].
Growth factors have also been studied in ani-
mal models of other injuries. A study by
Hildebrand et al.[7] looked at the role of platelet-
derived growth factor-BB (PDGF-BB) and trans-
forming growth factor-beta 1 (TGF-f1) on
healing of a medial collateral ligament (MCL)
injury in a rabbit model. There was improved
ultimate load, energy absorbed to failure, and
ultimate elongation of MCL injuries treated with
PDGF-BB in a dose-dependent manner. Addition
of TGF-P1 to the model appeared to have a nega-
tive effect on MCL healing, though their group
had previously demonstrated PDGF-BB posi-
tively affected ligament fibroblast proliferation
and that TGF-p1 enhanced collagen and total
protein synthesis. The authors had expected
potentiated improvement in healing with
PDGF-BB and TGF- B1 treatment of MCL inju-
ries, but these counterintuitive results of MCL
healing in their rabbit model exemplify the com-
plexity of interactions between individual growth
factors. Our incomplete understanding of these

interactions makes effective treatment in clinical
practice difficult. Optimizing results will require
not only understanding interactions between
growth factors but dose- and time-dependent
effects as well. Single and select combinations of
growth factors clearly play a role in tendon to
bone healing [8], but they are not commercially
available in the US market for use in clinical
practice at this time. The most common source of
growth factors for biologic augmentation in the
USA at this time is platelet-rich plasma (PRP),
which has numerous commercially available pro-
cessing systems.

4.3  Platelet-Rich Plasma
The granules within platelets and plasma theo-
retically allow for delivery of cytokines and bio-
logic proteins in “physiologic balance” [9] and
improve the dose- and time-dependent effects
compared to single or select combination growth
factors. PRP contains many of the growth factors
that have been shown to be critical in bone-
tendon healing such as TGF-8, bFGF, PDGEF, vas-
cular endothelial growth factor (VEGF),
connective tissue growth factor (CTGF), and epi-
dermal growth factor (EGF). In addition, in vitro
studies have demonstrated the ability of PRP to
increase local concentration of mesenchymal
stem cells, macrophages, and fibroblasts, all con-
tributing to the healing process [10]. Fibrin,
fibronectin, and vitronectin found in PRP are
known cell adhesion molecules and play impor-
tant roles in matrices of connective tissue [10].
Early studies did not demonstrate consistent
clinical benefits of using PRP, but there was
inconsistent reporting of harvest techniques or
PRP composition in regard to platelet, growth
factor, and leukocyte concentration. In response,
classification systems of PRP have been devel-
oped to help researchers better document and
compare results [11, 12]. The concentration of
PRP components is influenced by multiple fac-
tors including preparation method and processing
systems [13, 14]. There have also been attempts
to determine the optimal clinical concentrations
of PRP components and methods of application.
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Mazzucco et al. reported that a platelet concen-
tration greater than 200 x 10° platelets/pL is suf-
ficient to produce a therapeutic effect and that
concentrations 2.5 times greater than native
blood have positive effects on osteoblasts and
fibroblasts in vitro [15]. Adverse effects have
been reported at doses higher than 3.5 times
platelet concentration of native blood [16]. Giusti
et al. suggested that 1.5 x 10° platelets/pL is the
optimum platelet concentration for tissue healing
[17]. Variation in platelet, as well as WBC con-
centration, can occur between repetitive blood
draws from the same individual and may affect
clinical outcomes after serial treatments, which
are common in clinical practice [14].

Multiple early studies did not show a benefi-
cial effect or improved healing with the use of
PRP in rotator cuff repair [18-20], with some
even showing negative effects in terms of re-tear
rates or healing [9]. Randelli et al. conducted a
randomized control trial comparing arthroscopic
rotator cuff repair with and without intraopera-
tive PRP application; their results yielded signifi-
cant reduction in pain at up to 24 months
follow-up, but no significant differences in rota-
tor cuff healing rates on follow-up MRI studies
[21]. However, the most recent meta-analysis of
randomized controlled trials did show improved
healing rates, pain levels, and functional out-
comes after rotator cuff repair with the use of
PRP, but not with platelet-rich fibrin (PRF) [22].
Timing of PRP administration is also important
and postoperative administration may be less
efficacious than intraoperative use [23]. Thus far,
the most consistent favorable data for PRP and its
use in rotator cuff repair is regarding pure PRP
(P-PRP) or leukocyte-poor PRP (LP-PRP) [22,
24-26]. However, routine use of PRP in
arthroscopic rotator cuff repair may not be cost-
effective at this time [27].

44  Scaffold Augmentation

Extracellular matrix (ECM) augmentation of
rotator cuff repair is based on the idea that the
matrix can act as a scaffold for aligned cellular
growth and collagen composition. In addition to

providing mechanical support, the matrix can
then incorporate itself into the host tissue and
eventually be replaced by the host tissue. The two
principal methods in which scaffolds can aug-
ment rotator cuff repair are by providing biome-
chanical support and as a biologic scaffold in
which cell therapy can be delivered to enhance
bone-tendon healing. ECM grafts are made using
various different types of biologic and engineered
materials and are commercially available as
xenograft, allograft, or synthetic extracellular
matrices [28, 29]. The incorporation of these
materials into animal model tissue and a positive
effect on tendon repairs without immunologic
response has been shown in several studies.
However, when used in human tissue for rotator
cuff repair, results have been highly variable.
Graft rejection, cellular adhesion, and cellular
proliferation are among several factors that must
be taken into consideration when studying and
comparing different ECM models. Several stud-
ies have shown negative results with the use of
xenograft, often in the form of inflammatory
reaction, without an improvement in healing
rates [30-32].

Several allogenic extracellular matrices devel-
oped using decellularization of cadaveric mate-
rial such as human fascia lata and dermal tissue
are commercially available. Promising results
have shown positive effects in several studies
when comparing allogenic ECM to unaugmented
controls [33-35]. Concerns of using allogenic
ECMs revolve around inflammatory responses
elicited in response to retained DNA from allo-
genic source. In hosts, this may cause pain and
edema and potentially accelerate degeneration of
rotator cuff repair [36]. Derwin et al. compared
the biomechanical properties of different ECM
allografts and found that the elastic moduli of
commercial matrices were significantly lower
than those of human tendons, suggesting
decreased load-carrying capabilities and theoreti-
cally higher predisposition for failure [37].
Synthetic ECM grafts have been developed in an
effort to provide an adequate scaffold for cellular
and fibrotic growth while minimizing risk of an
inflammatory response. Several animal studies
have found improvement in cell number and
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layering, better collagen fiber alignment, and
mechanical strength [38—40].

Scaffolds may also be used as a vehicle for
delivery of other biologic augmentation, such as
PRP and stem cells. This is a common use in our
practice; our methods and rationale are described
below in a discussion of the senior author’s clini-
cal protocol.

4,5 Mesenchymal Stem Cells

The use of stem cells in orthopedic surgery has
gained great interest, but research is still in the
early stages of understanding their utility in clini-
cal practice. The ability of stem cells to differen-
tiate and mature into cells of different lineage is
termed multipotentiality. Stem cells also have
paracrine functions and are able to secrete potent
trophic factors that evoke responses from nearby
resident cells. Stem cells that have the potential
to differentiate into mesenchymal tissue (e.g.,
tendon, muscle, cartilage, bone) are termed mes-
enchymal stem cells (MSCs). MSCs can be har-
vested from several different areas of the body
including bursa, bone marrow, synovial tissue,
and adipose tissue. Traditionally, the iliac crest
has been the most reliable region to harvest bone
marrow-derived MSCs. In addition, other meth-
ods such as collection from peripheral blood and
intra-articular tissue have been described; how-
ever, these methods may not translate efficiently
into current shoulder surgery techniques due to
the harvest-site morbidity, longer operative time,
and/or the complex methods needed to isolate
and culture cells. In 2010, Mazzocca et al. [41]
described a method to reliably extract stem cells
from the proximal humerus during arthroscopic
rotator cuff cells. This method allowed for aspira-
tion of a large volume of bone marrow without
any additional morbidity to the patient and subse-
quent purification to yield a fraction rich in con-
nective tissue progenitor cells in a simple,
efficient, reproducible manner [41]. In this study,
these cells were only differentiated into cells of
the osteogenic cells line; however, a follow-up
study demonstrated the ability to induce differen-

tiation of these cells into tenocyte-like cells by
the addition of insulin [41, 42]. Incorporation of
cells often requires scaffolds as biologic carriers
for cell administration into a repair site. Fibrin
carriers, silk/collagen scaffolds, polylactic acid
sheets, and polyglycolic acid sheets are among
the different methods used to deliver cells; how-
ever studies utilizing these methods have had
highly variable methodologies and results.
Several animal studies have shown promising
results with MSCs directed at tendon healing
with improved biomechanical and structural
qualities, as well as increased type 1 collagen,
fibrocartilage, and fibroblastic cell ingrowth [43—
46]. There is still no consensus on the most effi-
cient and successful carrier to deliver MSCs to a
repair site. A study conducted by Ellera Gomes
et al. even showed clinical improvement in rota-
tor cuff repair with direct injection of bone
marrow-derived MSCs (harvested from iliac
crest before the index procedure) into the repaired
tendon borders [47]. However, as this study did
not have a control group, the conclusions that can
be drawn from the results are limited. It is diffi-
cult to draw conclusions from the research in
MSC augmentation of rotator cuff repair due to
extensive heterogeneity in studies regarding
method of cell procurement, concentration, and
delivery, as well as the concurrent modulation of
the surrounding healing environment.

4.6 Senior Author’s Current
Clinical Protocol
4.6.1 Indications

Biologic augmentation of rotator cuff repair is
performed in our practice for revision rotator cuff
repair or in patients at high risk for failure.
Revision rotator cuff repair is not attempted if the
tear is deemed irreparable (i.e., insufficient ten-
don length or quality) or in patients with signifi-
cant arthritis. In these situations, a superior
capsular reconstruction or reverse total shoulder
arthroplasty may be more appropriate surgical
treatment.
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4.6.2 Operative Principles

The operative principles for biologic augmenta-
tion of rotator cuff repair are similar to that of
non-union fracture care. Successful repair
requires both adequate stability and biology.
Thus, biologic augmentation of rotator cuff repair
necessitates adequate tendon length and tissue
quality to allow for a repair construct that is
robust and under minimal tension. Biologic aug-
mentation should be viewed precisely as that—a
tool to augment biologic healing after rotator cuff
repair and should not be used to make up for
inadequate surgical techniques.

4.6.3 Preoperative Assessment

Evaluation of patients prior to biologic augmen-
tation of rotator cuff repair is the same as in any
patient with suspected rotator cuff pathology.
This begins with a thorough history, including an
assessment of any patient-specific risk factors for
failure such as diabetes mellitus [48, 49] and
smoking [50]. Operative reports from previous
surgeries should be obtained to determine repair
technique as failure after double-row techniques
can have significant loss of tendon length. A
complete physical examination should also be
performed with particular attention to active
shoulder range of motion, rotator cuff strength,
and the presence of pseudoparalysis as these
findings may be contraindications to rotator cuff
repair in some patients.

Preoperative imaging should include shoulder
radiographs (including a true AP or Grashey,
scapular Y, and axillary views) and magnetic res-
onance imaging (MRI) without contrast.
Radiographs should be assessed for the presence
of arthritis and superior migration, both of which
may be quantified with the Hamada classification
[51]. MRI can be particularly useful to the sur-
geon during preoperative planning and assess-
ment of a rotator cuff tear for reparability. The
tear size, number of involved tendons, amount of
tendon length present, level of tendinous retrac-
tion, and fatty atrophy in the rotator cuff muscles

may all affect the likelihood of repair success
[52-59].

Patients should be counseled preoperatively
regarding the limited evidence supporting the
routine use of biologic augmentation during rota-
tor cuff repair and the risks of postoperative fail-
ure. They should also be advised on any
modifiable risk factors that they can control
before and after surgery (i.e., smoking cessation,
postoperative compliance with immobilization,
and rehabilitation protocols).

4.6.4 Operative Technique

Our current surgical protocol utilizes a combina-
tion of PRP and MSCs harvested from the
humeral head. After administration of general
anesthesia, the anesthesiologist performs a
peripheral blood draw with a sterile PRP harvest
kit prior to draping to increase their access and
visibility. The amount of blood required may dif-
fer depending on the volume of PRP needed and
the specifications of the commercial PRP produc-
tion system used. We routinely use the Angel sys-
tem (Arthrex, Naples, FL), which requires 55 mL
of blood drawn into a 60 mL syringe containing
8 mL of anticoagulant citrate dextrose (ACD-A).
This is then attached to the Angel system, which
is set to a standard protocol with 7% hematocrit
and 60 mL volume. PRP, platelet-poor plasma
(PPP), and RBCs are collected and the PRP and
PPP passed onto the sterile field.

We routinely perform rotator cuff repair in the
beach chair position, but the surgeon may utilize a
lateral decubitus position if preferred. Diagnostic
arthroscopy is performed using standard portals.
Collection of bone marrow aspirate should be per-
formed as early in the surgical procedure as pos-
sible so that it may be processed while the surgeon
completes the rotator cuff repair. The bone mar-
row aspiration kit should be prepared on the ster-
ile surgical field at the start of the case (Fig. 4.1).
We prefer to aspirate the bone marrow from the
footprint of the torn rotator cuff using the same
hole that is made for anchor placement [41]. This
is performed with a non-fenestrated bone marrow
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Fig. 4.1 Bone marrow aspiration kit seen in the bottom
right portion of the image. The scrub technician is prepar-
ing the clot in the 24-well plate in the top left portion of
the image

Fig. 4.2 Intraoperative photo of the senior author’s tech-
nique for harvesting bone marrow from the humeral head;
the needle in the humeral head can be seen in the monitor
in the background

aspiration trocar (Fig. 4.2). The trocar is inserted
in the footprint to a depth of approximately
20-30 mm. A 60 mL syringe prefilled with 3 mL
ACD-A is attached to the trocar and bone marrow
is aspirated to a total volume of 20 mL. This is
repeated with multiple syringes until a minimum
of 40 mL is harvested. These syringes are then
placed directly into the bag on the Angel system.
The system should be set to protocol bone mar-
row aspirate (BM) 15% to concentrate stem cells
and the appropriate volume selected (Fig. 4.3).
This will generally produce 2-4 mL of concen-
trated bone marrow aspirate (CBMA).

A fibrin clot is then prepared on the back table
using cBMA, PRP, PPP, and bovine thrombin in a
24-well plate (Fig. 4.1). This clot delivers growth
factors from the PRP and stems cells from the
cBMA. The PPP serves as a matrix as it contains

Fig. 4.3 Angel system set to 15% hematocrit for bone
marrow aspiration processing

fibrinogen and the bovine thrombin initiates the
clotting cascade. The ratio of products to form a
fibrin clot is 0.6 mL PPP, 0.1 mL ¢cBMA, 0.1 mL
PRP, and 0.2 mL thrombin [60]. Single-row or
double-row rotator cuff repair constructs may be
performed, depending on the tear configuration.
We frequently perform a double-row repair; prior
to placing the final lateral row anchors, the fibrin
clot can be injected underneath the rotator cuff
tendon at the rotator cuff footprint using the same
trocar used for aspiration. Alternatively, the clot
may be injected on top of a single-row repair
(Fig. 4.4). We have also described a technique of
forming the clot on the suture of a suture anchor
and then delivering the clot into the bottom of the
anchor [60].

The clot may also be seeded onto a scaffold. If
this is performed, we prefer to use a demineral-
ized bone matrix (DBM) scaffold comprised of
cancellous bone (Flexigraft, Arthrex, Naples FL).
These scaffolds will incorporate and resorb over
approximately 6—8 weeks during the period of ini-
tial rotator cuff healing and have been shown to
have osteoconductive and osteoinductive poten-
tial at the bone-to-tendon junction in rotator cuff
repairs in a canine model [61]. Stem cells adhere
to the scaffolds even in the setting of arthroscopic
fluid flow and cellular adhesion, proliferation, and
differentiation is enhanced by the addition of PRP
[62]. Combining our fibrin clot with a DBM scaf-
fold may allow for controlled release of growth
factors over the period of initial healing and is a
topic of active investigation at our institution.
Early unpublished results from our institution
suggest that the combination of a DBM scaffold
with a fibrin clot (cBMA, PRP, and PPP as
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Fig. 4.4 Arthroscopic image of a “red-out” after injec-
tion of the fibrin clot over a single-row arthroscopic rota-
tor cuff repair

described above) allows for higher concentrations
of PDGF and TGF-§ over a 21-day time period
than any of the components alone.

4.6.5 Postoperative Management

Patients are placed into an abduction sling imme-
diately postoperative and are non-weight-bearing
in the operative extremity. We have not found dif-
ferences in healing rates after rotator cuff repair
when comparing early range of motion with
delayed motion rehabilitation protocols [63] but
did find lower Western Ontario Rotator Cuff
(WORC) scores in the early postoperative period
with early motion. Our delayed motion protocol
initiates active assistive range of motion exer-
cises after 4 weeks (cane external rotation from
0° to 60°, forward elevation from 30° to 180°).
The patient may discontinue sling immobiliza-
tion after 6 weeks and should have normalized
range of motion at that point. Strengthening exer-
cises are initiated 12 weeks after surgery with a
goal to transition to an independent home exer-
cise program at 18 weeks.

4.6.6 Follow-Up Treatment

Patients should be followed at regular postopera-
tive intervals to assess appropriate progression
within their rehabilitation protocol. If there is
concern for tear recurrence or failure of the rota-

tor cuff repair to heal, a repeat MRI can be
obtained to assess repair integrity. There can be
artifact on the MRI due to any suture anchors in
place; metal artifact reduction sequences can be
utilized if metal anchors were used. Alternatively,
CT arthrograms can be performed to assess the
status of the rotator cuff as needed. The surgeon
should consider the possibility of occult infection
in the setting of failed rotator cuff surgery and an
infectious workup may be appropriate.

4.6.7 Tips, Tricks, and Pitfalls

Use of our biologic augmentation protocol with
fibrin clot with or without DBM scaffold can add
significant operative time to a standard
arthroscopic rotator cuff repair. We recommend
having a consistent operative team who is well
versed in the necessary steps to prepare the clot
and scaffold. These steps can be performed on
the back table as the surgeon is preparing the
rotator cuff, placing suture anchors, and passing
sutures. Similarly, it is important to perform the
peripheral blood draw for PRP and harvest bone
marrow as soon as possible in the surgical proce-
dure so that these components may be prepared
while the surgeon continues to work.

Injection of the fibrin clot should be done as
late in the surgical procedure as possible as it cre-
ates a “redout” environment with poor arthroscopic
visualization afterward (Fig. 4.4). Closing as
many of the arthroscopic portals as possible prior
to injection can help limit extravasation of the
fibrin clot. After fibrin clot injection, the surgeon
should not utilize suction.

4.7 Conclusion

The evolution of biologic augmentation in ortho-
pedics has gained much attention due to the obvi-
ous benefits and potential to positively influence
outcomes after many common surgeries such as
rotator cuff repair, meniscal repair, and cartilage
restoration. The use of growth factors, PRP, and
mesenchymal stem cells has shown positive
effects on healing qualities in the literature; how-
ever studies continue to be variable in methodol-
ogy and clinical results. Further investigation to
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determine the ideal methods of harvest and prep-
aration of PRP and cBMA is necessary as well as
how to optimize incorporation of biologic aug-
mentation into target tissue. Future study and
development will continue to be affected by regu-
latory pathways and should also be considered.
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Genetics in Rotator Cuff Tears:
First Steps to the Future

Carina Cohen, Eduardo A. Figueiredo,
Mariana F. Leal, and Benno Ejnisman

Rotator cuff tear (RCT) is among the most com-
mon musculoskeletal disorders [1, 2]. It is the
third cause of musculoskeletal disease, after the
back (23%) and the knee (19%) [3]. It affects
30-50% of the population older than 50 years [4]
and is associated with shoulder pain and loss of
function [5]. Degenerative rotator cuff tears
increase with age; thus, such tears can become an
increasingly prevalent clinical problem [6].

The pathogenesis of degenerative RCT is not
completely understood. The mechanism is
described as caused by extrinsic (mechanical
impingement) and intrinsic factors. As intrinsic
factors we can describe degeneration of tendons,
including increased tendon cell apoptosis, higher
proportion of fatty infiltration, aberrant micro-
structure of structural fibers, and abnormally
reduced nutrient vessels [1, 6-8]. It is possible
that the biologic changes found are regulated by
genes [9].

There are studies that identify demographic
factors such as advanced age, dyslipidemia, dia-
betes, and increased body mass index, which may
contribute to the progression of the rotator cuff
injury [10-17]. The suggestion that smoking
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habit increases the risk of rotator cuff lesions is
biologically plausible. The negative effects of
tobacco occur due to the vasoconstrictive proper-
ties of nicotine which decreases the blood supply
to the tissues associated with the ability of carbon
monoxide to decrease cellular oxygenation lev-
els. Thus, the effect described in a previously
hypovascular tendon has an adverse effect on
rotator cuff healing [18]. Also Baumgarten et al.
found that shoulder pain and rotator cuff lesions
are related to the amount and time of addiction
[19], while Itoi et al. and Carbone et al. associ-
ated the cigarette with the presence of major rota-
tor cuff lesions [20, 21]. Some studies have
shown that smokers have impaired healing and
worse prognosis in the repair of rotator cuff
lesions [22-24]. Galatz et al. describe the adverse
effects of nicotine on rotator cuff repair in rats by
reducing mechanical properties and the concen-
tration of collagen in rats [25].

It is believed that the association of the etiolo-
gies described above, besides trauma, is more
and more frequent. It is important to look at epi-
sodes of glenohumeral dislocation in patients
over 40 years of age: Itoi et al. described by
means of an arthrography study that the inci-
dence of rotator cuff lesion in patients over
40 years after the first episode of glenohumeral
dislocation is 30% and 57% in patients over
50 years of age [26].

All of these corroborate to the hypothesis of a
multifactorial disease. Besides environmental
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factors, there is an important genetic influence to
determine the presence of the disease. It is impor-
tant to emphasize that there are probably a large
number of connective tissue diseases that have a
genetic component. Some classical Mendelian
diseases of connective tissue are well described,
such as, for example, imperfect osteogenesis,
Ehlers-Danlos syndrome, and Marfan syndrome.
However, other connective tissue diseases,
among which we can include tendinopathies and
ruptures of the rotator cuff, are complex and mul-
tifactorial. In these affections, the identification
of genetic components is more difficult because
the search is made difficult by the probability of
involvement of a set of genes in their etiology—
each gene having a small contribution to the con-
dition being studied—and gene-environment
interactions [27].

As we can see, the etiology of a rotator cuff
tear is a multifactorial process, and the interac-
tion of genetic variants with various extrinsic and
intrinsic tendon factors has been proposed to
explain it [28, 29].

Dabija and colleagues in a recent systematic
review describe that prior studies provide pre-
liminary evidence for genetic and familial predis-
position to RCD [29].

Harvie et al. evaluated a cohort of patients
diagnosed with complete rotator cuff injury,
including 129 siblings and 150 spouses (con-
trols). The study showed that siblings had a two-
fold increased risk of developing complete rotator
cuff lesion in relation to the control group. In
addition, it was observed that siblings have a five-
fold increased risk of presenting symptoms for
this condition in relation to the controls. The sig-
nificant increase in the risk of rupture of the rota-
tor cuff in siblings implies that genetic factors
play a fundamental role in the development of
this type of lesion [30].

Over the years the understanding of the impor-
tance of the genetic component in the genesis of
rotator cuff lesions has been increasing, although
there is evidence that many studies are still neces-
sary [29]. However, important steps have already
been taken.

Knowledge of the genetic markers related to
rotator cuff tears can enable identification of sus-
ceptible individuals and increase understanding
of the pathogenesis of tendon degeneration.

A normal tendon mainly consists of collagen
fibrils [31]. Schirachi et al. [32] showed that the
expression of both type I and type III collagen
increases in the ruptured tendon of rotator cuff.
Leal and colleagues found increased mRNA
expression of COLIAI and COL3AI collagens
[33]; in the same article, the authors described
that HPRT1 + TBP + ACTB seems to be the best
combination of reference genes for the analysis
of involving different tendon samples of individ-
uals with rotator cuff tears.

It is important to understand the effect of clini-
cal aspects in the gene expression in tendon sam-
ples and the relationship between histological
findings and molecular alterations. In a recent
study, Belangero et al. [34] described that longer
duration of symptoms and therefore delayed sur-
gical treatment exhibited an increased ratio of
type I/III collagen fibers and showed differential
expression levels of matrix extracellular genes
and TGFB family members in the degeneration
process involved in the rotator cuff tears under-
scoring the involvement, specifically, of COLIAI,
COLIA2, COL3Al, COL5Al, FNI, TNC,
TGFBI, and TGFBRI genes.

Epigenetic mechanisms, such as DNA meth-
ylation and microRNAs regulation, are involved
in the dynamic control of gene expression. MMPs
and their inhibitors are regulated by epigenetic
modifications and may play a role in rotator cuff
tears [35].

When it comes to risk factors, it is important
to emphasize the involvement of single nucleo-
tide polymorphisms (SNPs) in the genesis of
degenerative rotator cuff lesion. The findings of
previous studies provide evidence that there may
be an important relationship between genes and
rotator cuff disease. However, data on this issue
are still limited [29].

Motta et al. [4] tested 23 SNPs from 6 candi-
date genes involved in the repair and degenerative
processes of musculoskeletal tissue (DEFBI,
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DENND2C, ESRRB, FGF3, FGF10, and FGFR1)
for a potential association with RCD and identi-
fied a potential role for ESRRB in the develop-
ment of rotator cuff disease. In 2015, Teerlink and
colleagues confirmed the association of variants
in ESRRB and rotator cuff disease [36]. In a
recent study, Assuncao and colleagues [37] evalu-
ated 64 patients with full-thickness rotator cuff
tears and found association of genetic polymor-
phism of MMP-1 and MMP-3 and RCD.

Kluger and colleagues [38] investigated
selected SNPs in MMP-1, MMP-2, MMP-3,
MMP-9, MMP-13, TIMP-1, TNC, and Col5A1
genes in patients with RCD. The authors found
15 SNPs in the TNC gene significantly associated
with degenerative rotator cuff tendon tears.

More recently, Ross et al. performed a
genome-wide association screen using publically
available data from the Research Program in
Genes, Environment and Health including 8357
cases of rotator cuff injury and 94,622 controls.
They found that individuals carrying one risk
allele at rs71404070 (A/T), a SNP located next to
cadherin8 which encodes a protein involved in
cell adhesion, had a 29% increased chance of
injury compared to individuals with no risk allele
(T/T). Therefore rs71404070 shows a genome-
wide significant association with rotator cuff
injury may be informative in explaining why
some individuals are more susceptible to rotator
cuff injury than others.

They also attempted to validate previous gene
association studies that had reported a total of 18
SNPs, but none of the 18 SNPs were validated in
their dataset [39].

Until the present day, understanding the gen-
esis, treatment, and prognosis of rotator cuff
lesions remains challenging.

These are very important data, but we may still
be a bit far from clinical application of the find-
ings. Even so, identifying a possible genetic asso-
ciation could help our understanding of the
disease process that leads to RCD, assist with
early detection of individuals at risk for develop-
ment of nontraumatic tears, identify serious cases,
and provide potential future gene therapies.
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The Very Young Athlete (10-15)
with Overuse Tear

Carina Cohen and Benno Ejnisman

Rotator cuff (RC) injury is rare in the pediatric
and adolescent population representing less than
1% of all rotator cuff tears [1]. Pressure to
enhance performance at a young age has been
implicated as the explanations for rotator cuff
tears in the young athlete [2]. From 500 patients
seen in 2 pediatric institutions for shoulder pain
each year, only 7, or 1.4%, were diagnosed with
rotator cuff tears [3]. However, with the increased
participation in overhead throwing sports, the
incidence of overuse shoulder injuries in this
younger group of patients has increased substan-
tially and is responsible for up to 70% of visits to
the pediatric sports medicine clinics [3].
Zbojniewicz et al. after 205 examinations in 201
patients (aged 8-18 years) who have undergone
shoulder MRI evaluation in a pediatric hospital
found 25 (12.2%) cases of rotator cuff tears [4].
Literature involving rotator cuff tears in pedi-
atric patients is in general limited to small case
series and case reports [2, 5-8]. Since they have
open growth plate and lack of substantial degen-
eration within the rotator cuff tendon, these inju-
ries in children are relatively rare, so that the
differential diagnosis is more commonly expected
such as bone lesions (fractures), stress causing
widening of the growth plate (Little League
shoulder), and alterations in soft tissues (glenoid
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labrum). But rotator cuff lesions both in isolation
and with other associated pathology must be rec-
ognized. The physeal patency does not seem to
be statistically significant related to rotator cuff
tears [4].

Repetitive microtrauma in overhead athletes
and also a single traumatic event have been
referred as causes to RC injuries. As in the cases
reported by Weiss et al. and Tarkin et al., a history
of trauma was generally preceded by a subtle
onset of previous shoulder symptoms, and it hap-
pened in different sports activities including
baseball, gymnastics, swimmers, tennis, volley-
ball, basketball, and wrestling [3, 5].

The supraspinatus tendon is the most fre-
quently involved particularly articular-side
partial-thickness tears. However, insertional tears
involving the infraspinatus tendon are not uncom-
mon. Weiss et al. found 28% of RC injuries
involved the infraspinatus in isolation while 44%
of tears involved either the infraspinatus or the
junction of the infraspinatus and supraspinatus
[3]. They associated the high incidence to the
great percentage of athletes (76%) and the known
association of internal impingement in overhead
athletes with tears of the posterior supraspinatus
or anterior infraspinatus tendons [9].

Iniatilly, abduction with external rotation was
believed to impinge the rotator cuff, specifically
the supraspinatus, and lead to articular-sided
fraying and eventually tears of the rotator cuff.
Such impingement has even been described in
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asymptomatic throwing athletes [10]. But since
Zbojniewicz et al. found large propensity for inser-
tional tears in children and adolescents referred for
MRI (205 exams), a traumatic etiology has been
also pointed as cause for the large majority of rota-
tor cuff tears in this population [4]. They found
five PASTA tears and five PAINT tears, but when
expanded the classification of PASTA tears to
include all insertional tears, even small insertional
tears without evidence or delamination (so-called
rim rent tears) as well as insertional bursal-side
tears (so-called reverse PASTA tears) then, 87%
(20/23) of partial-thickness tears would fall under
this classification [4].

Differently from adults, who present a degen-
erative process of the tendon, insertional partial-
thickness tears are much more common than
critical zone tears in children. It is appropriate to
look for concurrent labral pathology since it can
be found in one third of the cases [4].

Treatment considerations should focus on the
competitive level of the athlete, their desire to
return to sports, and the best procedure for the
specific injury. In adults, untreated partial-
thickness rotator cuff tears may progress to larger
tears or full-thickness tears in 50% of patients
[11]; however, long-term outcomes of adolescent
rotator cuff injuries have not been studied. It is
possible that younger patients have an increased
healing capacity because of different mechanisms
of injury and less underlying tissue degeneration.

Treatment of rotator cuff pathology in adoles-
cent patients generally begins with a course of
physical therapy. If symptoms persist, surgical
intervention may be warranted. Shoulder arthros-
copy allows to address the rotator cuff and asso-
ciated capsulolabral, biceps, or cartilaginous
pathology. Patients with MRI-diagnosed associ-
ated pathology were found to be 1.8 times more
likely to require surgical intervention compared
with those without [12].

Eisner et al. treated 53 adolescents with a mean
age of 15.8 years (8.8-18.8 years) with partial
articular-sided RC tendon avulsions. All patients
underwent a trial of at least 6 weeks of physical
therapy, with 57% failing to improve and requir-
ing subsequent surgery (debridement to stable
edges). They concluded that isolated partial artic-

ular-sided tendon avulsion injuries may be suc-
cessfully treated with physical therapy, with
return to sports expected. Improvement in pain
and activities of daily living can be achieved with
surgery after failed conservative management for
rotator cuff injuries; however, the adolescent ath-
lete will often have residual shoulder complaints
during sports participation [12].

Weiss et al. treated six of seven patients with
surgical repair of the injury; they were pain-free
and returned to normal activity. However, one
patient underwent a nonsurgical rehabilitation
program and was completely healed at the
3-month follow-up. Because the patient who did
not undergo surgery had an excellent result,
future thought and study is warranted to guide
decision-making for surgical intervention in this
group of patients [3]. Zbojniewicz et al. had 17
out of 25 patients with imaging findings of a rota-
tor cuff tear who did not undergo surgery. Only
eight (47%) had documented follow-up, of which
seven (88%) showed improvement with physical
therapy alone [4].

The outcomes of both conservative and surgi-
cal treatment of rotator cuff pathology in adoles-
cent patients remain largely unknown. The key is
the prevention. Early detection and activity modi-
fication along with focused physical therapy
might be helpful in preventing progression of
injury, primarily when the underlying etiology
(i.e., impingement, instability) is addressed rather
than treating the partial-thickness tear [13].

Also to avoid overuse injuries include educat-
ing coaches, parents, and children. In addition, to
prevent repetitive loading and chronic overuse,
guidelines on pitching technique, pitch counts, and
frequency of pitching in baseball as well as early
recognition of these injuries will help prevent their
progression. The American Sports Medicine
Institute suggests guidelines for young players and
pitch counts, in addition to which type of pitch to
introduce at what stage of development [3].

In conclusion, a prospective study on opera-
tive versus nonoperative care for these patients is
necessary to determine for whom surgical inter-
vention is appropriate. Conservative rehabilitation
and activity modification may continue to be
appropriate for many of these patients.
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The Adolescent Overhead
Athlete with SLAP Tear
and Partial Infraspinatus Tear

Kelly L. Hill and Felix H. Savoie Il

7.1 Etiology of Injury

with Historical Perspective

Injuries in the overhead throwing athlete are
often a combination of overuse and acute injury.
Many authors have attempted to delineate the
mechanism by which structures in the shoulder
progress to pathology, with most centered around
the concept of a loss of balance resulting in
impingement and instability without clear cause
and effect. Instability in these athletes is mani-
fested in the injuries of the labrum, capsule, and
rotator cuff. Adaptive changes to enable overhead
sports occur early and are normal, catering to the
demands of the activity.

The original concept of the disabled throwing
shoulder centered on the observational work of
Jobe, in which he thought that anterior laxity was
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the primary pathology; he managed patients that
failed conservative treatment with open anterior
capsulolabral reconstruction via a subscapularis
split technique with 90% of the surgical group
returning to their prior level of competition [1].
ubsequent studies elucidated a multifactorial eti-
ology of the disabled throwing shoulder. The clas-
sic series by Morgan, Burkhart, and Kibler
brought about the concept of the variable role of
scapular dyskinesis, glenohumeral internal rota-
tion deficit (GIRD), and peelback SLAP lesions
as factors in the disabled throwing shoulder.
More recently, work by Wilk et al. delineated a
change in the total arc of motion as one of the key
indicators of problems with the shoulder [2].
Andrews et al. observed anterosuperior glenoid
labrum tears in throwers and described the mecha-
nism as an imbalance of two normal forces in the
throwing shoulder. The internal rotation/flexor
muscles act during the acceleration phase of the
arm and must be countered by the smaller external
rotators, infraspinatus, and teres minor. During
acceleration, these external rotators act on the
humeral head to centralize it on the glenoid and
then with increased force aid to decelerate the arm
[3]. They understood this pattern of injury to be a
deceleration injury during the follow-through
phase of throwing with traction at the root of the
biceps tendon pulling on the anterosuperior labrum
[4]. They described findings of arthroscopic exam-
inations in overhead athletes and remarked on the
frequency and pattern of glenoid labral tears. They

53

A. B. Imhoff, F. H. Savoie III (eds.), Rotator Cuff Across the Life Span,

https://doi.org/10.1007/978-3-662-58729-4_7

7


https://doi.org/10.1007/978-3-662-58729-4_7
mailto:fsavoie@tulane.edu
mailto:Khill8@tulane.edu
https://doi.org/10.1007/978-3-662-58729-4_7
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-58729-4_7&domain=pdf

54

K. L. Hill and F. H. Savoie llI

concluded that the anterosuperior portion of the
labrum near the origin of the long head of the
biceps was the most common location of labral
tear in the overhead athlete. They postulated that
the large traction force placed on the labrum via
activation of the biceps in the throwing athlete lifts
the labrum off the glenoid [4].

Jobe and Pink described the concept of the
instability continuum. They proposed that repeti-
tive overhead throwing action gradually stretches
the anterior capsuloligamentous complex allow-
ing anterosuperior migration of the humeral head
during throwing and believed this pathologic
motion to produce subacromial impingement
symptoms [5]. Later arthroscopic studies would
show the resulting impingement to be intracapsu-
lar and posterior, often manifested in peelback
labral injury and a more internal impingement of
the infraspinatus on the posterior superior gle-
noid resulting in the rotator cuff pathology noted
in overhead athletes. Because these lesions come
from the same mechanism, it is not prudent to
treat these disorders as distinct in the young over-
head athlete [1]. The instability may be subtle on
exam and to some extent is an advantageous
adaptation for the throwing athlete, but this ante-
rior subluxation was at the core of their proposed
mechanism of injury, and they proposed anterior
capsule reconstruction in addition to correction
of the labrum and rotator cuff [1].

In a cadaveric study, Kuhn et al. tried to describe
the mechanism of injury of the labral tear seen in
overhead athletes. They applied a large tensile
force (346 + 40 N) replicating the deceleration
mechanism described by Andrews and only pro-
duced a labral avulsion in 20% of their specimens.
However, at a much lower force (289 + 39 N), they
were able to produce type II SLAP lesions in nine
out of ten specimens in the abducted externally
rotated position of the late cocking phase of the
throwing athlete [6]. Jobe recognized posterosupe-
rior glenoid impingement in abduction and exter-
nal rotation as a mechanism of injury producing
rotator cuff injuries in a study examining the
patient’s recalled history of injury [7].

Van Kleunen et al. examined the differences in
patient outcome for athletes with isolated SLAP
tears and those with concomitant infraspinatus

tears that required repair, measured in return to
play at preinjury level of play [8]. In a study of 17
baseball players under 25, of those with repair of
the infraspinatus, only 6 (35%) were able to return
to the same or superior preinjury level of play.

7.2  Anatomy/Pathoanatomy
The infraspinatus tear often occurs as a normal vari-
ant in the overhead athlete. Jobe, Walch, and
Andrews have separately described different mech-
anisms for the injury, including anterior sublux-
ation, mechanical internal impingement, and
tension tearing of the infraspinatus. We currently
understand the tear to be a normal adaptation to
overhead sports. Occasionally, additional pathology
will become severe enough to warrant treatment.
Andrews et al. first described the SLAP tear,
an injury of the superior labrum that begins pos-
teriorly and extends anteriorly stopping before
or at the mid-glenoid notch and including the
attachment of the biceps tendon to the labrum
(Fig. 7.1) [4].

Fig. 7.1 In this view from the posterior portal, the supe-
rior labrum-biceps tendon complex can be visualized
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Snyder et al. categorized these tears into four
groups, but the group II SLAP tears encompass
those overwhelmingly seen in the overhead ath-
lete: a tear of the labrum and biceps tendon with
detachment from the top of the glenoid, this has
been sub-characterized by anatomic position,
anterior, posterior, and combined [9].

Huber and Putz, in a dissection of 42 shoulder
joints, described that tendon fibers of the long
tendon of the biceps continue posteriorly as peri-
articular fiber bundles and supplement the
labrum in the posterosuperior quadrant of the
glenoid. They suggested that this periarticular
fiber system of the labrum, glenohumeral liga-
ments, and inserting tendons work together to
resist instability in all directions of the glenohu-
meral joint [10]. The repetitive strains overhead
throwers put on this fiber-glenoid attachment
through the biceps tendon can cause disruption
of the posterosuperior labral attachment leading
to posterosuperior instability or combined ante-
rior/posterior superior instability [11].

The humeral head is blocked from dislocating
superiorly by the acromion, but with pathologic
disruption of the attachment of the labrum, the
humeral head can migrate superiorly and cause
joint-sided rotator cuff tears. Burkhart noted
31% incidence of rotator cuff injury in patients
with chronic SLAP lesions and no associated
rotator cuff pathology in patients treated for
acute SLAP lesions suggesting the timeline that
the labral injury may be causal in relation to the
rotator cuff injury.

Walch et al. completed an arthroscopic study
of 17 athletes with unexplained shoulder pain
[12]. On their preoperative exams, they noted
pain on full external rotation at 90° of abduction.
On arthroscopic exam, with the arm placed at 90°
of abduction and maximal external rotation—
characteristic of the late cocking phase of throw-
ing—they witnessed impingement between the
posterosuperior border of the glenoid and the
undersurface of the tendon insertions of supraspi-
natus and infraspinatus. This was thought to
describe the mechanism of painful structural dis-
ease in the thrower’s shoulder [12].

Gelber et al. described the forces exerted on
various structures of the shoulder throughout the

phases of throwing in the overhead athlete. They
described posterior capsule stiffness as a result of
chronic microtrauma and tearing that promotes a
fibroblastic healing response, increased collagen
deposition, and loss of tissue compliance [13].

7.3 Clinical Presentation/

Physical Exam

Examination of the thrower’s shoulder must
acknowledge a coexistence of adaptive anatomic
and nonpathologic changes from the repetitive
stresses of overhead throwing [13]. Patients usu-
ally present with vague posterior shoulder pain
but occasionally will have burning pain in the
late cocking phase at maximal external rotation.
Many athletes will have prodromal symptoms of
posterosuperior shoulder pain prior to an acute
event [11]. An evaluation of the entire kinetic
chain, the mechanism by which the body trans-
mits power from the ground through the throw-
ing arm, is essential in the evaluation of these
patients [14].

Trunk strength and stability allow lower
extremity power to transmit efficiently to the
arm. This group of muscles is often poorly devel-
oped in children and adolescent athletes increas-
ing opportunity for injury. Core strength with
regard to the overhead thrower is best examined
by having the patient perform a one-legged squat
to 90° while observing the body for balance and
stability.

Scapular position is the next, critical part of
the evaluation. Most of these patients will have
significant dyskinesia, increasing the internal
impingement and producing more damage and
inflammation of the infraspinatus [15]. This exam
begins with observation of both scapulae at rest.
The pathologic resting position has been termed
the SICK scapula for scapula malposition, infe-
rior medial border prominence, coracoid pain,
and scapular dyskinesis [13]. The entire medial
border winging at rest is associated with upper
and lower trapezius and rhomboid weakness
[15]. Physical exam should include fatiguing the
scapular positioners to elicit occult scapular
diskenesis [13].
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Evaluation of the rotator cuff is the next step
in the exam process. The examination is
performed in the patient’s normal scapular rest-
ing position and then repeated with manual scap-
ular reduction (scapular assist test) to hold the
scapula in the retracted position. Each RC muscle
is tested in isolation. In particular, the infraspina-
tus is tested in 0°, 30°, 60°, and 90° of abduction
and neutral rotation.

The Whipple test is specific for anterior supra-
spinatus tear. Performing the exam with and with-
out manual scapular retraction seems to truly
delineate the extent of rotator cuff damage. The
patient holds their arm in 90° of forward flexion and
adducted until their hand (palm down) is in front of
the contralateral shoulder. The examiner then
applies downward pressure on the arm (Video 7.1).

A positive test will produce pain in the shoul-
der [16].

Labral exam: Standard exams for SLAP
lesions include the modified dynamic labral shear
test, SLAP test, O’Brien test, and Kibler test.

Modified dynamic labral shear (DLS) is per-
formed with the patient sitting and then standing,
with the involved arm abducted in the scapular
plane to above 120° with the elbow flexed at 90°.
The patient is then guided into maximal horizon-
tal abduction. The shear load is applied by main-
taining external rotation and horizontal abduction
while lowering the arm from 120° to 60° of
abduction. Here, reproduction of the pain and/or
a painful click or catch in the joint line posteri-
orly between 120° and 90° of abduction [17].

This is altered slightly from the previously
described O’Driscoll SLAP test. The arm is
placed in maximal horizontal abduction and
externally rotated whereas the DLS test only
reaches maximal horizontal abduction after
abducting in the scapular plane above 120°, this
modification was aimed at reducing false-
positives from placing the arm into maximal hor-
izontal abduction first [16].

O’Brien test is performed with the patient
standing and involved arm in 90° of flexion and
10° of horizontal adduction with the thumb inter-
nally rotated (thumb pointed down). The patient
was then asked to isometrically resist downward
pressure from the examiner. The patient was then

asked to externally rotate the arm (palm up) and
again resist a downward pressure. O’Brien test is
positive if the patient has pain at the shoulder
joint in the internally rotated position that is
relieved or resolved in external rotation [16].

The Kibler test is performed with the patient
standing and the hand of the involved arm on the
ipsilateral hip with the thumb pointing posteri-
orly. With one hand on the glenohumeral joint line
and one on the elbow, the examiner applied an
axial load through the elbow in an anterosuperior
direction. Pain or a painful click on the anterior or
posterior joint line indicates a positive test [16].

The total arc of motion may be the most
important concept in these patients and can be
measured with standard goniometry [14]. Initially
Morgan et al. thought of GIRD, a result of con-
tracture of the posteroinferior capsule, to be the
most significant factor in the disabled throwing
shoulder. We now understand that GIRD often
changes day to day and true refractory posterior
capsular contracture to be quite rare. The adapta-
tions in the shoulder of an overhead athlete impart
a force on the humeral head that shifts the gleno-
humeral contact point posterosuperiorly during
throwing activity. The overhead throwing athlete
externally rotates about this new contact point,
and the athlete compensates by increasing the
excursion of external rotation. This pathologic
glenohumeral relation shifts the vector of the
biceps tendon posteriorly increasing torsion on
the posterosuperior labrum [8]. Wilk et al
described that laxity is necessary to throw and
should be greater in the throwing arm. Burkhart
et al. described the “180 degree rule” in conclu-
sion that throwers should not lose more internal
rotation than they gain in external rotation; up
until this threshold, many patients can be suc-
cessfully treated with a focused posterior capsu-
lar stretching program [15].

7.4 Radiographic Findings

On plain films, posteroinferior capsule calcifica-
tion (Bennett’s lesion) was previously noted in
throwers. Regular MRI will almost always show
pathology in the overhead thrower’s shoulder,
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including labral tears, partial rotator cuff tears,
and inflammation [18]. Imaging with the arm in
the ABER position should be considered an
essential part of the evaluation of the throwing
shoulder.

7.5 Nonoperative Treatment
Rehabilitation remains the most effective treat-
ment for the disabled throwing shoulder. Jobe
and Pink found that approximately 95% of their
patients, not divided on the basis of their age,
were able to return to their prior level of competi-
tion with effective rehabilitation [1].

Rehabilitation begins with posture, hip, and
core strengthening. The rotator cuff is allowed to
undergo “controlled rest” during these early
phases. The scapular stabilization muscles- serra-
tus, mid and lower trapezius and rhomboids [1].

Along with rehabilitation of the core, restora-
tion of scapular motion is an essential early part
of nonsurgical treatment. The total arc of motion,
especially restoration of external rotation, is
achieved at the same time as postural correction.
As the balance of the trunk and shoulder is
restored, the rotator cuff rehabilitation is
increased, always pain-free and stopping short of
producing a recurrence of inflammation.

Once balance and strength are achieved, func-
tional rehabilitation with plyometrics and pro-
prioceptive neuromuscular facilitation (PNF)
exercises are progressed and then a return to play
program progressed as tolerated.

7.6  Arthroscopic Findings

The procedure for arthroscopic examination has
been described by Savoie. After standard anes-
thetic induction, the patient is place in either lat-
eral decubitus or beach chair position. The
posterior portal is then established between the
infraspinatus and teres minor in line with the gle-
nohumeral joint—palpated 2 centimeters below
the posterior lateral corner of the acromion—
which allows access without damaging the poste-
rior rotator cuff or inferior glenohumeral

Fig.7.2 The peelback phenomenon can be observed with
the astroscope in the posterior or anterior portal. The arm
is abducted and externally rotated, and the superior
labrum is noted to roll or “peelback” off its attachment to
the glenoid while simultaneously the infraspinatus tendon
contacts the posterosuperior glenoid, creating an internal
impingement

ligament. An anterior instrument portal is estab-
lished adjacent to the intra-articular portion of
the subscapularis in the rotator interval.
Examination includes visualization of the
humeral head and glenoid while taking note of
chondral lesions. Anterior, superior, posterior,
and inferior labrum should be visualized and
probed. Biceps tendon, superior glenohumeral
ligament, and middle glenohumeral ligament are
evaluated and probed. The inferior glenohumeral
ligament and its thick anterior and posterior
bands are also examined. Attention is then turned
to the inferior surface of the rotator cuff with
humeral attachment of teres minor, infraspinatus,
entire supraspinatus, rotator interval, and intra-
articular portion of subscapularis tendon. The
arm is then placed into the abducted, externally
rotated position while observing for labral peel-
back, internal impingement, and rotator cuff tear-
ing (Fig. 7.2).

At this point, the arthroscope can be moved
to anterior portal and similar examination is
performed [3]. Savoie’s series of 500
arthroscopic examinations of throwing athletes
only yielded 2 patients with primary subacro-
mial pathology [3].
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7.7  Arthroscopic Treatment

The primary surgical indication for injuries in the
throwing athlete is failure of an adequate and
extensive rehabilitation program and nonopera-
tive modalities [3]. Many times, athletes will
continue to throw in spite of pain and instability
or fear that surgical intervention is required. This
may result in minor damage progressing to large
lesions of the infraspinatus tendon or extension
of the peelback SLAP tear into the biceps or
more posteriorly. Surgical repair of pathology in
these athletes should not intend to restore native
anatomy but rather consider the adaptive changes
of repetitive overhead throwing [13].

In their study of 102 type II SLAP lesions with
suture anchor repairs, Burkhart and Morgan
described their operative technique.
Posterosuperior labral tears were repaired via a
posterosuperior lateral acromial portal marked
1 cm lateral and anterior to the posterior acromial
angle at the lateral acromial margin, the so-called
Port of Wilmington. This approach allows an
adequate angle of approach for suture anchor
placement in the posterosuperior glenoid [11].
Surgical repair of the posterior SLAP lesion
requires neutralization of the peelback vector
through the biceps tendon. This requires at least
one suture anchor stabilizing the labrum poste-
rior to the biceps to effectively counter the tor-
sion. These anchors should be placed at the
corner of the glenoid at a 45° angle of insertion to
most effectively restore the anatomy in a mechan-
ically effective way (Fig. 7.3) [11].

Vertical knot tying or knotless anchors are rec-
ommended to avoid a permanent irritant in the
shoulder [11]. With an isolated posterior lesion,
anchor placement should be posterior to the
biceps root. Suture anchor placement should not
violate the biceps root. Anterior placement of the
anchor for a posterior SLAP tear repair will
tighten the shoulder anteriorly and reduce the
adaptive hyperexternal rotation available to the
overhead athlete, thus should be avoided in base-
ball players [13].

Treatment of concomitant infraspinatus tears
should involve debridement [8]. Van Kleunen
et al. reviewed multiple series of athletes with

Fig. 7.3 The anchors in the glenoid are placed via a pos-
terosuperior portal (Port of Wilmington) and “cornered”
on the glenoid neck face junction to provide proper ana-
tomic restoration of the labrum

articular-sided cuff tears and found that repair
had a low return to sport, while debridement
offered a high rate of return to play. The presence
of a rotator cuff tear that required repair was a
negative predictor of ability to return to play [8].
Regardless of the return to play rate in Morgan
et al.’s series of 102 arthroscopic SLAP repairs,
all failures had a concomitant rotator cuff injury.
For shallow (<50% depth) articular lesions,
Gelber et al. recommended debridement over
repair [13].

Van Kleunen et al. studied the specific sub-
group of overhead athletes at scholastic or colle-
giate level of play with SLAP tear and
concomitant infraspinatus tear. The SLAP tears
were repaired with a glenoid anchor, and the
infraspinatus tears were repaired with either a
converging PDS suture or a humeral head anchor
depending on surgeon preference for the case.
Only 35% of the subjects were able to return to
play at a similar or greater level than preinjury.
This was noted to be much lower than other stud-
ies suggesting that the mechanics of the throwing
shoulder are a delicate balance. Patients with the
anchor repair of the infraspinatus tendon had
lower scores on the Kerlan-Jobe Orthopaedic
Clinic (KJOC) Overhead Athlete Shoulder and
Elbow score and had a correlation with poorer
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return to play. The authors proposed that the
more minimal repair lessens the iatrogenic detri-
mental effect of the tendon repair [8].

7.8  Postoperative Care

For the first postoperative week, the surgical
patient will be immobilized in a pillow abduction
sling at all times. However, leg, hip, core, and
scapular exercises are initiated. During the second
and third weeks postoperatively, range of motion
is expanded to 0-90° abduction and allowance of
external rotation in adduction only to comfort.
External rotation in abduction is prohibited. Sling
immobilization continues while not participating
in range of motion activities. At the third postop-
erative week, the sling is discontinued, at which
point, progressive passive range of motion
expanded to full range of motion in all planes. At
this stage, the athletes begin passive posterior cap-
sule stretching with internal rotation stretching.
During weeks 3-6, the athletes add passive and
manual scapulothoracic mobility program, allow
external rotation in abduction, and allow use of the
affected extremity for light ADLs. From weeks 6
to 16, integrated rehabilitation continues with all
stretching and flexibility exercises. Three months
postoperatively, most athletes begin an interval
throwing program and are allowed to progress as
tolerated, with a return to play usually occurring
between 4 and 6 months postoperatively.

7.9 Pitfalls and Complications

A tight posterior capsule was part of the mecha-
nism creating the SLAP lesion to begin with and
recurrence of the tightness can place the repair at
risk. Postoperative physiotherapy must continue
to stretch the posterior capsule to prevent damage
to the repair. Large knots on the posterosuperior
labrum may accentuate the internal impingement
and create more, rather than less, internal
impingement, furthering damage of the infraspi-
natus. Lastly, repair of the infraspinatus is associ-
ated with a lower return to play and should be
avoided in active throwers.

7.10 Summary

e Overhead athletes have adaptive changes to
their physioanatomy that are advantageous to
their sport and not necessarily pathologic.

e Posterior type II SLAP lesions have distinct
clinical and anatomic features that distinguish
them from anterior type II SLAP lesions.

e Rotator cuff tears in these overhead athletes
are frequently associated with typically joint-
sided undersurface tears.

e Tight posteroinferior capsule predisposes to
type II SLAP lesions and progressive infraspi-
natus damage in overhead athlete and must be
addressed during conservative treatment and
after operative repair.

* Repair of posterior SLAP lesions can return
athlete to the same level of play.

e Repair of a rotator cuff injury concomitant
with a SLAP tear is a negative indicator of
return to play at the same or higher than prein-
jury level.

* Be protected against external rotation in
abduction postoperatively.
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8.1 Prevalence of Rotator Cuff

Tears in Throwers

Rotator cuff pathology is a common cause of dys-
function in the throwing athlete [1]. There are sev-
eral possible etiologies of rotator cuff tears in the
throwing athlete. One cause is a result of internal
impingement as the rotator cuff is pinched
between the glenoid and humeral head. A second
cause is a result from the supraphysiological loads
placed on the shoulder during the deceleration
phase of the throwing cycle as the posterosuperior
rotator cuff eccentrically contracts [2]. A prospec-
tive epidemiologic study which investigated inju-
ries in collegiate baseball players over 3 years
found that rotator cuff tendonitis represented 64%
of the shoulder problems in all players and
accounted for 15% of all musculoskeletal com-
plaints reported. Rotator cuff tendonitis also rep-
resented the most common complaint among
pitchers, infielders, and outfielders [3]. Despite
representing the majority of shoulder complaints
in throwing athletes, the prevalence of rotator cuff
injury is likely underestimated in the throwing
athlete. Magnetic resonance imaging (MRI)
exams of asymptomatic professional baseball
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pitchers revealed findings consistent with rotator
cuff tendonitis (68%) and partial-thickness rotator
cuff tears (32%) [4]. These findings were echoed
in a study following elite overhead athletes for
5 years, with 40% of asymptomatic shoulders
having findings consistent with partial- or full-
thickness rotator cuff tears [1]. Hence, rotator cuff
tears in overhead athletes are common but may or
may not be symptomatic.

8.2  Pathophysiology of Rotator

Cuff Tears in Throwers

Throwing athletes are of particular risk of rotator
cuff injuries, commonly secondary to internal
impingement. As described by Walch et al.,
abnormal impingement between the undersurface
of the posterosuperior rotator cuff and superior
labrum is often seen in late cocking and early
acceleration phases of the throwing athlete [5].
With repetitive pathological contact, there is a
consequent structural change resulting in superior
labral lesions and articular-sided partial-thickness
rotator cuff lesions along the posterosuperior cuff
(i.e., posterior supraspinatus and superior infra-
spinatus) (Fig. 8.1) [6]. The development of inter-
nal impingement was investigated by Burkhart
et al., who identified the etiology as a posterior
capsular contracture, itself, secondary to eccentric
contraction of the infraspinatus resisting the ten-
sile forces placed on the posterior capsule during
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Fig. 8.1 Internal impingement of the undersurface of the
rotator cuff against the posterior aspect of the labrum with
shoulder in maximum abduction and external rotation [6]

the deceleration phase of throwing [7-9].
Repetitive eccentric contraction leads to a hyper-
trophic, contracted, and less compliant posterior
capsule, shifting the center of rotation posterosu-
perior, further increasing shear forces on the rota-
tor cuff, and limiting internal rotation. Finally,
there is also be a tensile stress placed on the rota-
tor cuff during the deceleration phase of throwing
as the rotator cuff contracts in an attempt to center
the humeral head. This violent contraction can
lead to damage to the rotator cuff.

The complex interplay between glenohumeral
motion and scapulothoracic kinematics is also
important in rotator cuff function in the throwing
athlete. Specifically, during the cocking phase of
throwing, the articulation of the externally
rotated and abducted glenohumeral joint is
maintained by upward scapular rotation [10].
Imbalance in this dynamic interaction can lead
to scapular dyskinesis and manifest as SICK
(scapular malposition, inferior medial border
prominence, coracoid pain, and dyskinesis of
scapular movement) scapula [9]. With weakness

of the periscapular and posterior rotator cuff
musculature, the glenoid protracts, resulting in
anterosuperior tilting of the glenoid fossa and
tightening of the inferior glenohumeral liga-
ment. An anterosuperior tilt of the glenoid fossa
places the posterosuperior labrum and rotator
cuff at risk for impingement and subsequent
injury as described above.

Classification of Rotator
Cuff Tears

8.3

The classification of rotator cuff injury can
both suggest the etiology of injury and help
guide treatment. Importantly, an acute pro-
cess—such as a contusion—should be distin-
guished from a more chronic process. A rotator
cuff contusion is an acute, traumatic injury,
commonly seen with a direct impact such as a
fall onto the shoulder, with hallmark findings
on MRI. These MRI findings include increased
signal intensity in rotator cuff tendon, bursa,
and may concomitantly present with a bone
bruise. Comparatively, chronic tendinopathy is
consistent with an overuse process, with signal
changes restricted to the rotator cuff tendon.
This pathology is often seen with the repetitive
and often supraphysiologic activities seen in
overhead athletes leading to tensile failure.
With a chronic change in tendon morphology
and underlying disorganization of tendon
fibers, rotator cuff tears may develop. Rotator
cuff tears can be classified as full-thickness or
partial-thickness tears. Partial-thickness tears
can be further divided into articular-sided
(Fig. 8.2), bursal-sided, or intratendinous tears.
Partial articular supraspinatus tendon avul-
sions, or “PASTA” lesions, are common in the
overhead athlete [11, 12]. Explanations for this
include the relative hypovascularity of the
articular side and differences in collagen orga-
nization compared to the bursal side of the
rotator cuff [13, 14]. Partial-thickness articu-
lar-surface tears with intratendinous extension,
or PAINT lesions, can also be seen, secondary
to intratendinous shear forces during overhead
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Fig. 8.2 Partial articular-sided supraspinatus tear

Fig. 8.3 Delamination of articular portion of tendon with
retraction

Table 8.1 Ellman classification of partial-thickness rota-
tor cuff tears [18]

Location Depth Area of defect

Partial-thickness tear

(a) Articular <3 mm deep Base of tear x
surface (<25% of tendon maximum
(b) Bursal thickness) retraction =
surface 3-6 mm deep mm?
(c) Interstitial  (25-50%)
>6 mm deep
(>50%)

activity (Fig. 8.3) [15-17]. The Ellman classi-
fication of partial-thickness rotator cuff tears is
presented in Table 8.1 [18]. Articular-sided
partial-thickness rotator cuff tears are often
seen in patients with additional pathology of
the shoulder girdle, which includes glenohu-
meral internal rotation deficit (GIRD), scapular
dyskinesia, and superior labral tears.

8.4  Clinical Presentation

Clinical presentation of a rotator cuff injury can
be present within a spectrum of complaints.
These complaints often vary by etiology, chro-
nicity, and specific athletic limitations of the
injury. Initially, a complete history should be
obtained including duration of pain, duration (if
any) of limitation of activities, and any prior
treatments rendered (including if the athlete has
been shut down from throwing and for how long).
Presentation in a throwing athlete can vary from
mild shoulder discomfort to an inability to throw.
Overhead athletes may complain of decreased
throwing velocity, loss of throwing accuracy,
early fatigue, or instability. In contrast to these
insidious complaints, athletes may also experi-
ence abrupt pain or “pop” (representing a rotator
cuff or labral tear), commonly a result of an
acute-on-chronic process [19].

8.5 Physical Examination

If acute, the mechanism of injury as well as the
position of the arm can assist in the diagnosis.
While an assessment of active range of motion
can identify rotator cuff injury, comparing the arc
of passive range of motion to the contralateral
extremity may assist in diagnosing GIRD, loss of
external rotation, or loss of total shoulder rota-
tion. Physical exam should also extend to the
motion and strength of the scapula and cervical
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spine proximally, and the elbow, distally. A com-
plete neurovascular exam should also be per-
formed. Careful assessment of the scapula will
aid in the identification of weak periscapular
musculature contributing to shoulder pathology.
For instance, weakness in the serratus anterior
may result in posteroinferior translation of the
humerus in order to compensate for the lack of
scapular elevation, causing worsening internal
impingement. Similarly, excessive scapular inter-
nal rotation causes increase stress on the shoulder
and elbow that can lead to injury [20]. These sites
may not only cause referred pain but may present
with concomitant pathologies. An accurate
assessment of surrounding musculature is also
important when determining appropriate rehabil-
itation protocols, as described below.

8.6 Imaging

Following a thorough history and physical, imaging
studies should be obtained. Plain radiographs can
be used to assess humeral head positioning within
the glenoid, assess acute bony injuries, as well as
identify degenerative changes. Cystic changes
appreciable on plain radiography in the greater
tuberosity have been associated with partial-
thickness articular-sided rotator cuff tears; however
these are nonspecific [21]. Ultrasonography can be
used to supplement diagnostic imaging and allows
for dynamic assessment of rotator cuff injury, biceps
tendon pathology, labral tears, and glenohumeral
instability. While diagnoses of partial-thickness and
full-thickness rotator cuff tears have demonstrated a
sensitivity of 0.84 and 0.96, respectively, and a
specificity of 0.89 and 0.93, respectively, it remains
highly operator dependent [22, 23].

MRI remains the gold standard in assessing
rotator cuff injuries (Fig. 8.4). A meta-analysis
querying the accuracy of MRI in detecting partial-
thickness and full-thickness rotator cuff tears
demonstrated a sensitivity of 0.80 and 0.91,
respectively, and a specificity of 0.95 and 0.97,
respectively [24]. Augmenting imaging with con-
trast arthrography can also assist in the detection
of rotator cuff tears, as well as additional intra-
articular pathology. Moreover, placing the arm in

Fig. 8.4 Coronal MRI demonstrating a partial-thickness
articular-sided rotator cuff tear in a throwing athlete
(arrow)

abduction and external rotation improves the
detection of rotator cuff tears [25]. Assessing sig-
nal uptake in the tendon or surrounding bursa, as
well as differentiating between full and partial
rotator cuff tears, is paramount in determining an
accurate diagnosis as well as delineating a treat-
ment algorithm. Care should be taken when inter-
preting MRI in throwing athletes, as abnormalities
may represent adaptive changes rather than
sources of pain. These changes include capsular
remodeling with stretching of the anterior capsule
and contracture of the posterior contracture, along
with remodeling of the osseous architecture [26].
Furthermore, MRI identified abnormal signal
changes in rotator cuff muscles of collegiate base-
ball pitcher, 40% of whom did not have positive
findings on physical exam [27]. Importantly, a
musculoskeletal radiologist with a complete his-
tory of injury is an invaluable partner in the inter-
pretation of the aforementioned studies.

8.7 Nonoperative Management

Treatment of rotator cuff injuries in the elite ath-
lete is not only guided by the pathology itself but
is often nuanced by positional demands and time
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of year (i.e., in-season vs. postseason). Often a
result from chronic overuse, rotator cuff injuries
should first be treated with a thorough evaluation
of sports-specific mechanics. Reviewing film of
the athlete throwing prior to their injury can pro-
vide valuable information on their pitching
mechanics and any flaws in their throwing
motion. Initial management of the elite athlete is
often rest. Rest includes complete shutdown from
throwing activities for a variable period of time
(often 3—6 weeks depending on the pathology).
This period of rest is then followed by shoulder-
specific rehabilitation protocols for elite athletes
[28-31]. A therapeutic regimen that reduces pain
and inflammation, restores range of motion,
increases strength, and improves neuromuscular
control for sports-specific efforts is often
employed in addressing rotator cuff injuries con-
servatively. The foundation for the rehabilitation
program is working scapular stabilization exer-
cises. A properly positioned scapula provides a
stable backbone for the glenohumeral joint dur-
ing the throwing motion which is paramount in
the overhead athlete.

Once pain has abated (either through cessa-
tion of activity or through use of mobilization
techniques), joint stiffness should be addressed
either through passive mobilization techniques or
active-assisted exercises, if otherwise unattain-
able via active techniques alone. The sleeper
stretch remains a salient example of active-
assisted joint mobilization when addressing
range of motion (Fig. 8.5) (specifically, glenohu-

Fig. 8.5 Sleeper stretch

meral internal rotation deficit) [28]. Furthermore,
as it is important to examine the entire kinetic
chain of the shoulder when first assessing a
patient, it is important to address those patholo-
gies in the rehabilitation protocols. For instance,
range of motion of periscapular musculature is
paramount when addressing the possible derange-
ment in the thrower’s kinetic chain. Once range
of motion has improved, regaining or improving
muscle tone should be addressed. A number of
exercises have been developed to strengthen the
rotator cuff muscles [32]. However, it is crucial to
understand that rotator cuff strengthening cannot
be done in isolation. As periscapular musculature
is paramount in the overhead athlete and directly
involved in the kinetic chain of the glenohumeral
joint, programs which focus on scapulothoracic
motion should not be neglected. The scapula
serves as a fulcrum which connects the core to
the upper extremity [6]. As aforementioned,
abnormal scapular positioning can lead to
impingement of the posterosuperior rotator cuff.
Numerous techniques have been developed to
balance the interplay between the periscapular
muscles [33]. Targeting the serratus anterior as
the antagonist to trapezius can help in resolving
the malpositioned, anteriorly tilted scapula.
Finally, neuromuscular coordination and sports-
specific training should be initiated, with particu-
lar emphasis on proper mechanics and avoidance
of any deleterious techniques. This often involves
video assessment of the athlete’s throwing motion
to evaluate their hip to shoulder separation, knee
flexion angle at front-foot contact and ball
release, elbow flexion angle at ball release, and
many others [34].

Often used as an adjunct to rehabilitation tech-
niques, nonsteroidal anti-inflammatories and cor-
ticosteroid injections have been widely used to
abate the pain and inflammation associated with
rotator cuff injuries [35]. Both of these measures
should be used with recognition of risks (i.e.,
gastrointestinal disturbances and tendon rupture,
respectively). Corticosteroid injections have been
evaluated in the professional setting, with Cohen
et al. finding success in the treatment of rotator
cuff contusions using corticosteroid injections
[36]. Platelet-rich plasma (PRP) has also become
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available as an intra-articular agent, although
current use of PRP has failed to demonstrate effi-
cacy in treating rotator cuff tendinopathy [37].

8.8 Operative Management

If nonoperative treatment is unsuccessful, then
operative treatment of rotator cuff tears is consid-
ered. Generally, indications for surgical interven-
tion of a rotator cuff injury in an elite athlete are
the same as that of a nonathlete, although the out-
come is much more guarded. In the elite athlete,
caveats such as position, performance limita-
tions, in-season/off-season timing, and concomi-
tant pathologies should be part of the
decision-making process. Specifically, a collab-
orative discussion between the player, physician,
and athletic training staff should be undertaken to
determine whether a rotator cuff injury can be
effectively managed nonoperatively until the off-
season, or if the injury precludes elite perfor-
mance, such that a player requires in-season
operative intervention. While the demands of an
elite athlete are often supraphysiologic compared
to that of a nonathlete, the goal of full-thickness
rotator cuff repair remains the anatomic restora-
tion of the rotator cuff footprint.

The approach to partial-thickness rotator cuff
tears in the elite athlete is evolving. In the general
population, the treatment for these tears is
debridement of articular-sided partial-thickness
tears less than 50% and repair of those greater
than 50% [38, 39]. As the results following rotator
cuff repair in elite overhead athletes are not as
reliable, many surgeons will consider debriding
tears up to 75%, or even more. This stems from
the lack of reliability in returning these athletes to
an elite level of competition following repair.
Approaching partial-thickness articular-sided
rotator cuff tears is surgeon dependent. Small,
articular-sided rotator cuff tears can be debrided
until healthy tissue is reached. Should the tear be
larger in depth or essentially complete, a possible
approach is converting this to a full-thickness
rotator cuff tear and anatomic restoration of the
tendinous footprint using suture anchors.
Tensioning these partial-thickness rotator cuff

tears may create a length-tension mismatch, and
alternatively, a transtendinous repair can be used
to restore the tendon to a more anatomic position
[38]. However, it is important to recognize the
supraphysiologic demands placed on elite athletes
when compared to that of the general population:
Rudziki and Shaffer suggested that partial-thick-
ness tears should approach 75% in elite athletes
prior to repair due to the possible failure of repair
secondary to exaggerated stresses [23]. This algo-
rithm is expanded by Shaffer and Hultman, who
recommend debridement of partial-thickness
articular-sided tears when less than 75% and
transtendinous repair when greater than 75% [40].
When addressing intratendinous tears, they rec-
ommend debridement if the segment is less than
1 cm and horizontal mattress repair if the tear
exceeds lcm [40] (Figs. 8.6 and 8.7). Furthermore,
if the depth of the intratendinous segment will
dictate the approach and if the depth is 1-2 cm,
they recommend an arthroscopic approach,

Fig. 8.6 Rotator cuff debridement

Fig. 8.7 Knotless rotator cuff repair



8 Rotator Cuff Injuries in the Elite Athlete

67

whereas if the depth exceeds 2 cm, they will con-
sider a mini-open repair [40]. The authors recom-
mend a conservative approach when treating
partial-thickness rotator cuff tears in these elite
throwing athletes. In players who fail an extended
period of nonoperative management, these par-
tial-thickness tears are almost always treated with
a debridement, with repair reserved for select
cases. In players with symptomatic full-thickness
tears, a rotator cuff repair can be considered.
Finally, the most important aspect of care of these
patients is preoperative counseling and expecta-
tion management. A thorough discussion must be
had regarding outcomes in the literature in these
elite throwing athletes to ensure proper education
and decision-making for all parties involved.

8.9  Return to Play

Prior to intervention, a thorough understanding
between the player, surgeon, and athletic training
staff regarding postoperative expectation is
essential. Klouche etal. performed a meta-analysis
on 25 studies examining the return to play fol-
lowing rotator cuff repair and found the return to
preoperative level of play of 49.9% [41]. Another
meta-analysis performed by Harris et al. found
that rotator cuff surgery among major league
pitchers was 55-73% [42]. When considering
both partial- and full-thickness rotator cuff tears
in the professional athlete, a systematic review by
Reuter et al. found 48% of overhead athletes
returned to their preoperative level of play,
whereas 91% of contact athletes returned to pre-
operative level of play [43]. While the expecta-
tion of the player may be to return to a pre-injury
level of play, Mazoue and Andrews found only 1
of 12 pitchers was able to return to a high level of
competition following mini-open full-thickness
rotator cuff repair [19]. Further, when examining
rotator cuff repair of dominant shoulders in posi-
tion players, one of two players was able to return
to professional baseball. These findings have
been expanded by Dines et al., who followed six
Major League Baseball pitchers that underwent
arthroscopic rotator cuff repair, and found a
decrease in postoperative pitching statistics and

innings pitched compared to preoperative levels
[44]. Again, it is important to appreciate the spe-
cific positional demands of the athlete suffering
from rotator cuff dysfunction. For instance, in
sports with fewer repetitive overhead demands,
such as football, return to play following rotator
cuff repair has been much more promising:
Tambe et al. followed 11 professional rugby
players who underwent arthroscopic rotator cuff
repair, all of whom returned to preoperative level
of play [45]. In fact, Plate et al. found the return
to play at 91% in contact sports compared to 40%
in professional overhead athletes [46].

Although treatment of partial-thickness rota-
tor cuff tears can vary, when treated with debride-
ment, Payne et al. found that 9 of 14 overhead
athletes with acute traumatic injuries were able to
return to pre-injury levels of play [47]. They also
found that 19 of 29, 13 were able to return to pre-
operative levels of play. More recently, Reynolds
et al. found that 51 of 82 professional baseball
pitchers were able to return to play; however only
27 of 82 (55%) were able to return to preopera-
tive levels of play [48]. Intratendinous repair of
partial-thickness rotator cuff tears has been inves-
tigated by Conway, who showed that 8 of 9 base-
ball players with intratendinous rotator cuff tears
and concomitant SLAP tears were able to return
to pre-injury levels of play [16].

8.10 Conclusion

Rotator cuff injuries in the elite throwing athlete
are a complex and common cause of pain and
dysfunction. Identification of the etiology is an
important step in creating an initial treatment
protocol. Coupling a thorough history and physi-
cal will aid in determining any common concom-
itant pathological processes, including scapular
dysfunction, core weakness, or internal rotation
deficit. Once a diagnosis is confirmed with appro-
priate imaging modalities, a multidisciplinary
discussion between the player, physician, and
athletic training staff should be employed to
determine the most appropriate treatment plan for
the player. Variables, including position, perfor-
mance limitations, in-season/off-season timing,
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and concomitant pathologies, can guide the
length and type of nonoperative management.
Prior to surgical intervention, postoperative
expectations should be clearly explained to the
athlete and treatment team.
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Management of Rotator Cuff
Injuries in the Very Young
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9.1 Introduction

Very young patients (i.e., skeletally immature
patients) with rotator cuff injuries are a distinc-
tive patient population that needs to be approached
differently from older patients. Unlike older
patients in whom rotator cuff tears are frequently
seen as atraumatic injuries stemming from long-
standing degeneration, rotator cuff tears in the
very young are rare injuries resulting from trau-
matic events or chronic overuse related with
sports. The presence of open physes and the
absence of degenerative changes in the tendons
determine a specific pattern of injuries in which
partial articular supraspinatus avulsion (PASTA)
lesions and lesser tuberosity avulsions predomi-
nate. Despite the rarity of rotator cuff injuries in
this age group, their presence must be recognized
to make a timely diagnosis avoiding complica-
tions and chronic shoulder pain. A high index of
suspicion should be maintained in very young
athletes with shoulder pain and weakness, espe-
cially after a fall or an eccentric external rotation
injury. It is difficult to draw conclusions or make
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recommendations on treatment methods in this
population with current evidence limited to case
reports and small retrospective reviews.
Treatment considerations should focus on the
specific injury, level of sports participation, and
desire to return to sports. Moreover, prevention
programs of overuse in the very young athletes
are an important means of decreasing the inci-
dence of these injuries.

9.2 Literature Overview

Summary

While age plays a major role in most rotator cuff
tears as a result of degeneration of the tendons [1,
2], younger patients are also susceptible to rotator
cuff tears due to traumatic injuries and overuse
syndromes related with sports participation [3, 4].

The literature fails to clearly delineate between
younger and older populations of rotator cuff tear
patients. However, it has been suggested that
patients younger than 40 years may be defined as
“young” considering their differences in aspects
related to cuff healing potential, etiology of the
tear, levels of activity, physical demands, and dif-
fering long-term expectations compared with
older patients [4]. Skeletally immature patients
are a characteristic subgroup of young patients
given the presence of epiphyseal plates and the
higher strength, elasticity, and resilience of their
tissues [5]. Therefore, this subgroup of young
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patients may be recognized distinctively as the
“very young” population in this context, and they
are the focus of this chapter.

Shoulder injuries in the very young are com-
mon especially in athletes resulting from acute
traumatic injuries, recurrent shoulder instability,
or repetitive overhead motions while competing
in sports [6, 7]. Common patterns of injury
involving the shoulder girdle in this age group
include Little League shoulder, proximal humerus
fracture, clavicle fracture, and glenohumeral
instability [7, 8]. Rotator cuff injuries are rare in
the very young with only case series present in
the literature [5, 9-40]. However, they are more
common than initially thought and reports have
increased considerably during the last decade
(Fig. 9.1). Some factors that may explain the
increasing report of these injuries are the higher
participation of very young patients in organized
sports [41], an improved understanding of rotator
cuff disease, and a more widespread use of
advanced imaging modalities and arthroscopic
procedures.

Despite the fact that they currently have a
greater recognition in the literature, rotator cuff
tears in the very young continue to be overlooked
as a cause of shoulder pain, leading to significant
delays in diagnosis with the potential for both
short- and long-term disability.
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9.3 Epidemiology

and Demographics

The prevalence and incidence of rotator cuff tears
in the very young are unknown and can be vari-
able among different populations considering
factors such as the level of exposure to organized
sports, the diagnostic methods, and the setting
where the studies are performed (i.e., general
population versus tertiary care referral hospitals).
However, these injuries are relatively rare as evi-
denced by the fact that only 0.8—1% of all rotator
cuff tears occur in patients younger than 20 years
[19, 42] and that only 1.4-8.5% of the very young
patients seen with shoulder pain are diagnosed
with rotator cuff tears [24, 43]. Despite the above,
if only very young patients whose shoulder
symptoms required magnetic resonance imaging
(MRI) or arthroscopic procedures are considered,
the reported prevalence of rotator cuff tears is
higher. Zbojniewicz et al. [26] reported that
12.2% of the very young patients that underwent
shoulder MRI for pain or instability were found
to have a rotator cuff tear. Similarly, Edmons
et al. [33] reported that almost one-third (28%) of
the very young patients that underwent shoulder
arthroscopy had rotator cuff tears, being the sec-
ond more frequent intra-articular pathology in
this age group after labral injuries.
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Rotator cuff tears in the very young occur pre-
dominantly in male athletes during the middle
adolescence. Of the cases reported in the litera-
ture [5, 9-31, 35-40], 80% were male patients
with a mean age of 15 years and a range of age
between 9 and 18 years. While avulsions of the
lesser tuberosity also occur more frequently in
male athletes, these injuries are more frequent in
the early adolescence (mean age 13 years) and
have a narrower age range between 12 and
15 years [27]. This narrow range of age may
reflect a relative weakness of the lesser tuberosity
during this period of skeletal growth and matura-
tion and may represent a transitional fracture of
adolescence [29].

Sporting activity accounts for 95% of rotator
cuff injuries in the very young. Sports involving
throwing or overhead repetitive movements like
baseball, basketball, football, and volleyball
account for approximately 70% of the rotator
cuff injuries in the very young [5, 9-31, 35-40].
However, these injuries are not exclusive of over-
head athletes and they can occur in sports without
overhead movements like wrestling [22-24],
hockey [23, 27, 29], lacrosse [32, 33], ski jump-
ing [31], motorcycle sports [9, 20, 22], cycling
[12], and skateboarding [22, 28, 44].

9.4 Etiology and Mechanism

of Injury

The etiology of injury of rotator cuff tears in young
patients is notably different from that in older indi-
viduals. For older patients, rotator cuff tears are
frequently seen as atraumatic injuries with a mul-
tifactorial etiology including long-standing degen-
eration leading to tendon failure [45]. In contrast,
in the very young, there are two clear patterns of
rotator cuff tears: traumatic and overuse secondary
to participation in overhead sports.

The association between overhead sports and
rotator cuff tears likely stems from the supra-
physiologic tensile loads and shear forces sec-
ondary to the high velocity and torque experienced
during the throwing motions [46—48]. It is theo-
rized that these forces applied in combination

with improper mechanics, fatigue, and overload
from overtraining can result in a sequence of
microinstability, where the rotator cuff is unable
to maintain the humeral head in a centered posi-
tion on the glenoid leading to internal impinge-
ment, rotator cuff overload, and, in some cases,
rotator cuff lesions [48].

Rotator cuff tears in the very young are also
commonly seen in conjunction with shoulder
instability. Azzam et al. [22] reported in a series of
32 adolescent athletes with rotator cuff tears that
instability episodes were involved in the mecha-
nism of injury in 55% of the patients. Of these
patients with instability events, 70% had disloca-
tions that required reduction. Massive rotator cuff
tears associated with shoulder dislocations have
also been reported in adolescents involved in high-
energy trauma [9, 18]. While rotator cuff tears in
association with dislocation are most common in
adults >40 years of age, this association must not
be dismissed in the very young patient.

9.5 Anatomy, Examination,

and Imaging

Rotator cuff injuries in the very young can be cat-
egorized in two major groups: tendinous injuries
(i.e., rotator cuff tears) and avulsion fractures of
the tuberosities (i.e., rotator cuff tear equivalents).

9.5.1 Rotator Cuff Tears

The supraspinatus is the most commonly involved
tendon in the very young patients. Almost two-
thirds (63%) of the cases reported in the literature
[5, 9-40] are isolated tears of the supraspinatus.
Isolated tears of the infraspinatus and subscapu-
laris have been reported in more rare instances
and, respectively, account for 7 and 5% of the
cases reported in the literature [17, 22, 23, 26, 40].
Other patterns reported less frequently are injuries
to the supraspinatus-infraspinatus junction [26]
and partial-width combined injuries of the
supraspinatus-infraspinatus [22] or supraspinatus-
subscapularis [40].



74

J.R. Lievano et al.

9.5.1.1 Partial-Thickness Tears
Approximately 70% of all rotator cuff injuries in
the very young are partial-thickness tears
(Fig. 9.2).

According to their location, most of the tears
are reported in the articular side (93%) [16, 17,
22,23, 26], and a small proportion are located in
the bursal side (6%) [17, 26, 39] or interstitial
(1%) [26]. In the very young, low-grade partial-
thickness tears (i.e., Grade I and II Elman or
involving less than a half tendon) are twice as fre-
quent as high-grade partial-thickness tears (i.e.,
Grade III Elman or involving more than a half
tendon) [16, 17, 22, 23, 26, 39]. Overall, low-
grade partial articular supraspinatus tendon avul-
sion (PASTA) lesion represents by far the most
common type of rotator cuff injury in this age

group.

Fig. 9.2 High-grade partial-thickness tear in a 17-year-
old gymnast. (a) MRI read as “high-grade partial or com-
plete rotator cuff tear.” (b) Bursal view of shoulder. Note
that the bursa is pristine, consistent with the absence of
impingement in these cases

9.5.1.2 Full-Thickness and Massive
Rotator Cuff Tears

Full-thickness tears are uncommon in the very
young and account only for 16% of the cuff tears in
this age group [12, 14,22, 23, 26, 40]. Massive rota-
tor cuff tears are very rare events in this age group
with only four cases reported in the literature [9, 18,
20, 22]. All of those cases involved high-energy
trauma and in two of those cases, there was a shoul-
der dislocation associated with trauma [9, 18].

9.5.1.3 Associated Injuries

Rotator cuff tears in the very young are commonly
associated to concomitant shoulder injuries.
Approximately 50% of the cases reported at least
one associated intra-articular pathology [14, 16,
17, 22, 26]. Labral tears are the most common
associated lesion including posterosuperior labral
tears [14, 16, 17], SLAP tears [17, 22], and anterior
labral tears [12, 16, 17, 22]. Other associated inju-
ries are humeral avulsions of the glenohumeral
ligaments (HAGL) [12, 22], Hill-Sachs lesions
[17], lesions to the long head of the biceps [17, 22],
and posterosuperior synovitis [16]. Posterosuperior
labral tears may be secondary to internal impinge-
ment in overhead athletes, and the presence of inju-
ries representative of shoulder instability including
anterior labral tears, HAGL lesions, or Hill Sachs
lesions reflects the association of shoulder instabil-
ity with cuff tears in this age group.

9.5.2 Avulsion Fractures
of the Tuberosities

Tuberosities and rotator cuff are a single functional
unit and therefore avulsion fractures of the tuber-
osities may be considered as a “rotator cuff tear
equivalent” [24]. The presence of epiphyseal plates
in the very young makes this population more
prone to avulsion fractures of the tuberosities than
older patients. Avulsion fractures of the tuberosities
are frequently sustained after traumatic events
including falls and eccentric external rotation inju-
ries. However, a small proportion of avulsion inju-
ries occur without direct trauma; rather, the injuries
are due to repetitive overuse including pitching and
fly fishing [27]. Consequently, the absence of a
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traumatic event does not rule out an avulsion of the
tuberosities and a history related with repetitive
overuse may be consistent with this injury.

The lesser tuberosity is the most commonly
involved and represents the most common pat-
tern of subscapularis injury in the very young
(Fig. 9.3). Approximately 80% of the subscapu-
laris injuries reported in this age group [5, 21, 22,
27] involved the avulsion of the subscapularis
tendon associated with a fragment of the lesser
tuberosity of varying size. Avulsion of the greater
tuberosity is rarely reported with only three cases
in the literature [22, 40].

9.5.2.1 Associated Injuries

The frequency of associated injuries with avul-
sion injuries is lower than that reported for iso-
lated rotator cuff tears. Reported cases have noted
concomitant biceps tendon subluxation or dislo-
cation [49, 50], HAGL or BHAGL lesions [44,
51], labrum tears [12, 33], and supraspinatus par-
tial tears [12, 52]. Unlike the adult version of this
injury (i.e., isolated lesser tuberosity fracture),
posterior dislocation is not a part of the injury
spectrum of lesser tuberosity avulsion in the very
young, but anterior instability and dislocation are
frequently seen [28].

Fig. 9.3 A 12-year-old male sustained an injury to the
right shoulder while playing baseball. The lesser tuberos-
ity avulsion (white arrow) is seen on (a) AP radiograph
with internal rotation (b) Grashey view and (c¢) axillary

view. (d) Axial T2-weighted slice on a MRI with intra-
articular contrast showing the same avulsion of the lesser
tuberosity with minimal displacement



76

J.R. Lievano et al.

9.6 Clinical Evaluation

The most common complaints at presentation in
the reported cases are pain, both at rest and with
overhead activities, and subjective weakness dur-
ing participation in sports. Other less common
complaints include instability, numbness, “feel-
ing of a pop,” and limited range of motion.

9.6.1 Physical Examination

Since low-grade partial-thickness tears are the
most common pattern of injury in this age group,
subtle physical examination findings may be fre-
quently seen. The literature reports that physical
examination findings in very young patients with
rotator cuff tears are not specific which adds dif-
ficulty to the diagnosis of these injuries [27, 28].
Positive Neer and Hawkins [14, 23, 34, 39], pain
with supraspinatus tests [39], and pain with
resisted external rotation [39] are reported only in
a small proportion of the very young patients
with rotator cuff tears. Therefore, their absence
does not rule out the diagnosis and further studies
assessing the accuracy of those tests in this age
group are required. Like in older patients, the
presence of severe weakness or lag signs should
raise the suspicion for full-thickness and massive
tears [18, 20].

Regarding subscapularis tears and lesser
tuberosity avulsion injuries, weakness has shown
to be the most sensitive physical examination
finding (87% sensitivity) [27]. Lift-off and belly
press signs are positive in the majority of the
cases [21, 28, 51, 53-56]; however, with avulsion
of lesser tuberosity in the very young, a partially
intact periosteal sleeve may remain that could
allow for some internal rotation, which could
diminish the reliability of these tests [56]. Other
physical examination findings in subscapularis
tears include increased passive external rotation
of the shoulder compared with the unaffected
contralateral upper limb (62% sensitivity) [27],
anterior shoulder tenderness to palpation [51, 53,
55, 56], decreased internal rotation [53], and
transient numbness or ‘“dead-arm” symptoms
during the initial episode [28]. Apprehension test

may be positive in up to 50% of the patients [27].
It is unclear whether this is because of the ante-
rior stabilizing effect of the subscapularis or to
associated capsuloligamentous injuries [28].

9.6.2 Imaging

A number of imaging modalities have been uti-
lized to aid in diagnosis, including radiographs,
ultrasonography, and magnetic resonance imag-
ing (MRI). Plain radiographs are the initial inves-
tigation due to its speed, availability, and low cost.
In the very young patient, radiographs are useful
in making the differential diagnosis with other
conditions and can be helpful in diagnosing an
avulsion injury when positive (Fig. 9.3a—c).
However, a negative plain radiograph cannot rule
out an avulsion injury due to its low sensitivity
(16%) in diagnosing these injuries [27]. Some
factors that account for the low sensitivity of
radiographs in this setting are the plane of injury,
the small size of the avulsed fragment, and the
low diagnostic accuracy of radiographs in
chondro-epiphyseal injuries [27]. When radio-
graphs are positive for an avulsion injury, the axil-
lary view has been reported as the most helpful in
visualizing the avulsed fragment (Fig. 9.3c).
Ultrasonography has many advantages compared
with radiographs, including its ability to identify
cartilaginous and tendinous structures, avoidance
of radiation, and dynamic evaluation of anatomic
structures [57]. However, ultrasonography is
operator-dependent, and its accuracy and diag-
nostic value for rotator cuff injuries in the very
young are unknown. MRI is the diagnostic modal-
ity of choice given its higher diagnostic accuracy
and its ability to detect associated injuries of other
structures of the shoulder, including cartilage,
capsule, labrum, and biceps tendon. MRI has
proven a high sensitivity in diagnosing full-thick-
ness subscapularis tears and lesser tuberosity
avulsion injuries in the very young. In a system-
atic review of the literature, Vavken et al. [27]
reported that MRI correctly diagnosed 38 of 40
patients with subscapularis tears or lesser tuberos-
ity avulsion injuries, consistent with a sensitivity
of 95%. While MRI has showed a high accuracy
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in diagnosing full-thickness tears and avulsion
injuries, its diagnostic accuracy in the setting of
partial articular-side tears is lower with a higher
proportion of patients misclassified as false nega-
tives or false positives [58]. It is known that partial
articular-side tears, the most common pattern of
injury in the very young, can be difficult to diag-
nose and can be missed or overcalled on MR
imaging, potentially mimicked by synovitis, ten-
dinopathy, and superficial fraying [26]. In a study
of ten very young patients published in 2018,
Perez et al. [17] assessed the accuracy of conven-
tional MRI findings in diagnosing rotator cuff
lesions in the very young. Of the preoperative
MRIs, 28.5% missed rotator cuff lesions visual-
ized arthroscopically (i.e., false negatives) and
20% reported tendon involvement not observed
intraoperatively (i.e., false positives). Some
authors advocate the use of MRI arthrography and
additional MRI sequences in abduction and exter-
nal rotation (ABER) positioning to further char-
acterize articular surface partial-thickness rotator
cuff tears aiming to improve MRI accuracy. Burns
et al. [14] reported two cases of very young soft-
ball players with rotator cuff tears where the
ABER images demonstrated the complete nature
of the tear that was not as readily apparent with
standard coronal oblique images. Selective use of
MRI arthrography and ABER series may be ben-
eficial in very young patients with suspected artic-
ular face rotator cuff tears.

9.6.3 Indications and Techniques
Because of the rarity of rotator cuff injuries in the
very young, no definitive recommendations
regarding treatment can be made. Determining
the most appropriate treatment for these uncom-
mon injuries will require further studies with
larger numbers of patients comparing different
treatment options. While the current literature
describes predictable good results after surgical
treatment, there is a scarcity of studies comparing
operative and non-operative treatment. Treatment
considerations therefore should focus on the spe-
cific injury, level of sports participation, and
desire to return to sports.

9.7 Rotator Cuff Tears

9.7.1 Full-Thickness
and Massive Tears

Little controversy exists regarding the treatment
of very young patients with full-thickness and
massive rotator cuff tears. Very young patients
with this type of tears may generally fare better
with immediate surgical management and the
role of non-operative treatment for this specific
subgroup of tears may be limited, as these tears
may become unrepairable with time. The litera-
ture has showed more successful outcomes in
younger patients receiving surgery for traumatic
tears compared with older patients receiving sur-
gery for atraumatic tears [59].

9.7.2 Partial-Thickness Tears

Contrary to full-thickness tears, there is more
controversy regarding the best treatment for very
young patients with partial-thickness tears. Most
of these patients are overhead athletes and surgi-
cal repair of rotator cuff tendons in this popula-
tion fails to return them to the same level of
performance in more than 50% of the cases [16,
22]. Therefore, the level of sports participation
and desire to return to same sport performance
should be considered when deciding treatment
options in this population.

9.7.2.1 Non-operative Treatment

Non-operative treatment may be considered for
the initial treatment of partial rotator cuff tears in
very young overhead athletes. Many partial tears
are asymptomatic in overhead throwers, and the
tears resulting in symptoms may be effectively
treated without surgical repair. Non-operative
treatment begins with a cessation from all
overhead activities, anti-inflammatory medica-
tion for pain control, and physical therapy with
an emphasis on range of motion and rotator cuff
strengthening. Internal rotation deficits and pos-
terior capsule contractures must be addressed as
well. In adults, untreated partial-thickness rotator
cuff tears progress to larger tears or full-thickness
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tears in 80% of patients [60]; however, long-term
outcomes of very young patient with partial rota-
tor cuff tears have not been studied. It is possible
that younger patients have an increased healing
capacity, and early detection and treatment might
be helpful in preventing progression of injury
[26]. Non-operative treatment may have a high
rate of failure in the very young as evidenced by
the fact that only 30% of the cases of rotator cuff
tears in the very young reported in the literature
were non-operatively treated [5, 9-40].

Eisner et al. [16] reported the outcome of non-
operative treatment in 53 very young patients
with partial-thickness rotator cuff tears. Of these
patients, 57% failed to improve after 6 weeks of
physical therapy and required subsequent
arthroscopic debridement. In this study, patients
with MRI-diagnosed associated pathology had
80% more probability of requiring surgical inter-
vention compared with those without MRI-
diagnosed associated pathology. As a result, the
presence of associated pathologies was proposed
as a risk factor for failure of non-operative treat-
ment. These authors were able to contact 19
patients at a mean 16 months after treatment and
found no significant differences in outcome
scores between operatively and non-operatively
treated tears. However, patient with non-operative
treatment were more likely to return to their pre-
vious level of competition (100%) compared
with those that required surgical treatment (70%).

9.7.2.2 Operative Treatment

Operative treatment has been the treatment of
election in the majority of the cases of partial-
thickness tears in the very young reported in the
literature [14, 16, 22, 23, 27]. However, there is a
paucity of data concerning functional outcomes
and return to sports among these reports. Azzam
et al. reported the functional outcomes of rotator
cuff repairs in 32 very young athletes at mean
6.2 years of follow-up. Of these patients, 25
(93%) could return to sports. Of the 14 patients
who were overhead athletes and had surgery on
their throwing shoulders, 13 (93%) returned to
the same level of play, but 9 (64%) had to switch
positions because of a loss of throwing velocity
or distance. The overall mean ASES score was

93, mean Western Ontario Rotator Cuff Index
was 89%, and mean numeric pain rating was 0.3.
While the results of these patients are excellent,
there was no control group or cohort of patients
with rotator cuff tears treated non-operatively to
compare with.

Another controversy in the operative treat-
ment of partial-thickness tears in the very young
is the indication of debridement versus repair.
Based on the assumption that high-grade tears in
very young patients are likely to progress to full-
thickness tears because of their young age and
high activity level, some authors [14, 22] advo-
cate repair for high-grade tears, while low-grade
tears may be treated with debridement. Long-
term follow-up studies that assess the prognosis
of partial-thickness tears treated with debride-
ment and non-operatively are required to clarify
the indications of these procedures. Similarly,
controversy exists regarding repair of the partial
tear by completing the tear versus in situ repair,
but no data exists regarding this decision.

9.7.3 Lesser Tuberosity Avulsion
Injuries

9.7.3.1 Non-operative Treatment
Non-operative treatment may be an option in
mildly symptomatic, nondisplaced avulsion inju-
ries [27]. Only 17% of the cases reported in the
literature received non-operative treatment con-
sisting of rest and immobilization, followed by
gradual strengthening and return to activities
[27]. Cases with displaced avulsion injuries with
non-operative treatment or delayed diagnosis can
go on to develop chronic shoulder pain, exostoses
at the site of the avulsed tuberosity, as well as
degeneration within the subscapularis muscle,
which eventually require surgical management.
Therefore, multiple authors have advocated
operative treatment [5, 21, 28, 44, 50, 61, 62],
even in minimally displaced cases. However,
most of those cases were patients with a missed
diagnosis and without appropriate treatment and
may not represent the population of patients with
a prompt diagnosis and a well-indicated and
supervised non-operative treatment.
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9.7.3.2 Operative Treatment

Operative treatment was recommended in more
than 80% of the very young patients with sub-
scapularis and lesser tuberosity avulsion injuries
reported in the literature [27]. The most common
approach for this type of injuries is the open repair
(55%), followed by a combined approach of a
diagnostic arthroscopy and open repair (17%) and
less commonly arthroscopic reduction and inter-
nal fixation with suture anchors (11%) [27]. Both
open and arthroscopic repairs have been reported
with successful results [5, 21, 28, 44, 50, 61, 62].
In a systematic review of the literature, Vavken
et al. [27] did not find any statistical difference in
the clinical scores of the patients treated with
open or arthroscopic repairs. Important technical
aspects of surgical repair include the use of tran-
sosseous suture repair or larger threaded suture
anchors designed for cancellous bone to ensure
sufficient purchase in the soft bone of the lesser
tuberosity and avoid accidental tenodesis of the
long head of the biceps tendon which may be
inadvertently incorporated during medial to lat-
eral suture passage and bony excision and direct
tendon repair for smaller or comminuted frag-
ments [21, 28, 29]. If an open approach is used,
arthroscopic examination may be a helpful
adjunct for diagnosis and treatment of associated
injuries [28]. In isolated tendinous SCC injuries,
arthroscopic techniques described to repair the
SCC in adults may be appropriate for restoring
anatomy and function in the very young [21].

9.8 Conclusions

Rotator cuff injuries in the very young are rare
injuries resulting from traumatic events or over-
use sports participation. Despite its rarity, these
injuries are being reported with increasing fre-
quency and a timely diagnosis is critical to avoid
long-term complications and to establish the best
treatment option. A high index of suspicion
should be maintained in very young patients with
shoulder pain and subjective weakness, espe-
cially in male overhead athletes after traumatic
events. Partial articular-side supraspinatus ten-
don avulsion and lesser tuberosity avulsion inju-

ries are the two most common patterns of injury.
In any patient with a suspected rotator cuff injury,
including avulsion injuries, MRI imaging should
be used early on given that plain radiographs
have a very low sensitivity. Non-operative treat-
ment may be the initial option for partial-
thickness rotator cuff tears and minimal displaced
avulsion injuries. Operative treatment is safe and
successful in restoring anatomy and function;
however, overhead athletes may not return to the
same level of competition. Further studies com-
paring non-operative and operative treatment are
required to further delineate the indications of
treatment in this age group.
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Definition and Classification

10

of Different Forms of Impingement

Eiji Itoi and Nobuyuki Yamamoto

10.1 Introduction

Armstrong reported in 1949 that the major causes
of painful shoulder were frozen shoulder and cuff
pathology, which he called the “supraspinatus
syndrome” [1]. Later, this was named as
“impingement syndrome.” The impingement
syndrome is defined as “impingement of the rota-
tor cuff beneath the coracoacromial arch which
causes chronic disability of the shoulder” [2]. As
this form of impingement is observed in the sub-
acromial space, it is also called the subacromial
impingement. Later, a new form of impingement
was reported in throwing athletes [3—6]. With the
arm in abduction and external rotation, the under-
surface of the supraspinatus and infraspinatus
tendons comes in touch with the posterosuperior
glenoid, causing an articular side partial-
thickness cuff tear. This is called posterosuperior
impingement or internal impingement as opposed
to external impingement, which is synonymous
to subacromial impingement. Furthermore, not
only superior (subacromial impingement) and
posterosuperior (posterosuperior impingement)
but also anterior impingement has been recog-
nized. The anterior impingement includes vari-
ous types of impingement such as subcoracoid
impingement (impingement between the cora-
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coid process and the subscapularis), anterosupe-
rior impingement (impingement between the
anterosuperior glenoid and the subscapularis ten-
don and the long head of the biceps), and so on.
In this chapter, we classify various forms of
impingement into three categories: (1) subacro-
mial impingement, (2) posterosuperior impinge-
ment, and (3) anterior impingement.

10.2 Subacromial Impingement
10.2.1 Definition

Mechanical impingement on the tendinous portion
of the rotator cuff by the coracoacromial ligament
and the anterior third of the acromion is defined as
“impingement syndrome” when it is responsible
for a characteristic syndrome of disability of the
shoulder” [2]. As this impingement occurs in the
subacromial space, it is also called subacromial
impingement. The term “subacromial impinge-
ment syndrome” or “impingement syndrome” is
used to cover a wide range of rotator cuff patholo-
gies ranging from rotator cuff tendinitis to full-
thickness tears of the rotator cuff tendon.

10.2.2 Classification

Subacromial impingement is classified into two
groups: primary (structural changes) and secondary
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Table 10.1 Classification of subacromial impingement

Subacromial

impingement

Primary Structural changes

— Outlet Bony narrowing (acromion,
greater tuberosity)

— Non-outlet Increased volume of tendon/
bursa

Secondary Functional disturbances

(muscle imbalance)

(functional disturbances), and the primary is fur-
ther subdivided into outlet and non-outlet impinge-
ment [7] (Table 10.1). The primary impingement is
caused by structural changes of the bony structures
that create the supraspinatus outlet or the soft tis-
sues inside the outlet such as the subacromial bursa
and the rotator cuff tendon. The acromion and the
greater tuberosity that create the bony outlet may
cause narrowing of the outlet when there is a bony
spur of the acromion, malunion of the acromion,
malunion of the greater tuberosity, etc. This is an
outlet impingement. On the other hand, the con-
tents of the outlet may cause impingement when
the contents increased in volume such as bursal/
tendon swelling caused by bursitis/tendinitis or
space-occupying lesion such as calcified deposit in
the tendon. This is called non-outlet impingement.

10.2.3 Acromioplasty

The lateral acromionectomy or total acromionec-
tomy had been commonly performed [8] until
Neer introduced a concept of anterior acromio-
plasty [2]. He thought that the anterior third of
the acromion and the coracoacromial ligament
caused impingement on the tendinous portion of
the rotator cuff. He proposed to remove the ante-
rior one-third of the acromion with the coracoac-
romial ligament [2]. The anterior acromioplasty
had been widely performed [2, 9, 10] until the
arthroscopic procedure gained popularity. During
the arthroscopic procedure, only the undersur-
face of the anterior portion of the acromion is
removed and thus is called “subacromial decom-
pression” [11]. This procedure has been widely
used ever since, and the outcome of this proce-
dure is reported to be satisfactory in the mid-term
and long-term follow-ups [12—14].

Since the diagnostic label ‘“‘subacromial
impingement syndrome” covers wide spectrum
of rotator cuff pathologies, it is almost synony-
mously used as shoulder pain. This has widened
the diagnostic criteria and made the indications
for acromioplasty increasingly more liberal. For
example, the population-based number of
acromioplasties increased 2.4 times between
1996 and 2006 in New York State, and the
surgeon-based number of acromioplasties
increased by 142.3% as opposed to that of all
orthopedic surgery procedures by 13.0% between
1999 and 2008 on the national level in the United
States [15]. Also, the number of patients under-
going acromioplasties increased 7.5 times
between 2000/2001 and 2009/2010 in the United
Kingdom [16]. These skyrocketing numbers of
acromioplasties might indicate the over-
indication of this surgical procedure.

In order to avoid this over-indication, there
have been a couple of recommendations reported
in the literature, proposing to discontinue the
diagnostic label of “subacromial impingement
syndrome” and to use a more specific diagnostic
label related to the pathology [17, 18]. Regarding
the pathology, the Copeland-Levy classification
evaluates the pathological changes of both sur-
faces of the acromion and the rotator cuff tendon
[19]. We propose to pay more attention to spe-
cific pathologies of the acromion and the rotator
cuff when we use the term “subacromial impinge-
ment.” Using more specific and pathology-based
diagnosis, we should be able to provide better
patient care.

10.2.4 Acromioplasty Combined
with Rotator Cuff Repair

In 2007, one of our committee members,
Guiseppe Milano, and his colleagues published a
prospective randomized clinical trial comparing
40 patients treated with arthroscopic rotator cuff
repair (ARCR) with arthroscopic subacromial
decompression (ASD) and 40 patients with
ARCR alone [20]. At 2-year follow-up, they
could not find any significant difference in
Constant score and in DASH score between these
two groups. They concluded that ASD did not
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seem to significantly affect the outcome of
ARCR. In 2012, there was a systematic review,
analyzing four randomized clinical trials, which
concluded that there was no significant difference
in subjective outcome after ARCR with and with-
out ASD based on the current available literature
[21]. In this review, they pointed out that one of
the four trials showed a significant difference in
reoperation rate: those without ASD underwent
reoperation significantly more often than those
with ASD. Later on, another member of our com-
mittee, Geoffrey Abrams, and his colleagues also
performed randomized clinical trial, comparing
52 patients with ASD and 43 patients without
[22]. At 2-year follow-up, they could not find any
significant difference in the functional outcomes
between those with and without ASD. The reop-
eration was done in one patient in the ASD group
and four in the non-ASD group (p = 0.11). With
larger number of patients, a significant difference
is likely to be seen between the groups. During
our Closed Consensus Meeting in Munich, we
asked the committee members what their prefer-
ence was. Half of them perform ASD and the rest
half perfoom no more ASD during
ARCR. Therefore, our consensus as of 2018 is
that we need more robust evidence based on
larger series with longer terms of follow-up.

10.3 Posterosuperior
Impingement

10.3.1 Definition

This impingement is defined as an impingement
between the undersurface of the supraspinatus/
infraspinatus tendon and the posterosuperior bor-
der of the glenoid. This lesion was first reported
by Bennett [3]. Later, Andrews et al. also reported
articular side tears of the supraspinatus tendon
with either anterosuperior or posterosuperior
labral tears in throwing athletes [4]. Jobe et al.
speculated that rotator cuff lesions observed in
throwing athletes might be related to occult ante-
rior subluxation, which was most sensitively
detected by relocation test [5]. In throwing ath-
letes, Walch et al. found impingement between
the posterosuperior border of the glenoid and the

undersurface of tendinous insertions of supraspi-
natus and infraspinatus with the arm in abduction
and external rotation [6]. They said that in addi-
tion to Neer’s “impingement syndrome” [9] and
Jobe’s “instability with secondary impingement”
[5], impingement of the undersurface of the rota-
tor cuff on the posterosuperior glenoid labrum
may be a cause of painful structural disease of the
shoulder in the thrower. This impingement in
throwers was further confirmed in a study with
frozen cadaveric shoulders [23]. This impinge-
ment is called “internal impingement” because
impingement occurs inside the glenohumeral
joint, whereas conventional subacromial
impingement occurs outside of the glenohumeral
joint, which is also called “external impinge-
ment.” However, another form of internal
impingement, i.e., anterosuperior impingement,
was reported later on [24]. In order to avoid con-
fusion, it is no longer called internal impinge-
ment but more specifically “posterosuperior
impingement” or “anterosuperior impingement”
based on the location of pathology.

10.3.2 Classification

Jobe classified the posterosuperior impinge-
ment into three stages: early stage, intermediate
stage, and advanced stage (Table 10.2) [25]. He
recommended 2-4 weeks of rest with anti-
inflammatory medication for Stage I patient.
Strengthening the scapular rotators is also
essential. In Stage II, rehabilitation program to
strengthen the rotator cuff muscles as well as
the scapular rotators is important. If this pro-
gram does not work, a surgical intervention
called anterior capsular reconstruction is indi-
cated in Stage III.

Table 10.2 Classification of posterosuperior impinge-
ment [25]

Stage

I: Early

II: Intermediate

Symptomatology

Stiffness and slow warm-up
Posterior pain, positive
relocation test

Similar symptom to stage II
plus failure of rehabilitation
program

III: Advanced
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10.4 Anterior Impingement
10.4.1 Definition

Anterior impingement refers to various forms of
impingement occurring around the anterior aspect
of the shoulder such as impingement between the
coracoid process and the subscapularis tendon,
between the subscapularis/supraspinatus tendons
and the anterosuperior glenoid, between the long
head of the biceps tendon and the articular carti-
lage of the humeral head, and between the supe-
rior margin of the subscapularis tendon and the
thickened synovial band or hypertrophic MGHL.

10.4.2 Classification

There have been various types of anterior
impingement reported in the literature.
Cunningham and Lidermann performed system-
atic review of the literature and classified them
into four subtypes (Table 10.3) [26].

10.4.3 Subcoracoid Impingement

Subcoracoid impingement was first reported
more than 100 years ago [27]. However, little

Table 10.3 Classification of anterior impingement

Arthroscopic
Subtype Imaging findings
Subcoracoid ~ Reduced Upper
coracohumeral subscapularis tear,
interval subcoracoid
scarring
Anterosuperior Subscapularis Subscapularis

lesion and biceps
pulley lesion

tendon tear, biceps
pulley lesion,
biceps tendon
subluxation

Chondral print Unstable biceps ~ Humeral head
tendon chondral lesion

FUSSI lesion  NA Upper
subscapularis

fraying, thickened
synovial band,
hypertrophic
MGHL

attention has been paid until Gerber et al. reported
the pathology [28]. The normal distance of cora-
cohumeral interval is 8.4—11.0 mm [29-31]. If it
is less than 6 mm, it is called subcoracoid steno-
sis. However, the prevalence of subcoracoid
impingement varies greatly among the reporters,
ranging from 5% to 56% [30, 32, 33]. The pathol-
ogy of the subscapularis is almost always at the
upper margin and articular side of the subscapu-
laris. If there is a mechanical impingement
between the subscapularis and the coracoid pro-
cess, why does a tear occur not on the bursal side
but on the articular side? To this question, Lo and
Burkhart introduced a mechanism called a
“roller-wringer effect” [30]. According to their
explanation, this effect created greater tensile
force on the articular side of the subscapularis
tendon, which might play a role to cause an artic-
ular side partial-thickness tear. However, our
question still remains: why does the roller-
wringer effect occur during the subcoracoid
impingement, but not during the subacromial
impingement? Most of the committee members
expressed their feeling that it seemed difficult to
understand why the subacromial impingement
caused a bursal side tear of the supraspinatus ten-
don, whereas the subcoracoid impingement
caused an articular side tear of the subscapularis.
Furthermore, we do not see fraying or fibrillation
of the undersurface of the coracoid in case of
subcoracoid stenosis and subscapularis tear. This
also causes argument why acromioplasty is done
to the pathologic undersurface of the acromion,
whereas the coracoplasty is done to the seem-
ingly normal coracoid process. The concept of
“subcoracoid impingement” remains very con-
troversial among the committee members.

10.4.4 Anterosuperior Impingement

This entity was first described by Gerber and
Sebesta who reported that friction between the
anterosuperior rotator cuff tendon and the antero-
superior glenoid rim led to an articular side tear
of the subscapularis tendon and a biceps pulley
tear [24]. As this impingement is often observed
in tennis players, they speculated that the
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repetitive impingement was the cause of partial-
thickness tear. It is much easier to understand that
a direct mechanical impingement called “antero-
superior impingement” between the subscapu-
laris tendon and the anterosuperior glenoid leads
to an articular side tear of the subscapularis ten-
don rather than the subcoracoid impingement
causes an articular side tear of the subscapularis
tendon. A recent kinematic study of tennis players
revealed that anterosuperior impingement
occurred in 29% during forehand movement, but
subcoracoid impingement never occurred during
any stage of the tennis motion [34]. Also, it was
reported that subcoracoid injection did not
improve anterior shoulder pain in patients with
anterosuperior impingement [24]. These reports
suggest that the subcoracoid impingement and
anterosuperior impingement are discrete entities
with no overlapping between them.

10.4.5 Chondral Print

This lesion was first reported by Castagna et al.
[35]. They found an indentation of the articular
cartilage near the long head of the biceps tendon,
which was unstable. They observed the chondral
print in 100% of cases with dislocation of the
long head the biceps tendon and 89% of cases
with subluxation of the biceps tendon. We still do
not know whether the indentation itself causes
any symptoms and whether it needs to be treated.

10.4.6 FUSSI Lesion

The FUSSI lesion stands for frayed upper edge
subscapularis lesion with impingement lesion.
This was reported by Snyder on VuMedi (2009)
(https://www.vumedi.com/video/fussi-lesions).
This lesion is distinguished from other types of
anterior impingement because pain is induced
with the arm in adduction and external rotation. It
has not been clear whether this lesion, fraying of
the upper boarder of subscapularis tendon, is
caused by the synovial band, or hypertrophic
MGHL, or something else. We have had very
limited information on this pathology as yet.

More information is needed to clarify whether
this lesion is an independent lesion or a part of
other lesion.
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Subacromial impingement syndrome, accounting
for 44-70% of all shoulder pain, is a common
cause of shoulder pain that afflicts both athletes
and nonathletes alike, leading to decreased abil-
ity to participate in sports and daily activities
[1-3]. Impingement syndrome was first coined
by Neer in 1972 to describe the trauma to the
supraspinatus tendon encountered as it passes
below the coracoacromial ligament and the ante-
rior 1/3 of the acromion [4]. External impinge-
ment has been thought to be caused by the bony
anatomy, specifically the shape of the acromion,
as well as abnormalities in the surrounding soft
tissues, such as the subacromial bursa and cora-
coacromial ligament, contributing to a physical
loss of the subacromial space due to bony growth
or inflammation. Secondary external impinge-
ment is often the result of altered scapulohumeral
mechanics from glenohumeral instability and
muscle imbalances [5]. Subacromial impinge-
ment syndrome can lead to a variety of sequelae
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not limited to but including rotator cuff tendinop-
athy, partial- or full-thickness rotator cuff tears,
calcific tendinitis, and subacromial bursitis [6].

11.1 Anatomy/Pathoanatomy

Understanding the anatomy of the subacromial
space, including the relationship between the
bony anatomy and interposed subacromial bursa,
is important in making the diagnosis of subacro-
mial impingement syndrome and avoiding com-
plications with surgical intervention. The
subacromial space is defined by the coracoacro-
mial ligament and acromioclavicular joint superi-
orly, the anterior edge and undersurface of the
acromion, and the humeral head inferiorly. The
rotator cuff tendons, subacromial bursa, long
head of the biceps tendon, and coracoacromial
ligament are located within this space. On aver-
age, the subacromial space, measured as the
width of the space between the inferior surface of
the acromion and the head of the humerus on
anteroposterior radiographs, known as the acro-
miohumeral distance, is 1-1.5 cm [6, 7].

The acromion has three cartilaginous growth
centers that ossify during development. In up to
15% of people, one or more of these growth cen-
ters do not ossify (os acromiale) [8]. The pres-
ence of an os acromiale may increase the risk of
subacromial impingement syndrome. Failure of
this growth plate to close allows for some motion
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Fig. 11.1 Bigliani classification of acromial shape: type I (flat), type II (curved), and type III (hooked). Copyright
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of the acromion which may impinge on the rota-
tor cuff tendons or bursa.

The shape of the acromion dictates the size
of the subacromial space and the room for the
rotator cuff tendons. Bigliani et al. classified
three different acromion shapes. Type I acro-
mion is flat, type II acromion is curved, and type
III acromion is hooked, which as a result
decreases the subacromial space (Fig. 11.1) [9].
A type III acromion has also been associated
with a higher incidence of rotator cuff tears
[10]. The subacromial bursa lies between the
undersurface of the acromion and the superior
surface of the rotator cuff. The subacromial
bursa does not have a sturdy ligamentous cap-
sule which can lead to fluid extravasation into
the muscle and subcutaneous envelope of the
shoulder although its vascularity may lead to in
situ rotator cuff tears [11]. Coracoid impinge-
ment, while less common, may also occur
between the anteromedial portion of the cora-
coid process and the lesser tuberosity of the
humerus, when the distance between the cora-
coid and humeral head is less than 6 mm from
the lateral edge of the coracoid [12].

The cause of true external impingement is
thought to be the result of the rotator cuff imping-
ing against the anterior edge of the acromion with
forced forward flexion. The subacromial bursa
lies between the undersurface of the acromion
and the superior surface of the rotator cuff.
Inflammation of the subacromial bursa can also
lead to a reduction in the subacromial space due
to hypertrophy and pain with overhead move-
ments. Additionally, hypertrophy of the cora-
coacromial ligament may decrease the
subacromial space leading to external impinge-
ment of the shoulder. Existing subacromial
pathology can also be correlated with altered
scapular kinematics during humeral elevation
which includes decreased upward rotation or
posterior tilting of the scapula. These kinematic
changes have the potential to mechanically
impinge on subacromial structures and narrow
the subacromial space [13]. Supraspinatus ten-
don thickness may also be a causative factor of
impingement [14]. Patients with a subacromial
impingement disorder often have significantly
thicker supraspinatus tendons and greater tendon
occupation ratios of the subacromial space.
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11.2 Biomechanics and Clinical
Signs

The functional range of motion of the shoulder
can alter the dimensions of the subacromial space
and contribute to clinical signs of impingement
syndrome, specifically, shoulder abduction and
rotation [15, 16]. As the shoulder moves from 30°
to 120° of abduction, the distance between the
humerus and the acromion significantly decreases
by almost 50% [16]. The minimum distance
between the acromion and humerus is also small-
est with the arm in external rotation at 90° [14].
Graichen et al. reported that when the arm is in
90° of abduction and 45° of internal rotation, the
supraspinatus is closest to the anteroinferior bor-
der of the acromion [16]. Pressure in the subacro-
mial bursa is also noted to change with arm
position as well as with changes in the demand of
certain activities [17]. While arm elevation leads
to a decrease in subacromial space width, adduc-
tion muscle forces substantially increase the
acromiohumeral distance and claviculohumeral
distance compared to the abduction muscle forces
(138% at 90° relative to abduction forces).
Biomechanics support strengthening of the
adductor muscles, including the latissimus dorsi,
subscapularis, and teres major and minor, in both
conservative and postoperative rehabilitation
programs to avoid, lessen, and eradicate the
symptoms of impingement syndrome [18, 19].
Scapular dyskinesis or dynamic scapular wing-
ing, seen on evaluation of the scapula during over-
head range of motion, may contribute to clinical
signs of impingement as a result of abnormal scap-
ular muscle activity and subsequent abnormal
scapular kinematics. Patients with impingement
demonstrate decreased output force, muscle bal-
ance, electromyographical activity, and activation
latency of the trapezius and serratus anterior mus-
cles which stabilize the scapula and control scapu-
lar rotation. Silva et al. reported that the subacromial
space is smaller in patients with scapular dyskine-
sia than in control patients and that the subacromial
space undergoes greater reduction when the shoul-
der is moved from neutral abduction to 60° of ele-

vation in patients with scapular dyskinesia than in
control patients [19]. Additionally, weakness of the
rotator cuff can lead to abnormal glenohumeral and
scapulothoracic kinematics and subsequent nar-
rowing of the subacromial space [6]. These find-
ings have been shown in both tennis and basketball
players [19, 20].

Patients with full-thickness rotator cuff tears
have a narrower subacromial space than patients
with impingement or no pathology [21]. Several
factors contribute to changes in the subacromial
space in these patients including the shape of the
acromion (rotator cuff tears are more prevalent in
patients with hooked type III acromion), the shape
of the coracoid, the acromial angle, and the spine-
scapula angle [22]. Additionally, there is increased
superior translation of the humerus in patients with
rotator cuff deficiency due to altered muscle activa-
tion patterns contributing to subacromial impinge-
ment symptoms. Eighty-four percent of patients
undergoing rotator cuff repair also undergo sub-
acromial decompression though results of repairs
with or without subacromial decompression have
been shown to be equivocal in some shoulders [23].

Patients with shoulder instability may also
present with signs of impingement syndrome. If
patients present with persistent posterior shoul-
der pain, the surgeon must have a high suspicion
for internal rather than external impingement.
This diagnosis is most commonly restricted to
overhead athletes. Up to 30% of patients with
clinical signs of subacromial impingement syn-
drome also have degenerative changes in the
acromioclavicular joint [24]. If associated degen-
erative osteophytes form inferiorly and project
into the subacromial space, the dimensions of
this area are reduced (Fig. 11.2). This is more
common in people older than 40 years of age.
Furthermore, 21% of patients following superior
labrum anterior posterior (SLAP) repair have
signs of clinical impairment with 35% requiring
subsequent subacromial decompression (SAD)
following SLAP repair [25, 26]. Additionally,
some studies have shown improved outcomes
post SLAP repair and SAD compared to SLAP
repair alone.
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Fig. 11.2 MRI demonstrating inferiorly directed osteo-
phyte of the acromioclavicular joint causing a reduction in
the subacromial space

11.3 History and Physical
Examination

Patients often relay a history of an onset of symp-
toms that may be gradual and progressive located
in their shoulder while doing overhead activities
or when placing their arm behind their back such
as putting on a coat or grabbing a wallet out of
their back pocket. Frequently, patients will also
complain of weakness and limitations of shoul-
der movement as a result of the shoulder pain.
Many individuals cannot turn to reach to put on
their seatbelt or turn to reach items in the back
seat of their car. Some patients complain of sud-
den pain after a traumatic event or when pursuing
a new sport. Pain due to impingement is most
commonly localized to the anterolateral aspect of
the acromion. Patients will often wake at night
due to pain or have difficulty sleeping on the
affected shoulder. Although anterolateral shoul-
der pain is not specific for impingement syn-
drome, it guides the examiner to a spectrum of
disorders of the rotator cuff and the subacromial
space.

Insidious onset of symptoms due to extrinsic
impingement is more commonly seen in athletes

and workers that perform activities with repeated
overhead motion. Traumatic onset of impinge-
ment syndrome can be seen after a direct blow to
the superolateral aspect of the shoulder or axial
load on the upper extremity, compressing the
humeral head into the inferior aspect of the acro-
mion (e.g., snow skiing accident, football or
hockey player with poorly fitted shoulder pads).
The resultant inflammation of the subacromial
bursa or contusion of the underlying rotator cuff
causes the discomfort noted with overhead
motion.

Physical examination is the key to diagnosis
of impingement syndrome. In order to perform
an adequate examination, the patient, if male,
must remove his shirt or, if female, wear an
appropriate shoulder “gown” that allows for
inspection of the neck, shoulder, and periscapu-
lar musculature. The exam should begin with
evaluation of the cervical spine and shoulder
girdle. Limitations in neck range of motion, pain
reproduced with provocative testing of the cervi-
cal spine, and pain radiating from the neck into
the shoulder may indicate underlying cervical
pathology and should not be confused with
impingement syndrome. The shoulder contours
and musculature should be compared to the con-
tralateral shoulder observing for any muscle
atrophy or squaring of the shoulder girdle.
Changes in the resting position, contours, or
atrophy of shoulder musculature indicate a pos-
sible neurological cause for abnormal shoulder
motion resulting in secondary impingement.
Tenderness localized to the subacromial bursa
and rotator cuff, anterior and anterolateral to the
acromion, and along the coracoacromial liga-
ment is a common finding noted in patients who
have extrinsic impingement syndrome.

Active forward flexion and abduction of the
shoulder are frequently limited secondary to pain. A
painful arc of motion between 60° and 120° of
active forward elevation in the plane of the scapula
is indicative of impingement. The patient often
reports pain or painful catching in the shoulder.
This test has a sensitivity of 73.5% and specificity
of 81.1% [27]. However, passive range of motion
must be tested to adequately assess terminal pain in



11 Arthroscopic Subacromial Decompression: The US Perspective 93

forward flexion and/or abduction to ensure that the
diagnosis of adhesive capsulitis is not made in error.

Strength testing may also be limited due to
pain and may suggest rotator cuff dysfunction,
specifically with supraspinatus and infraspinatus
testing differentiated with a lidocaine test. The
infraspinatus muscle test also has diagnostic
value, as it has a sensitivity of 41.6% and specific-
ity of 90.1% [27]. This test is performed with the
arm at the side, and the elbow flexed to 90° elicits
pain when the patient resists against an internal
rotation force. Subtle dynamic scapular winging
of the shoulder during range of motion may be
present. This denotes scapular dyskinesis,
although it will not distinguish impingement as a
primary or secondary condition.

A diagnostic lidocaine anesthetic injection
into the subacromial space can improve the accu-
racy of the diagnosis of subacromial impinge-
ment syndrome. We instill 10 mL of 1% lidocaine
using a 25-gauge, 1¥2-inch needle into the sub-
acromial space through an anterior approach.
Ultrasound can be used as an adjunct to guide the
needle to ensure accuracy. Alternatively, the nee-
dle can be placed 1 cm inferior to the posterolat-
eral corner of the acromion directed toward the
coracoid. Provocative maneuvers should be per-
formed following the injection to confirm the
diagnosis. Alleviation of symptoms on impinge-
ment tests is highly indicative of subacromial
impingement syndrome. The authors believe that
a 1%2-inch needle is essential if using a posterior
approach to avoid a false-negative result. The
accuracy rates (60-90%) of the anterior, lateral,
and posterior approaches to subacromial bursa
injections are not significantly different [28, 29].

Several tests are essential to include in physi-
cal examination to aid in the diagnosis of sub-
acromial impingement syndrome. The Neer
impingement sign causes provocation of pain at
the anterolateral edge of the acromion when the
examiner passively forward flexes the arm
greater than 120° with the humerus internally
rotated and the scapula stabilized (Fig. 11.3).
The Neer sign has a sensitivity and specificity of
68.0% and 68.7%, respectively [27]. Hawkins
and Kennedy also described an alternative

Fig. 11.3 Neer impingement sign. The examiner stabilizes
the scapula and passively flexes the arm greater than 120°
with the arm internally rotated. Provocation of pain at the
anterolateral edge of the acromion is indicative of subacro-
mial impingement. Copyright Kevin D. Plancher

impingement test which elicits symptoms when
the arm is placed in 90° forward elevation and
then gently internally rotated (Fig. 11.4). The
Hawkins-Kennedy sign has a sensitivity and
specificity of 71.5% and 66.3%, respectively
[27]. Both sensitivities increase when patients
without underlying rotator cuff disease are
excluded. These impingement tests place the
greater tuberosity, rotator cuff, or biceps tendon
against the undersurface of the acromion or cor-
acoacromial ligament causing aggravation of an
inflamed bursa. The likelihood of a diagnosis of
impingement is >95% when a specific battery of
tests is positive including the Hawkins-Kennedy
impingement test, painful arc, and infraspinatus
test [27]. When this battery of tests is negative,
the likelihood of impingement is <24 %.

11.4 DiagnosticImaging

The specificity of special tests on physical exam-
ination is low; therefore, imaging of the shoulder
should also be utilized in the diagnostic process
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Fig. 11.4 Hawkins-Kennedy impingement test. The
patient’s arm is positioned in 90° of forward elevation
with the elbow flexed to 90°. The examiner then gently
internally rotates the arm. Provocation of pain at the
anterolateral edge of the acromion is indicative of sub-
acromial impingement. Copyright Kevin D. Plancher

in order to make an accurate and complete
assessment of the underlying pathology [19].
Radiographs can aid in evaluating the concavity
of the undersurface of the acromion and assess-
ing for the presence of subacromial spurs and for
the presence of degenerative changes at the
greater tuberosity, the acromioclavicular joint, or
the anterior acromion. A supraspinatus outlet
view radiograph is best to evaluate acromial
shape. The scapular outlet view, on the other
hand, best evaluates the anteroinferior acromion
(Fig. 11.5). This view is a true scapulolateral
with the x-ray tube angled 5°-10° caudally. An
AP view of the shoulder with the x-ray tube
angled 30° caudally can also be used to evaluate
the anteroinferior acromion as well as for the
presence of a calcified coracoacromial ligament

&b

Fig. 11.5 Scapular outlet view demonstrating a type III,
hooked, acromion. The scapular outlet view best evaluates
acromial morphology. Copyright Kevin D. Plancher

(Fig. 11.6). This AP caudal tilt view has been
shown to have the highest interobserver reliabil-
ity [30].

This radiographic series is extremely useful in
surgical planning to determine the amount of
undersurface of the acromion to be surgically
resected to establish a flat acromion. A study by
Kitay et al. demonstrated that the distance from
the acromial cortex to the end of the acromial spur
on x-ray significantly correlated with intraopera-
tive spur length [30]. Acromial slope is a line
drawn on the undersurface of the acromion and
another line connecting the posteroinferior border
of the acromion with the inferior border of the
coracoid and can be measured on either the supra-
spinatus outlet view or the caudal tilt view.
Acromial slope has been shown to correlate with
intraoperative acromial thickness; however, there
does not appear to be a relationship between acro-
mial slope and impingement syndrome or rotator
cuff tear [30-32]. Therefore, the authors believe
these views should be included in routine radio-
graphic evaluation and surgical planning when pre-
sented with suspected subacromial impingement or
rotator cuff involvement prior to acromioplasty.
Magnetic resonance imaging (MRI) can also be
useful to evaluate the bony pathology associated
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a A. Routine A-P shoulder B. True A-P shoulder

— Overlap of s — Open joint
humeral head ’ space
with posterior
glenoid rim

Fig. 11.6 (a) Artwork demonstrating the difference and correct way to obtain a true versus routine AP view of the
shoulder. (b) Routine AP in a left shoulder. (¢) True AP (Grashey) in a left shoulder. Copyright Kevin D. Plancher
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i,

Fig. 11.7 MRI evaluation of acromial morphology. (a) Type I, flat. (b) Type II, curved. (¢) Type III, hooked. Copyright
Kevin D. Plancher

with rotator cuff pathology and assess the subacro-
mial-subdeltoid bursa. Evaluation of subacromial
spurs as well as for the presence of a type III or
hooked acromion is best visualized on the coronal
or sagittal oblique cuts (Fig. 11.7). Small spurs
appear black (hypointensity) on T2-weighted
images, whereas larger spurs appear as high signal
on both Tl-weighted and T2-weighted images
because they contain marrow. Degenerative
changes of the acromioclavicular joint can also be
visualized on MRI, indicated by hypertrophy of
the joint capsule as a medium signal intensity sur-
rounding the acromioclavicular joint on pulse
sequences with short repetition time (TR) and
short echo time (TE). Changes in the subacromial-

subdeltoid bursa and peribursal fat are signs of a
rotator cuff tear as a complete tear allows exten-
sion of intra-articular fluid in the bursa. This is rep-
resented as high signal intensity or white within
the bursa on T2-weighted images. The use of ultra-
sound, computed tomography (CT), and MRI have
been shown to be reliable methods for measuring
acromiohumeral distance [33]. The normal acro-
miohumeral distance is approximately 10.5—
11 mm and is smaller in females compared to
males [34, 35]. The distance is also dependent on
arm position and has been shown to be smallest
(8.1-9.9 mm), when the arm is flexed to 90° and in
neutral rotation and is largest in positions of inter-
nal rotation (range 11.2-12.2 mm) [35, 36].
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Additionally, an acromiohumeral distance less
than 7 mm has been correlated with a complete
rotator cuff tear [20, 24, 37-39].

that have a concomitant pathology and
secondarily develop impingement syndrome will

be unlikely to respond to conservative treatment.

11.5 Treatment Options

Conservative treatment is the preferred initial
treatment in patients with isolated impingement
syndrome though it is important to note that this
process can be complex and prolonged [40, 41].
The goal is to limit inflammation while
preserving range of motion. The offending over-
head movement should be identified and limited
to help symptoms resolve. Nonsteroidal anti-
inflammatory medications and modalities such
as ice, heat, iontophoresis, and ultrasound are
beneficial in reducing inflammation and should
be started early in the course of treatment.
Physical therapy that includes range of motion,
scapular positioning and stabilization, and spe-
cific strengthening exercises should be imple-
mented once symptoms begin improving [40, 42,
43]. Decreased soft tissue flexibility must be
addressed, and strength inadequacies must be
restored in order to promote appropriate muscle
activation patterns in functional sequences [41].
Specifically, tightness of the upper trapezius,
pectoralis minor, and latissimus dorsi can inhibit
the lower trapezius. Additionally, glenohumeral
derangement can also inhibit the scapular mus-
culature and therefore must be carefully evalu-
ated in order to promote normal muscle activation
and movement patterns. When strengthening the
shoulder girdle, exercises should encourage acti-
vation of the lower trapezius and serratus ante-
rior while reducing activation of the upper
trapezius and be performed in functional
positions.

An ultrasound- or landmark-guided cortico-
steroid with an anesthetic injection can be thera-
peutic and will often help reduce successfully
bursal inflammation in most cases [40, 44]. Those
patients that have recurrent symptoms after
responding to the subacromial injections may
need operative intervention. In contrast, patients

11.6 Operative Treatment
of Impingement Syndrome

Operative intervention is suggested for patients
that do not respond to a prolonged course of con-
servative treatment or have a recurrence of symp-
toms after initial improvement. Patients with
symptoms of impingement that fail to receive any
relief of symptoms after subacromial injection
require further diagnostic workup before pro-
ceeding with any operative intervention. The
indications for subacromial decompression are:

1. Structural abnormalities causing extrinsic
impingement (type II or III acromion, hyper-
trophic coracoacromial ligament, inferior spur
from the acromioclavicular joint, or hypertro-
phic subacromial bursa).

2. Patients that fail a minimum of 3-month non-
operative management but have previously
responded to subacromial injections.

3. Patients undergoing debridement of bursal-
sided partial rotator cuff tears.

4. Patients having a rotator cuff repair.

Acromioplasty and release of the coracoacro-
mial ligament are contraindicated in patients with
massive or irreparable rotator cuff tears and shoul-
der instability. The release of the coracoacromial
ligament during acromioplasty increases the risk
of anterior and superior glenohumeral translation
after release and increases the demand on the
rotator cuff to maintain glenohumeral biomechan-
ics [45]. Therefore, in patients with a massive,
irreparable rotator cuff tear, there is a significant
concern of superior escape, and acromioplasty
with release of the coracoacromial ligament
should be avoided. Performing an acromioplasty
as an adjunct to subacromial bursal debridement
in patients with adhesive capsulitis is controver-
sial and beyond the scope of this chapter.
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In patients with shoulder instability and
changes in the subacromial space, a subacromial
decompression is indicated in conjunction with the
primary superior labral repair [38]. However, the
differential diagnosis is important. Subacromial
decompression is contraindicated in patients with
internal impingement, e.g., throwers, as this could
lead to further destabilization and a worsening of
symptoms [38].

Arthroscopic  subacromial decompression
may be performed in the setting of rotator cuff
repair in order to enhance visualization for the
surgeon; however, most studies suggest that sub-
acromial decompression in these patients offers
no clinical benefit over repair alone [46, 47].
However, some studies have suggested that
patients with primary impingement and articular-
sided partial supraspinatus tears (e.g., type 1 or 2)
demonstrate good results with subacromial
decompression alone, without concomitant
repair, if the tear size is less than 50% of tendon
thickness [48, 49]. Subacromial decompression
alone is typically contraindicated in patients that
demonstrate superior migration of the humerus
on AP radiographs as the result of insufficient
force couples and anterior-superior escape as pre-
viously explained. Removing a portion of the
acromion and releasing the coracoacromial liga-
ment in these patients increase the risk of loss of
superior containment of the humeral head [38].

Arthroscopic subacromial decompression is a
safe and efficacious procedure to treat subacro-
mial impingement syndrome. Resection of the
anteroinferior acromion and subacromial bursa
and release of the coracoacromial ligament all
lead to an increase in volume of the subacromial
space. The anatomy of the subacromial bursa can
make it difficult for the surgeon to navigate
because of the lack of easily identifiable land-
marks. Furthermore, its weak ligamentous cap-
sule can lead to fluid extravasation into the
muscle and subcutaneous envelope of the shoul-
der. Therefore, surgical time should be limited,
and the fluid pump pressure and flow should be
kept to a minimum.

For optimal visualization of the subacromial
bursa, the arm should be positioned in 20° of
abduction and 5° of forward elevation. Less than

15 pounds (6.8 kg) of traction are needed to move
the greater tuberosity inferiorly and laterally out
of the way to open the subacromial space if being
performed in the lateral decubitus position [35,
50]. If performed in the beach chair position,
traction is not needed to improve visualization of
the subacromial space. To perform a diagnostic
bursoscopy, the arthroscopic cannula should be
placed into the posterior portal aiming for the
posterolateral border of the acromion and
advanced to the posterior acromial edge. The 30°
arthroscope is inserted into the subacromial space
and directed to the tip of the cannula. A radiofre-
quency device can be used to ablate and debride
the bursal adhesions and the posterior bursal cur-
tain (posterior “veil of tears”). Visualization can
be hindered throughout the procedure without
debridement of this posterior bursal curtain. A
medial to lateral “sweep” is performed from the
medial border of the acromion to the level of the
lateral portal to break up any bursal adhesions
and create a “room with a view.”

In order to delineate the subacromial space
and widen it, the anterior and lateral borders of
the acromion should be defined, and the under-
surface of the acromion should be debrided using
a radiofrequency device. The remaining bursa
can then be debrided using a full-radius motor-
ized shaver (Fig. 11.8). Caution should be taken

Fig. 11.8 Arthroscopic view using an arthroscopic shave
to completely debride the subacromial bursa. Copyright
Kevin D. Plancher
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Fig. 11.9 Arthroscopic view showing the blood vessels
on the superior aspect of the rotator cuff signifying a bur-
sectomy has been performed. Copyright Kevin D. Plancher

when resecting the medial bursal tissue to avoid
disruption of its blood supply (Fig. 11.9). The use
of the motorized shaver medial to the supraspina-
tus myotendinous junction should be avoided due
to bleeding. When releasing the coracoacromial
ligament, bleeding from the acromial branch of
the thoracoacromial artery may be avoided and if
needed subsequently should be ablated with a
radiofrequency device. The coracoacromial liga-
ment should be performed at the most lateral
aspect to avoid this vessel.

To gain a better appreciation of the acromial
morphology especially with a type III or hooked
acromion, visualization from the lateral portal is
best. A 6.0 mm oval hooded burr is placed
through the lateral portal and oriented along the
anterior border of the acromion (Fig. 11.10) [39].
A 4.0 mm burr should be utilized for smaller indi-
viduals. The depth of the acromial resection is
established by burying the burr to the diameter of
the burr (Fig. 11.11). The resection is begun just
lateral to the acromioclavicular joint to avoid vio-
lation of the acromioclavicular joint capsule.
Once the extent of the most anterior resection is
established, the remaining hook of the acromion
is resected until the acromion is flat (Fig. 11.12).

The arthroscope is placed underneath the acro-
mion staying in a plane parallel to the acromion.

Fig. 11.10 Subacromial decompression, lateral technique.
The arthroscope is placed in the posterior portal and the burr in
the lateral portal. The burr is parallel to the front of the acro-
mion to begin the acromioplasty. Copyright Kevin D. Plancher

Fig.11.11 Subacromial decompression, lateral technique.
Arthroscopic view of the burr buried the diameter of the
burr. The remainder of the acromioplasty will be based off
the depth set during this step. Copyright Kevin D. Plancher

Scraping the trochar of the arthroscope directly
under the acromion is avoided as the cannula may
end up above the bursa. Conversely, aiming the
trochar inferiorly may penetrate the infraspinatus
and miss the bursa inferiorly. The cannula is
aimed toward the anterior and middle (anterior to
posterior) third of the acromion because the sub-
acromial bursa is located in the anterior half of the
subacromial space in front of the orientation line
drawn at the beginning of the case.
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Fig.11.12 Arthroscopic view of co-planed acromion after
completed acromioplasty. Copyright Kevin D. Plancher

If an inside-out portal is desired to be created
anteriorly, a long guide rod can be inserted to pal-
pate the coracoacromial ligament. The rod is gen-
tly placed underneath the coracoacromial
ligament and out through the anterior-superior
portal. An outflow cannula is placed over the
guide rod back into the bursa in a retrograde man-
ner. The arthroscope and camera are inserted in to
the trochar and the pump is turned on. The dis-
tended bursal space should immediately open up
into “a room with a view.” If the muscle or fatty
tissue is seen, the instruments are removed, and
the steps are repeated until a bursal view is
achieved. If you continue to have difficulty, the
shaver is placed into the anterior portal, and the
bursa is carefully removed, aiming the blades
superiorly toward the acromion and away from
the rotator cuff tendons.

Alternately, an outside-in portal can be made
laterally in the middle third of the acromion as
previously described. The shaver is introduced,
and resection of the bursa is completed in a rou-
tine fashion [51].

The posterior, “cutting block,” approach, pop-
ularized by many, is another alternative to the lat-
eral approach for subacromial decompression
[24]. The posterior portal is created 1-2 cm supe-
rior and slightly lateral to the usual posterior por-

tal for glenohumeral arthroscopy which is too
low and could therefore increase the risk of over-
resection of the anterior aspect of the acromion
(Fig. 11.13). A 6.0 mm oval burr, or a 4.0 mm
burr in smaller individuals, is placed into the pos-
terior portal, and the arthroscope is placed in the
lateral portal at the “50-yard line” for adequate
visualization. Co-planing of the acromion is initi-
ated at the posterior border of the clavicle and
advanced forward to the anterior border of the
acromion using the undersurface of the posterior
acromion as the “cutting block.” Each pass of the
burr serves as a guide for each subsequent pass,
beginning at the medial acromion moving later-
ally toward the lateral border (Fig. 11.14). The
AC joint capsule should never be violated unless
an infraclavicular spur is noted on preoperative
x-rays. The hooded portion of the burr can be
used as a guide to assess the “flatness” of the
acromioplasty (Fig. 11.15). The arthroscope is
placed in the posterior portal to check the lateral
edge of the acromion for any remaining spurs. A
nasal rasp introduced through an arthroscopic
portal can be used as a reference to ensure the
surface of the acromion is flat.

11.7 Postoperative Rehabilitation
Protocol

Immediately postoperatively, we place all patients
in a sling. For isolated subacromial decompres-
sion, we encourage early motion and physical
therapy. On the first postoperative day, all dress-
ings are changed, and patients are encouraged to
begin Codman exercises and gentle active and
passive range of motion. By the end of the first
week, patients are weaned from the sling and
encouraged to return to daily activities as toler-
ated. During the subsequent weeks, progressive
strengthening of the shoulder girdle and scapular
stabilization are encouraged. We allow return to
full activities once the patient is pain-free and has
90% strength of the contralateral shoulder. For
patients that undergo a procedure for concomitant
pathology, the postoperative rehabilitation proto-
col is based on the protocol for that procedure.
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Fig. 11.13 Subacromial decompression, cutting block
technique. (a) The burr in the posterior portal is posi-
tioned too vertical increasing the risk for overresection of
the anterior acromion. (b) The burr can be oriented paral-

Fig. 11.14 The posterior acromion is used as a cutting
block guide. Each pass of the burr serves as a guide for
each subsequent pass, beginning at the medial acromion
moving laterally toward the lateral border. Copyright
Kevin D. Plancher

11.8 Complications

Complications from an arthroscopic subacromial
decompression can be limited by proper patient
selection and diligent preoperative planning.
Performing an isolated subacromial decompres-
sion in patients with concomitant glenohumeral

lel to the posterior acromion using the alternate posterior
portal placement described allowing the posterior acro-
mion to be used as a cutting block. Copyright Kevin
D. Plancher

Fig. 11.15 The hooded portion of the burr can be used to
assess the flatness of the acromioplasty. Copyright Kevin
D. Plancher

pathology or shoulder instability will more often
than not fail treatment and result in persistent
symptoms. Failures can be limited by a meticulous
history and thorough physical exam and proper
diagnosis and confirmed by performing a lido-
caine test. Preoperative evaluation of the radio-
graphs is essential to understanding the topography
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of the acromion and any osteophytic spur that
should be resected. Proper posterior portal place-
ment is imperative to avoid under- or overresection
of the acromion when using the cutting block tech-
nique. The placement of a posterior portal 1-2 cm
superior and slightly lateral to the standard poste-
rior portal can minimize this complication. Other
complications include deltoid detachment from an
overzealous anterior or lateral resection, infection,
postoperative stiffness, and failure to identify a
symptomatic os acromiale.

11.9 Outcomes

Overall, satisfactory results have been reported in
67-88% of patients undergoing arthroscopic sub-
acromial decompression for impingement, com-
parable to outcomes reported by Neer using an
open technique [52-56]. However, studies
describing long-term outcomes of treatment of
patients with shoulder impingement are still
rather rare, and the results tend to be controver-
sial. Some studies suggest overall clinical benefit
from surgical treatment [37, 52], while others
suggest nonoperative treatment with physical
therapy is equally efficacious [42, 57-60].

In a randomized study by Farfaras et al. in
2018, 87 patients with subacromial impingement
syndrome underwent either open acromioplasty,
arthroscopic acromioplasty, or physical therapy
alone [37]. Patients had persistent subacromial
pain for greater than 6 months and failed a course
of conservative treatment including unstructured
physical therapy, nonsteroidal anti-inflammatory
medication, and local corticosteroid injection.
Outcomes were measured using the Constant
score, the Watson and Sonnabend score, and the
36-Item Short Form Health Survey as well as
ultrasound examination to detect rotator cuff
tears or shoulder osteoarthritis (OA). Both the
arthroscopic and open acromioplasty groups had
improved functional outcomes at 10-year follow-
up, though these improvements were not seen in
the physical therapy group. Six percent of patients
in the open group, 7% of patients in the
arthroscopic group, and 14% of patients in the
physical therapy group had a full-thickness rota-
tor cuff tear at follow-up, and 15% of patients in

the open group, 7% of patients in the arthroscopic
group, and no patients in the physical therapy
group had shoulder OA at follow-up, though
none of these differences were statistically sig-
nificant. Other studies have also shown similar
outcomes with arthroscopic subacromial decom-
pression with improved functional and pain
scores for at least 6 years after surgery [52].

On the contrary, a multicenter, randomized,
placebo-controlled trial by Beard et al. in 2018
investigated the effectiveness of arthroscopic
subacromial decompression, diagnostic arthros-
copy, and no treatment in 313 patients with per-
sistent subacromial pain for greater than 3 months
[57]. While both surgical groups had statistically
improved pain and functional outcomes com-
pared to the no-treatment group at 12-month fol-
low-up, these differences were not clinically
meaningful, calling into question the value of
isolated decompression in these patients [56].
Similarly, Paavola et al. showed no difference
between arthroscopic subacromial decompres-
sion and diagnostic arthroscopy in pain and func-
tional outcomes at 24 months in patients with
shoulder = impingement  syndrome  [58].
Furthermore, while the arthroscopic subacromial
decompression group had statistical improve-
ments in pain compared to the exercise therapy
group, these differences did not reach the mini-
mal clinically important difference. Other studies
have also shown the positive benefit of physical
therapy suggesting eccentric rotator cuff strength-
ening and eccentric and concentric scapular sta-
bilization for at least 3 months [42, 43, 59-61].

Few studies have reported return to work after
subacromial decompression. Return to full duty
occurs on average 6—12 weeks postoperatively,
though manual laborers are reported to have lon-
ger periods of sick leave compared to nonmanual
laborers [62—65]. Return to preoperative hobbies
and preoperative work have been reported in 79%
and 76% of patients, respectively [64].

11.10 Conclusion

Both the lateral and cutting block techniques for
arthroscopic subacromial decompression are safe
and efficacious methods to treat impingement
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syndrome with results equivalent to open surgical
techniques, though we prefer the lateral tech-
nique because it is less dependent on portal place-
ment. A structured physical therapy program
with concentric and eccentric strengthening of
the rotator cuff and scapular stabilizers should be
pursued for a minimum of 3 months to aid in sur-
gical decision-making and to help identify those
patients requiring surgical intervention for per-
sistent subacromial pain. We believe with proper
patient selection, careful preoperative planning,
and meticulous surgical technique, impingement
syndrome can be safely treated arthroscopically
with low morbidity and rapid return to activities.
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12.1 Introduction

The acromioclavicular (AC) joint connects the
scapula and the clavicle, supporting the upper
limb girdle on the thorax. Osteoarthritis of the
AC joint frequently occurs in the adult popula-
tion, especially in the fourth decade. For patients
of AC joint osteoarthritis resistant to conservative
treatment, AC joint resection has been considered
the gold standard. In addition to conventional
open procedure, arthroscopic procedure has
gained popularity due to potential advantages of
quick return to activities and lower rate of
complications.

12.2 Epidemiology
of Acromioclavicular Joint
Osteoarthritis

DePalma [1] described that the degenerative fea-
tures of the AC joint could be a natural conse-
quence of aging, beginning in the second decade.
Needell et al. [2] investigated magnetic resonance
(MR) images of the AC joint in 100 asymptom-
atic volunteers ranging from 19 to 88 years of age
and found osteoarthritic changes with the preva-
lence of 39% in those younger than 40 years,
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89% in those aged 40-60 years, and 90% in those
aged 60 years or over.

Edelson [3] investigated the pattern of degen-
erative changes of AC joints in 280 dry bone skel-
etons. They revealed consistent patterns of
degeneration in the joint: an anteroposterior elon-
gation of the joint on the acromial side, broaden-
ing and rounding of the distal clavicle in the
anteroposterior direction, and inferior projecting
osteophytes during the progression of osteoar-
thritis of the AC joint. Hatta et al. [4] investigated
the histological features of 38 cadaveric AC joints
aged between 69 and 91 years, to evaluate the
localization of arthritic changes in the joints.
They found the consistent findings that the lower
half of the AC joint is more subject to advanced
degeneration of the articular cartilage and the
intra-articular disk than the upper half.

12.3 Symptoms

The most common symptom in patients with AC
joint osteoarthritis is pain on the AC joint.
Especially, the pain can be induced or enhanced
with the arm in forward flexion, cross-body
adduction, and/or internal rotation in abduction. It
is known that these positions provide the narrow-
ing of the AC joint which results in increased
pressure in the joint, whereas, arthroscopic obser-
vation reveals various narrowing patterns among
these positions. Anterior joint space often
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becomes narrow with arm in cross-body adduc-
tion; in contrast, posterior joint space becomes
narrow with forward flexion and internal rotation
in abduction. Accordingly, it is notable that pain-
ful position may change according to the location
of osteoarthritic changes in the AC joint.

12.4 Diagnosis

In addition to characteristic arm positions which
induce the pain as described above, the tender-
ness over the AC joint is helpful to detect pain
from the AC joint. Several provocative tests
which indicate the AC joint pathology have been
advocated, such as the cross-body adduction
stress test, the active compression test, the
Buchberger test, and the Paxinos test. Of these,
some maneuvers have been evaluated for their
sensitivity and specificity (Table 12.1).

The cross-body adduction stress test is a well-
known maneuver to induce AC joint pain, which
was described by McLaughlin [5]. The examiner
passively elevates the arm to 90° forward flexion
and brings the arm in horizontal flexion. This test
is considered positive if it reproduces pain at the
AC joint.

The active compression test comprises two
steps of the maneuver [6]. In the first maneuver,
the examiner asks the patient to elevate the arm
forward with full extension of the elbow and
maximal pronation of the forearm. An inferiorly
directed force is applied to the arm to evaluate the
pain at the AC joint. In the second maneuver, the
force is released, the forearm is fully supinated,
and the force is applied again. The test is consid-
ered positive if the pain is induced during the first

Table 12.1 Accuracy of clinical tests

Sensitivity ~ Specificity
(%) (%)
Tenderness on the 96 10
acromioclavicular joint
Provocative tests
Active compression 16-100 90-97
Cross-body adduction 77 79
Paxinos test 79 50

maneuver and reduced or disappeared during the
second maneuver.

The Buchberger test combines inferiorly
directed force to the lateral clavicle with passive
forward flexion of slightly adducted and exter-
nally rotated arm [7]. For the Paxinos test, the
examiner places a thumb on the posterolateral
acromion and the index and/or the middle finger
on the superior aspect of the mid-clavicle and
then squeezes the thumb and fingers together [8].
Both tests are considered positive if the pain is
induced or intensified at the AC joint.

12.5 Radiologic Assessment

Because of the high prevalence of age-related
changes of the AC joint regardless of symptoms,
radiologic assessment may be very difficult to
make a diagnosis of AC joint osteoarthritis.
Especially in plain radiographs, we should note
degenerative findings including the joint narrow-
ing, spur formation with sclerotic changes rela-
tively consistent patterns of asymptomatic AC
joint by the fourth decades. The primary aim of
computed tomography is to achieve more accu-
rate assessment of the morphology of the distal
clavicle and the acromion. Magnetic resonance
imaging could be helpful to detect fluid collec-
tion or reactive bone edema in the distal clavicle
and acromion. Ultrasonography has been recog-
nized as a useful diagnostic tool for AC joint
pathologies [9, 10]. Especially, a dynamic pro-
vocative maneuver performed with ultrasonogra-
phy can aid in detecting mild pathologies such as
superior capsular bulging due to increased fluid
in the AC joint [11].

12.6 Treatment

Symptomatic AC joint osteoarthritis may require
conservative treatment including anti-inflammatory
medications, physiotherapy, and intra-articular cor-
ticosteroid injection or surgical treatment for cases
with failed conservative treatment. Since the initial
reports by Mumford [12] and Gurd [13], open
resection of the distal clavicle has been an
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established technique for the treatment of symp-
tomatic AC joint osteoarthritis. Arthroscopic distal
clavicle resection has been recognized to provide
similar results in terms of pain relief [14, 15]. A
systematic review including 17 studies published
from 1966 to 2008 demonstrated the arthroscopic
distal clavicle resection would provide faster return
to activities than the open procedure; in contrast,
both procedures might result in similar long-term
outcomes [16]. More recently, a database-based
analysis described that the number of open proce-
dures for the AC joint osteoarthritis had decreased
among newly trained, board-eligible orthopedic
surgeons [17]. They indicated that open resection
could be associated with an overall higher surgical
complication rate when compared with arthroscopic
procedure (9.4% vs 7.6%, P < 0.001). Gaillard
et al. [18] introduced a modified technique, bipolar
AC joint resection, to gain a better visualization of
the superoposterior part of the distal clavicle from
the mid-lateral portal by extending a resection of
the inferomedial part of the acromion.

12.7 Arthroscopic
Acromioclavicular Joint
Resection: Authors’
Preferred Technique

The patient is in the beach chair position. In addi-
tion to the standard arthroscopic equipment, an
electrical tissue ablator, a motorized burr, and a
full-radius soft tissue resectors are prepared.
Arthroscopic AC joint resection can be per-
formed through two approaches; the lateral sub-
acromial (indirect) approach and the superior
(direct) approach. Because of minimal damages
to the AC ligaments and the coracoacromial arch,
we prefer to use the superior (direct) approach.
First, an anterior portal is created just in front of
the AC joint (Fig. 12.1). Through this portal, a
needle is inserted into the joint to confirm the ori-
entation of the joint space. Then, a Wissinger rod
is inserted into the AC joint from the anterior por-
tal and passed through the joint to create a poste-
rior portal at the exit point of the rod. Through the
posterior portal, an arthroscopy cannula is
inserted into the AC joint along the Wissinger

e

Fig. 12.1 Anterior and posterior portals. The anterior
portal (A) is directly anterior to the AC joint, and the pos-
terior portal (P) is directly posterior to the AC joint

rod. Once the cannula is inside the joint, a stan-
dard 4.5-mm arthroscope is inserted through this
cannula into the joint. The degenerated disk and
proliferated synovia inside the AC joint are
removed with use of the soft tissue resector
inserted through the anterior portal. The electri-
cal ablation device is also useful to remove the
soft tissues and visualize the distal clavicle and
the medial aspect of the acromion. Next, chang-
ing the arthroscope to the anterior portal and the
soft tissue resector to the posterior portal, the
debridement is continued until all the soft tissues
inside the joint are removed (Fig. 12.2). It should
be noted that the superior and inferior capsulo-
ligamentous structures are completely kept intact
during this procedure. After the debridement, the
presence/absence of contact between the clavicle
and the acromion is carefully observed both
through the anterior and posterior views by mov-
ing the arm toward the three directions: forward
elevation, cross-body adduction, and internal
rotation in abduction. This “dynamic assess-
ment” is considered important to determine the
optimal amount and area to be resected.
Excision of the distal clavicle and the acro-
mion begins with the burr through the posterior
portal because this is the narrowest part of the
joint. To date, several studies investigated to
address the optimal amount of resection without
damaging capsuloligamentous structures of the
AC joint. Renfree et al. [19] investigated the



110

T. Hatta and E. Itoi

Fig. 12.2 Anterior portal view of the AC joint. (a) After
the soft tissues were removed, the posterior joint space
was measured using the probe tip (5 mm). The posterior
joint space was about 3 mm. C clavicle, A acromion. (b)
Dynamic examination with the arm in abduction and
internal rotation demonstrated the narrowing of the poste-

rior joint space. (¢) Mechanical burr was used for bone
resection on both the clavicular side and the acromion
side. (d) As the posterior joint space was about 7 mm, the
amount of bone resection was about 4 mm. (e) The same
dynamic examination as in (b) showed sufficient clear-
ance between the two bones
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insertion of the superior AC ligament and sug-
gested a safety amount of the resection on the
distal clavicle less than 5.2 mm in female and
7.6 mm in male and on the acromion less than
4.7 mm in female and 8.0 mm in male. Stine and
Vangsness [20] investigate the AC joint capsular
insertion on the anterior, posterior, superior, and
inferior edges and concluded that a safe amount
of resection should be 2-3 mm of the medial
acromion and 3—4 mm of the distal clavicle to
avoid damaging the capsular attachments. Our
goal is to achieve the loss of abutment; therefore,
we gradually increase the amount of bone resec-
tion from both the clavicle and acromion until the
dynamic examination revealed no more abutment
between these two bones. At this point, the
amount of resection is usually 3—4 mm on the cla-
vicular side and 1-2 mm on the acromion side.

Postoperatively, the arm is kept in a sling for a
week. Active motion is allowed within the range
of comfort. As the pain decreases, active and pas-
sive range of motion exercise is started. After
3 weeks, muscle strengthening exercises are
started.
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and Nonsurgical Management
of the Impingement

Takayuki Muraki and Eiji Itoi

13.1 Indication of Scapular

Exercises

Scapulothoracic disorders are generally mani-
fested by abnormal scapular position or motion.
Several previous studies reported differences of
scapular motion during shoulder motion between
patients with shoulder impingement and healthy
subjects [1-10]. Frequent findings in patients with
subacromial impingement are decreased scapular
upward rotation, posterior tilt, and external rota-
tion of the scapula [11, 12], whereas patients with
posterosuperior impingement showed increased
scapular elevation and posterior tilt [ 13]. However,
there are no clear diagnostic criteria for “abnor-
mal” scapulothoracic condition to be treated
because of the following reasons. First, asymme-
try of scapular position per se does not necessarily
mean that it is pathologic because asymmetry is
sometimes observed in asymptomatic subjects
[14-16]. Second, characteristics of the scapular
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motions in patients with shoulder impingement
are inconsistent among the literature. A system-
atic review regarding the relationship between
subacromial impingement syndrome and scapular
orientation has pointed out the lack of consistency
in study methodologies and definition of shoulder
impingement [17]. Third, it is unclear whether
alterations of the scapular motion are causes or
results of pain due to the impingement. Previous
studies demonstrated that inducing or reducing
subacromial pain affected the scapular motion
[18-23]. A biomechanical study reported that
reducing the posterior tilt of the scapula decreased
subacromial contact pressure during glenohu-
meral elevation [24], which might lead to reduc-
tion of subacromial pain. Thus, reduced posterior
tilt could be the result of impingement. On the
other hand, it could be the cause of pain because it
is the most frequent findings in patients with
impingement [11]. As the scapular dyskinesis
could be the cause or result of impingement, not
all the scapular dyskineses in impingement
patients are the indication for intervention to the
scapulothoracic joint. If the alterations of the
scapular motions are causes of pain due to
impingement, the pain should be reduced when
the altered scapular motion is corrected. In that
case, correction of altered scapular motions is
indicated as nonsurgical management of shoulder
impingement.

13
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13.2 Definition of Scapular
Motion

Scapular motion on the thorax consists of the
scapular motion relative to the clavicle and the
clavicular motion relative to the sternum.

13.2.1 Elevation/Depression

Scapular elevation and depression are superior
and inferior translations of the scapula in the cor-
onal plane, respectively. These motions are
mainly produced by clavicular elevation and
depression at the sternoclavicular joint.

13.2.2 Protraction/Retraction

Scapular protraction and retraction are anterior
and posterior translations of the scapula in the
sagittal plane, respectively. As the scapula moves
on the rib cage, these motions are accompanied
by internal and external rotations of the scapula,
respectively. These motions are mainly produced
by clavicular protraction and retraction.

13.2.3 Upward/Downward Rotation

Scapular upward/downward rotations occur
around the axis perpendicular to the scapular
plane. Depression and elevation of the superior
angle of the scapula relative to the acromion indi-
cate upward and downward rotations, respec-
tively. These motions mainly occur at the
acromioclavicular joint. In addition, clavicular
elevation and depression usually accompany the
upward and downward rotations.

13.2.4 Internal/External Rotation

Scapular internal/external rotations occur in the
horizontal plane, mainly at the acromioclavicular
joint. Scapular internal rotation accompanies the
scapular protraction, and scapular external rota-
tion accompanies the scapular retraction.

13.2.5 Anterior/Posterior Tilt

Anterior/posterior tilts of the scapula occur
around the axis directed from the root of the
scapular spine to the acromioclavicular joint.

13.3 Management Principles

First, scapular motion during painful shoulder
motion should be observed. Once an altered
scapular motion is detected, change of pain with
correcting the scapular motion need to be exam-
ined. If a correction of the altered scapular motion
reduces shoulder pain, it is a good indication of
prescribing therapeutic exercises of scapular
motion.

If a decreased scapular motion is the cause of
pain, strengthening the agonist muscles and
stretching/relaxing the antagonist muscles of the
scapular motion are needed. On the other hand, if
an increased scapular motion is the cause of pain,
shoulder exercises focusing on relaxation of the
agonist muscles need to be performed.

To obtain successful improvement of the
altered scapular motion, factors affecting scapu-
lar kinematics should be managed. Poor posture
of the thoracic spine, head, and shoulder can alter
the scapular motions [25-27]. In addition, gleno-
humeral internal rotation deficit (GIRD) is asso-
ciated with alternations of the scapular motions
[28, 29]. If these factors are found, interventions
to these factors are recommended before pre-
scribing exercises to improve scapular
dyskinesis.

Proper kinetic chain during whole-body
movement is necessary for optimal shoulder
motion, especially in overhead athletes. Sufficient
strength, mobility, and stability of lower extremity
and trunk can maximize function of the scapulo-
thoracic joint. On the other hand, the scapulotho-
racic joint need to move appropriately and
efficiently as a segment in kinetic chain from
lower extremity or trunk. Therefore, patients
need to perform scapulothoracic exercises simul-
taneously with leg and trunk motions simulating
task-specific motion such as baseball pitching
and tennis serving.
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13.4 Assessment
13.4.1 Scapular Position/Motion

13.4.1.1 Visual Observation

Assessment of the scapulothoracic joint is con-
ducted based on visual observations of scapular
position/motion and comparison  between
involved and uninvolved sides. Three-dimensional
motion analysis of the scapular motion is the most
precise measurement method. However, this
method is complicated and time-consuming for
clinical use. Kibler [30] simply categorized a vari-
ety of altered scapular motions into three types.

Type 1 dyskinesis shows prominence of the
inferior angle of the scapula representing
increased anterior tilt of the scapula. Type 2 dys-
kinesis shows prominence of the entire medial
border of the scapula representing increased
scapular internal rotation. Type 3 dyskinesis
shows prominence of the superior angle of the
scapula representing increased scapular elevation
and upward rotation. In some cases, these types
are combined.

According to the previous biomechanical stud-
ies, patients with subacromial impingement tend
to show types 1 and 2, whereas patients with pos-
terosuperior impingement tend to show type 3.

13.4.1.2 Corrective Maneuvers

Corrective maneuvers of scapular motion are
useful in deciding whether altered scapular
motion is a cause of shoulder pain. Kibler [31]
advocated scapular assistance test to determine
contribution of upward rotation and posterior tilt
to pain due to impingement. The examiner assists
scapular upward rotation and posterior tilt by
pushing the inferior medial border of the scapula
laterally and upward when the patient elevates
the arm (Video 13.1). Pain reduction and
increased range of motion with this maneuver
indicate that the test is positive, and it is most
likely that the pain comes from the scapular
dyskinesis.

Lewis [32] introduced the Shoulder Symptom
Modification Procedure (SSMP) that systemati-
cally evaluates the influence of thoracic posture,
scapular position, and humeral head position on

shoulder symptom. For the assessment of the
scapular position in the latest version of the
SSMP, the examiner changes scapular position in
three planes (elevation/depression, protraction/
retraction, and anterior tilt/posterior tilt) during
painful shoulder motion and then assesses
changes of symptom (no change, worse, partial
improvement, complete improvement) (Video
13.2) [33]. If a change of scapular position com-
pletely or partially relieves the shoulder symp-
tom, interventions to maintain this change, such
as exercises and manual techniques, should be
prescribed.

13.4.2 Thoracic Posture

Although there is insufficient evidence for direct
relationship between thoracic kyphosis and
impingement pain [34], thoracic kyphosis can
affect scapular motion. Previous studies reported
that an increase in thoracic kyphosis could lead to
elevation and anterior tilt of the scapula [35, 36].

Measurement of Cobb angle is a standard
method for evaluating the thoracic kyphosis [26].
However, this measurement requires radiographic
equipment. Instead, wall-occiput test [25] and
measurement using inclinometer [27, 37],
Debrunner kyphometer [38], or SpinalMouse®
[39] are used as simpler clinical measures.

Similar to the assessment of the scapulotho-
racic joint, a corrective maneuver is useful in
assessing the effect of the posture on shoulder
pain. In the SSMP advocated by Lewis [33], the
thoracic curvature is modified in flexion or exten-
sion of the spine during painful shoulder motion
(Video 13.3). If the shoulder pain decreases with
thoracic extension or flexion, intervention to the
thoracic posture should be considered.

13.4.3 GIRD

The effect of the GIRD on scapular motion
depends on the direction of shoulder motion.
During elevation in the scapular plane, the GIRD
is reported to decrease the scapular upward rota-
tion and increase the scapular protraction [29].
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Another study demonstrated an increase in ante-
rior tilt of the scapula during internal rotation at
90° of flexion and abduction [28].

GIRD is assessed by measuring the internal
rotation at 90° of shoulder abduction on both sides.
Traditionally, the GIRD is positive if a deficit of
internal rotation in the involved shoulder is more
than 18° compared to the uninvolved side [40].
However, a systematic review suggests that the
GIRD is age dependent and, thus, should be distin-
guished between adult and adolescent athletes [41].
In clinical practice, if a patient with GIRD shows
scapular dyskinesis, we need to assess whether the
dyskinesis is related to the GIRD or the pain. If the
scapular dyskinesis is related to the GIRD, inter-
vention to the GIRD should be considered before
managing the altered scapular motion directly.

13.5 Management

To improve the increased scapular anterior tilt or
decreased scapular posterior tilt categorized as
type 1 of scapular dyskinesis, lengthening of the
pectoralis minor is indicated. In addition, activat-
ing and strengthening the lower trapezius and
lower serratus anterior should be included. To
improve the increased scapular internal rotation
or decreased scapular external rotation catego-
rized as type 2 of scapular dyskinesis, activating
and strengthening the entire serratus anterior are
indicated. In cases with the increased upward
rotation and elevation known as type 3 of scapu-
lar dyskinesis, inhibition of muscle activities of
the upper trapezius is recommended.

13.5.1 Stretching the Pectoralis Minor

To stretch the pectoralis minor, the scapular
needs to be rotated upwardly and externally as
well as tilted posteriorly. Previous studies
reported that posterior tilt or retraction of the
scapula alone was not sufficient to stretch the
pectoralis minor and that the combination of
scapular posterior tilt and shoulder elevation or
horizontal abduction was more effective [42, 43].

The corner stretching is an effective self-
stretching technique. A patient stands near a corner
wall and abducts the shoulder at 90° with 90° of

Fig. 13.1 Pectoralis minor stretching. The patient lies in
supine position. The therapist flexes the patient’s elbow
maximally and flexes the shoulder by 30°. Then, the thera-
pist pushes the elbow supero-posteriorly so that the origin
and insertion of the pectoralis minor would be separated
maximally

external rotation so that the palm can be placed on
a flat surface. From this position, the patient per-
forms horizontal extension by rotating the trunk in
the direction opposite the abducted shoulder [42].
As an alternative stretching, scapular retrac-
tion and elevation at 30° of shoulder flexion are
recommended. A patient lies in a supine position
and flexes the elbow of the involved arm. Then,
the practitioner applies posterosuperior force to
the patient’s scapula by pushing the flexed elbow
(Fig. 13.1) (Video 13.4) [43]. This technique is
recommended for patients who cannot elevate the
arm more than 90° because of shoulder pain.

13.5.2 Activating and Strengthening
the Lower Trapezius

To activate and strengthen a target muscle, exer-
cises inducing higher activity of the muscle should
be selected. Several previous studies reported that
antigravity shoulder flexion in the prone or quad-
ruped position showed high-grade activity of the
lower trapezius (Video 13.5) [44—46]. In addition,
high electromyographic activity was observed
during antigravity shoulder external rotation in
the prone position [47, 48]. Because there was no
significant electromyographic difference of the
lower trapezius between antigravity shoulder flex-
ion and external rotation, either of these exercises
can be chosen depending on shoulder motion in
which the scapular motion needs to be corrected.
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13.5.3 Activating and Strengthening
the Serratus Anterior

Traditionally, push-up plus exercise has been
used for strengthening the serratus anterior
[48]. Currently, several modifications to the
push-up plus exercise are used. Regarding the
exercise position, all modifications including
knee push-up plus, elbow push-up plus, and
wall push-up plus result in lower muscle activi-
ties of the serratus anterior compared to the
muscle activity during standard push-up plus
[49]. Regarding the surface condition, push-up
plus on a stable surface appears to induce higher
muscle activity of the serratus anterior rather
than an unstable surface [50, 51]. Regarding the
hand position width, higher muscle activity of
the serratus anterior during push-up plus is
obtained with the hand position of shoulder
width compared to the hand positions of wider
and narrower widths [52].

Open kinetic chain exercises for the serratus
anterior should be considered as well. Serratus
punch exercise induces higher muscle activity of the
serratus anterior compared to push-up plus exercise
[53] (Fig. 13.2) (Video 13.6). Diagonal exercise
with a combination of shoulder flexion, horizontal

WPV " '"1 |

Fig. 13.2 Serratus punch exercise. The patient flexes
both shoulders up to 90° with the elbows extended in
standing position. While the patient grasping a rubber
band with the involved hand (left hand) and the therapist

flexion, and external rotation also expects to provide
high activity of the serratus anterior [54].

13.5.4 Inhibiting Muscle Activities
of the Upper Trapezius

To correct increased upward rotation and eleva-
tion of the scapula, scapulothoracic exercises
with minimal activation of the upper trapezius
are recommended. Side-lying external rotation,
side-lying forward flexion, and prone horizontal
abduction with external rotation can promote the
activity of the lower trapezius while minimizing
activity of the upper trapezius [55]. In order to
keep the balance of the serratus anterior and
upper trapezius, standard push-up plus on stable
surface with hand positions of shoulder width is
an effective exercise [49-52].

13.5.5 Management of Other Factors

For thoracic postural correction, exercises and
manual technique to extend thoracic spine are
generally prescribed. Taping to reduce thoracic
kyphosis is also an alternative method. A previ-

pulling the rubber band from behind, the patient retracts
the scapulae bilaterally and then protracts them maxi-
mally. To keep the neutral rotation of the trunk, the patient
needs to perform symmetric motion of bilateral scapulae
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ous study reported the efficacy of taping applied
bilaterally from Thl to Th12 [56].

For improvement of GIRD, the sleeper stretch
is widely used [57-59]. In this stretch, a patient
lies in the decubitus position on the involved side
with 90° of shoulder flexion and then rotates the
shoulder internally.

13.6 Tips, Tricks, and Pitfalls

In early phase of nonsurgical management of the
scapulothoracic disorder, exercise should be per-
formed under control of joint motion and loading.
Isometric exercise in closed kinetic chain manner
is safer and easier than open kinetic chain exer-
cises when starting the scapular muscle activation
exercises. If dysfunction exists in the proximal
segments of the kinetic chain, such as the trunk

Fig. 13.3 Lawn mower
exercise. The patient
begins this exercise with
a contralateral leg
stepped forward and
with a flexed and rotated
trunk toward the
contralateral side with
the hand in front of the
stepped leg. Then the
patient rotates and
extends the trunk while
retracting the scapula

and hip joint, these segments should be managed
before starting scapular motion exercise [60].

Once activating the scapular muscles is suc-
cessfully obtained, strengthening of these muscles
needs to be encouraged with gradual increase in
the intensity of loading. Dynamic exercise using
open kinetic chain can be included as well. As a
dynamic exercise, lawn mower exercise was intro-
duced [61] (Fig. 13.3) (Video 13.7). This exercise
requires large joint motion at multiple segments,
leading to greater activity of the lower trapezius
compared to isometric exercise. Care should be
taken when inadequate motion and/or weakness in
any segment of the kinetic chain is observed.

If the goal of the management is to return to
play, high-intensity and plyometric exercise
should be considered. It is important to assess
whether adequate kinetic chain is maintained
with increase of loading.

“
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Rotator Cuff Repair

Stephen S. Burkhart and Robert U. Hartzler

In the 1980s, only a handful of orthopedic sur-
geons were performing shoulder arthroscopy, and
those surgeons were directing their efforts pri-
marily toward instability. Arthroscopic rotator
cuff repair lagged behind due to two factors: (1)
visualization in the subacromial “potential space”
was difficult and usually unsatisfactory and (2)
there were no good ways to arthroscopically fix
the torn cuff tendons to the bone. The first prob-
lem was overcome in 1984 when Dr. Harvard
Ellman discovered that he could reproducibly
create a subacromial “virtual space” in which he
could see well enough to do an arthroscopic
acromioplasty [1, 2]. The second problem (ten-
don fixation) was a lingering conundrum until the
introduction of suture anchors to the market in
1991. Since that time, the pace of scientific and
technological advancement in the field of
arthroscopic rotator cuff repair has accelerated to
the point that the paradigm shift from open to
arthroscopic cuff repair has occurred [3]. Few of
us who listened to Dr. Rockwood [4] rail in the
1980s and 1990s about the arthroscope being
“the instrument of the devil” would have pre-
dicted that the standard of care for rotator cuff
tears in 2019 would be arthroscopic repair [5-7].
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Gandhi was right when he said, “First they ignore
you. Then they laugh at you. Then they fight you.
Then you win.”

14.1 Primary Goals of Arthroscopic

Rotator Cuff Repair

From the beginning, the overriding goal of
arthroscopic cuff repair was secure anatomic res-
toration of the cuff without damaging important
adjacent structures such as the deltoid muscle.
Preservation of a normal deltoid has always been
a major advantage of arthroscopic rotator cuff
surgery.

Furthermore, as our abilities to arthroscopi-
cally treat even large and massive cuff tears have
improved, our focus has increasingly centered on
joint preservation. Although some authors advo-
cate the use of reverse total shoulder arthroplasty
(rTSA) for treatment of massive irreparable cuff
tears [8], we have been achieving equally good
and even better results—with a low rate of com-
plications—in these patients by performing supe-
rior capsular reconstruction (SCR) with dermal
allograft [9]. Joint preservation remains our fore-
most goal in active patients with irreparable cuff
tears, yet no glenohumeral arthritis.
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14.2 Is the Tear Repairable?

Prior to 2000, when authors referred to an irrepa-
rable cuff tear, they meant that it was operatively
irreparable. That is, the surgeon tried to repair the
tear but was not able to. In such cases, we would
perform partial repair, and we reported good
results overall with this approach [10].

Sometime around 2000, certain surgeons
began to use the term “irreparable” in a different
way. Specifically, they said that they could pre-
dict if a tear was irreparable or if it would not
perform well functionally, even if it was repair-
able. The first article to claim predictability of
repair offered this claim with no supporting data
[11]. It was only the author’s opinion that patients
with Goutallier grade 3 or 4 changes in the supra-
spinatus or infraspinatus were irreparable. Then
other authors referenced this article, and before
long the opinion had become dogma for many
surgeons. But not for all.

We agree that severe fatty infiltration (>75%)
of the infraspinatus or supraspinatus is a negative
prognostic sign for function after rotator cuff
repair. However, we have shown that patients
with up to 75% fatty infiltration generally do
quite well with arthroscopic cuff repair [12]. We
have also shown that pseudoparalysis is often
reversible, even in patients with grade 3 or grade
4 Goutallier changes [13, 14].

Other authors have suggested that cuff tears
are not repairable if the acromiohumeral interval
(AHI) is <7 mm [15]. However, we have found
that most patients with AHI <7 mm are repairable
and do well after repair [13, 16].

The issue of being able to predict the repair-
ability of a cuff tear is an important one, particu-
larly in view of the fact that some authors are now
suggesting that rTSA be performed in many
patients with “irreparable” cuff tears (i.e., the
tears are predicted to be irreparable). However,
since we believe that “predictability criteria” are
not accurate, it follows that many patients are not
being offered a joint-preserving option (cuff
repair or SCR) that likely would have been suc-
cessful for them [17].

14.3 The Burden of Craft:
Principles of Arthroscopic
Rotator Cuff Repair

Surgery is a craft. So surgeons are, by definition,
craftsmen. But the craft of arthroscopic cuff
repair is a very difficult one, and the mastery of
that craft requires study, practice, patience, tenac-
ity, and creativity. Nonetheless, by practicing that
craft, the surgeon assumes the burden of that
craft, which is to provide the patient with the best
procedure for his or her problem. Even now, jour-
nal articles [18] and podium speakers recom-
mend for surgeons to “do what’s best in your
hands.” We take issue with that dogma. The
implied pact, the fiduciary relationship, that the
surgeon has with the patient is to do what’s best
for the patient, even and especially if that con-
flicts with what is in the surgeon’s best interest
(e.g., “what’s best in that particular surgeon’s
hands”). Particularly for challenging elective
cases, if the surgeon cannot skillfully perform the
procedure that is in the best interest of the patient,
his burden of craft demands that he refer the
patient to a surgeon who can do so.

There are a number of general principles that
can aid the surgeon in achieving the best possible
rotator cuff repair:

1. Subacromial visualization. Arthroscopy can
provide unparalleled access to the shoulder,
but not without cost: the surgeon must take
the time and effort to prepare the subacromial
space for visualization. Only after a thorough
bursectomy with exposure of the tendons and
bony landmarks will the surgeon be able to
perform technically sound rotator cuff repairs.

2. Tear pattern recognition. It is important to dis-
tinguish among crescent tears, L-shaped and
reverse-L tears, U-shaped tears, and massive
retracted tears [19]. One must always remember
that the tear pattern is also the repair pattern.

3. Recognition of all components of the tear.
Subscapularis tears continue to be missed
frequently. It is also important to recognize
occult tears (e.g., subscapularis tears into the
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medial sidewall of the bicipital groove; inter-
stitial tears of the supraspinatus and infraspi-
natus) as well as associated pathology (e.g.,
biceps instability/subluxation).

. Mobilization of retracted tears. Retracted

subscapularis tears can have their excursion
improved by doing a three-sided release
[20]. Anterior and posterior interval slides
should be considered and used appropriately
for retracted tears of the supraspinatus and
infraspinatus [21, 22].

. Bone bed preparation. Proper bone bed

preparation is essential, as the blood supply
for tendon healing comes from the bone. All
soft tissue must be removed from the tuber-
osity bone bed, and two to three bone vents
for marrow access should be created.

. Footprint reconstruction. We believe that

most tears, if there is no loss of tendon
length, are best treated by linked double row
constructs [23].

. Proper tensioning of the muscle-tendon unit.

Sutures from the medial row anchors should
be placed approximately 2 to 3 mm lateral to
the muscle-tendon junction, as this is the
anatomic location of the medial margin of
the cuff footprint.

. Optimize fixation of poor-quality tendon. For

short tendons with tissue loss, or for poor-
quality tendons, consider reinforced suturing
techniques such as the load-sharing rip-stop
technique [24, 25].

. What is the endpoint of fixation (i.e., when is

fixation good enough)? Surgeons know a
strong construct when they see it. Stop when
it looks perfect. Perfect is good enough.
What if the tear is not repairable? If there is
no glenohumeral arthritis, do partial repair
plus SCR.

14.4 Conclusion

The vast majority of rotator cuff tears can be
repaired arthroscopically [17]. Adherence to
basic principles will lead to predictably strong

repairs. For irreparable cuff tears in active
patients, joint preservation should be a guiding
principle. In such patients, the surgeon should
consider arthroscopic SCR.

References

10.

11.

12

13.

14

15.

. Ellman H. Arthroscopic subacromial decompression:

a preliminary report. Paper presented at ASES 1st
Open Meeting, Las Vegas. 1985.

. Ellman H. Arthroscopic subacromial decompression:

analysis of one- to three-year results. Arthroscopy.
1987;3(3):173-81.

. Burkhart SS. Expanding the frontiers of shoulder

arthroscopy. J Shoulder Elb Surg. 2011;20(2):183-91.

. Rockwood CA. Shoulder arthroscopy. J Bone Joint

Surg Am. 1988;70(5):639-40.

. Denard PJ, Jiwani AZ, Liddermann A, Burkhart

SS. Long-term outcome of a consecutive series of
subscapularis tendon tears repaired arthroscopically.
Arthroscopy. 2012;28(11):1587-91.

. Denard PJ, Jiwani AZ, Lidermann A, Burkhart

SS. Long-term outcome of arthroscopic massive rota-
tor cuff repair: the importance of double-row fixation.
Arthroscopy. 2012;28(7):909-15.

. Jones CK, Savoie FH. Arthroscopic repair of

large and massive rotator cuff tears. Arthroscopy.
2003;19(6):564-71.

. Harreld KL, Puskas BL, Frankle MA. Massive rota-

tor cuff tears without arthropathy: when to consider
reverse shoulder arthroplasty. Instr Course Lect.
2012;61:143-56.

. Hartzler RU, Burkhart SS. Superior capsular recon-

struction. Orthopedics. 2017;40(5):271-80.

Burkhart SS, Nottage WM, Ogilvie-Harris DJ, Kohn
HS, Pachelli A. Partial repair of irreparable rotator
cuff tears. Arthroscopy. 1994;10(4):363-70.

Warner JJ. Management of massive irreparable rota-
tor cuff tears: the role of tendon transfer. Instr Course
Lect. 2001;50:63-71.

. Burkhart SS, Barth JR, Richards DP, Zlatkin MB,

Larsen M. Arthroscopic repair of massive rota-
tor cuff tears with stage 3 and 4 fatty degeneration.
Arthroscopy. 2007;23(4):347-54.

Denard PJ, Lidermann A, Brady PC, et al
Pseudoparalysis from a massive rotator cuff tear is
reliably reversed with an arthroscopic rotator cuff
repair in patients without preoperative glenohumeral
arthritis. Am J Sports Med. 2015;43(10):2373-8.

. Denard PJ, Lidermann A, Jiwani AZ, Burkhart

SS. Functional outcome after arthroscopic repair of
massive rotator cuff tears in individuals with pseudo-
paralysis. Arthroscopy. 2012;28(9):1214-9.

Werner CM, Steinmann PA, Gilbart M, Gerber
C. Treatment of painful pseudoparesis due to irreparable



128

S.S.Burkhart and R. U. Hartzler

16.

18.

19.

20.

rotator cuff dysfunction with the Delta III reverse-ball-
and-socket total shoulder prosthesis. J Bone Joint Surg
Am. 2005;87(7):1476-86.

Oh JH, Kim SH, Shin SH, Chung SW, Kim JY, Kim
SJ. Outcome of rotator cuff repair in large-to-massive
tear with pseudoparalysis: a comparative study
with propensity score matching. Am J Sports Med.
2011;39(7):1413-20.

. Sheean AJ, Hartzler RU, Denard PJ, et al. Preoperative

radiographic risk factors for incomplete arthroscopic
supraspinatus tendon repair in massive rotator cuff
tears. Arthroscopy. 2017;34(4):1121-7.

Bond EC, Hunt L, Brick MJ, et al. Arthroscopic, open
and mini-open approach for rotator cuff repair: no dif-
ference in pain or function at 24 months. ANZ J Surg.
2018;88(1-2):50-5.

Davidson J, Burkhart SS. The geometric classifi-
cation of rotator cuff tears: a system linking tear
pattern to treatment and prognosis. Arthroscopy.
2010;26(3):417-24.

Richards DP, Burkhart SS, Lo IK. Subscapularis
tears: arthroscopic repair techniques. Orthop Clin
North Am. 2003;34(4):485-98.

21.

22.

23.

24.

25.

Lo IK, Burkhart SS. Arthroscopic repair of massive,
contracted, immobile rotator cuff tears using single
and double interval slides: technique and preliminary
results. Arthroscopy. 2004;20(1):22-33.

Lo IK, Burkhart SS. The interval slide in continuity:
a method of mobilizing the anterosuperior rotator
cuff without disrupting the tear margins. Arthroscopy.
2004;20(4):435-41.

Burkhart SS, Cole BJ. Bridging self-reinforcing
double-row rotator cuff repair: we really are doing
better. Arthroscopy. 2010;26(5):677-80.

Burkhart SS, Denard PJ, Konicek J, Hanypsiak
BT. Biomechanical validation of load-sharing rip-stop
fixation for the repair of tissue-deficient rotator cuff
tears. Am J Sports Med. 2014;42(2):457-62.

Denard PJ, Burkhart SS. A load-sharing rip-stop
fixation construct for arthroscopic rotator cuff repair.
Arthrosc Tech. 2012;1(1):e37-42.



®

Check for
updates

Biology of Rotator Cuff Healing

15

Hunter Hood and Felix H. Savoie lll

15.1 Introduction

Rotator cuff tears are the most common source of
shoulder pain and dysfunction in adults world-
wide. It is estimated that 30-40% of the current
population over the age of 60 will suffer a full-
thickness rotator cuff tear [1]. Due to the enor-
mity of this population, significant research
efforts have been undertaken to identify strate-
gies for prevention, treatment, and rehabilitation
of rotator cuff tears. The rate of recurrence of
rotator cuff tears, estimated to range from 5% to
85%, is also a significant factor to consider when
assessing the overall burden that these injuries
impart upon healthcare systems. The majority of
recurrent tears occur in the first 3 months follow-
ing primary repair, and this high rate of recur-
rence is primarily attributed to poor healing [2].
Despite ever-improving biomechanics of fixa-
tion, biological failure following rotator cuff
repair remains a significant burden on healthcare
systems worldwide.

Research efforts that evaluate aspects of rota-
tor cuff tear pathology and treatment range from
studies of microscopic molecular signals that
affect tendon healing to macroscopic analyses of
surgical techniques that yield superior healing
and improved functional outcomes. To compli-
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cate the matter, studies that compare healing with
patient outcomes do not always identify a direct
correlation between the former and the latter [3].
The next great milestone in the treatment of rota-
tor cuff tendon tears will likely be the amalgama-
tion of a greater understanding of the complexities
of rotator cuff healing with the vast array of cur-
rent data regarding preoperative, surgical, and
postoperative management. The goal for this
chapter is to present a concise review of the biol-
ogy of the rotator cuff, factors that affect pathol-
ogy and healing, and clinical interventions that
optimize both healing and functional outcome.

15.2 Native Biology

The rotator cuff is a complex of flat tendons,
comprised of the supraspinatus, infraspinatus,
teres minor, and subscapularis tendons. Like
other tendons, the primary composition of each
rotator cuff tendon is water (55% wet weight)
and type I collagen (85% dry weight). The
described triple helical arrangement of collagen
with cross-linking is crucial to the mechanical
strength of the tissue and its ability to facilitate
tensile loads. The proteoglycan component of the
tendon structure plays an important role in estab-
lishing the viscoelastic properties necessary for
normal motion. Tenocytes function to establish
the extracellular matrix while also synthesizing
collagen and proteoglycans to maintain structure
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[4, 5]. Tenocytes have been shown to respond to
mechanical loading and regulate chemotactic
mediators under stress [5].

The rotator cuff has two important anatomical
junctions, the myotendinous junction and the
bone-tendon junction. The myotendinous junc-
tion is composed of interdigitations of end sarco-
meres at the Z line, which splint and give rise to
myofilament bundles that insert directly onto col-
lagen fibrils. The bone-to-tendon interface, the
enthesis, is characterized by a four-layer transi-
tion from the tendon to the bone: the tendon,
fibrocartilage, mineralized fibrocartilage, and
bone. This design is typical of anatomical areas
where the tendon-to-bone apparatus transmits
high tensile loads, such as the rotator cuff and
Achilles tendon insertion sites.

15.3 Normal Tendon Healing

There are three described phases of tendon heal-
ing. Following repair, the inflammation phase is
initiated. The inflammation phase predominates
for the first 7 days of healing and is most impor-
tantly characterized by platelet deposition of fibrin
and fibronectin as well as the release of growth
factors to recruit monocytes and macrophages.
Macrophages phagocytose cell debris and release
cytokines that activate myofibroblasts to initiate
scar formation [6]. During the final stages of the
inflammatory phase, tenocytes begin to migrate to
the injury site, and the synthesis of type III colla-
gen begins. During the early inflammatory phase,
muscle cells enter a catabolic state, and retraction,
degeneration, and atrophy occur [7].

Following the inflammation phase is the pro-
liferation phase of tendon healing. The prolifera-
tive phase begins approximately 48 h after insult
and predominates approximately from 1 to
6 weeks after injury. The proliferation phase is
characterized by deposition of highly disorga-
nized, vascularized scar tissue. The synthesis of
type III collagen peaks during the proliferative
phase, and cellularity remains high.

The remodeling phase of tendon healing pre-
dominates approximately 6 weeks after injury and
is characterized by a gradual decrease in cellular-

ity and vascularity. The primary goal of the remod-
eling phase is the reorientation of the tissue. The
predominate type III collagen is replaced with
type I collagen. Despite the significant increase in
type I collagen synthesis during remodeling, stud-
ies show that healed rotator cuff tendons continue
to express a higher concentration of type III colla-
gen than uninjured tendons. Animal models have
shown that after rotator cuff tear and subsequent
healing, the tendon-bone interface does not regain
its normal histological configuration. Of critical
concern from a biological perspective is the phe-
nomenon of apoptosis, the process of programmed
cell death. Tenocyte apoptosis has been noted in
tissue studies of torn rotator cuff tendon [8].
Degenerative changes and muscle atrophy are well
described features of rotator cuff tears. Recent
studies attribute this phenomenon to the muscle
remaining unloaded and retracted. In this setting,
myogenic precursor cells may be directed toward
adipogenic pathways, producing the infiltrative
fatty changes commonly encountered after rotator
cuff tear [6, 9, 10].

When addressing the healing process of the
rotator cuff tendon, it is important to evaluate the
primary tissues involved at the site of repair. The
healing interface of rotator cuff tears often
requires healing of the tendon to bone. Unlike the
process of tendon-to-tendon healing, tendon-to-
bone healing occurs via the generation of a fibro-
vascular scar. The structure, composition, and
biomechanical properties of this tissue are not of
equivalent quality to the original fibrocartilagi-
nous tissue [10—-12]. Many studies have demon-
strated that this tissue often remains an order of
magnitude weaker than the preceding, healthy tis-
sue. This diminished strength is attributed to the
more disorganized arrangement of collagen fibers
and failure to reconstitute a true fibrocartilaginous
transition zone (Figs. 15.1, 15.2, 15.3, 15.4).

Another important consideration in healing at
the tendon-to-bone interface is bone loss.
Biomechanical studies have demonstrated dimin-
ished load to failure values in models with dimin-
ished bone density. As delay to repair of chronic
retracted rotator cuff tears leads to predictable
osteopenic changes in the greater tuberosity in
accordance with Wolff’s law, decreased pullout
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Fig. 15.1 This
photomicrograph depicts
the normal histological
alignment of the cells
and collagen from a
supraspinatus tendon
biopsy specimen

Fig. 15.3 In this view from the lateral portal, one can see
the central, open core of a vented suture anchor inserted
into the medial aspect of the greater tuberosity with mar-
row elements leaking out along the suture

Fig. 15.2 An arthroscopic image which shows biologic
patch augmentation of a rotator cuff repair
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Fig. 15.4 In this open dissection, the suprascapular nerve can be seen passing under the suprascapular ligament (a).
The second image (b) shows the suprascapular nerve after decompression in the spinoglenoid notch

strength of anchors and sutures used for surgical
repair is a well-documented feature of this patho-
logic state. As discussed, chronic rotator cuff
tears are complicated by variable degrees of ten-
don retraction, fatty infiltration, and atrophy of
the rotator cuff muscles. These factors have all
been shown to alter the healing response and
limit the success of rotator cuff tendon repairs.
The physiologic mechanisms that are proposed to
contribute to increased failure rates are a lack of
normal inflammatory response and its subsequent
consequences and poor healing potential of
degenerative tissue.

15.4 Biological and Biomechanical
Factors of Rotator Cuff

Healing

The fact that most patients who present with rota-
tor cuff tears have no notable traumatic history
indicates that the inherent tendon-to-bone junc-
tion is pathologic. A multitude of intrinsic and
extrinsic factors have been attributed to initial
rotator cuff injury and poor healing following
repair. Most of the identified intrinsic factors are
known age-related changes to the rotator cuff.
Age-related factors such as disorientation of col-
lagen fibers, increased cellularity, altered cell
shape, and biomechanical changes are commonly
identified in tissue samples from animal and

cadaveric studies of rotator cuff tears [13]. The
intra-articular location of the rotator cuff also
presents a challenge for tendon healing. Studies
demonstrate that the increased levels of matrix
metalloproteases and inflammatory cytokines in
synovial fluid impede tendon-to-bone healing
and are often elevated in rotator cuff tears.
Fibrinolytic enzymes within synovial fluid inhibit
blood clot formation, which decreases the poten-
tial for a bridging scaffold across the repair site.
The subacromial bursa in patients with rotator
cuff tears contains high levels of pro-inflammatory
and cyclooxygenase enzymes that contribute to
collagen breakdown. The confluence of these fac-
tors creates a hostile healing environment that
must be understood and, if possible, mitigated by
the clinician.

The most studied extrinsic factors affecting
rotator cuff healing are blood supply, tendon com-
pression, repetitive microtrauma, and tension at
the repair site. Studies evaluating blood supply of
the rotator cuff demonstrate diminished capillary
density adjacent to the tear relative to the healthy
cuff. It is proposed that this decreased vascularity
reduces progenitor cell recruitment to the area of
pathology, which limits healing capacity [11]. In
addition, the concentration of mesenchymal stem
cells at the tendon-bone interface is indirectly cor-
related with the size of tear, time to repair, and
degree of fatty infiltration. It is unclear if this find-
ing is the product of chronic cuff tear or a risk
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factor for development of cuff tear [12]. One must
appreciate that diminished blood supply to the
repair site can create a detrimental cascade that
creates a hostile environment for tendon healing.
The anatomy of the shoulder has been extensively
examined with regard to rotator cuff tendon com-
pression. A swathe of literature suggests that the
presence of a type III acromion increases the like-
lihood of having a large or massive rotator cuff
tear and is directly correlated with failed non-
operative healing, but there is now substantial
data that disputes these findings [14].

15.5 Surgical Considerations

The primary goal of orthopedic surgeons is to
preserve normal functional anatomy or reconsti-
tute the normal functional anatomy after patho-
logic event. In the surgical treatment of rotator
cuff tears, it is important to focus efforts on
obtaining appropriate anatomical alignment. The
surgeon should always ensure that the humeral
head remains located at the glenoid and avoid
over-tensioning at the repair site. The use of
obliquely oriented sutures to minimize tension
has been well-documented.

Many surgical strategies have been proposed
to overcome or minimize the factors associated
with poor tendon healing. The medial aspect of
the subacromial bursa provides essential blood
supply to the rotator cuff tendon, and its preser-
vation allows access to the inflammatory factors
required for healing. The lateral bursa is consid-
ered pathologic and has been shown to be a con-
siderable source of pain. Both the medial and
lateral bursa have a high cellular content, which
may contribute to healing. Current recommenda-
tions call for preservation of normal bursa but
excision of pathologic bursa [15].

Appropriate preparation of the greater tuber-
osity is essential to maximize tendon-to-bone
healing potential. The widely studied “crimson
duvet” technique, in which microfracture of the
greater tuberosity is performed to create a bed of
marrow-derived blood with pluripotent stem cells
upon which the rotator cuff will lie, is a staple of
rotator cuff repair. It is important that these treph-

ination holes are directed into the marrow to
allow stem cell access to the tear. The use of
vented anchors allows access of bone marrow-
derived stems cells to the rotator cuff.
Randomized, prospective studies have shown
significantly enhanced healing at the repair sites
in patients who received vented suture anchors
versus nonvented anchors [16].

Acromion type, assessed on scapular Y-view,
has been described as follows: type 1, flat; type 2,
curved; and type 3, hooked. The hooked acro-
mion (type 3) is estimated to be present in
approximately 10% of the general population as
well as a majority of patients with large rotator
cuff tears. Recent studies have shown that
increased lateral projection of the acromion as
measured on AP x-ray is associated with rotator
cuff rupture. The routine use of acromioplasty
during arthroscopic rotator cuff repair remains a
source of debate among surgeons. A meta-
analysis of patients undergoing acromioplasty
failed to show any benefit with regard to success-
ful tendon healing [17]. Acromioplasty should be
considered in patients with anterior osteophytes
and lateral projection, as these patients have been
shown evidence of improved outcomes following
excision. It may be important to preserve the cor-
acoacromial arch in cases of massive tears, in
which the CA arch provides superior stability to
prevent humeral head escape [14, 17].

Preservation and release of an entrapped
suprascapular nerve may contribute to a success-
ful rotator cuff repair in patients with muscular
atrophy. Preoperative imaging and intraoperative
assessment for compression at the suprascapular
notch, supraspinatus fossa, and spinoglenoid
notch must be emphasized, especially in tears
with grade 3 or 4 atrophy and revision rotator
cuff repairs with significant medial retraction and
atrophy. Suprascapular nerve compression is
associated with rapid atrophy of the cuff and
increased pain following repair. Outcome studies
suggest the potential for significant benefit from
arthroscopic suprascapular nerve release in
patients undergoing revision arthroscopic rotator
cuff repair [18, 19].

Another important surgical consideration is
superior capsule reconstruction. In patients with
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large, complete supraspinatus tears with retrac-
tion medial to the glenoid rim, superior capsule
reconstruction may be utilized to hold down the
humeral head within the glenoid. With the
humeral head located, the deltoid and rotator cuff
can be biomechanically optimized.

In large and massive rotator cuff tears, the use
of scaffolds has been shown to increase healing
rates. Multiple studies appear to indicate that
scaffolds offer a biomechanical advantage during
the healing process by redistributing some com-
ponent of tension from the tendon repair site
[20-22]. A variety of scaffold options exist, from
synthetic to allograft to xenograft, all of which
require further study [22]. Bio-inductive collagen
scaffolds continue to produce promising out-
comes in the lab and clinical settings, and innova-
tive operative techniques have been described for
their implementation [20, 23, 24].

15.6 Non-operative
Considerations

Research regarding the use of platelet-rich
plasma (PRP) has been indeterminate in delineat-
ing a clear benefit to tendon healing in the clini-
cal setting. In vitro studies have shown that this
preparation, which consists of a platelet concen-
tration greater than serum and numerous growth
factors including TGF-betal, platelet-derived
growth factor, VEGF, and IGF-1, promotes heal-
ing. Due to the variable preparations and applica-
tion methods available, no conclusive evidence
has been discerned. This area of study continues
to show significant potential, especially in
patients with large rotator cuff tears. Several
studies have noted improved vascularity at the
repair site on postoperative ultrasound and
improved patient outcome scores. Meta-analyses
of PRP in rotator cuff tears have failed to identify
significant differences in clinical outcomes [25].

Numerous studies have proposed the utiliza-
tion of growth factors to promote rotator cuff
healing. The unique characteristics of the many
studied growth factors and cytokines that appeal
to surgeons and researchers are promotion of
angiogenesis, cellular recruitment, and induction

of proliferation and differentiation of cells asso-
ciated with tissue repair and regeneration. It is
estimated that approximately 1500 identified
cytokines have a potential role in the process of
tendon healing, which presents a significant chal-
lenge for researchers working to identify the cor-
rect composition for a therapeutic regimen. The
clinical benefit of isolated growth factors appears
to be limited, as the process is regulated by many
factors in combination [26, 27]. More research is
needed to understand the complexities of these
cell signaling molecules, the associated growth
factors, and how to appropriately apply this
knowledge to the clinical setting.

Postoperatively, the use of an abduction pil-
low sling to minimize tension at the repair site
and place the shoulder in an optimal position for
perfusion is routinely utilized by many surgeons,
but data has failed to show conclusive results
with regard to improved healing. Cryotherapy,
also routinely used in the acute postoperative set-
ting following rotator cuff repair, has been shown
to be associated with diminished pain scores,
reduced narcotic requirements, improved sleep,
and improved ability to participate in therapy
programs but has yielded mixed results with
regard to potential healing [28]. It should be con-
sidered that any postoperative protocol that
results in diminished pain could potentially offer
improved outcomes due to allowing for better
adherence to therapy protocols.

15.7 Conclusion

This chapter represents an overview of the recog-
nized factors that contribute to rotator cuff pathol-
ogy, obstacles that impede rotator cuff healing,
and strategies to improve healing potential. As
the literature suggests, these factors are numerous,
and many are not entirely understood. With so
many variables affecting rotator cuff healing, it is
important for the orthopedic surgeon to focus on
the aspects he or she can control. Precise surgical
planning, preservation of blood supply, anatomi-
cal restoration, reliable but not excessive suture
repair, and surgical techniques such as trephina-
tion, the use of vented suture anchors, superior



15

Biology of Rotator Cuff Healing

135

capsular reconstruction, and suprascapular nerve
release are all vital tools in achieving a well-
healed, functional rotator cuff repair.
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of the Partial Rotator Cuff Tear

Stephen C. Weber

16.1 Introduction

Diagnosis and treatment of partial-thickness rota-
tor cuff tears remain challenging. While not com-
pletely established, recent advances in the
understanding of partial-thickness rotator cuff
tears have clarified treatment options to a degree,
and high-level data is becoming available to
direct the surgeon regarding treatment.

16.2 Anatomy, Examination,
and Imaging

Partial rotator cuff tears can be divided into artic-
ular side, bursal side, and interstitial tears. The
physical examination of the patient with a partial-
thickness rotator cuff tear is indistinguishable
from that of impingement. In fact, Neer origi-
nally lumped these two together as type II
impingement [1] feeling these had equivalent
treatment, probably true in the open shoulder era.
Pain with abduction, forward flexion, and a vari-
ety of positive impingement signs are the hall-
mark of both diagnoses.

Imaging partial rotator cuff tears remains
challenging. Arthrograms are useful only in
articular-side tears. Ultrasound cannot often
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differentiate partial from complete tears [2, 3].
MRI scanning remains challenging, especially at
a community level. Our study [4] showed that:

1. Only 65% of the scans could be definitively
interpreted.

2. Correlation of MRI reports of partial tear to
observed arthroscopic findings was poor. Only
17 of 80 patients were correctly diagnosed
(true positive 22%, false positive 78%).

3. Isolated radiologic interpretation of partial-
thickness rotator cuff tear based on non-
specific increased signal on T1 and T2 images
is not an indication for surgery.

4. Lidocaine impingement test preoperatively
and clinical exam are far more important
than MRIL

5. MRI with contrast may improve these results
[5] but not always [6].

This data is summarized in Table 16.1. Given
the low sensitivity and specificity of imaging for
partial rotator cuff tears, initial diagnosis of a par-
tial rotator cuff tear leading to aggressive initial
surgical treatment does not seem indicated.
Duralde et al. similarly noted MRI to be accurate
in less than 40% of cases of partial rotator cuff
tear [8].
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Table 16.1 Correlation of the radiologic diagnosis of “partial rotator cuff tear” with the preoperative lidocaine

impingement test and arthrogram result [7]

Surgical diagnosis n

Partial tear MRI no tear 10 0/10
Lidocaine neg

Partial tear MRI-no tear 28 28/28
Lidocaine pos

Partial tear MIR partial tear 17 11/14
Partial tear MRI complete tear 25 22/25
Total 80 74

16.3 Indications and Techniques
Initial conservative management of the suspected
partial-thickness rotator cuff tear is still the first
step in treatment. Neer in his landmark work
regarding rotator cuff disease recommended a
year of conservative treatment for type II
impingement [1]. Breazeale and Craig report
40% successful response to conservative man-
agement of partial articular side tears [9].
Morrison’s review [10] as well and McConville
and lanotti [11] confirmed this concept. As
delayed treatment does not appear to offer infe-
rior outcomes to acute repair of partial-thickness
rotator cuff tears [12], the concept of initial con-
servative treatment appears well validated.
Treatment options for those patients who fail
conservative management have been clarified in
recent years. Early success was documented
with debridement [13] and debridement and
acromioplasty [14] but subsequent studies failed
to duplicate the results of these early results [8,
11, 15-19]. It is now generally established that
rotator cuff tears greater than 50% of the sub-
stance of the rotator cuff insertion will do better
with repair than debridement either with or with-
out acromioplasty, with an 18% early reopera-
tion rate with debridement and acromioplasty
[18, 19]. Acromioplasty alone has clearly been
shown to not delay progression of partial- to full-
thickness rotator cuff tears. Kartus et al. [20]
showed in a long-term clinical and ultrasound

Lidocaine test positive Arthrogram positive Treatment

0/3 Diagnostic arthroscopy 8
Chondroplasty 2

0/2 Removal calcium 8
Acromioplasty 28
AC resection 5
Biceps tenodesis 3
0/10 Arthroscopic partial repair 14
8/10 Biceps tenodesis 3
Arthroscopic repair
25

evaluation that followed 26 patients with partial
rotator cuff tears treated with acromioplasty
alone that 9 of 26 progressed from partial to full
tear at a follow-up mean 101 months.
Interestingly 12 of 26 had pain in the other
shoulder. They noted that “it appears that an
arthroscopic acromioplasty and cuff debride-
ment does not protect the rotator cuff...” [20].
One problem has been how to establish which
partial tears are at or greater than 50% at surgery.
Bursal side cuff tears are relatively easy for the
surgeon to assess the depth of the tear simply by
visualizing the tear from the bursal side. Articular
side tears have been more challenging. While
staining the cuff tissue with methylene blue, the
so-called “color test” of Fukuda [21] or palpation
around a marking suture as described by Snyder
et al. [22] has been described; the most reliable
technique to assess the degree of tearing has been
the amount of exposed footprint visible from the
joint side of the tear arthroscopically. Curtis et al.
[23] and Ruotulo et al. [24] both presented data to
show that the rotator cuff footprint averaged
12 mm in width. Thus, if greater than 7 mm of
footprint was exposed between the articular sur-
face of the humerus and the insertion of the
remaining rotator cuff tendon, the tear was at
50% thickness and warranted repair (Fig. 16.1).
This approach was further validated by Lo and
Burkhart [17]. While more advanced age has
been suggested as an indication for more liberal
use of debridement rather than repair, this did not
prove true in our study [18] as failure rates with
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Fig. 16.1 View of uncovered rotator cuff footprint from
the posterior aspect of the glenohumeral joint of the right
shoulder (arrow). Uncovered footprint of greater than
7 mm indicates a high-grade partial-thickness tear which
warrants repair

debridement were similar regardless of the age of

the patient.
Operative technique is similar to that of full-
thickness rotator cuff repair.  Standard

arthroscopic portals and complete visualization
of the glenohumeral joint are mandatory to avoid
missing other associated pathology. For articular
side tears, once the depth of the tear has been
determined, the marking suture technique of
Snyder et al. is useful to allow the surgeon to cor-
relate the area of greatest damage on the articular
side with the adjacent bursal side of the tendon
[22] (Fig. 16.2). Bursal-side tears can be repaired
using the same techniques as small full-thickness
tears. Small tears of this nature are generally
amenable to single-row repair. Acromioplasty is
increasingly felt to be optional [25] with rotator
cuff surgery of any type.

A continued source of discussion is the pre-
ferred technique for repairing articular-side tears.
Two techniques have been proposed: (1) com-
pleting the tear and repairing as one would for a
small complete tear or (2) in situ repair, leaving
the bursal component of the rotator cuff intact.
Proponents of in situ repair [17, 22, 26] note that
the length of the tendon is automatically main-
tained and that the remaining tendon is not vio-
lated. Proponents of completing the tear point to
the ease of execution and ability to perform

Fig. 16.2 PDS marking suture through articular partial-
thickness rotator cuff tear according to the technique of
Snyder et al. [22], posterior aspect of the glenohumeral
joint of the right shoulder. Inspection and palpation of
residual tendon from the bursal side of the tear can allow
assessment of the quality of the residual tendon

double-row repair if desired, with excellent short-
term results [27]. Completing the tear also avoids
difficulties with anchor placement, visualization,
and the need to switch back and forth between
the bursa and glenohumeral joint for visualiza-
tion. The technique of completing the tear has
been subsequently supported by Deutsch [16],
Kamath et al. [28], and Porat et al. [29], noting
comparable good results and high rates of heal-
ing with this technique compared to published
results of in situ repair. Prospective, randomized
studies are now available comparing the two
techniques. Franchesci et al. [30] and Castagna
et al. [31] noted in their prospective, randomized
studies equivalent results with either technique.
Shin [32] noted that while there were slightly less
retears with transtendon repair (0/24 vs 2/24),
transtendon repairs were more likely to become
stiff and took longer to be pain-free. Kim et al.
[33] noted that transtendon repair showed similar
results to completing the tear, with slightly more
retears in the transtendon group. The equivalence
of completing the tear to in situ repair has also
been recently confirmed in the two systematic
reviews on this topic by Katthagan et al. [34] and
Ono et al. [35].

More recently research has been directed at
the quality of the remaining intact residual tendon
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in the setting of partial rotator cuff tears.
Yamakado [36] biopsied the residual tendon in
partial rotator cuff tears and found the tissue
abnormal and of poor quality. Lo and Burkhart
similarly commented that “if the tendon is thin or
of poor quality, we complete the tear.” [17]. This
appears to give further credence to the technique
of completing the tear. Given the poor quality of
the residual tendon, Schlegel et al. recommended
reinforcing the partial tear with a graft [37]. At
1-year follow-up in this prospective study, the
bioinductive collagen implant, polylactic acid
(PLA) tendon staples, and polyetheretherketone
bone staple combination showed only 1 patient
failed to heal in 33 patients [37]. No control data
was provided in this preliminary study.

16.4 Specific Points
in Rehabilitation

Rehabilitation has generally been thought to be
consistent with that of small rotator cuff repairs
in general. Early range of motion is most likely
not detrimental.

16.5 Results

While retears with either in situ repair or tear
completion have been reported to be as high as
18%, the meta-analysis of Ono et al. showed that
98.2% healed in the transtendon group and 93.9%
healed in the tear completion group [35].
Furthermore, this review noted that even patients
with a rotator cuff tear on postoperative imaging
generally had excellent clinical results. While
some studies have shown inferior results with
repair of bursal side partial tears to articular side
tears [33], other surgeons have failed to confirm
any difference in outcome [38]. Xiao et al.
showed excellent results with repair of both type
II and type III bursal side rotator cuff tears [39].
Although virtually all studies show low rates of
retearing with either in situ repair or completing
the tear, it should be understood that progression
of rotator cuff disease may be unavoidable due to
age-related apoptosis of the tenocytes [40].

Overall, results of repair of partial-thickness tears
have generally been excellent.

16.6 Complications and How
to Avoid Them

The most common complication in the manage-
ment of partial rotator cuff tears is undertreat-
ment. The temptation to limit treatment of
high-grade partial tears to debridement only
should be avoided. The only reported complica-
tion in the literature regarding repair of partial
rotator cuff tears is adhesive capsulitis, occurring
in approximately 10% of cases [35], all of which
had good ultimate functional outcomes.
Complications such as infection, hardware fail-
ure, bleeding, and neurologic injury should all be
at or below the incidence rates quoted for repairs
of small rotator cuff tears in general.

16.7 Conclusions

The treatment of arthroscopic partial-thickness
rotator cuff tears has shown dramatic evolution in
the last three decades. Initial conservative man-
agement is appropriate for all partial-thickness
tears. Current treatment favors repair versus
debridement of high-grade partial-thickness
tears. Acromioplasty has proven to be optional in
most cases of rotator cuff repair in general. While
in situ repair continues to have advocates, out-
comes in several prospective randomized studies
have been equivalent to completing the tear, and
completing the tear is technically easier and
allows excision of the residual tendon which
appears to be of histopathological poor quality.
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17.1 Introduction

Partial-thickness tears of the rotator cuff, in par-
ticular, the supraspinatus, are a common finding
in patients with symptomatic rotator cuff disease.
Codman [1] was the first to describe these tears
and termed the articular-side tears “rim rents.” He
documented some degree of rotator cuff tearing,
primarily in the supraspinatus tendon, in up to
20% of autopsy specimens studied. Recognition
of the spectrum of partial-thickness tears grew
with the routine use of arthroscopy to perform
surgical procedures in the shoulder. Ellman [2],
Snyder [3], Esch [4], and others described vari-
ous partial tears, bursal, articular, and interstitial.
While partial articular-side rotator cuff tears
(PASTA lesions) have received the most attention
in the literature, bursal-side tears are also fre-
quent sources of shoulder pain requiring treat-
ment. This chapter will outline the anatomy,
pathomechanics, and current treatment of these
types of partial rotator cuff tears.
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17.2 Anatomy and Pathomechanics

In order to understand partial rotator cuff tears, it
is first important to understand the microanatomy
of the rotator cuff tendon, and in particular, the
supraspinatus tendon. In general, most tendons,
e.g., the patellar tendon, are formed by rows of
parallel collagen fibers, all aligned in the direc-
tion of the applied force. Histologic sections usu-
ally show parallel fiber orientation that is the
same regardless of the area of tendon examined.
In contrast, the fiber arrangement of the supraspi-
natus tendon is multiplanar, reflecting the com-
plex loading of the rotator cuff. Clarke and
Harryman [5] showed that the supraspinatus ten-
don is actually composed of five distinct layers,
each with its own distinct arrangement of colla-
gen fibers, as is shown in Fig. 17.1. Layers 2 and
3 are the thickest and likely carry most of the
applied load. Fibers in layer 2 are oriented in the
classic alignment, parallel to the line of applied
supraspinatus muscle force generation, but the
fibers of layer 3 are smaller and more loosely
packed and lack specific orientation, reflecting
more complex loading, likely in the transverse
(anterior-posterior) axis. Differential movement
between these load-bearing soft-tissue planes, in
particular between layers 2 and 3, creates the
potential shear failure between these layers.
Fukuda [6] published a series of histologic
whole block specimens from 66 operated
partial-thickness tears. These sections of bursal-side
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Fig. 17.1 (a) illustrates the multilayer organization of
the rotator cuff tendon. Layers 2 and 3 are thought to
transmit most of the load between the muscle and bone.
Partial-thickness tears delaminate in the plane in between
these layers. (b) is a stained and enlarged cross section

tears demonstrate that the articular portion of the
cuff tendon remains attached while the bursal-side
avulses and a delamination occurs through the ten-
don. Though not specifically stated, the delamina-
tion seen in these specimens likely occurs in the
shear plane described by Clarke and Harryman.
Recent biomechanical studies have described
possible mechanisms for the development of
bursal-side rotator cuff tears. Tensile properties
of both bursal- and articular-side fibers are stud-
ied at various sites in the supraspinatus tendon.
Bursal-side samples were noted to be signifi-
cantly stiffer than articular-side samples when
loaded transverse to the line of muscle action [7].
In another study, creating a bursal-side partial
tear decreased the midsubstance strain in sheep
infraspinatus tendons as compassed to intact
specimens immediately, while articular-side par-
tial tears had little effect on the resultant midsub-

e | l
T
yais ©=r ’

through the rotator cuff tendon. The cross sections of lay-
ers 2 and 3 in particular show that the collagen bundles are
oriented in different planes. Reprinted from Clark JM,
Harryman III, DT. Tendon, Ligament and Capsule of the
Rotator Cuff. JBJS Am 1992; 74-A:713-725

stance strain until a 66% defect was created
compared to intact loaded specimens [8]. Finally,
partial bursal tears created in the anterior portion
of the tendon resulted increased strain in the pos-
terior portion of the tendon in direct proportion to
the depth of the tear [9].

Taken together, these studies support the the-
ory that repetitive contractions of the supraspina-
tus tendon may result in shear failure of the
tendon due to a combination of shear stresses at
the interface between layers 2 and 3 combined
with a mismatch in material properties between
the bursal- and articular-side fibers.

Defects in the bursal side of the tendon, due to
impingement or other degenerative processes,
may result in the initial disruption of the bursal
tendon surface, and a bursal-side tear may
propagate anterior to posterior and along the
intratendinous plane as the system seeks to
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Fig.17.2 (a)is a schematic drawing of a human supraspi-
natus tendon illustrating six separate regions that were
individually harvested and tensile properties evaluated. (b)
documents the mean modulus of each of these regions,
demonstrating that the bursal surface is significantly stiffer

minimize the strain in the loaded tendon.
Increased strain at the tear edge may result in fur-
ther tearing and may be a source of clinical pain.
Tears greater than 50% thickness in particular
resulted in nonlinear increases in strain.

17.3 Clinical Presentation

Symptomatic bursal-side tears of the supraspina-
tus present similar to other rotator cuff syn-
dromes. The shoulder pain increases gradually
and usually does not start with a single event. In
the author’s experience, bursal-side tears often
are much more painful than even full-thickness
tears causing the patient to seek medical care
more rapidly.

The physical examination is characterized by
pain with motion, positive impingement signs,
and pain with maneuvers that activate the supra-
spinatus such as the “empty can” or “full can

Linear-region modulus (MPa)

*
*
*
*
-
AJ PB PJ MB

Tendon Location

than the articular surface. Reprinted from Lake SP, Miller
KS, Elliott DM, Soslowsky LIJ. Tensile properties and fiber
alignment of human supraspinatus tendon in the transverse
direction demonstrate inhomogeneity, nonlinearity and
regional isotropy. J Biomech 2010;43:727-32

signs.” Weakness in elevation is rare, as there is
not a complete tear, but may be difficult to assess
secondary to pain. Extreme loss of motion, in
particular, external rotation, is unusual and may
be a clinical sign of developing frozen shoulder
(Fig. 17.2).

17.4 Imaging

Plain radiographs are rarely helpful. If conserva-
tive measures fail to alleviate the pain, MRI is
usually diagnostic. Bursal-side and interstitial
tears are best seen on the T2 FS or STIR images
(see Fig. 17.3). The tears are often less than 1 cm
in the coronal plane and may be missed on the
sagittal views. The entire imaging series should
be viewed to develop a better understanding of
the size and extent of tearing. As these tears are
not full-thickness, fatty infiltration of the muscle
belly rarely is seen.
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Fig. 17.3 Sagittal (a) and coronal (b) T2 STIR MR
images of a typical bursal-side rotator cuff tear. The tear
begins just posterior to the long-head biceps tendon and

CT scans are not useful, even with intra-
articular dye, as these tears do not communicate
with the joint surface. Ultrasonography can
detect bursal and interstitial tears, but an
extremely skilled ultrasonographer is required as
the tears are often small and difficult to assess.

17.5 Non-operative Treatment

In general, treatment should start with activity
modification, physical therapy, and later a corti-
costeroid injection, as with other rotator cuff syn-
dromes. An MRI is usually obtained after a
failure of non-operative management but may be
obtained sooner according to the magnitude of
the pain. In the author’s experience, bursal tears
in particular are often resistant to conservative
measures. Once a bursal-side supraspinatus tear
is identified, operative treatment is usually rec-
ommended. Spontaneous healing of bursal-side
tears is unlikely to occur [10].

17.6 Surgical Treatment
and Results

The recognition and treatment of bursal tears
have evolved along with the science of shoulder
arthroscopy in general. Codman [1] did describe

propagates posteriorly (a). The fluid signal is seen
between the tendon tissue and bone, but the fluid signal
does not communicate with the joint space (b)

operative repair of these tears, when he identified
them surgically, but little more was written about
them until shoulder arthroscopy came into com-
mon practice. Arthroscopic debridement alone,
similar to the recommended treatment for low-
grade partial articular-side tears (PASTA lesions),
failed to relieve the pain in most cases [11].

Arthroscopic repair has proven to result in sat-
isfactory outcomes in most series. Ranalletta
et al. [12] recommend repair of the bursal flap
without acromioplasty. All other published series
state that acromioplasty is essential to a satisfac-
tory outcome. Some authors recommend repair-
ing only the bursal-side flap [13—15], while others
convert the partial tear to a full-thickness tear and
repair it [16, 17].

17.7 Author’s Preferred Technique

Surgery is performed in the beach chair position
with a mechanical arm holder. A standard
arthroscopic examination of the intra-articular
space is performed, and biceps tenotomy/tenode-
sis is performed as clinically indicated.

The arthroscope is inserted into the subacro-
mial space, and a complete bursectomy and
acromioplasty are performed to expose the tear.
The tear is always very anterior, just posterior to
the biceps and rotator interval. In most cases the
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shoulder needs to be externally rotated to expose
the tear. The standard posterior viewing portal
may fail to give an adequate view of the tear, and
a posterior lateral viewing portal is necessary
(see Fig. 17.4a—d).

The bursal edge is debrided. We prefer to con-
vert the tear to a full-thickness tear to avoid over-
tensioning the repair. This can be performed with
an elevator, a shaver, or an RF device. A single
cannula is inserted directly over the tear, and an
anchor is inserted into the exposed footprint near
the tendon free edge. Anterior and posterior por-

tals are created. All suture limbs are then retrieved
and passed into the posterior portal. In this man-
ner, sutures rarely become tangled.

We prefer to pass the sutures using a crescent
hook and suture shuttling device, in this case #2
PDS suture, as the mechanical suture passing
devices are often too bulky in small tear settings.
The suture hook is passed through the lateral can-
nula and under the tendon flap. The hook then
pierces the tendon, and the shuttle is delivered into
the anterior cannula. Another arthroscopic device
such as a loop grasper can be inserted through the

Fig. 17.4 (a) shows the typical appearance of a bursal-
side tear. The upper flap is retracted, while the articular
flap remains attached to the foot print. (b) the articular
flap is dissected from the footprint with a radiofrequency

device creating a full-thickness tear. (¢) an anchor has
been placed in the footprint at the edge of the tendon free
edge and all sutures shuttled out the posterior portal. (d)
two simple sutures have been used to complete the repair
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posterior portal to exert downward pressure on the
tendon for ease of passing the hook.

One limb of one suture (in the posterior por-
tal) is shuttled into the lateral cannula. It is tied to
the suture shuttle and then passed through the
tendon and out the anterior portal. The other limb
of this suture is retrieved into the anterior portal
as well, keeping the limbs together for later. The
process is repeated. Two simple sutures are usu-
ally sufficient. The suture limbs are then retrieved
into the cannula and tied completing the repair.

The shoulder is placed in a sling for 4 weeks.
Because the tear is small and the fixation usually
very tight, pendulum exercises and active-assisted
external rotation exercises can be started immedi-
ately to reduce the chance of stiffness. Standard
rotator cuff rehabilitation protocols are then used.

17.8 Results

There are few studies that look at the outcomes of
bursal-side rotator cuff repair treatment alone.
Most series include both articular-side and bursal-
side tears together. Ranalletta [12] reported an
average improvement in Constant score from 42.5
to 86.1 in 74 patients treated with arthroscopic
repair alone. Aydin [16] reported an average
improvement in the Constant score from 38.9 to
89.2 at 2 years and 87.8 at 5 years in 29 patients,
average age 55 years, with tear completion, repair,
and acromioplasty. In the author’s experience,
most patients improve and are satisfied with their
surgical results. The incidence of postoperative
stiffness or re-tearing is very low.

17.9 Emerging Techniques

Recent studies have suggested that partial rotator
cuff tears may not possess the ability to heal due
to high shear in the complex loading environment
discussed above. A novel option is to apply a
highly porous collagen biomatrix patch to
increase tendon thickness and reduce local shear
concentration [18]. Early results with applying
the patch to partial rotator cuff tears have demon-
strated tendon healing and increased thickness of

Fig. 17.5
(Rotation Medical, New Jersey) applied to the bursal sur-
face of the supraspinatus tendon to promote healing. See
text for details. Courtesy of FH Savoie, MD

Arthroscopic view of a collagen biomatrix

the tendon on MRI at 1 year (see Fig. 17.5).
Further studies will be needed to investigate how
this technology can be used in the future.

17.10 Summary

Bursal-side rotator cuff tears can be a source of
shoulder pain. Complex tendon anatomy and
resultant shear forces may play a role in their
development and propagation. MRI can identify
most bursal-side tears. Arthroscopic repair com-
bined with acromioplasty results in favorable
outcomes in most cases.
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18.1 Introduction

Decreasing the re-tear rate associated with rota-
tor cuff repair has been a major focus of the
orthopedic literature for the last two decades.
While some of the literature has focused on
improving the biologic milieu, much of the litera-
ture has been on improving the mechanics of the
construct attaching the tendon to the bone. Much
of this literature has focused on the time-zero
strength of the attached tendon. More recently,
the biologic response to these constructs, clinical
outcomes, and re-tear rates for rotator cuff repair
using these differing techniques has become
available. This chapter highlights the results of
this voluminous literature.

18.2 Literature Summary

In response to high failure rates leading to poor
outcomes with open rotator cuff repair [1] and
similar early results of all-arthroscopic repair in
2004 [2], it was recognized that improvements in
fixation techniques might be necessary. Apreleva
et al. in an early paper noted that none of the stan-
dard techniques available at the time reproduced
the rotator cuff footprint [3]. This 2002 paper
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inspired Lo and Burkhart to describe in a techni-
cal note one of the first descriptions of
arthroscopic double-row repair in 2003 [4]. Fealy
et al. [5] described one of the first clinical series
of double-row repair using a mini-open tech-
nique. Another early attempt to improve on tradi-
tional single-row repair was Waltrip et al. [6].
This 2003 paper was one of the first to describe a
“double-layer repair” with biomechanical data to
show improved fixation strength over traditional
single-row repair. Interest in double-row tech-
niques exploded in the second half of 2000, with
numerous variations and techniques described.
The clinical study that most focused attention on
this issue was the 2005 study of Sugaya et al. [7]
in which they first described his classification of
postoperative imaging of rotator cuff repairs. His
classification highlights the challenge of inter-
preting postoperative MRI scans. This level 4 ret-
rospective cohort study of 80 shoulders noted no
difference in clinical outcomes but a statistical
difference in MRI appearance of recurrent rotator
cuff tears. This was followed by his 2007 publi-
cation in JBJS [8], in which they described a pro-
spective outcome study of 106 patients using
double-row repair. While the re-tear rate was 5%
for small to medium tears, it was 40% for large
and massive tears using double row.

This pioneering work inspired a plethora of
studies regarding double-row repair. A summary
of biomechanical studies and non-randomized
clinical trials is shown in Table 18.1. A summary
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Table 18.1 Results of biomechanical studies and non-randomized clinical studies (from Pedowitz et al. [9])

Biomechanical studies and non-randomized clinical studies

Better with double row

Waltrip, AJSM 2003 [6]

Cyclic load, double row> single row
Meier, ORS 2005 [10]

Cycles to 10 mm gap

Rodosky, AANA 2005 [11]
Footprint area

Mazzocca, AJISM 2005 [12]
Footprint area

Tuoheti, ATJSM 2005 [13]

Contact area, force versus single row
Sugaya, Arthroscopy [7] 2005 [7]
Better MR appearance, double row
Kim, AJSM 2006 [14]

Decreased gap, formation, stiffness
Ma, JBJS 2006 [15]

Stronger vs single and Mason-Allen

Smith, JBJS 2006 [17]
Gap less, failure load higher than single row
Charousset, AJSM [18] 2007 [18]

Better “anatomic” healing on CT arthrography vs single-row

repair
Baums, Knee Surg Sports Traum Arth 222,008 [19]

No difference DR versus SR

Rodosky AANA 2005
Stiffness or ultimate load
Mazzocca, AISM 2005
Displacement or load to failure

Sugaya, Arthroscopy 2005
Clinical outcome same as single row

Ma, JBJS 2006 [15]

Same as massive cuff stitch

Mabhar, Arthroscopy 2007 [16]. No
biomechanical difference between single versus
double row

Charousset, AJSM 2007 [18] no clinical
difference versus single-row repair

[19] Better dual than single with Mason-Allen sutures 2008
Ozbaydar, JBJS (Br) 2008 [20] better healing with double than
single row in rabbit tendon repairs

Hepp, Arch Orthop Trauma Surg 2008 [21] Double layer,
double-row repair

Nelson, Arthroscopy 2008 [22] better surface area with double
row

Domb, JBJS 2008 [23] less gap with double row, repair tension

1

Nelson, Arthroscopy 2008 [22] single- and
double-row repairs biomechanically similar

adjusted between groups

of the current systematic reviews and meta-
analysis and level 1 and 2 randomized controlled
trials (RCTs) is shown in Table 18.2. Impressively,
this topic has inspired 20 meta-analyses and sys-
tematic reviews, including 1 systematic review
and meta-analysis of just the level 1 studies [36],
and | paper summarizing all the meta-analyses
[39]. Many of these have surprisingly differing
conclusions, given essentially the same tech-
niques of systematic review and meta-analysis.
It can be seen that the majority of studies sup-
ported improved mechanical properties of the
repair construct at time zero with some type of

Senna Rev. Bras Ortop 2018 [24] no difference
in outcome scores

double-row fixation. Equally clear is the absence
of any improvement in clinical outcomes or
patient-reported outcomes (PROs) with the excep-
tion of the meta-analysis of Xu et al. [42] and the
study of Carbonel et al. [SO]. There remains con-
siderable disagreement over any improvement in
re-tear rates with double-row constructs. Millett
et al. [36] in a meta-analysis of the available level
1 studies regarding single versus double row
showed that while partial and complete tears are
increased with single-row techniques, confirmed
complete re-tears are equivalent between tech-
niques (p = 0.953). Given the challenges associ-



18 Single-Row Repair

153

Table 18.2 Systematic reviews, meta-analyses, and level land 2 randomized clinical studies

Systematic reviews and meta-analyses
Studies demonstrating difference

Duquin, AJSM 2010 [28] meta-analysis: Lower rate
rate of re-tears on imaging for DR in tears cm
Dines, JAAOS 2010 [29] better biomechanical
properties with double row (in general)

Saridakis, JBJS 2010 [30] possible advantage of DR
for larger tears (based upon Park AJSM 2008) no
clinical

Zhang PLOS 2013 [33] better clinical and radiographic
results in large tears with DR

Millett JSES 2014 [36] more partial and complete tears
with single row

Chen Arthroscopy 2013 [37] less re-tears with DR
repair med to large tears

Mascarenhas J Arth 2014 [38] better tendon integrity
with DR repair

Spiegl Open Orthop J 2016 [39] increased re-tear rate
with single row

Hein Archive Orthop 2009 [40] increased re-tear in
single-row versus DR or suture bridge

Xu JSES 2014 [42] increased re-tear rate and improved
ASES scores with double row

Level 1 and level 2 randomized clinical studies
Studies demonstrating difference

Gartsman 2013 [48] significant increase in re-tear rate
with single row

Carbonel Int Orthop 2012 [50] significant improved
outcomes with DR tears >3 cm

Studies showing no difference

Reardon, Arthroscopy [25] 2007 [25]

No evidence of Wall, JSES 2009 [26] no clinical difference
DR vs SR based upon systematic review

Nho, Arthroscopy 2010 [27] no clinical outcome
difference based upon best available evidence

Dines, JAAOS 2010 [29] no demonstrated difference in
clinical outcomes with double-row repair

Saridakis, JBJS 2010 [30] in general, no clear clinical
advantage DR repair (systematic review)

Papalia, Sports Med Arthr 2011 [31] minimal differences
DR, clinical or functional ratings

Prasathaporn, Arthroscopy 2011 [32] no difference with
DR function, satisfaction, return to work

Sheibani-Rad Arthroscopy 2013 [34] no difference in
clinical outcomes

Perser Sports Health 2011 [35] no difference in clinical or
radiographic results

Millett JSES 2014 [36] no difference in complete re-tears
or clinical outcomes DR repair

Spiegl Open Orthop J 2016 [39] equivalent clinical
outcomes

DeHaan AJSM 2012 [41] no difference in clinical
outcomes or re-tear rates

Trappey JSES 2011 [43] no difference
Ying Orthop Surg 2014 [44]

Studies showing no difference

Francheschi, AJSM 2007 [45] no clinical outcome
difference versus single-row repair

Burks, AISM 2009 [46] no clinical outcome difference
versus single-row repair

Grasso, Arthroscopy 2009 [47] no clinical outcome
difference versus single-row repair

Koh Arthroscopy 2011 [49] no significant difference
Carbonel Int Orthop 2012 [50] no difference in re-tear
rates

Nicholas Orthop J Sports Med 2016 [51] no difference
clinical outcomes

(continued)
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Table 18.2 (continued)

Systematic reviews and meta-analyses
Studies demonstrating difference
Lapner, JBJS 2012 [52] increased re-tear single row

Ma, Arthroscopy 2012 [54] better strength strstrength
with double-row cuff repair in tears>3 cm

ated with the postoperative imaging of
partial-thickness tears on MRI, the equivalence of
complete re-tears with single- and double-row
techniques may be the most relevant. Similarly
Spiegl et al. [39] in their summary of meta-analy-
ses noted that “No clinical differences are seen
between single-row and double-row repair for
small and medium rotator cuff tears after a short-
term follow-up period with a higher re-tear rate
following single-row repairs. There seems to be a
trend to superior results with double-row repair in
large to massive tear sizes.” Six of eight cited
meta-analyses in this study were felt to show
superior results for double-row repair for tears
greater than 3 cm. The challenges associated with
interpreting meta-analyses in general was well
summarized by Faulkner et al.’s [55] editorial
regarding the meta-analysis of Xu et al. [42].
Faulkner et al. document issues with the number
of suture, anchor placement, method of diagnosis,
and using statistical significance rather than
meaningful clinically important difference
(MCID) to imply superiority in this meta-analysis
and largely refuted the conclusions of Xu that
double row is superior looking at the same data.
Balanced against the purported advantages of
double row are potential significant downsides of
double-row techniques. Double-row techniques
address time-zero strength, but do not address the
biology of the repair, and may actually harm the
biology. Faulkner et al. document that the impor-
tance of marrow venting in improving rotator
cuff healing [55] is a factor of significance at
least equal to the number of rows. Snyder et al.
covered this topic using their coined phrase
“Crimson Duvet” [56] where they point out that
the biology of the repair site and vascularity are
perhaps at least as if not more important than
time-zero strength. These and other biologic

Studies showing no difference

Lapner et al. JBJS 2012 [52] no difference in clinical
outcomes

Aydin, JSES 2010 [53] no clinical outcome difference,
small to medium cuff tears

Ma, Arthroscopy 2012 [54] no difference in-clinical
outcome scores or radiographic healing rates

issues are well reviewed by Charles et al. [57].
Accousti et al. showed that there was a significant
decrease in localized perfusion of the rotator cuff
after the medial and lateral rows of a double-row
repair were tied [58], an issue that Snyder et al.
point out in their discussion of providing vascular
channels in the repair using a single-row tech-
nique [56]. The challenges of revision of double-
row repair are numerous, not the least of which is
dealing with multiple residual imbedded anchors.
Perhaps the most worrisome revision issue is the
medial re-tear or type 2 failure. This was initially
reported by Trantalis et al. [59]. Yamakado [60]
noted medial re-tears in a further four cases and
noted significant challenges with re-repair. Cho
et al. [61] reported that type 2 failures occur in
74.1% of DR re-tears compared with 26.3% of
SR re-tears. There are few salvage options for
type 2 failures.

Perhaps the most challenging part of review-
ing this topic is understanding exactly what “sin-
gle row” and “double row” entails. Single-row
simple mattress and single suture repairs are not
comparable to single-row constructs with dou-
ble- and triple-loaded anchors or additional rip-
stop sutures. Barber et al. showed that the number
of sutures and not the number of rows may be the
most important variable [62] as did Jost et al. [63]
A mechanical study performed by Lorbach et al.
[64] showed that a single-row triple-loaded
anchor construct provided equivalent footprint
coverage to a double-row suture bridge repair
with equal load to failure and cyclic displacement
for all tear sizes. Triple-loaded anchors were
recently shown in a prospective, randomized
study to be completely equivalent to a double-
row construct both in clinical outcomes and heal-
ing rates [65]. Making sense of the literature that
compares multiple types of both single- and
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double-row constructs is difficult indeed.
Comparing single-row techniques of historic
interest to current double-row techniques is cer-
tainly “apples to oranges” and offers little useful
information for decision-making.

Perhaps the least controversial comparison
between single-row and double-row repair is
cost. The implant costs associated with double-
row repair in the United States generally exceed
the reimbursement for the procedure in an outpa-
tient setting, making it commercially unfeasible.
Faulkner et al. [55] note that doubling the number
of anchors given that 20% of the US population
may have a rotator cuff tear could yield an
increased cost of $31.4 billion to repair these
tears. Genuario et al. [66] did a cost-effectiveness
analysis and noted that double-row repair was not
cost-effective even for large (>3 cm) tears. Lapner
et al. [67] and Huang [68] both felt that double-
row repair was more cost-effective but used fail-
ure rates of single-row techniques of historic
interest to justify the increased cost of double-
row repair. The role of implant companies in pro-
moting double-row repair to improve their own
bottom line is unclear, but the science of double-
row repair does not seem to conclusively support
its cost-effectiveness.

18.3 Conclusion

Overall, single- and double-row rotator cuff
repairs are equivalent in terms of clinical out-
come based on PROs in virtually all currently
available studies. While re-tear rates remain elu-
sive, the rates of complete re-tears with single-
row and double-row repair remain similar in all
studies. Given the increased risks associated with
revision of double-row repairs and the cost, it is
difficult at this time to make a convincing case
for double-row repair.
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Cuff: The Rationale and Techniques
for the Double-Row Repair

Enrique Salas, Guillermo Arce,

and Gustavo Matheus

19.1 Introduction

The rotator cuff is constituted by the tendons of
the supraspinatus, infraspinatus, and teres minor
muscles, and it has more than one layer.
Delamination represents a horizontal separation
of the tendon layers in the setting of a ruptured
rotator cuff. Histologically, delamination occurs
between two layers of collagen fibers with a dif-
ferent fiber orientation [1].

Although delamination is frequently observed
during arthroscopic surgery (38-82% of the
cases), only a few reports describe the layers
involved and the retraction patterns of the delam-
inated cuff tendon. In addition, there is a lack of
well-founded recommendations regarding the
most appropriate surgical technique to anatomi-
cally repair these cases [2].

The physical exam of patients who suffer from
rotator cuff tears does not vary if the tear is delami-
nated or not. Standard magnetic resonance imag-
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ing (MRI) usually does not demonstrate the
tendons delamination, while MRI with either
intra-articular or intravenous contrast injection
enables differentiation between both types of tears.

In 2001, Sonnabend et al. [1] first reported a
laminated lesion in a patient with rotator cuff tear
injury, while Boileau et al. described the healing
of the supraspinatus following arthroscopic
repair. Their findings demonstrated that tendon
recovery was poorer in case of subscapularis or
infraspinatus delamination [3].

According to Sang-Won Cha et al. [4], com-
prehension of the delamination process and the
retraction patterns allows for an anatomical bal-
anced repair of each layer.

In occasions where two tendon layers are found
at the rotator cuff tear site, the upper layer is recog-
nized as the supraspinatus or the infraspinatus and
the lower part of the horizontal tear as the superior
glenohumeral capsule. A surgical technique entail-
ing independent repair of the infraspinatus and the
articular capsule was described by Mochizuki
et al. [2]. The objective is to restore the static func-
tion of the capsule and the dynamic function of the
rotator cuff. By doing so, the technique may lead
to better clinical outcomes [5].
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19.2 Imaging: Findings

and Classifications

Contrast MRI of the shoulder represents the best
imaging study for the identification of delami-
nated tears. The sensitivity and specificity for the

Table 19.1 Choo, Kim et al. radiological classification
for partial or complete delaminated tears

Type 1

la The deep or articular layer is more
medially retracted than the superficial or
bursal layer, with or without the
horizontal image

1b The superficial or bursal layer is more
medially retracted than the deep or
articular layer, with or without the
horizontal image

lc The superficial or bursal layer is equally
retracted than the deep or articular layer,
with or without the horizontal image

Completely delaminated rotator cuff tears

Type 2 Partially delaminated rotator cuff tears

2a The delamination is only of the deep or
articular layer and medially retracted;
the superficial or bursal layer is
normally inserted, with or without the
horizontal image

2b The delamination is only of the
superficial or bursal layer and medially
retracted; the deep or articular layer is
normally inserted, with or without the
horizontal image

2¢ The delamination is interstitial; it is
between layers both deep or articular
layer and superficial or bursal layer

Table 19.2 Tear pattern of delaminated rotator cuff
tears. Himchan classification

The observed pattern retraction of the deep

Type D layer

D1 Supraspinatus and infraspinatus lesion,
with posterior-medial retraction

D2 Supraspinatus lesion, anterior medial
retraction

Type S The observed pattern for the superficial
layer

S1 The lesion is more infraspinatus than
supraspinatus with posterior-medial
retraction

S2 The lesion is more supraspinatus than
infraspinatus, with anterior medial
retraction

S3 The lesion is equal for the infraspinatus

and the supraspinatus, with retraction
anteriorly and posteromedially

detection of delaminated tears with this technique
are 92% and 94%, respectively [6]. Recently, an
MRI classification for this type of tears has been
described (Table 19.1) [6].

Cha et al. classified tears according to the
lesion pattern of the delamination (Table 19.2) [4]

19.3 Surgical Treatment

Currently described arthroscopic techniques
must be tailored to each specific injury pattern.
We depict below the most commonly used:

19.3.1 Technique by Suyaga et al. [7]
The authors reported two alternative techniques:
19.3.1.1 Dual-Layer Double-Row

(DLDR)

e To perform the DLDR, the surgeon repairs the
deep and superficial layer separately based on
the direction of the tear and the retraction pat-
tern of each layer.

* One or two anchors at 0—-5 mm articular mar-
gins are inserted. The articular surface of the
deep layer and the superior capsule are taken,
and after delivering the sutures through the tis-
sue, a knot is tied.

e One to three anchors are inserted at the lateral
margin of the greater tuberosity to fix the
superficial or bursal layer.

19.3.1.2 Dual Layer Suture Bridge
(DLSB)

DLSB technique is assumed to be an effective

surgical method if the tear retraction pattern of

both (deep and superficial) layers runs in the

same direction.

Place two anchors at the medial row. Penetrate
the articular surface of the deep layer and the
superior capsule with a mattress stitch. Make a
knot. Do not cut the tied suture limbs.

Pass the medial row tied sutures through the
superficial layer. Place a knotless anchor at the
lateral part of greater tuberosity to complete the
suture bridge configuration.
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19.3.2 Technique by Mochizuki
etal. [2]

The deep layer is treated as the articular capsule.
It is pulled laterally across the glenoid and fixed
at the articular edge of the great tuberosity.

The superficial layer is treated as the infraspi-
natus. It is pulled anterolaterally up to the edge of
the bicipital groove and stabilizes with an anchor.

19.3.3 Technique by Burkhart
etal.[8]

Load-sharing ripstop (LSRS) is described to
improve fixation strength in delaminated cuff
tears associated with poor tissue quality. A 2-mm
suture tape is placed in anterior-posterior direc-
tion as an inverted mattress stitch in the rotator
cuff.

Medial row sutures coming from two anchors
are passed through the deep and superficial layers
of the cuff medial to the tape. First, the ends of
the tape are fixed to the greater tuberosity with a
knotless anchor. Lastly, the medial row sutures
are tied.

19.3.4 Technique by Mori et al. [5],
Triple Row (Picture 19.1)

Medial row sutures are passed through the infe-
rior (articular side) and superior (bursal side) lay-
ers in a mattress fashion.

Lamina-specific lateral-row simple sutures are
passed through the inferior layer.

Lateral-row simple sutures are passed through
the superior layer.

19.4 Rehabilitation

The rehabilitation program depends on the tissue
quality and the fixation strength. Commonly,
after a period of immobilization of 4 weeks, a
gentle passive motion with a stable scapula is rec-
ommended for at least 8 weeks.

Picture 19.1 Scheme of tripe-row delaminated rotator
cuff repair. Courtesy of: Mori, Funakoshi, Yamashita.
Arthroscopy Techniques 2014
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19.5 Discussion

Several studies have consistently shown a horizon-
tal split between the different layers of a teared
rotator cuff, with a delamination rate of 71%. Such
rate did not vary by gender, age, handedness,
worker compensation status, or tear size.
MacDougal [9] stated that the presence of delami-
nation did not influence the total Western Ontario
Rotator Cuff score or physical symptoms subsec-
tion score either preoperatively or at 2 years fol-
lowing arthroscopic repair. However, other studies
have shown that the presence of cuff delamination
increases procedural risk and impairs long-term
outcome.

Although contrast MRI can’t detect cuff
delamination and help typify them, its use in
every single patient with shoulder pain appears
excessive, increasing health cost. In contrast,
arthroscopic examination remains the best way to
determine the various retraction patterns of
delamination [6, 10-12].

Regarding the infraspinatus muscle, it is criti-
cal to recognize its precise insertion site at the top
of the greater tuberosity, its layers, and its retrac-
tion patterns. Such data enable the restoration of
native insertions sites and natural biomechanics
which will ultimately lead to better clinical
results.

Kim et al. [13] compared double-layer
double-row repair versus conventional en masse
repair in patients with delaminated cuff tears.
Although both techniques shared similar range
of motion and functional scores, double-layer
double-row repair lead to lower visual analog
scale score for pain. Meanwhile, on a recent
systematic review including ten papers [14], the
authors found no clear difference in clinical out-
comes among single-row, double-row, or triple-
row techniques in patients with delaminated
tears except for an improvement in short-term
structural integrity with double-row technique.
However, many of the abovementioned publica-
tions studies did not report the precise tear pat-

tern orientation, its reinsertion site, as well as
technical details regarding the double- row tech-
nique. Therefore, the role of double- and triple-
row fixation techniques still needs to be tested
on a standardized fashion and with longer
follow-up.

19.6 Final Thoughts

Delaminated rotator cuff tears are relatively com-
mon during arthroscopy. The deep or articular
layer seems to be part of the superior capsule,
whereas the upper or bursal layer arises from the
infraspinatus. The surgical goal is to recognize
the tear patterns and the retraction of each layer
to reduce and repair the different layers appropri-
ately. Further research is needed to really know if
these new ways to approach these tears will lead
to better clinical outcomes.
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Transosseous Equivalent Repair

Gonzalo Samitier and Emilio Calvo

20.1 Indications

Numerous biomechanical studies have demon-
strated improved tendon to bone contact,
increased footprint coverage, decreased gap for-
mation, and increased mechanical strength with
double-row configurations [1-5]. These favor-
able biomechanical properties are thought to
improve the healing process allowing an acceler-
ated physical therapy. However, clinical evidence
comparing the efficacy of single-row versus
double-row repair has been inconsistent. Whereas
some studies report no clinical differences [6, 7],
others have shown significantly improved subjec-
tive, objective, or radiologic outcomes and
decreased re-tear rate after double-row repair,
especially for larger tears [8, 9].

The authors reserve initial nonsurgical treat-
ment for those patients with chronic symptomatic
tears that never tried conservative measures and
those who remain asymptomatic, regardless of
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the size of the injury, as long as they have no
pseudoparalysis; cuff tears tend to progress over-
time and become more difficult to repair. Thus
we do recommend to the patients with complete
tears and relatively young age to do not delay
consultation or surgery if symptoms and/or limi-
tation return [10, 11]. For large tears in acute
traumatic setting, we will offer surgery primarily
in most cases.

Our non-operative approach consists of guided
physical therapy to keep a strong force couple. It is
very common for these patients to have one or more
subacromial corticosteroid injections along the pro-
cess trying to reduce the inflammatory response and
pain. We also favor conservative treatment for
symptomatic low-demand elderly population,
patients who are not willing to have surgery, and/or
patients who are medically inadequate.

20.2 Operative Principles
We usually recommend surgical treatment if con-

servative measures showed to be not effective
over 8—12 weeks.

20.2.1 Strategy
Single-row repair is reserved for small full-

thickness tears and partial articular-sided tears
with preserved lateral footprint. For midsize,
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large, and massive mobile reparable rotator cuff
tears, the authors choose transosseous equivalent
(TOE) double-row suture bridge technique
mostly with medial-row tying. Described by Park
et al. in 2006, the TOE double-row technique has
demonstrated greater tendon to bone contact area
and higher load to failure compared with other
double-row configurations [12-15]. We favor
medial-row knot tying over knotless repairs espe-
cially in delaminated tears where anatomic inde-
pendent layer repair is intended using the
lasso-loop technique. Previous studies have
shown better biomechanical properties after
medial knot tying performed as part of a TOE
suture bridge construct compared with all-
knotless constructs [16—19]; nevertheless, knot-
less repairs have also shown clinical success in
the past [20, 21]. We may favor a suture/tape
speed bridge configuration, without medial knot
tying for midsize complete crescent-type tears.
Millett et al. in a recent research demonstrated
excellent outcomes at 2 years with either knotted
suture bridging or knotless tape bridging transos-
seous equivalent double-row rotator cuff repair
for full-thickness supraspinatus tendon tears; the
repair technique did not affect the final functional
outcomes, although patients with medial knotless
repairs using tape were less likely to have a full-
thickness rotator cuff re-tear [22].

Type II re-tears, at the level of the muscle
tendon unit, with medial-row knot tying seem
to be an increasing finding in recent studies
[23, 24]; in order to avoid this complication,
we tend to separate the couples of threads
piercing the cuff and avoid over-tensioning or
tying knots through the musculotendinous
junction [25].

For the massive, immobile, and irreparable
tear in relatively young population, tendon trans-
fers have been recommended, but also prelimi-
nary clinical outcomes of superior capsular
reconstruction have been encouraging [26-28].
For symptomatic massive irreparable tears in
elderly patients with or without signs of rotator
cuff arthropathy and/or pseudoparalysis, we opt
for reverse total shoulder arthroplasty, given the
predictable good outcomes in regard to pain and
functionality [29].

20.3 Preoperative Information:
Managing Patient
Expectations

A complete medical history of the patient and a
full physical exam with an adequate imaging
study are important to build a convenient pre-
operative plan. In revision cases, the main fac-
tors related to failure should also be examined
as history of trauma, complete reports about
previous surgical procedures as detailed as
possible, smoking habits, and whether early
aggressive motion or strengthening contributed
to structural failure. Rotator cuff repair is an
elective surgery that requires careful preopera-
tive evaluation and discussion of treatment
expectations, risks, and benefits. Overall,
repairs of rotator cuff tears have been shown to
lead to good-to-excellent outcomes in most
patients, with significant improvement in the
mean scores on self-assessment questionnaires,
however, multiple factors, including age, gen-
der, smoking, larger tear size, poor tendon
quality, fatty degeneration, workers’ compen-
sation status, and healing potential of the rota-
tor cuff repair, have been shown to be associated
with less favorable outcomes after rotator cuff
repair [30, 31]. The patient must be advised of
potential surgery- and anesthesia-related
issues; postoperative timing should be dis-
cussed; and the recovery process after rotator
cuff repair, especially in regard to motion and
strength, is usually slow and occasionally can’t
be reversed back to normal [32].

20.4 Operative Technique

Double-row  transosseous suture
bridge repair.

The double-row TOE suture bridge rotator
cuff repair preserves the suture limbs of the
medial row and “bridges” them over the foot-
print insertion to a distal-lateral row of knotless
suture anchors; medial and lateral suture
anchors are “linked” where the interconnecting
suture compresses the tendon over its footprint

(Fig. 20.1).

equivalent
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Fig.20.1 Double-row configuration

20.4.1 Positioning and Preparation

Anesthesia is carried out following a standard-
ized protocol based on a single-shot intersca-
lenic blockade under ultrasound control
(L-bupivacaine 0.5% 30-40 ml plus epineph-
rine) combined with general anesthesia (propo-
fol 2-2.5 mg/kg IV and alfentanil 20-150 pg/
kg IV initially, plus 15 pg/Kg bolus, and main-
tenance with sevoflurane). Isolated regional
anesthesia is reserved for those with increased
risk of complications with general anesthesia.
Antibiotic prophylaxis (2 g cefazolin or 1 g
vancomycin as alternative for patients with
B-lactam allergy) is administered 30 min before
surgery. Rotator cuff tear repair can be per-
formed either on the lateral decubitus or beach
chair positions (BCP) with the arm forward
flexed and 3—4 kg of traction. We find beach
position more ergonomic and easier to work in
the subacromial space, the surgeon stands in
front of the shoulder facing the shoulder posi-
tioned in its anatomic position, the left and
right hands can be used to insert instruments
alternatively through anterior or posterior por-
tals, and the arm can be moved easily facilitat-
ing the rotator cuff repair. It is important to
adequately pad the heels, hand, and forearm
and to set up the head centered maintaining a
neutral position of the neck with no rotation
(Fig. 20.2). The greater trochanter must be

Fig. 20.2 Patient positioning for arthroscopic rotator
cuff repair. Forward flexion is very helpful in creating
enough space for repairing posterosuperior rotator cuff
tears

aligned with the break in the operating table to
allow hip flexion preventing sciatic nerve com-
pression, and the torso must be kept in neutral
position using straps to prevent any lateraliza-
tion of the patient during the procedure.

The operative extremity is prescrubbed with
chlorhexidine solution, and once the patient is
properly positioned, definitive sterile preparation
and draping is performed. At the conclusion, the
surgical team should change gloves and conduct
a final preincision time-out.

Controlled hypotension and muscular relax-
ation is desirable as it may allow better visual-
ization, decrease blood loss [33], and reduce
operative time which secondarily can affect the
quality of the repair and patient safety. Because
of the risk for neurological ischemic events,
caution should be exercised with hypotensive
anesthesia in the BCP; elderly patients, hyper-
tensive patients with poor control, and patients
with BMI > 34, diabetes mellitus, obstructive
sleep apnea, and previous history of stroke are
considered high-risk population [34]. We max-
imize patient safety using routinely near-infra-
red spectroscopy (NIRS), which provides a
noninvasive continuous assessment of cerebral
perfusion.

For fluid management we use an automated
pump system with dual, pressure and volume,
control (FMS®; DePuy, Mitek, Raynham,
Massachusetts). The pump is usually set up ini-
tially to start at 80/90 mm Hg.
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20.4.2 Surgical Technique
20.4.2.1 Posterosuperior Double-

Row Rotator Cuff Repair
Although numerous descriptions were made on
where portals for rotator cuff reconstruction
should be precisely located, we recommend
establishing liberally as many portals as needed
after testing the appropriate position and direc-
tion of the portal with a spinal needle. A precise
anatomic knowledge is necessary to avoid injury
of neurovascular structures. Typically three to six
arthroscopic portals are established. These por-
tals are placed posteriorly, posterolaterally, later-
ally, anterolaterally, and anteroinferiorly
(Fig. 20.3). For anchor insertion it is often neces-
sary for a more medialized lateral portal close to
the lateral edge of the acromion to have an ade-
quate entry angle. The anterior portal, lateral to
the coracoid process, is often used to repair sub-
scapularis tears. The Neviaser portal, medial and
posterior to the acromioclavicular joint, can be
helpful for suture passing when the tear is not
accessible from anterior or posterior portals, but
in the beach chair position, the patient’s head can
restrict the movement of instruments (Fig. 20.4).
The authors do not routinely use cannulas for
arthroscopic rotator cuff repair.

After sterile preparation and draping, a slightly
superiorly placed posterior viewing portal is
developed, 10 mm inferior to the scapular spine,
in line with the glenohumeral joint. Then, for
instrumentation, an anteroinferior portal is made

Fig. 20.3 Portals recommended for arthroscopic rotator
cuff repair

using in outside-in manner a 20-gauge needle,
and intra-articular diagnostic arthroscopy is sub-
sequently performed. During the joint exam, the
size of the rotator cuff tear is assessed along with
the subscapularis tendon, long head of the biceps,
bicipital entry groove, glenohumeral articular
surface, and labrum. A decision is made at this
point to treat or not associated intra-articular
injuries if any.

Then the camera is removed from the joint,
and the trocar and the camera sheath are reposi-
tioned into the subacromial space through the
same posterior portal. The tip of the blunt trocar
should palpate the coracoacromial ligament and
rest lateral to it; this area is normally free of the
posterior bursa and facilitates to establish the lat-
eral portal. The camera is introduced, and the
subdeltoid space is filled with saline solution.
The 20-gauge needle is again used (and hereafter
for other portals) to establish the lateral portal
approximately 3—4 cm lateral to the lateral edge
of the acromion in line with its midportion or
slightly posterior. The lateral portal is used to
enter the arthroscopic shaver or the radio-
frequency device in order to clear the subacro-
mial bursa, reactive synovitis, and subdeltoid
adhesions facilitating the subsequent rotator cuff
repair. In our practice we only perform subacro-
mial decompression if signs of subacromial
impingement are identified or when extra room is
needed to proceed with the rotator cuff repair. In
these scenarios, the anterolateral acromion is
identified, the coracoacromial ligament is
resected, and a 4.5 mm burr is used to perform
the acromioplasty. If resection of the acromiocla-
vicular is needed, it is performed at this moment
in time utilizing the same anterior portal used for
joint inspection but directing our instruments in
line with the AC joint; the camera can be posi-
tioned in the posterior or lateral portal indiffer-
ently. If any intervention to the long head of the
biceps tendon is necessary (either tenotomy or
tenodesis), it should be performed prior to the
rotator cuff tear repair to prevent any interference
with the reconstruction.

We recommend placing the camera in any of
the more lateral portals for visualization. In this
position it provides an optimal angle for a
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Fig. 20.4 Lasso-loop stitch used for double-layer double-row rotator cuff tear repair

complete evaluation of the configuration of the
rotator cuff tear and furnishes an ample visualiza-
tion of the anterior aspect of the subscapularis,
which facilitates its repair if needed. Once bur-
sectomy is completed, retraction can be tested
from anterior or posterior portals using an
arthroscopic forceps. The accessory lateral por-
tals are often used for instrumentation and com-
pletion of the rotator cuff release. According to
the configuration of the tear, at any time, those
accessories anterolateral or posterolateral portals
can be created to assist the instrumentation. It is
very important to understand correctly the tear
configuration to plan the repair. While crescent-
shaped tears are repaired to the footprint reduc-
ing the tendon medial to lateral, in L-shaped and
reverse L-shaped tears, it is very important to
identify the apex of the tear that should be
reduced to the corresponding edge of the
footprint.

At this point, tendon releases are performed;
for larger immobile rotator cuff tears, the objec-
tive is to achieve a tension-free repair of the rota-
tor cuff, so the tendons move easily in line with
the direction of the retraction to the footprint; the
technique employed includes resection of the
coracohumeral and superior glenohumeral liga-
ments, resection of the rotator interval to the base
of the coracoid, and a release between the under-
surface of the rotator cuff and the glenoid labrum
and neck. An interval slide technique in between
supra- /infraspinatus, as suggested by Burkhart
et al., can additionally be performed if needed

[35]; our experience with the rotator interval
slide technique has been limited, but we failed to
find any benefit to improve rotator cuff healing as
other authors [36]; it is important also to do not
separate the anterior supraspinatus tendon attach-
ment to the coracohumeral ligament and the sub-
scapularis, the so-called comma sign by Burkhart,
as this compromises the strength of the distal ten-
don and helps greatly in the reduction of the
supraspinatus once the subscapularis is in place.
Traction sutures may also be helpful in exposing
adhesions to the rotator cuff during the release,
managing tendons during the repair, and reliev-
ing tension during the knot tying.

Once adequate release has been achieved,
reduction of the cuff over the greater tuberosity is
attempted using a grasping instrument or the
aforementioned traction sutures. At this time it is
important to check the tension and confirm the
viability to perform a double-row repair. The
greater tuberosity is gently decorticated with a
burr or shaver. In most double-row constructions,
two double-threaded (4.5 or 5.5 mm Healix
Advance® Depuy Mitek, Raynham,
Massachusetts, USA) anchors are placed medi-
ally at the junction of the articular surface and the
greater tuberosity. Pilot holes can be performed
using a punch in the majority of patients, but a
tap can be needed depending on the quality of the
bone. Typically, anchors can be placed from the
anterolateral portal, but it is not uncommon to use
a more medialized lateral portal for adequate
insertion angle of 45°. The posterolateral and
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anterolateral portals are utilized to pierce the ten-
don wusing a hook self-retrieving device
(Cleverhook®  Depuy  Mitek,  Raynham,
Massachusetts, USA) in a horizontal mattress
pattern depending on the configuration and size
of the tear. In some cases a suture passer grasp
(Scorpio® Arthrex, Naples, FL) or a shuttle relay
device (Suturelasso® Arthrex, Naples, FL) is
preferable to minimize tissue damage during the
suture passage. When all the sutures from each
anchor are passed through the rotator cuff, they
should be clamped together outside of the skin in
order to optimize suture management. The
sutures pairs coming from the same anchor are
grasped together before proceeding to the knot
tying of the medial row. Both limbs of one suture
in each anchor are preserved without cutting and
will be used for the lateral row. Once all mattress
repair sutures of the medial-row anchors have
been placed and tied, the goal is to link these
anchors with the lateral row. First we select the
best portal to insert our anterior and posterior
lateral-row anchor; it is usually the anterolateral
portal. One limb from each single knot tied medi-
ally is retrieved and loaded into the eyelet of a
knotless anchor (4.75-mm Healix Advance
Knotless® Depuy Mitek, Raynham,
Massachusetts, USA). While some tension is
applied to the threads, the anchor is then placed
just lateral to the bursal rotator cuff footprint on
the greater tuberosity. The remaining limbs are
gathered again from the same portal, loaded, and
placed in a similar fashion to complete the TOE
repair. Cortical bone in the lateral footprint of the
footprint is usually weaker, and it is advisable to
do not bury the anchors in this area.

Occasionally for small- and medium-sized
non-delaminated tears, we may load single-tape
suture in two medial-row knotless anchors in
order to reproduce the double-row transosseous
equivalent-type configuration as described ini-
tially from Park et al. [12].

When a delaminated, double-layer, rotator
cuff tear is present, we often use the technique of
the lasso-loop stitch for the deep lamina, as
described by Lafosse et al., to bring it down
effectively to the native medial footprint [37].
With this technique, it is important to ensure that

both the superficial and deep tendon possess
appropriate mobility for anatomic repair by pull-
ing it to the ideal insertion for each layer inde-
pendently. In order to perform the lasso-loop
stitch, the retrieval hook (Cleverhook® Depuy
Mitek, Raynham, Massachusetts, USA) is passed
through the lateral edge of the deep layer of the
tear to retrieve one suture from the anchor; when
the suture is partially pulled through, it makes a
loop, and then the curved tip of the device must
enter through the loop and retrieve the free end of
the same suture forming the loop pulling it out-
side of the shoulder. The free end of the thread
doing the lasso loop is then passed through the
superficial layer. The other thread from the
anchor is passed in a conventional manner
through both layers of the tear without creating
the loop. The lasso-loop technique permits by
pulling from the non-loop thread, using it as the
post during knot tying, to approximate better the
deep layer to the anatomic footprint (Fig. 20.4).

20.4.2.2 Anterosuperior Double-Row
Rotator Cuff Repair

Double-row fixation of the subscapularis is chal-
lenging because of the small anterior space over-
lying the subscapularis. Whereas the subacromial
space allows freedom of movement, the limited
subcoracoid space makes visualization, instru-
ment manipulation, and knot tying more difficult.
Denard et al. first described the technique for
double-row subscapularis repair [38]. The same
principles described for posterosuperior rotator
cuff repair are followed for subscapularis repair.
For type 1 to III subscapularis tears, using a
single-row configuration with 1 or 2 4.5 mm
double-loaded anchors seems sufficient; we
reserve double-row repair for the largest subscap-
ularis tendon tears, types IV and V, based on
Lafosse’s classification of subscapularis tears
[39].

The patient is placed in the beach chair posi-
tion, combined anesthesia is used, and the cam-
era is kept in the posterior portal to proceed with
the repair from the intra-articular site in most
cases; for the types IV and V and most retracted
tears with multiple adhesions, we may move the
camera to a more lateral or anterolateral portal in
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order to improve visualization when performing
the extensive circumferential release of the sub-
scapularis required for these tears. Because most
tears begin at the upper articular surface, a bare
lesser tuberosity footprint is indicative of a tear.
Sometimes the footprint is difficult to identify,
and placing the arm in abduction and internal
rotation helps to visualize the subscapularis
footprint.

An anterior portal is established for instru-
mentation and anchor placement. This portal
begins somewhat more medial than the typical
anterior portal and is created to enter the gleno-
humeral joint just lateral to the coracoid. A
4.5 mm shaver and a 90° radio-frequency system
device are used to create a window in the rotator
interval just superior to the subscapularis tendon.
The medial sling of the biceps and the superior
glenohumeral ligament should be preserved lat-
erally. The subscapularis tendon is then released;
and a shaver or a burr inserted through the ante-
rior or an anterosuperolateral portal is used to
abrade gently the lesser tuberosity bone bed. For
the medial row, anchors then inserted at the bor-
der between the cartilage and bone through an
anterior portal lateral to the coracoid process.
Medialization of the footprint can be necessary in
cases with severe subscapularis retraction.
Sutures are retrieved through the accessory
anterolateral portal, and then a suture-passing
device passed through the anterior portal pierces
the tendon anteriorly to retrieve the sutures
sequentially. Once the sutures are tied, lateral-
row fixation is then accomplished with the suture
tails from the medial row and an additional knot-
less anchor (4.75-mm Healix Advance Knotless®
Depuy Mitek, Raynham, Massachusetts, USA).

20.5 Postoperative Management

We perform most of our cuff repairs as an out-
patient procedure except for those patients who
are not medically suitable. A single-shot bra-
chial plexus block performed as previously
described results in a great analgesic effect for
at least 10 h. Before discharge, patients are
instructed to start taking oral medication at

home regularly from about 6 h after surgery
(while the block is still working). Postoperative
analgesia after discharge consists of an oral
nonsteroidal anti-inflammatory (NSAID) agent
(ibuprofen, 600 mg/8 h) combined with acet-
aminophen 1000 mg/8 h. Patients are instructed
to receive oral tramadol 50 mg/12 h as a rescue
medication if the combination of ibuprofen and
acetaminophen is not enough to control the
pain. After 48 h from surgery, patients are rec-
ommended to reduce doses as soon as the pain
subsides; cold therapy commenced 3 h after
surgery and is used 15 min at a time every 2 h
to control pain and swelling. NSAID intake
is limited postoperatively because of the
potential side effects and the known adverse
impact on tissue healing and bone metabolism
[40, 41].

20.6 Follow-Up Treatment

The postoperative rehabilitation program is criti-
cal for success after RC repair. There is no agree-
ment about the best timing to start rehabilitation
postoperatively. While some authors have
reported better results after accelerated rehabili-
tation, other studies have warned about the risk of
re-tearing [42]. Two perspective, randomized
studies comparing early versus delayed physical
therapy after rotator cuff tear repair registered not
significant different outcomes [43, 44].

In our practice, early passive exercises after
RC repair to prevent initial postoperative shoul-
der stiffness are allowed for small- to midsize
stable repairs. We delay physical therapy until the
sixth week in patients with large to massive tears,
as well as those patients with poor tissue quality;
research from Parson et al. found that ROM
restriction did not predispose to stiffness at 1 year
[45]. In selected patients with high risk for shoul-
der stiffness (coexisting calcific tendinitis, adhe-
sive capsulitis, PASTA-type repair, concomitant
labral repair, and single-tendon RC repair), early
rehabilitation is advised; Koo and Burkhart [46]
demonstrated that those patients are high risk of
developing limited ROM and qualify for an
accelerated rehabilitation program.
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20.7 Tips, Tricks, and Pitfalls

— Use additional portals as needed for suture
management, cuff release, or anchor
placement.

— For visualization, avoid excessive water
extravasation and turbulence, plugging tempo-
rarily the portals with a needle cup or a urinary
catheter plug.

— Identify the tear pattern and do work in your
cuff release as described.

— Use temporary traction sutures to improve
your release and facilitate suture passing.

— Medialize the footprint if needed using a
motorized burr.

— Be aware that most of the larger rotator cuff
tears are delaminated at the level of the supra
and mostly the infraspinatus tendon to include
the inferior layer in your repair.

— Do not bury the anchors in the lateral row;
cortical bone is weaker in this area.

— Use the adequate tap or punch depending on
the quality of the bone and be aware of the
presence of previous bone cysts in the humeral
head.

— If you are not using cannulas, always shuttle
the involved two sutures out together; take out
any other suture in that portal before tying.

— During TOE repairs, separate enough the cou-
ples of threads and avoid over-tensioning the
medial-row knot tying.

— Do not tie knots through the musculotendi-
nous junction.
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Tears and Correlation with Physical

Exam

Michelle X. Xiao, Rebecca A. Carr,
and Geoffrey D. Abrams

21.1 Background

The subscapularis is an important contributor to
normal shoulder function. It receives innervation
from the upper and lower subscapular nerves (C5,
C6, C7) and originates on the subscapular fossa of
the scapula and inserts on the lesser tuberosity of the
humerus. It is the sole anterior rotator cuff muscle-
tendon unit and acts to internally rotate and adduct
the humerus as well as provide anterior stability to
the glenohumeral joint [1]. Along with the other
rotator cuff muscles, the subscapularis provides an
important dynamic force couple to keep the humeral
head centered upon the glenoid, allowing for shoul-
der stability and proper kinematics [2]. In addition,
the superolateral aspect of the subscapularis tendon
is confluent with the superior glenohumeral and
coracohumeral ligaments, forming a pulley that sta-
bilizes the long head of the biceps tendon.
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Historically, the presence of subscapularis
tears was thought to be low. In 1934, Codman
reported a 3.5% rate of subscapularis tears in a
series of 200 patients with rotator cuff tears [3].
Warner et al. reported a subscapularis tear rate of
4.6% in another series of 407 patients who had
supraspinatus and infraspinatus tears and under-
went open rotator cuff repair [4]. More recently,
however, with the increased use of arthroscopic
approaches for rotator cuff repair, subscapularis
tears have been increasingly recognized. Arai
et al. noted a prevalence of 27% in a series of
patients with supraspinatus tears [5], while Barth
et al. found a prevalence of 29% [6]. A more
recent series, which also proposed a detailed tear
classification system, noted an incidence of over
50% [7]. Isolated subscapularis tears remain less
common, occurring in approximately 5% of
patients undergoing rotator cuff repair [8] and are
usually associated with traumatic injury to the
shoulder [9, 10]. Subscapularis tears are often
associated with biceps tendon pathology given
their close anatomic relationship [11, 12].

21.2 Classification
of Subscapularis Tears

Multiple classification systems have been
reported for subscapularis tears based on
arthroscopic findings. However, there is no uni-
versally accepted classification system. Tears are
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generally classified as partial thickness or full
thickness, and the degree of tendon retraction
also guides classification. Fox et al. first reported
an arthroscopic technique for subscapularis
repair using a classification system comprised of
four types [13]. Type 1 tears were partial thick-
ness tears of the subscapularis, type 2 were full-
thickness tears of the upper 25% of the tendon,
type 3 were full-thickness tears of the upper 50%
of the tendon, and type 4 consisted of complete
subscapularis tendon rupture.

Lafosse et al. proposed a classification system
for subscapularis tears to differentiate repairable
and non-repairable tears [8]. A type I tear con-
sists of a partial lesion localized to the superior
third of the subscapularis tendon. The superficial
fibers of the subscapularis remain intact, as type [
tears only affect the deep fibers and do not exhibit
tendon retraction. Type II tears involve complete
ruptures of both the superficial and deep fibers of
the subscapularis localized to the superior third
of the tendon. Type III tears are complete tears of
the upper two-thirds of the tendon. Type IV tears
are complete ruptures of the entire tendon with-
out anterior displacement of the humeral head on
the glenoid. These tears have a Goutallier score
of less than three, whereas Type V tears consists
of complete tears of the subscapularis tendon
with humeral head subluxation and coracoid
impingement and a Goutallier score greater than
or equal to three [8]. Garavaglia et al. expanded
on the Lafosse classification by subdividing Type
I tears into two subgroups. Grade la tears were
described as having minor fraying at the insertion
site, whereas grade 1b tears involved partial tear-
ing of the deep fibers at the subscapularis inser-
tion on the lesser tuberosity of the humerus [14].

A more recent classification system was for-
mulated based on the three-dimensional subscap-
ularis footprint anatomy found in a cadaveric
study consisting of four facets on the lesser tuber-
osity [7]. A type I tear consisted of a leading edge
tear with fraying or longitudinal split of the ten-
don. Type Ila tears have less than 50% detach-
ment from the first facet, while type IIb tears have
greater than 50% detachment from the first facet.
Type III included complete thickness tears of the
first facet. Type IV comprised of complete thick-

ness tearing off the first and second facets and
medial retraction of the entire tendinous portion
of the subscapularis insertion. Type V consisted
of complete tearing, including the muscular por-
tion at the inferior lesser tuberosity facet [7].

21.3 Correlation of Physical Exam
with Subscapularis Tears

There are three predominant special tests for the
diagnosis of subscapularis pathology: belly-
press, lift-off, and bear-hug tests. Some physi-
cians also utilize the internal rotation lag sign. All
of these tests involve active internal rotation of
the shoulder in varying degrees of shoulder flex-
ion. The lift-off test places the dorsum of the
hand in the lumbar region so that the humerus is
internally rotated and extended [10]. A positive
test occurs when the patient is unable to further
internally rotate the humerus, indicted by an
inability to lift the hand off the back. The internal
rotation lag sign is evaluated with the arm in the
same starting position as the lift-off test [15].
Howeyver, in this test the arm is held at near maxi-
mal internal rotation (hand off of the back), and
the patient is asked to maintain this position. A
positive test occurs when the arm drifts into
external rotation (hand nears the back), with the
magnitude measured in degrees.

When the patient is not able to perform either
of the above tests due to discomfort, the belly-
press test is may be used by having the patient
press the palm of their hand into their abdomen
[9]. The test is considered positive when the
elbow drops in a posterior direction, internal
rotation is lost, and pressure is exerted by exten-
sion of the shoulder and flexion of the wrist.
More recently, the bear-hug test has also been
described [6]. In this test, the palm of the involved
side is placed on the opposite shoulder. The
patient is asked to hold this position as the exam-
iner tries to pull the patient’s hand from the
shoulder. The test is considered positive when the
patient is not able to resist the examiner and the
hand lifts from the shoulder or when there is
weakness as compared to the contralateral (unaf-
fected) side.
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All of these tests were compared in an investi-
gation by Yoon et al. who performed preoperative
isokinetic testing in over 300 patients undergoing
rotator cuff repair [16]. They reported that for
detecting any tear of the subscapularis, the belly-
press was the most sensitive (28%), while the lift-
off was the most specific (100%). For
differentiating a full-thickness tear from a partial
tear, the most sensitive test was the belly-press
test (57%) while the most specific was the lift-off
test (97%). Furthermore, a positive lift-off test
best correlated with loss of internal rotation
strength.

21.4 Conclusion

Recognition of subscapularis tears has increased
with the wide adoption of arthroscopic tech-
niques for the treatment of shoulder pathologies.
More advanced classification systems delineate
between partial and full-thickness tears as well as
the amount of tendon torn from the lesser tuber-
osity. Physical exam maneuvers have good speci-
ficity but lack significant sensitivity, in the
detection of subscapularis tears.
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22.1 Management

of Subscapularis Tears

Non-operative treatment is undertaken for small,
degenerative (non-traumatic) tears of the sub-
scapularis in the older or less physically active
individuals. Physical therapy may be utilized,
with rehabilitation protocols focusing on rotator
cuff and scapular strengthening exercises.
Corticosteroid injections and anti-inflammatory
medication may also be utilized.

Operative treatment is pursued for all acute
subscapularis tears, smaller tears that have
failed conservative treatment, larger degenera-
tive tears, as well as all tears visualized
arthroscopically, whether they were identified
on pre-operative MRI or not. While open repair
is an option, it is almost always possible to
achieve adequate mobilization and secure fixa-
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