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ABSTRACT

The rotator cuff is composed of the subscapularis (anterior), su-
praspinatus and infraspinatus (posterosuperior cuff) and teres
minor (posterior) muscles, and damage to it is a common cause
of consultation. Histologically, the tendon insertion consists of
5 layers that intermingle to their point of joining to the bone.
However, macroscopically these tendons are not homogeneous,
since there is a weak zone in their insertion at greater trochanter
level (the crescent zone), where most of the tendon ruptures
originate. There is also a thickening known as the "rotator cable",
that allows force transmission despite the existence of such rup-
ture. Moreover, in recent years the role of the most articular layer
(the capsule) has gained importance; as a result, a tendon-cap-
sule complex is now considered to exist.

The radiological finding of partial ruptures is very frequent, and
a correct diagnostic interpretation allowing optimum therapeu-
tic decision making is not always easy. The progression of such
partial ruptures typically takes several years, and only those cas-
es refractory to conservative management will need surgery.
The present article reviews studies of importance in view of their
impact or methodology that allow us to understand the anatomy
and function of the posterosuperior cuff, the natural history of
the disorder and its correlation to the clinical manifestations, as
well as the main treatment options. Only by understanding the
fundaments of this kind of disorder can we diagnose and make
the best decisions for our patients.
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ABSTRACT
Roturas parciales del manguito rotador

El manguito rotador esta formado por los misculos subes-
capular (anterior), supraespinosos e infraespinoso (manguito
posterosuperior) y redondo menor (posterior), y su patologia
supone un motivo de consulta habitual. A nivel histologico, la in-
sercion tendinosa se compone de 5 capas que se entremezclan
hasta su union con el hueso. Sin embargo, a nivel macroscopico
estos tendones no son homogéneos, ya que existe una zona de
debilidad en su insercion a nivel del trocanter mayor (zona cres-
cent), donde se originan la mayoria de las roturas parciales del
tendon. Existe también un engrosamiento conocido como “cable
rotador” que permite la transmision de fuerzas pese a que exista
esta rotura. Ademas, en los Gltimos anos ha ganado importancia
el papel de la capa mas articular, la capsula, por lo que en la ac-
tualidad se considera que existe un complejo tendinocapsular.
El hallazgo radiologico de roturas parciales resulta muy fre-
cuente y realizar una correcta interpretacion diagnostica que
permita tomar las decisiones terapéuticas mas adecuadas no
siempre resulta sencillo. La progresion de estas roturas parciales
suele requerir varios anos y solo aquellos casos refractarios al
tratamiento conservador precisaran cirugia.

El objetivo de este articulo es recoger trabajos destacados por
su impacto o metodologia que permiten entender la anatomia
y la funcion del manguito posterosuperior, asi como conocer la
historia natural de la enfermedad y su correlacion con la clinica,
ademas de las principales opciones de tratamiento; solo enten-
diendo esta patologia desde la base podremos diagnosticar y
tomar las mejores decisiones para nuestros pacientes.

Palabras clave: Hombro. Rotura parcial. Manguito rotador. Cable
rotador. Tendon.
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Partial ruptures of the rotator cuff.

Introduction

Rotator cuff lesions are one of the main reasons for con-
sultation in shoulder disorders. These injuries are difficult
to classify and interpret, since with the exception of those
few cases in which there is a clear history of trauma, they
are typically progressively degenerative soft tissue disor-
ders that only produce bone alterations in the final stages.
Partial ruptures of the rotator cuff (PRRC) are set within
the "grey zone" of transition between healthy tendons and
full thickness ruptures. Furthermore, radiological lesions
are not always pathological®, and this further complicates
their study and management. Due to the above and the
limited available literature compared with full or com-
plete ruptures, there is still much controversy in this field.
A good approach to this disorder could be afforded by the
recent review article published by the American Academy
of Orthopedic Surgeons (AAQS)®.

The aim of this study is to review studies of impor-
tance in view of their impact or methodology that allow
us to understand the anatomy and function of the pos-
terosuperior cuff, the natural history of the disorder and
its correlation to the clinical manifestations, as well as the
main treatment options for adequately diagnosing and
treating our patients.

Understanding the anatomy: Clark et al. (1992)®

In this exhaustive anatomical study entitled: “Tendons,
ligaments and capsule of the rotator cuff. Gross and mi-
croscopic anatomy”, published in 1992, Clark and Harry-
man offer a detailed gross and microscopic description of
the rotator cuff. These authors studied 32 healthy rotator
cuffs in cadavers and established their histological con-
figuration in the form of layers, with a description of how
these in turn interlink to form other structures.

This study established the bases of the 5 histological
layers of the tendon-capsule complex that remain in force
today. From surface to in depth, these layers are arranged
as follows: the most superficial layer contains arterioles
and lies in continuity with the coracohumeral ligament
(CHL). Beneath this layer we find thick fibrous and organ-
ized bundles, while the third layer is characterized by fine
and disordered bundles. The fourth layer is composed
of lax connective tissue and thick collagen bundles that
merge with the CHL at the most anterior margin of the
supraspinatus muscle, while the last layer, in relation to
the joint, is composed of the glenohumeral capsule and
the Sharpey fibers, forming the interface with the bone.

At gross or macroscopic level, the authors found the
supraspinatus (SE) and infraspinatus (IE) to merge 1.5
cm before their insertion in the bone. From the posterior
zone, this common insertion is joined by the teres minor
(Rm), while anteriorly, through the top and bottom of the
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groove, it inter-crosses with the subscapularis (SbE). This
study already described a visible thickening on the cap-
sular side in the form of a cable-like structure, to which
Burkhart would give functional meaning.

Anatomy is function: Burkhart et al. (1993)®

This study, entitled: “The rotator crescent and rotator ca-
ble: An anatomic description of the shoulder's "suspension
bridge", published just one year later, added a key func-
tional anatomical concept in the operating mechanism of
the rotator cuff, known as the "rotator cable" As early as
1931, Codman and Akerson described the "critical zone"
where most cuff ruptures begin®. Burkhart, as an arthros-
copist, noted that this weaker crescent-shaped zone was
surrounded by a thickening of the capsule, as had been
described by Clark et al.®. After dissecting 20 cadavers
and obtaining measurements of the thickness of the tis-
sue, he found that the mentioned cable has 2.55 times
the thickness of the crescent on average, and moreover, in
elderly shoulders, the cable appears to thicken further as
an adaptive response. In this way, Burkhart described the
anatomical structure that intervenes in the functioning of
his biomechanical model of the posterosuperior cuff®:
the rotator cable acts as a suspension bridge in its trans-
mission of tension forces, with an anterior anchoring post
that extends from the anterior region of the SE to 40% of
the IE. In this way, the cuff continues to function despite
ruptures that appear with advancing age in the crescent
zone (Figure 1).

Figure 1. Schematic representation of the functioning of the ro-
tator cable suspension system. GT: greater trochanter; LT: lesser
trochanter; RC: rotator cable. * "Crescent" zone.

Rev Esp Artrosc Cir Articul En. 2023;30(3):167-72



B. Garcia-Maya

Not everything is tendon; the
importance of the capsule:

Table 1. Ellman classification of partial ruptures of the rotator cuff

Nimura et al.”? (2012) Location Grade Defect area
) call - H A. Articular 1.<30 mm
Historically, cu ) Surgery_ as B. Bursal 9.3-6 Base of the rupture x maximum
focused on repair of the inser- - Bursa -3-omm retraction = mm?
tion of the tendon. However, C. Intra-substance 3.5>6mm

over the last decade there has
been a strong rise in interest in
the study of the capsule and the role it plays in the bi-
omechanics of the shoulder, to the point where the two
structures are now considered to be complementary and
necessary for conforming the capsule-tendon complex®.
Although the anteroinferior capsule is well known for its
role in glenohumeral instability®, the posterosuperior
capsule has long drawn little attention. At present, it is
accepted that the superior capsule plays a fundamental
biomechanical role in glenohumeral stability, since it acts
as a fulcrum and prevents upper escape of the humer-
us‘®. The current importance of the capsule is great - to
the point where in the event of non-repairable massive
rotator cuff ruptures, superior capsular reconstruction
(SCR) techniques have been developed involving different
types of grafts. The initial results are promising, though
their long term role remains to be clarified™?.

Nimura et al. carried out a nice anatomical study en-
titled: “The superior capsule of the shoulder joint comple-
ments the insertion of the rotator cuff’. After dissecting
the layer composed only of the capsule, isolating it from
the rest of the cuff, these authors found that, surprising-
ly, the posterosuperior capsule represents a greater than
expected percentage of the footprint, and furthermore, its
thickness is not uniform. In effect, while it occupies almost
the entire width of the insertion at the lowermost zone
of the IE (> 60%), it present a

early days of cuff surgery by diagnostic techniques such
as arthrography, as well as the treatments such as open
repair, that are less widely used nowadays. In the above
mentioned review, the authors defined PRRC according to
its location and extension in the thickness of the tendon,
taking 12 mm to represent 100%. This gave rise to a clas-
sification based on the arthroscopic findings that remains
in force today and is the most widely used system (Table
1). Snyder later developed another classification based on
the arthroscopic findings, though it is more complex and
thus less commonly used®™.

Radiological prevalence of ruptures: Sher et al.
(1995)®

In 1995, Jerry Sher and his team recruited 96 healthy vol-
unteers with no history of shoulder or neck symptoms
that were subjected to magnetic resonance imaging (MRI)
study by two expert radiologists, in search of possible cuff
ruptures. In addition, the MRI scans of 20 pathological
shoulders were included as controls in which arthrosco-
py had been performed with a correct diagnosis in 100%
of the cases according to the report of the radiologists.
The results obtained were published in the study entitled:

minimum thickness of approxi-

28%

e 26%

N

R

Va

mately 20% at a distance of 11 30%
mm from the anterior margin of
the greater tuberosity. It is pre- 25%
cisely in this region of minimum
capsule thickness where most 20%

cases of PRRC begin; hence, this
weak zone appears to play an

/

important role in the etiology of 15%
cuff rupture.
10% /
Classification of ruptures: 5% 7
Ellman et al. (1990)" 4% 4%
0% 0%
In 1990, Ellman published a 19-39 40-59 > 60

narrative review of PRRC. Al-
though no longer up to date,
it is historically interesting to

=== Partial thickness rupture

Full thickness rupture

know the role played during the
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Figure 2. Prevalence of cuff ruptures in asymptomatic patients.
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“Abnormal findings on magnetic resonance images of
asymptomatic shoulders”.

This is a very interesting study, with a good methodo-
logical design, that provides information on the expected
prevalence of asymptomatic cuff injuries and their rela-
tion to age. Although the prevalence of partial or complete
ruptures is almost 0% in individuals under 40 years of age,
we observe a prevalence of PRRC of 24% in the 40-59 years
age interval and a 4% prevalence of full ruptures. In turn,
among individuals over 60 years of age, the prevalence
of PRRC reaches 26% and that of full rupture of the rota-
tor cuff (FRRC) reaches 28%. In sum, the mentioned study
shows that the cuff begins to degenerate at between 40-
60 years of age, and that we must be cautious in corre-
lating the clinical data to the radiological findings, since
almost 60% of all subjects over 60 years of age who have
never presented symptoms are seen to have degenerative
injuries of one grade or other (Figure 2).

Natural history of the rotator cuff: Keener et al.
(201 5)(15)

While Sher provided information on prevalence based on
a cross-sectional study of asymptomatic lesions of the
cuff, Keener et al,, in a prospective longitudinal study en-
titled: “A prospective evaluation of survivorship of asymp-
tomatic degenerative rotator cuff tears”, described how
these asymptomatic shoulders evolve based on an annual
clinical and ultrasound follow-up of 118 patients divided
into three groups: patients with partial rupture, patients
with full rupture, and healthy controls.

Their most relevant conclusion was that the main risk
factor for progression of the lesion is a greater degree of in-
itial tear or rupture. In effect, while only 14% of the controls
presented some type of rupture, 44% of the patients with
PRRC and 60% of those with FRRC significantly progressed
at least 5 mm. Furthermore, the appearance of pain was
associated with the presence of rupture progression. The
authors also found that those patients with greater rupture
at the end of follow-up had initially started with symptoms
in a larger percentage of cases, though 28% of the individu-
als without rupture also presented symptoms.

Another interesting aspect of this study is referred to
the survival curves, as these explain not only the low risk
of progression of PRRC, but also that when rupture pro-
gresses, it takes an average of 3.3 years in doing so. Such
information indicates that this is a slow degenerative pro-
cess, and allows us to study our patients and assess the
treatment options without urgency. In 2023, these same
authors analyzed the course of asymptomatic ruptures in
a young population (< 65 years of age) over a median fol-
low-up period of 71 years. Similar results were recorded
in this specific population group, with a progression-free
survival rate of 73% at 5 years and a median time to pro-
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gression of 4.9 years. Thus, in young individuals of working
age we also have sufficient time for adequate assessment
and definition of a monitoring plan®®.

On combining the data of the last two studies com-
mented above, it can be concluded that the prevalence
of cuff injuries is high, particularly in individuals over 60
years of age, and that these injuries should not always be
regarded as pathological. However, we need to be alert to
cases of advanced lesions with the appearance of pain,
since rupture may be progressing - though progression in
most cases takes several years.

Controversies of surgical treatment; when to
operate: Kim et al. (2018)™

One of the main controversies in PRRC refers to the best
management strategy, since there are almost no quality
studies on this issue. At present, most surgeons advise
initial conservative management for at least 3-6 months,
based on the clinical-radiological dissociation, the low
probability of progression and - in those cases that do
progress - the time needed for actual progression to
take place™. The aim of conservative management is to
keep the shoulder functional without pain, or with toler-
able pain, since it is known that the tendon is unable to
spontaneously repair itself without surgery™. This aim is
sometimes not reached, however, and the possibility of
surgery is then considered.

In view of the concern of some surgeons that partial
rupture may progress quickly to the point of losing the time
window for repair, the authors of the clinical trial entitled:
“When should we repair partial-thickness rotator cuff tears?
Outcome comparison between immediate surgical repair
versus delayed repair after a 6-month period of nonsur-
gical treatment” compared the results of immediate sur-
gery versus delayed surgery after 6 months of conservative
management in patients who had experienced symptoms
for less than three months. The investigators found that
6 months after surgery, those patients who had received
conservative management preoperatively had better clini-
cal outcomes, though after 12 and 24 months of postsurgi-
cal follow-up the clinical outcomes became equalized, with
the same healing rate in the MRI control study. In addition,
of the 44 patients in the delayed treatment arm, 10 aban-
doned the study voluntarily due to improvement of the
symptoms. Thus, it seems very reasonable to offer at least
6 months of conservative management in cases of symp-
tomatic PRRC, since there is a possibility of improvement
without compromising the outcomes of potential surgery.

Randomized prospective trials of this kind contribute
quality data for establishing therapeutic recommenda-
tions, though methodologically well designed studies are
needed to adequately define the different conservative
treatment options and their long term outcomes.

Rev Esp Artrosc Cir Articul En. 2023;30(3):167-72
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Repair versus conversion: Shin (2012)%°,

As mentioned, it is commonly accepted to offer surgical re-
pair in symptomatic patients after a period of at least 6
months of conservative management and with involvement
of over 50% of the cuff thickness®. The two most common
techniques in joint ruptures are in situ trans-tendon repair
(debridement of the torn tendon and suturing in which
there is contact between the latter and the bone, keeping
the remnant in continuity with the footprint) and conver-
sion and repair (completion of the rupture followed by su-
turing as in FRRC). However, while completion of the tear
guarantees removal of the degenerated tissue and suturing
with viable tissue, the fact that the remnant is sacrificed
causes concern with regard to healing after full rupture. In
the study entitled: “A comparison of two repair techniques
for partial-thickness articular-sided rotator cuff tears”, Shin
randomized 48 patients to one or the other repair tech-
nique, with follow-up over two years. Clinically, although
the patients subjected to conversion and repair were better
after three months, the outcomes were seen to be equiv-
alent over the rest of follow-up. The repair group showed
a high repeat rupture rate (0% versus 8%), though the pa-
tient outcomes were not worsened as a result. Other later
studies likewise have reported no differences between the
two techniques; as a result, it is currently not possible to
recommend one option in preference to the other®?)

Conclusions

The mentioned studies define the histology and gross
anatomy of the posterosuperior cuff. In the biomechan-
ics and pathology of partial ruptures, it is important to
note that there is a weak zone at the posterior limit of
the SE, and to understand how the "rotator cable" capsu-
lar thickening works to transmit force when rupture be-
gins. The appearance of PRRC starts in the fifth decade
of life and increases with age, though several years are
needed for progression to take place. The first therapeutic
option in PRRC is conservative management for at least
6 months, though the best conservative protocol has not
been established to date. In those cases where surgery is
required, the results of "in situ" repair versus conversion
and repair are equivalent. The surgeon therefore must
choose the best strategy according to the patient involved
and his or her personal experience.
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