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Abstract

» Partial-thickness rotator cuff tears (PTRCTs) are a common pathology
with a likely high asymptomatic incidence rate, particularly in the

overhead athlete.

» The anatomy, 5-layer histology, and relationship to Ellman’s
classification of PTRCTs have been well studied, with recent interest in
radiographic predictors such as the critical shoulder angle and

acromial index.

» Depending on the definition of tear progression, rates of PTRCT
progression range from 4% to 44% and appear related to symptom-

atology and work/activity level.

» Nearly all PTRCTs should be managed conservatively initially,
particularly in overhead athletes, with those that fail nonoperative
management undergoing arthroscopic debridement £ acromioplasty
if <50% thickness or arthroscopic conversion repair or in situ repair

if >50% thickness.

» Augmentation of PTRCTs is promising, with leukocyte-poor platelet-
rich plasma having the most robust body of supportive data.
Mesenchymal signaling cell biologics and the variety of scaffold onlay
augments require more rigorous studies before regular usage.

artial-thickness rotator cuff
tears (PTRCTs) present a chal-
lenging treatment dilemma to
the orthopaedic surgeon, par-
ticularly those in the throwing or overhead
athlete. At multiple stages of treatment, the
surgeon is faced with several critical choices:
whether to watch and wait, inject and with
what, debride or repair, complete the tear or
repair in situ, and augment. We attempt to
answer these questions using an up-to-date
review of the literature, focusing solely on
PTRCT: of the supraspinatus and

infraspinatus.

Epidemiology, Anatomy, and Etiology
of Partial Rotator Cuff Tears

PTRCTs represent a large burden on the
healthcare system, with the average cost
per episode totaling nearly $10,000".

Prior studies have cited a prevalence of up
t0 12% to 18.5%, particularly in the aging
population, although these numbers were
primarily based on cadaveric rather than
population studies*?. Intratendinous
tears were historically noted to be the most
common location for PTRCTs in cadav-
eric dissections, with Yamanaka demon-
strating, in 268 specimens, a 13.8%
overall PTRCT incidence with intra-
tendinous tears being the most common at
7.5%, articular at 3.7%, and bursal at
2.6%*. However, several recent clinical
studies have challenged this doctrine,
with Kong et al. demonstrating, in 81
PTRCTs, bursal-sided tears as the most
common with an incidence of 72% on
magnetic resonance imaging (MRI)°.
Frandsen et al. demonstrated that, in 84
PTRCTs, 58% were articular, compared
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Fig. 1

Radiographic predictors of partial-thickness rotator cuff tear incidence and retear risk after repair. Fig. 1-A Critical shoulder angle. Fig. 1-B Acromial index. Fig. 1-C Acromial slope.
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with 22% being bursal and 20% being
intratendinous, highlighting the dis-
crepancies between cadaveric and
radiologic studies®”. There does not
appear to be a gender predilection

for PTRCTs, with a large insurance
database study demonstrating slightly
increased incidence in women (54.1%),
with the most common age group between
65 and 69 years'.

Little advancement in the under-
standing of the histological layers of the
rotator cuff has been made since Clark
and Harryman’s landmark cadaveric
study in 1992, demonstrating 5 distinct
layers from the bursal-sided vascular
extension of the coracohumeral liga-
ment in layer 1 to the articular-sided
deep capsular layer 5>, Layer 2 repre-
sents the thickest and main structural
layer of the rotator cuff, comprising a
large bundle of densely packed parallel
tendon fibers of 3 to 5 mm thick, which
is the critical portion when involved in
PTRCTs. When correlated with Ell-
man’s classification and recent advanced
imaging studies, PTRCT's with an
articular involvement of 3+ mm and
bursal involvement of 6+ mm disrupt
layer 2 and represent 25% and 50%
thicknesses of the rotator cuff®'?,
respectively. These histologic layers also
correspond to footprint anatomy, which

was originally described in detail by
Dugas et al. and Mochizuki et al.

in cadaveric studies, as a triangular
supraspinatus footprint on the anterior-
most area of the most superior portion
of the greater tuberosity, with a mean
maximal cross-sectional area of

6.9 mm X 12.6 mm, which inserts
less than 1 mm from the articular
margin'"'. This is in contrast to the
trapezoidal infraspinatus footprint of
10.2 mm X 32.7 mm, of which the
articular insertion inserts more lateral
to the articular surface' "'2.

The etiologies of PTRCT' can be
divided broadly into intrinsic and
extrinsic causes. Intrinsic causes of
PTRCTs are usually due to increased
tendon strain and degeneration within
histologic layers from chronic micro-
trauma, internal impingement, or age-
related decreases in tendon vascularity.
These lead most commonly to intra-
tendinous PTRCTs, although tear
propagation to articular-sided or bursal-
sided PTRCTs can occur because failure
of tendon fibers progressesz’G. Extrinsic
causes of PTRCTs are usually due to
direct compression with subacromial
impingement in bursal-sided PTRCT's
and internal impingement in articular-
sided PTRCTs, with a high incidence in
overhead athletes, particularly of the

39.0 mm*

Ratio

48.4 mm*

1

posterior supraspinatus and infraspina-
tus tendon?®13.

Risk factors for PTRCT's have been
well studied. A recent meta-analysis
demonstrated that increased chrono-
logical age, body mass index, smoking,
diabetes, hypertension, and dominant
arm were associated with an increased
risk of PTRCTs'4. Radiographic risk
factors have more recently come under
investigation, with the most commonly
identified being an increased critical
shoulder angle (CSA) and increased
acromial index, which are radiographic
parameters of a more lateral, hooked
acromion. These have been shown to
increase rotator cuff forces required for
abduction and increase the retear risk
after rotator cuff repair'>'. Caffard
et al. and Li et al. demonstrated
increased retear rate in patients with
larger CSA, increased acromial slope,
and increased acromial index!®!”

(Fig. 1).

Classification

There are a myriad of classification
methods for rotator cuff tears, varying
from descriptive classifications based on
chronology (acute vs. chronic), or anat-
omy (involved rotator cuff tendon), to
general classifications that apply to all
tears, such as those proposed separately
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Fig.2

by Cofield, Collin, and Goutallier'®2°,
Two classification systems were devel-
oped specific to PTRCTs in the early
1990s by Ellman and Snyder et al. >,
Both share similarities, with Harvard
Ellman’s classification describing loca-
tion (articular, bursal, or intra-
tendinous), grade (grade I = <3 mm,
grade 2 = 3-6 mm, grade 3 = >6 mm),
and tear area (in squared millimeter)’.
Stephen Snyder’s classification also
classifies for tear anatomic location
(articular or bursal, with less focus on
intratendinous) and severity (0 = nor-
mal to IV = very severe partial tear often
encompassing more than asingle tendon

of >4 cm involvement)?'.

Imaging of PTRCTs

The radiographic workup for a painful
shoulder always begins with a standard
radiographic series (Grashey true anter-

oposterior, scapular-Y, and axillary
views). Despite low sensitivity and
specificity in the diagnosis of PTRCTs,
radiographs can provide useful infor-
mation in risk factor evaluation of the
CSA and acromial morphology as
aforementioned and rule out advanced
rotator cuff disease with decreased
acromiohumeral interval or the presence
of glenohumeral arthritis. MRI has
become the standard for diagnostic
evaluation with its ability to identify
rotator cuff tears and associated pathol-
ogies (Fig. 2). Although some smaller
cohort studies demonstrate limited
accuracy of MRI for detecting PTRCT's
with a sensitivity of only 51.6% and
specificity of 77.2%, recent meta-
analyses have demonstrated excellent
accuracy of MRI above 90%2>**, MRI
evaluation of fatty atrophy of the
supraspinatus can be identified with

Partial-Thickness Rotator Cuff Tears

more accuracy, with Barry et al. dem-
onstrating in MRIs of 377 shoulders
increasing Goutallier grades of fatty
atrophy with increasing tear severity
from 6.5% = grade 2 atrophy in no
tears, 10.5% in PTRCTs, and 41.4%
in full-thickness rotator cuff tears
(FTRCTs)?*. Davis et al. later corrobo-
rated these findings of increased fatty
atrophy with increased tear severity
and additionally demonstrated good-
excellent inter-rater reliabilities,
although Chung et al. actually dem-
onstrated increased fatty atrophy
in high-grade PTRCT's than small
FTRCTs and an increased failure rate
of tendon healing in PTRCT's with
worse tendinosis?>°.

Given the controversy surround-
ing MRI diagnosis of PTRCTs, MR
arthrography (MRA) may be helpful for

the identification of subtle articular-
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Magnetic resonance imaging findings of partial-thickness rotator cuff tears: (Fig. 2-A) T2 coronal demonstrating both articular-sided tearing at the supraspinatus footprint and
intramuscular edema, (Fig. 2-B) T2 coronal demonstrating intratendinous tearing, (Fig. 2-C) T2 coronal demonstrating a bursal-sided tear, (Fig. 2-D) T2 sagittal demonstrating a
small articular-sided anterior supraspinatus tear, (Fig. 2-E) T2 sagittal demonstrating a large bursal-sided anterior supraspinatus tear, and (Fig. 2-F) T2 axial demonstrating an
intratendinous tear of the supraspinatus. Arrowheads mark the location of the tear in all panels.
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sided tears or intrasubstance tears that
may be missed when an adducted arm
position compresses the fibers to each
other”. A recent meta-analysis by Liu
et al. demonstrated greater diagnostic
accuracy with MRA for the diagnosis of
PTRCTs compared with MRI, which
may also have more applicability when
used for articular-sided and intra-
tendinous PTRCTs than for bursal-
sided PTRCTs*® (Fig. 3). Ultrasound
(US) presents a low-cost, readily avail-
able, alternative diagnostic modality for
PTRCTs for experienced providers. Roy
et al. demonstrated that trained pro-
viders, whether radiologists, US techni-
cians, or orthopaedists, could use US to
diagnose PTRCT's at an equivalent
accuracy to both MRI and MRA**%,

Nonoperative Treatment
Nonoperative management remains the
first-line treatment for most PTRCTs,
given the widely reported incidences of
tear progression in the literature ranging
from 4% to 44%°7*°. Mall et al. dem-

onstrated a 4% rate of significant tear

Fig.3

Ultrasound images of (Fig. 3-A) injection of
bursal-sided supraspinatus tear, (Fig. 3-B)
partial articular-sided tear of the supraspina-
tus, and (Fig. 3-C) intratendinous tear of the
supraspinatus (red line indicates longitudinal
length of tear).

progression in asymptomatic patients
compared with 23% progression in
symptomatic patients and found signif-
icantly larger tears in symptomatic
patients compared with those without
symptoms>". Keener etal. demonstrated
an overall 44% progression of PTRCT's
at a median of 5.1 years, defined by an
increase in =5 mm in size in any ori-
entation based on US evaluation, and
found that the presence of tear enlarge-
ment was associated with the onset of
new pain’'. When considering indica-
tions for overhead athletes, even high-
grade PTRCT's with up to 80% of
involved tendons should be considered
for nonoperative management because
multiple studies have demonstrated
inferior results with repair for PTRCT's
in these athletes'*?%. The initial first-
line treatment includes activity modifi-
cation, such as cessation of throwing for
overhead athletes, anti-inflammatory
medications, and a formal rehabilitation
program focused on the restoration of
strength and function of the rotator
cuf>®'3, Both individual rotator cuff

Right Shoulder

focused on strengthening and peri-
scapular stabilization, while addressing
concomitant pathologies, such as
sleeper stretches for posterior capsular
tightness/internal rotation deficits, are
the focus of therapy.

Injections

Either subacromial or glenohumeral
injections can be used for short-term
pain relief to allow for an eatlier return to
function and more aggressive therapy,
with subacromial injections preferred
for external impingement and bursal-
sided PTRCTs and glenohumeral
injections preferred for articular-sided
PTRCTSs. Injection options range from
corticosteroid injections (CSI) and
autologous platelet-rich plasma (PRP) to
cellular therapies such as concentrated
bone marrow aspirate (CBMA) or
adipose-derived mesenchymal signaling
cells (AD-MSC:s). CSI generally pro-
vides good pain relief, but the results are
often short-lived, and multiple CSIs can
increase the risk of tear progression

because in vivo and translational studies
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have demonstrated detrimental effects
on rotator cuff histology and biome-
chanical strength with the increasing
number and frequency of CSIs**. Fre-
quent CSIs may also jeopardize the
future rotator cuff repair because a trio of
early 2019 studies demonstrated a time-
dependent relationship between CSI
before RCR and increased revision rates
after surgical repair>*>°.

Recent meta-analyses have dem-
onstrated that PRP, in particular, dem-
onstrates promise for PTRCT's about
both pain reliefand functional outcomes
at short-term follow-up; however,
studies with a follow-up longer than a
year are still needed®”. Attention should
be paid to PRP formulation in these
studies because leukocyte-poor PRP has
been demonstrated to be more anti-
inflammatory than leukocyte-rich PRP
and may be more beneficial in the
treatment of PTRCTs>®. In addition,
comparative studies between PRP and
CSI do not always analyze comparable
approaches because corticosteroids are
typically administered into the suba-
cromial or glenohumeral space, whereas
PRP may be administered intralesional
(with image guidance)39. Table I dem-
onstrates relevant recent studies (within
5 years) on the use of biologics as non-
operative treatment for PTRCTs.
Nonoperative treatment should near-
universally be attempted as inidal
management because it often provides
significant benefits and does not lead to
inferior outcomes with delayed repair, as
demonstrated by Kim et al.*’. Nonop-
erative management can provide excel-
lent outcomes because 37 patients with
PTRCT'sat a mean of 46-month follow-
up had an American Shoulder and
Elbow Surgeons (ASES) score of 85.1
and Simple Shoulder Test score of 10.0,
with atraumatic tears, nondominant
side, and PTRCT thickness <50%

. . 41
dcmonstratmg superior outcomes

Operative Management

Although there remains a lack of defin-
itive evidence for surgical indications for
PTRCTs, in general, surgical manage-
ment is indicated when there has been

AUGUST 2024 - VOLUME 12, ISSUE 8

failure of nonoperative modalities for 3
to 6 months with continued symptoms
or tear progressionz‘G‘13 . Tears greater
than 50% in thickness or those involving
the anterior supraspinatus with anterior
rotator cable involvement may benefit
more from surgical management6’4l’43.
Other modulating factors include con-
comitant pathology, patient age and
physical demands (e.g., arm dominance,
laborers, and overhead athletes), etiol-
ogy (traumatic tears are more likely to
require repair), tear length, and tear
location?®#!. Overhead athletes with
partial articular supraspinatus tendon
avulsion or partial infraspinatus tears
(although rare), even up to 80% in
thickness in their dominant arm, may be
candidates for prolonged nonoperative
treatment or a simple arthroscopic
debridement because these options fre-
quently provide pain relief and allow
faster return to sport; however, individ-
ualized discussions should always be
held with the athlete, trainer, coach,
agent, and/or parents in the case of
pediatric athletes'>.

Arthroscopic Diagnosis

Diagnostic arthroscopy remains the
gold standard for determining tear type
and concomitant pathology, paying
particular attention to the articular sur-
face attachment from the glenohumeral
jointand the bursal-sided insertion from
the subacromial space. A view of the
posterior rotator cuff insertion from the
lateral portal in the subacromial space
should always be performed because
partial bursal-sided tears of the infra-
spinatus are often missed if only viewing
from the posterior portal. With the
arthroscope in the glenohumeral joint, a
“30-30” position, with 30° of forward
flexion and 30° of shoulder abduction,
relaxes the superior capsule and provides
ideal visualization of the rotator cuff
footprint®. When partial tears are
thought to be identified, using a blunt
instrument to “fall in” to the defect
remains the most definitive and illus-
trative method of diagnosing PTRCTs.
The Fukuda “color test” using methyl-

ene blue or indigo carmine solution was

+e24.00063
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described in 1992 as a useful tool for
detecting subtle PTRCT's but has fallen
out of favor due to time intensiveness
and concerns for tissue toxicity, partic-
ularly of chondrocytes*®. The Snyder
suture marking technique for identify-
ing articular-sided PTRCT extension
into the subacromial space remains a
useful intraoperative technique®

(Fig. 4). Intratendinous tears remain
particularly challenging to localize, with
several arthroscopic findings described,
such as rotator cuff tissue fibrillation and
congestion or an arthroscopic “Bellows
sign”, indicative of tear location®®

(Fig. 5-C). If high suspicion for an in-
tratendinous PTRCT arises, an intra-
operative test for the “Bubble sign” can
be performed with an injection of saline
into the suspected lesion with a resultant
bulging expansion of the rotator cuff
tendon, as described by Lo and Burkhart
in 2002%7. This should not be confused
with more recent descriptions of “Bub-
ble signs”, in which during entry of the
arthroscope through the posterior por-
tal, or lifting of the long head of the
biceps tendon (LHBT) through an
anterior portal within the glenohumeral
joint, air bubbles are visualized rushing
into the relatively negative pressure gle-
nohumeral joint from the positively
pressured subacromial space through
the presence of a FTRCT, helping dif-
ferentiate them from PTRCTs*®

(Figs. 5-A and 5-B). Finally, a thorough
subacromial bursectomy is vital to be
able to fully evaluate the broad rotator
cuff insertion.

Surgical Algorithm

After PTRCT identification, surgical
treatment can be performed. The
authors prefer to view the surgical
treatment options in 3 decisions: (1)
whether to debride only (with or
without acromioplasty) or to perform a
repair; (2) if repair is chosen, whether
to complete the tear (and perform a
repair for a full-thickness tear) or to
preserve the intact tissue and perform
an in situ transtendinous repair; and
(3) whether to augment the rotator cuff
repair.
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TABLE | Nonoperative Injection Treatments and Outcomes for Partial-Thickness Rotator Cuff Tears Within the Past 5 Years*

Patients (n, Age in

PRP Formulation Injection Years When Follow-up
Study Study Type Control Group Technique Reported) (mo) Outcomes
Platelet-rich plasma
comparative studies
Schwitzguebel et al. RCT LP-PRP US-guided 80; 41 PRP (48.2), 39 19.5 Lesion volume on
(Am J Sports Med 2019)® Normal saline Intralesional saline (47.6) MRA, VAS, SANE,
ASES, constant,
adverse events
Cai et al. (Med Sci Sports RCT LP-PRP US-guided 200;50in each group 12 Constant, ASES, VAS,
Exerc 2019)*® Normal saline Subacromial tear progression on
Sodium space MR
hyaluronate
Jo et al. (J Bone Joint Surg RCT Allogeneic PRP US-guided 49; 23 PRP (55.3), 26 6 Constant, VAS, ROM,
Am 2020)% Triamcinolone Subacromial corticosteroid (52.5) ASES, UCLA, SST,
acetonide space DASH, adverse
events
Thepsoparn et al. (Orthop J RCT LP-PRP US-guided 31;15PRP (51.3), 16 6 VAS, 0SS, adverse
Sports Med 2021)° Triamcinolone Subacromial corticosteroid (62.4) events
acetonide space
Kwong et al. (Arthroscopy RCT LP-PRP US-guided 99: 47 PRP (49.9), 52 12 VAS, ASES, failure
2021)” Triamcinolone Subacromial corticosteroid (49.1) rates
acetonide space
Tanpowpong et al. (Sports RCT LP-PRP US-guided 30: 15 PRP (58.3), 15 6 Tear size on MR,
Med Open 2023)*° Triamcinolone Intralesional corticosteroid (63.3) VAS, ASES, constant
acetonide
Rossi et al. (Arthroscopy Prospective LR-PRP US-guided 150 (36.6) 12 ASES, VAS, SANE,
2023)%2 cohort Subacromial sleep quality, return
space to sports
Mesenchymal signaling cell
injections
Kim et al. (J Orthop Surg Res Prospective, CBMA US-guided 24:12 CBMA (54.9), 3 VAS, DASH, SANE,
2019)93 non- Physical therapy Subacromial 12 therapy (59.6) tear size on MRI
randomized, space
comparative
study
Centeno et al. (Stem Cells RCT CBMA US-guided 25:14 CBMA (46), 11 24 Retear rate, UCLA,
Int 2020)** Physical therapy Intralesional therapy (49) constant, JOA, SST
Joetal.(Arthroscopy 2020)%° Prospective AD-MSC US-guided 19 (57.1) 24 VAS, ROM, constant,
cohort study Intralesional ASES, UCLA, DASH,
failures, tear size on
MRI
Hurd et al. (J Orthop Surg RCT AD-MSC US-guided 15:11 AD-MSC (64.6), 12 Adverse events,
Res 2020)°° Methyl- Intralesional 5 corticosteroid ASES, VAS, tear size
prednisolone (57.6) on MRI
Lundeen et al. (Sci Rep RCT AD-MSC US-guided 15:11 AD-MSC (64.6), 40.6 Adverse events,
2023)%7 Methyl- Intralesional 4 corticosteroid Short Form-36, ASES,
prednisolone (59.0) VAS, ROM, tear size
on MRI

*AD-MSC = adipose-derived mesenchymal signaling cells, ASES = American Shoulder and Elbow Surgeons Score, CBMA = concentrated bone marrow aspirate,

DASH = Disabilities of the Arm, Shoulder, and Hand, LP = leukocyte poor, LR = leukocyte poor PRP, MRA = magnetic resonance angiogram, MRl = magnetic resonance
imaging, OSS = Oxford Shoulder Score, PRP = platelet-rich plasma, RCT = randomized controlled trial, ROM = range of motion, SANE = Single Assessment Numeric
Evaluation, SST = Simple Shoulder Test, UCLA = University of California Los Angeles score, US = ultrasound, and VAS = visual analog scale.

Arthroscopic Debridement With or
Without Acromioplasty
Arthroscopic debridement is indicated
for PTRCT: that have failed nonopera-
tive management, which are less than
50% of tendon thickness on the articular

side and <25% on the bursal side?*?.  with the trainer, therapist, and coach'?.
High-level overhead athletes, particu- Articular-sided PTRCTs when diag-
larly throwers, should be considered for  nosed arthroscopically within the gle-

debridement over repair (even with nohumeral joint should be debrided

greater than 50% involvement), partic-  with a motorized shaver to stable bor-

ularly when in season, after discussion ders. Forward flexion and external
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rotation to 30° can assist in visualization

and access to the supraspinatus and
anterior infraspinatus insertion, with
switching of the arthroscope to the
anterior portal or usage of a 70° arthro-
scope from the posterior portal to better
view the posterior infraspinatus or teres
minor insertions. The partial tear area
can then be tagged with a monofilament
suture®. A subacromial bursectomy for
visualization and access to the tendinous
insertion of the supraspinatus and
infraspinatus is then performed after
switching to the subacromial space. A
complete bursectomy can be performed
with viewing from the anterior portal or
lateral portal to visualize the underap-
preciated posterior cuff insertion.
Although the bursa over the tendinous
insertion is often pathologic and a pain
generator, the bursal tissue over the
muscular portion of the tendons medi-
ally should be preserved, not only to

Supraspinatus

prevent bleeding but also to preserve
progenitor cells that have been found to
be abundant in bursal tissue®”. The
suture-marked area of concern should be
probed and debrided genty with a
shaver to investigate for full-thickness
extension of the articular-sided PTRCT.
Bursal-sided PTRCTSs should be probed
with a blunt instrument to investigate if
the partial tear involves >50% of the
tendon thickness. A preferred technique
used by the authors is to primarily use a
5.5-mm bone cutting shaver without
teeth in the subacromial space, which
allows for both the gentle debridement
of the bursal tissue off the rotator cuff
and the efficient completion of any
necessary bony work.

QOutcomes
Several cohort studies with long-term
follow-up have demonstrated conflict-

ing results after arthroscopic debride-

Partial-Thickness Rotator Cuff Tears

Fig. 4
Arthroscopic images of a right shoulder in
beach-chair position viewing from the poste-
rior portal of (Fig. 4-A) glenohumeral and
(Fig. 4-B) subacromial views of the Snyder
suture marking technique of a partial articular-
sided rotator cuff tear.

ment of PTRCT's with or without
acromioplasty. Jaeger et al. and Ranebo
et al., analyzing cohorts of 95 and 69
patients with the 19.9-year and 22-year
follow-ups, respectively, showed excel-
lent results with debridement and acro-
mioplasty alone for partial-thickness
tears, demonstrating 90.9% “successful
outcomes” and a mean Constant-
Murray score of 101, respectively®>".
These 2 studies demonstrated that
42% of PTRCTs progressed over

20 years with a 7% rate of cuff tear
arthropathy, whereas 87% of FTRCTs
progressed with a 74% rate of cuff tear
arthropathy®®°". However, Cordasco
et al. demonstrated worse outcomes at a
mean of 52.7 months in bursal-sided
PTRCTs than articular tearswith up toa
389% failure rate*®. The addition of ac-
romioplasty is no longer considered
beneficial as demonstrated by a meta-
analysis by Lihdeoja et al.; in fact, a
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Fig.5

Fig. 5-A Intra-articular diagnostic arthroscopy of the right glenohumeral joint from the posterior viewing portal in the beach-chair position. Fig. 5-B As the supraspinatus tendon
is raised by the probe, air bubbles (the “bubble sign”; black arrow) can be seen entering down the negative pressure gradient from the subacromial space. Fig. 5-C Left
glenohumeral joint viewed from the posterior portal in the beach-chair position showing the “bellows” sign (black arrow) of the anterior supraspinatus tendon insertion.
(Reprinted, with permission, from Upadhyay D, Scheidt M, Garbis N, Salazar D. Bubble sign: an arthroscopic technical trick to differentiate between partial- and full-thickness
rotator cuff tears. Arthrosc Tech. 2022;11[7]:e1353-7 [Figs. 5-A and 5-B] and Fanelli MG, Field LD. The arthroscopic “bellows” sign identifies hidden rotator cuff tears. Arthrosc
Tech. 2022;11[5]:e723-5 [Fig. 5-C]. Reprinted from Elsevier under the terms of the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-nd/4.0/1).
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matched comparative study by Swindell
et al. demonstrated increased revision
surgery in rotator cuff repairs that
underwent concomitant acromioplasty
compared with those without™”. It is the
authors’ practice to perform concomi-
tant acromioplasty only in cases when
necessary for visualization or with a large
type III hooked acromion in the pres-
ence of bursal-sided PTRCTs. In addi-
tion, a limited acromioplasty may be of
value in recruiting a biologic healing
response by exposing marrow elements
into the subacromial space, akin to a
notch microfracture in the knee for iso-
lated meniscus repairs; however, there
are no studies available to date to support
this approach.

Arthroscopic Partial Rotator

Cuff Repair

Arthroscopic repair of PTRCTs is indi-
cated for tears >50% thickness that
have failed nonoperative management.
Nearly all tears should undergo a trial of
nonoperative management because

ANTERIOR
VIEW

Sutures shuttled
through supra-
spinatus tendon

anchors
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immediate vs. delayed surgical repairs (as
defined by 6 months of nonoperative
treatment) have been shown to be
equivalent in visual analog scale (VAS),
ASES scores, and retear rates in a ran-
domized controlled trial (RCT) by Kim
etal.®*. The 2 main strategies for
PTRCT repairs are cither conversion to
full thickness followed by repair vs. a

transtendinous, “in situ” repair.

Conversion Repair

Arthroscopic conversion of PTRCT: to
FTRCT followed by a standard full-
thickness repair provides several advan-
tages and disadvantages. It is often
technically easier because of familiarity
and allows for a thorough assessment of
the rotator cuff footprint and the full
extent of the tear after debridement.
Disadvantages include the need to re-
move some extent of intact rotator cuff
tissue during the takedown and possible
distortion of the rotator cuff length-
tension-footprint relationship. Conver-

sion to FTRCT' can be performed with

Suture

placed

a variety of instruments, including but
not limited to the arthroscopic shaver,
radiofrequency wand, specialized
arthroscopic blade, or an 11-blade scal-
pel, inserted from the lateral portal.
Good mid-term outcomes have been
reported after conversion repair,
including in middle-age patients (mean
age 51 years, by Brockmeyer et al.)

and in young and athletic patients
(Olympic-level volleyball athletes with a
mean age of 26 years, by Porcellini

et al.)*>>*, Bursal-sided vs. articular-
sided conversions appear to do equally
well, with excellent ASES and Constant
scores in both groups in a study by Kim
et al. with a mean 35-month follow-up;
however, there was a nonsignificant
increase in a retear rate of 9.5% in the
bursal-sided group compared with 0%
in the articular-sided group®

Transtendinous In Situ Repair
In situ PTRCT repairs involve repairing
either the articular-sided or bursal-sided

partial tear while leaving the remnant

Suture
anchors

SUPERIOR OBLIQUE VIEW

17 Horizontal
e b malress sulures
el || tied to secure
2T [ repair

ANTERIOR VIEW

left long

Fig.6

Two partial articular rotator cuff tear repairs using in situ transtendinous repair techniques. Fig. 6-A Medial row anchors tied with knots. Fig. 6-B Medial row anchors tensioned
with knotless technology. (Reprinted, with permission, from Johnson JS, Caldwell PE, Pearson SE. Arthroscopic transtendinous modified double-row suture bridge repair of a
bony PASTA lesion. Arthrosc Tech. 2014;3[4]:e449-53. Reprinted from Elsevier with permission).

AUGUST 2024 - VOLUME 12, ISSUE 8 - €24.00063



Partial-Thickness Rotator Cuff Tears

JB&JS

REVIEWS

TABLE Il Conversion Repair vs. Transtendinous in Situ Repair*
In Situ
Mean Tear Completion Repair (N,
Followup (N, Mean Age in Patient-Reported Retears, n Mean Age Patient-Reported Retear  Significant
Study Study Type Tear Type (mo) Years) Outcomes (%) in Years) Outcomes Rate Difference
Shin et al. (Am J Sports Retrospective  Bursal-sided 325 47,593 =99 VAS:09 + 0.5 3 (8.1%) 37, VAS:0.9 + 0.5 4 (8.5%) No
60
Med 2015) cohort ASES: 934 * 2.2 48290 acksigg6x 45
comparative
Constant:89.4 + 1.8 Constant: 88.1 = 2.4
Kim et al. (Arthroscopy Prospective Articular-sided 19.1 45,59.0 VAS:19 £ 16 7 (15.6%) 47,55.8 VAS:26 +22 2 (4.3%) No
98 "
2015) comparative afc‘jd :”’”" ASES:87.1 % 99 ASES: 80.6 + 15.6
side
Constant: 71.1 * 6.1 Constant: 71.1 = 4.1
Katthagen et al. (Knee Systematic Articular-sided 40.1 119, NR ASES: 82.7-90.6 9.5%-21.5% 277,NR ASES: 76-93 15.1% N/A
Surg Sports Traumatol review; 19 and bursal-
Arthrosc 2018)* studies sided
Liu et al. (J Orthop Surg Retrospective  Articular-sided 13 38,603 = 6.3 VAS:1.1 =08 0(0%) 30, VAS:09 =09 0 (0%) No
99
2018) cohort ASES:85.0 % 5.7 63169 AsEs: 819+ 109
comparative
Castricini et al. (Arch Retrospective  Articular-sided 739 94, NR Constant: 84.1 10 (13.5%) 59,NR Constant: 84.3 6(13.9%) No
OrthOfJOZ'rauma Surg cohort . SST-10.1 SST-10.1
2019) comparative
Kanatli et al. (Acta Retrospective  Articular-sided 44 20,489 = 13.8  ASES: 84.0 0 (0%) 20, ASES: 82.7 0 (0%) No
OrthoeJraumatol Turc cohort . a_nd bursal- Flexion increase: 15° 476 2121 [ oion increase: 18°
2020) comparative sided
Thamrongskulsirietal. ~ Meta-analysis, ~Articular-sided NR NR, NR VAS:0.21 MD (—0.18, 11.6% NR, NR ASES: —0.93 MD 7.7% No
(Knee Surg Sports 7 studies 0.60) favoring (—4.96, 3.11) favoring
TraurrécllrolArthmsc Constant: —0.83 MD
2023) (—2.84,1.17) favoring
Yangetal.(JOrthop Surg  Meta-analysis, Articular-sided NR 272,NR Constant: —0.21 (—0.76, OR0.94 229,NR VAS: 0.36 MD (—0.76, N/A No
Res 2023)'92 6 studies 0.35) favoring (0.37,2.38) 1.48) favoring
favoring ASES:0.26 MD (—0.53,
1.05) favoring
Yuan et al. (J Shoulder Retrospective  Articular-sided 24 28,485 + 84 VAS:1.1 £ 0.2 1(3.6%) 28, VAS:1.0 +0.3 0 (0%) No
103
Elbow Surg 2023) cohort . ASES: 92 + 5 513 *+96 ASES: 91 + 5
comparative
Constant: 94 + 4 Constant: 91 £ 6
Flexion: 171° = 11° Flexion: 167° = 7°
Zhuo et al. (Orthop Surg  Retrospective  Bursal-sided 15 30,542+ 7.2 VAS: 0.0 = 0.2 1(3.3%) 28, VAS:0.1 + 04 2(7.1%) No
104
2023) cohort ASES: 959 + 2.7 52364 AcEs 955 +43
comparative
Constant: 94.0 + 2.6 Constant: 93.5 + 3.5
Flexion: 167.7° = 6.9° Flexion: 165.9° + 8.7°
*ASES = American Shoulder and Elbow Surgeons Score, MD = mean difference, NR = not-recorded, OR = odds ratio, SST = Simple Shoulder Test, and VAS = visual analog scale.

rotator cuff insertional fibers intact. For
articular-sided tears, the techniques
involve transtendinous placement of
suture anchors into the exposed rotator
cuff footprint within the glenohumeral
joint, suture retrieval (through the cuff)
in the subacromial space, and compres-
sion of the intact bursal-sided tendon
using tied knots or knotless technology.
In the glenohumeral joint, suture pas-
sage through the rotator cuff can be
performed with various self-retrieving
suture instruments, such as the Bird-
Beak (Arthrex) or NanoPass (Stryker)
(Fig. 6-A). Alternatively, using knotless
suture anchor technology (Knotless Fi-
berTak; Arthrex), sutures can be

AUGUST 2024 - VOLUME 12, ISSUE 8

retrieved once in the subacromial space,
converted through the opposing suture
anchor to form a horizontal mattress
repair suture without the need for
transtendinous retrieval or knot tying
(Fig. 6-B). Advantages include possible
biomechanical advantage when com-
pared with conversion repairs, with
Mihata et al. demonstrating, in a bio-
mechanical analysis, improved gleno-
humeral and subacromial contact
pressures at time zero and improved
maintenance of intact rotator cuff tissue
and thus the length-tension relation-
ship®®. Disadvantages are a demanding
surgical technique and unfamiliarity
when compared with FTRCT repair

+e24.00063

techniques. Transtendinous in situ
repairs can be performed with a single
suture anchor for small tears, or 2
anchors for larger tears, and with knots
or knotless fixation for maximal tendon
footprint compression. Rossi et al.
demonstrated excellent long-term
outcomes after in situ repair for both
articular-sided and bursal-sided
PTRCTs with ASES and VAS scores,
as well as an 87% return to sport

rate at a mean of 5.6 months in 2
separate retrospective cohorts’’%.

Dey Hazra also published excellent
10-year outcomes after transtendinous
repair of both articular-sided and bursal-
sided PTRCTs using ASES, Single
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Assessment Numeric Evaluation, and
Quick Disabilities of the Arm, Shoulder,
and Hand scores, with no revision sur-
geries reported”.

Comparative Outcomes

Most comparative studies of arthro-
scopic repair techniques for PTRCT's
demonstrate excellent outcomes with-
out significant differences between both
repair techniques. Shin et al. retrospec-
tively compared 47 in situ single-row
repairs and 37 tear completion and
double-row repairs in bursal-sided
PTRCT:s and found no significant dif-
ferences in ASES, Constant scores, or
retear rate (8.5% vs. 8.1%, respec-
tively)®’. In a recent meta-analysis,
Thamrongskulsiri et al. compiled 497
shoulders in 7 studies for articular-sided
PTRCTs and demonstrated no differ-
ences between ROM and retear rate,
with 7.7% for in situ repairs and 11.6%
for tear completion repairs®'. A com-
prehensive list of recent comparative
studies can be found in Table II.

Augmentation for PTRCTs

Although repair of PTRCT's has dem-
onstrated good-excellent outcomes,
persistent pain or retears remain an issue
for surgeons and have given rise to recent
interest in augmented repairs. Just as a
variety of orthobiologics can be used in
the nonoperative treatment of PTRCTs,
they can also be used to augment
arthroscopic repairs of PTCRTs. Other
more structural techniques can also be
used to augment partial rotator cuff
tears, including collagen scaffolds, syn-
thetic augments, or autologous tissues
such as LHBT or subacromial bursa
(Table III). Rotator cuff augmentation
can be typically broken down into (1)
biologic augmentation, in which growth
factors/signaling cells are delivered into
the subacromial space, or (2) onlay
augmentation, in which an autograft,
allograft, xenograft, or synthetic aug-
ment is secured either over or into the
rotator cuff repair®. A third realm of
rotator cuffaugmentation that we would
like to propose is indirect augmentation,
in which a pharmacologic therapy is

used to indirectly improve the biologic
or mechanical environment for rotator
cuff healing, with current focuses on
vitamin D supplementation and bis-

phosphonate therapy.

Biologic Augmentation

Biologic augmentation of PTRCT
repairs includes many of the same
injectable options as they are used for
nonoperative treatment, such as PRP,
platelet-rich fibrin, CBMA, and AD-
MSCs, although the vast majority of
existing literature focuses on the repair of
FTRCTs. Hurley et al. demonstrated
improved VAS, Constant, University of
California Los Angeles, but not ASES
scores, in PRP-augmented repairs of
PTRCTs and FTRCTs compared with
standard repairs, with no significant
differences reported for platelet-rich
fibrin-augmented repairs“. Several
other recent meta-analyses have cor-
roborated these findings (Table III).
Mesenchymal signaling cells (MSCs),
which are often but should not be
labeled “stem cells”, provide powerful
sources of growth factors and signaling
cells to promote tendon healing and
have been clinically implemented in
rotator cuff surgery as the “crimson
duvet” technique, where bone marrow
stimulation is performed to release
MSCs from the greater tuberosity®*®°.
Cole et al. recently published the first
RCT in humans of the use of CBMA
augmentation in rotator cuff repair,
demonstrating significantly decreased
retear rates with cell-based augmenta-
tion®®. CBMA can be harvested from the
iliac crest or for a more local source from
the proximal humerus during rotator
cuff repair, as described previously by
Mazzocca et al.’. Although there has
been significant interest in MSCs
derived from fat, there are only 2 studies
investigating the use of AD-MSCs in
vivo in human rotator cuff repairs
(Table III).

Finally, a newer autologous source
of MSC:s has gained interest specifically
for the treatment of PTRCT's and exists
immediately available intraoperatively:

the subacromial bursa. Mazzocca et al.

demonstrated both the feasibility of the
use of subacromial bursa to produce
progenitor and fibroblast-type cells and
the viability in human subjects with
93.8% of patients reaching substantial
clinical benefit®>°8, Briefly, the tech-
nique involves standard rotator cuff repair
technique per surgeon preference, with
simple harvesting of the subacromial
bursa using either a grasper or proprietary
shaver collector device (GraftNet; Ar-
threx), a combination of harvest bursal
tissue with thrombin, and reimplantation
using a trocar into the repair site between
the medial and lateral row anchors*”°®,
These findings have been recently cor-
roborated by Giiler etal. ina comparative
study, demonstrating superior VAS,
Constant, and ASES scores when using
subacromial bursal MSCs to augment
acromioplasty and PTRCT debride-
ment, when compared with acromio-

plasty and debridement of the PTRCT

and subacromial bursa®.

Onlay Scaffold Augments: “Patches”
In contrast to the aforementioned bio-
logic augmentations, several onlay aug-
mentation options can be used as either a
nonstructural scaffold or structural grafts,
inwhich the augmentis overlaid on top of
the debrided or repaired PTRCT. These
can be autologous, allograft, xenograft, or
synthetic. Autograft options include
removing the coracoacromial ligament
during subacromial decompression and
reincorporating it into the partial repair as
reported in a recent proof-of-concept
series by Zhang etal., or by harvesting the
intra-articular portion of the LHBT and
using it as a patch onlay augment as
recently described by Tokish et al.”*7>.
Allograft options mainly center around
human dermal allograft patches (Fig. 7)
(ArthroFLEX; Arthrex or Dermis on
Demand; Depuy Synthes); however,
clinical outcome literature is limited to 2
case seties of in vivo human use as patch
augmentation, with more interest as in-
terpositional bridging graft or superior
capsular reconstruction for massive
irreparable tears.

Xenograft options include bovine
collagen patch onlay augmentation
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TABLE Ill Studies of Augmentation Strategies for Rotator Cuff Tears in Hu
Patients (n,
Agein Years
When Follow-up
Study Study Type Augmentation Surgical Technique Reported) (mo) Outcomes
Non-cell based biologic augmentation
Han et al. (J Orthop Surg Res 2019)'%° Meta-analysis, 13 PRP, differentiated LR and Included full- and partial- 880 6-16 Retear rate, VAS, constant,
RCTs LP thickness repairs UCLA, ASES, SST
Hurley etal. (Am J Sports Med 2019)%3 Meta-analysis, 18 PRP and PRF, differentiated Included full- and partial- 1,147 4-24 Retear rate, VAS, constant,
RCTs LR and LP thickness repairs ASES, UCLA, operative time,
patient satisfaction
Ryan et al. (Arthroscopy 2021)'%° Meta-analysis, 17 PRP and PRF, differentiated Included full- and partial- 1,104 3-60 Retear rate, constant, VAS,
RCTs LR and LP thickness repairs ASES, SST, UCLA
Zhao et al. (J Shoulder Elbow Surg Meta-analysis, 10 LP-PRP only Included full- and partial- 742 1.5-60 Retear rate, constant, UCLA,
2021)'"7 RCTs thickness repairs ASES, Oxford
Li et al. (Arthroscopy 2022)'%8 Meta-analysis, 23 PRP and PRF, differentiated Partial-thickness through 1,440 17.6 Retear rate, constant, VAS,
RCTs LR and LP massive tears ASES, UCLA
Jeong et al. (J Orthop Surg 2017)'%° Prospective HA-carboxymethyl Full-thickness repairs only 80, 60.2 6 VAS, constant, ASES
cohort study cellulose
Mesenchymal signaling cells
augmentation
Ajrawat et al. (J Shoulder Elbow Surg Meta-analysis, 2 BMS Full-thickness repairs only 365,61.7 27 Retear rate, DASH, UCLA,
2019)%* RCTs, 2 constant
retrospective
cohort
Shibata et al. (J Shoulder Elbow Surg RCT BMS Full-thickness knotless 50, 63.8 24 Retear rate, UCLA, constant,
2023)%° suture-bridge repairs JOA, SST
Cole et al. (Am J Sports Med 2023)* RCT CBMA Full-thickness 1-3 cm tear 82,55.8 389 ASES, SANE, SST, SF-12, VR-12
repairs
Kim et al. (Am J Sports Med 2017)""° Prospective AD-MSC Full-thickness repairs 70, 584 28 VAS, ROM, constant, UCLA,
cohort retear rate
Randelli etal.(AmJSportsMed2022)'""  RCT AD-MSC Full-thickness single-row 46,589 24 Constant, ASES, VAS, retear
repair rate
Muench et al. (Arthrosc Sports Med Case series Subacromial bursa Included full- and partial- 16,57.4 12.6 ASES, SST, constant, SANE,
Rehabil 2020)%® thickness repairs VAS, retear rate
Gliler et al. (Orthop J Sports Med Retrospective Subacromial bursa Acromioplasty, Ellman 40,47.8 18 VAS, constant, ASES, retear
2023)%° cohort type 2 bursal-sided partial rate
tears
Autologous onlay scaffold augments
Zhang et al. (Orthop Surg 2023)7° Case series CA ligament Bursal-sided partial tears 3,51 24 ASES, SST, muscle strength,
retear rate
Colbath et al. (Arthroscopy 2022)73 Biomechanical LHBT N/A N/A N/A Augment area, tensile
and in vitro study properties, tenocyte viability,
support of ADMSC
differentiation
Allograft or xenograft onlay scaffold
augments
Hohn et al. (J Shoulder Elbow Surg Case series Human dermal allograft Primary and revision 28,60.1 48 ASES, SANE, retear rate
2018)”° rotator cuff repairs
Namdari et al. (Am J Sports Med Case series Human dermal allograft Primary and revision
2021)7° rotator cuff repairs
Mclintyre et al. (Arthroscopy 201 9)'12 Case series Bovine collagen patch Included full- and partial- 173,54.2 12.7 VAS, SANE, VR-12, ASES,
(Regeneten; Smith & thickness repairs complications
Nephew)
Dai et al. (Bull Hosp Jt Dis 2020)"'? Case series Bovine collagen patch Bursal- and articular-sided 24,545 19.1 ASES, VAS, satisfaction,
(Regeneten; Smith & partial tears tendon thickness on MRI
Nephew)
Schlegel et al. (J Shoulder Elbow Surg Case series Bovine collagen patch Bursal- and articular-sided 33,54 255 ASES, constant, satisfaction,
2021)"4 (Regeneten; Smith & partial tears tendon thickness on MRI
Nephew)
Bushnell et al. (Orthop J Sports Med Case series Bovine collagen patch Bursal- and articular-sided 272,521 12.7 ASES, SST, SANE, VR-12, revi-
2021)"° (Regeneten; Smith & partial tears sion surgery
Nephew)
Synthetic onlay augments
Cai et al. (Am J Sports Med 2018)”° RCT 3D printed collagen Included full- and partial- 112,50-85 282 VAS, UCLA, constant, retear
scaffold thickness repairs rate
No existing clinical studies Balloon spacer
*AD-MSC = adipose-derived mesenchymal signaling cells, ASES = American Shoulder and Elbow Surgeons Score, BMS = bone marrow stimulation, CBMA = concentrated bone marrow aspirate,
DASH = Disabilities of the Arm, Shoulder, and Hand, HA = hyaluronic acid, JOA = Japanese Orthpaedic Association, LP = leukocyte poor PRP, LR = leukocyte rich PRP, PRF = platelet-rich fibrin,
PRP = platelet-rich plasma, RCT = randomized controlled trial, SANE = Single Assessment Numeric Evaluation, SF-12 = 12-ltem Short Form Survey, SST = Simple Shoulder Test, UCLA = University of
California Los Angeles score, VAS = visual analog scale, and VR-12 = Veterans RAND 12-Item Health Survey.
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(REGENETEN; Smith & Nephew),
although the developers report that all

bovine DNA has been removed to create

a pure, nonxenograft collagen
implant”#7¢. This scaffold can be
incorporated into a PTRCT repair using
polylactic acid graft-tendon staples and
polyetheretherketone graft-bone sta-
ples. Despite abundant popularity, the
literature is limited to several case series
with consistent improvements in ASES,
satisfaction, and tendon thickness on
follow-up MRI, with no existing com-
parative studies or RCT's focused on
PTRCTs (Table III). Care should be
taken, however, as there have been pre-
liminary reports of adverse xenograft
tissue reaction, and the American
Academy of Orthopaedic Surgeons
Clinical Practice Guideline provides
only limited evidence against the use of
selected xenografts for augmentation””.
Prior xenograft reactions published in
the early 2000s continue to remind us
of the dangers of continuously spinning
the wheel and ignoring past attempts at
tissue engineering in rotator cuff
repairs’®. Synthetic augments can also
be used, with Cai et al. demonstrating
improved Constant and University of
California Los Angeles scores ata 12-

month follow-up using a synthetic 3D
printed collagen scaffold onlay augment
compared with repair alone’”. A bio-
inductive collagen scaffold (BioBrace;
ConMed) composed of highly porous
type I collagen and bioresorbable poly
(t-lactide) microfilaments, has been
reported as another synthetic option
for PTRCT augmentation™. It is the
author’s practice to use augmentation
techniques only in PTRCT' of concern,
which include attenuated tissue quality,
severe delamination, difficulties with
tissue mobilization, and revision

settings.

Indirect Augmentation

Indirect rotator cuff repair augmentation
involves the use of pharmacologics

to improve either the biologic or
mechanical milieu for rotator cuff
healing. Vitamin D has been identified
in musculoskeletal research to be a
previously underappreciated nutrient
vital to the health of rotator cuff
tendons. Kim et al. identified that
vitamin D deficiency correlated with
increased expression of inflammatory
interleukin-1B and interleukin-6 in
supraspinatus and deltoid muscles

in arthroscopic repair in an in vitro

Fig.7

Arthroscopic images of a right shoulder sub-
acromial space from the (Figs. 7-A and 7-B)
posterior viewing portal demonstrating a
high-grade partial-thickness tear treated with
human dermal allograft patch with medial all-
suture fixation, and (Figs. 7-C and 7-D) lateral
viewing portal demonstrating lateral fixation
using a polyetheretherketone suture anchor
and final implant coverage.

laboratory study®'. Harada et al. dem-
onstrated in a national claims database
study that patients with vitamin D
(25(OH)D) levels <20 ng/dL had
significantly increased rates of revision
surgery, and Patel et al. demonstrated
cost-effectiveness of preoperative vita-
min D screening and treatment in
deficient patients undergoing rotator
cuff surgery®>®?, Osteoporosis has also
been recently demonstrated to be det-
rimental to the biomechanical envi-
ronment after rotator cuff repair, with
Schanda et al. demonstrating, in rat
models, improved bone volume, num-
ber of trabeculae, and maximum load
to failure in rats that had undergone

1 injection of subcutaneous zoledronic
acid at 100 pg/kg on postoperative day
1 compared with placebo®. Lei et al.
performed a RCT in postmenopausal
women with osteoporosis using post-
operative day 1 and year 1 zoledronic
acid infusions after rotator cuff surgery
and demonstrated significantly higher
tendon healing rates than controls at a
2-year follow-up®. In addition to
standard preoperative evaluations

of inhibitors to soft-tissue healing
(i.e., smoking history, inflammatory
disease, immunologic medications, or
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fluoroquinolones), we recommend that
surgeons evaluate vitamin D levels of
patients and treatif it is <30 ng/dL and
pursue bone density testing if patients
meet the criteria according to the US
Preventative Services Task Force
guidelines®.

Conclusion

PTRCTs present a challenging and
unique set of considerations for the
orthopaedic surgeon. An appreciation
for the histologic layers of the rotator
cuff and pathophysiology behind Ell-
man’s classification of PTRCTss is
essential to understand treatment
principles. Nonoperative management
should be trialed initially, with those
that fail undergoing arthroscopic
debridement vs. repair depending on
tear thickness beyond the 50% cutoff.
There is some clinical and biomechan-
ical evidence supporting in situ trans-
tendinous repairs for articular-sided
tears and conversion repairs for bursal-
sided tears; however, each tear should
be treated independently based on
preoperative considerations and in-
traoperative findings. Biologic and
scaffold augmentation provides a
promising adjunct to both improve
patient outcomes and decrease retear
rates; however, a larger body of evi-
dence is required before widespread

adoption.

Sources of Funding
There were no sources of funding for this
study.
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