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Abstract
Purpose of the Review To discuss tear- and patient-related factors that influence the healing potential of rotator cuff tears and to
clarify the terminology surrounding this topic.
Recent Findings Over the last few years, further insight has been gained regarding rotator cuff tear features that are associated
with poor healing rates after rotator cuff repair. Some of these features have been incorporated in prediction models developed to
accurately predict rotator cuff healing rates utilizing preoperative risk factors weighted by importance.
Summary Rotator cuff tears may be considered functionally irreparable based on their size, chronicity, absence of adequate
tendon length, atrophy, and fatty infiltration. Furthermore, advanced age, use of tobacco products, diabetes, and other patient-
related factors may impair tendon healing. Careful analysis and discussion of all these factors with patients is essential to
determine if surgical repair of a rotator cuff tear should be recommended, or if it is best to proceed with one of the several
salvage procedures reviewed in this topical collection, including augmentation of the repair, superior capsular reconstruction,
tendon transfers, and other.
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Introduction

The ultimate goal of rotator cuff repair surgery is to eliminate
pain and restore function. Healing of the rotator cuff tendons
after rotator cuff repair has been shown to best achieve these
goals, with worse functional outcomes seen in those patients

whose rotator cuff tears do not heal [1, 2]. Therefore, most
would agree that maximizing the likelihood of rotator cuff
healing is desirable in order to optimize patient outcomes [3].

Unfortunately, a substantial percentage of rotator cuff repairs
do not result in tendon healing [4]. A recent meta-analysis report-
ed a mean rotator cuff repair surgery non-healing rate of 26.6%
[5]. Tendon healing rates have been found to be highly depen-
dent upon multiple tear- and patient-related factors, and, accord-
ingly, a great deal of research has been performed to better elu-
cidate and understand the relative contributions of these factors to
successful healing [6]. Broadly speaking, factors that influence
rotator cuff tear reparability and healing fall into one of three
categories: factors related to the nature of the tear, factors related
to the patient, and factors related to the surgical repair technique
and postoperative rehabilitation.

In this review, we focus on the preoperative factors—those
related to the tear and the patient—that are thought to affect
rotator cuff repair healing rates. Additionally, we present evi-
dence to support or negate the influence of these factors on rota-
tor cuff healing. In this regard, we have chosen to focus on
studies that specifically report rotator cuff repair healing rates
as opposed to relying on clinical outcomes as a surrogate for
healing.

This article is part of the Topical Collection on Surgical Management of
Massive Irreparable Cuff Tears

* Joaquin Sanchez-Sotelo
Sanchezsotelo.Joaquin@mayo.edu

Andrew R. Jensen
Jensen.Andrew@mayo.edu

Adam J. Taylor
ATaylor4@dhs.lacounty.gov

1 Department of Orthopaedic Surgery, University of California, Los
Angeles, CA 90403, USA

2 Department of Orthopedic Surgery, Mayo Clinic, 200 First Street,
Rochester, MN 55905, USA

3 Department of Orthopaedic Surgery, Harbor-UCLAMedical Center,
Torrance, CA 90502, USA

https://doi.org/10.1007/s12178-020-09660-w

Published online: 17 July 2020

Current Reviews in Musculoskeletal Medicine (2020) 13:572–583

http://crossmark.crossref.org/dialog/?doi=10.1007/s12178-020-09660-w&domain=pdf
mailto:Sanchezsotelo.Joaquin@mayo.edu


Defining Terms

Before discussing the tear- and patient-related factors that in-
fluence rotator cuff repair healing rates, it is important to clar-
ify the terminology related to irreparable rotator cuff tears and
rotator cuff repair healing (Table 1).

What Is an Irreparable Rotator Cuff Tear?

Though in general terms the phrase irreparable rotator cuff tear
means that a tendon tear cannot be physically approximated and
held securely to its anatomic footprint, with regard to rotator cuff
tears, the entity we are trying to define needs to be expanded to
include also those rotator cuff tears where meaningful improve-
ments in pain and function will not be achieved even if a primary
repair is physically feasible. Many refer to these more severe
tears asmassive irreparable rotator cuff tears, but the term mas-
sive only captures size: although many three-tendon tears are
irreparable, some actually are (e.g., acute tears). Mayo Clinic
surgeons have coined the term functionally irreparable rotator
cuff tear reflecting the fact that some of these tears will just not
reach the anatomic footprint (irreparable) whereas others may
reach but still will not heal (functionally irreparable) due to sev-
eral of the reasons discussed in this review [7••].

What Defines Failure of a Rotator Cuff Repair?

Rotator cuff repair failure is a broad term that may include not
just lack of healing of the rotator cuff repair but also other
complications, such as infection or postoperative stiffness,
that lead to a poor outcome. When discussing lack of conti-
nuity of the muscle-tendon-bone unit after an attempted rota-
tor cuff repair, the terms non-healing and re-tear are most often
used. Mall and colleagues astutely observed that, while the
terms re-tear and non-healing are often used interchangeably,
very rarely do authors truly document rotator cuff tear healing
followed by a subsequent recurrent tear [8]. The exception
may be a repair that heals at the tendon to bone interface and

unfortunately fails by tearing later on at the muscle-tendon
junction. Our preference is to use the terms non-healing or
incomplete healing for the typical clinical situation, and re-
serve the term re-tear or recurrent tear for either secondary
tears at the muscle-tendon junction with documented healing
at the tendon-bone junction or tear of a different tendon of the
rotator cuff following documented healing of the tendons that
were repaired.

How Is Rotator Cuff Repair HealingMeasured?

Rotator cuff repair healing refers to the biologic restoration of
physical continuity of the rotator cuff muscle-tendon-bone
unit, reconstituting continuous tissue from the muscle belly
origin to the anatomic footprint in bone [7••]. The methods
used to assess healing vary widely [8]. Outside of research,
surgeons may consider the repair clinically healed when
strength is restored to normal. However, without an imaging
modality—such as magnetic resonance imaging (MRI), CT
arthrogram (CTA), or ultrasonography (US)—or a second-
look arthroscopy, healing cannot be documented. Debate con-
tinues regarding the ideal imaging modality to assess cuff
healing. CTA demonstrates for sure if there is lack of conti-
nuity anywhere in the muscle-tendon-bone unit, but it is inva-
sive and requires radiation. MRI avoids invasiveness and ra-
diation but, in some cases, it may be difficult to interpret,
especially in the presence of anchor interference. US allows
for dynamic evaluation but is operator-dependent and, even in
the best of hands, has a sensitivity of 91%, specificity of 86%,
and 89% accuracy in evaluating rotator cuff integrity postop-
eratively [9].

Tear-Related Factors

Tear Size

Rotator cuff tear size can be defined in many ways. The
most commonly used systems in the literature include

Table 1 Definitions of important terms

Term Description

Preoperative reparability Irreparable RCT RCT which is physically unable to be restored to its native footprint

Massive RCT RCT of a certain size, typically > 5 cm2 or involving 3 or more tendons

Functionally irreparable RCT RCT which either cannot be restored to its native footprint or would result
in poor functional outcomes if repaired

Postoperative healing RCR failure Poor outcome after RCR, regardless of etiology

RCR non-healing Failure of tendon healing after RCR

RCR re-tear Recurrent tendon tear following a healed RCR

RCT, rotator cuff tear; RCR, rotator cuff repair
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Drs. DeOrio and Cofield’s definition, which is based on
measuring the size of the tear in centimeters (small 1,
medium 1–3, large 3–5, massive > 5 cm2), and Dr.
Gerber’s definition, which is based on the number of
tendons involved in the tear [10]. Dr. Patte defined tear
size based on the location of the tendon stump in refer-
ence to the equator of the humeral head and glenoid rim
on coronal oblique imaging [11]. Additionally, Dr. Collin
refined Dr. Gerber’s concept, proposing a geographical
definition of tear size to predict the presence of shoulder
pseudoparalysis (Fig. 1) [12].

Regardless of the specific size definition used, tear size has
repeatedly been shown to correlate with non-healing after ro-
tator cuff repair [2, 13–21]. Furthermore, in studies that have
used statistical methods such as multivariate analyses to

separate confounding variables, a larger tear size has consis-
tently been found to be an independent risk factor for non-
healing [14, 15, 18–20].

Tear size is one of the few tear- and patient-related
factors that does not have contradictory evidence in the
literature regarding its significant influence on rotator
cuff repair healing rates. Most surgeons agree that tears
that are massive (over 5 cm2) and/or involve three or
more tendons (especially when extending into to the low-
er third of subscapularis or teres minor) fall into the
category of FIRCT. However, as mentioned previously,
it is important to recognize that size in and of itself does
not definitely define tendon reparability as massive but
acute tears often have good healing rates when repaired
in a timely fashion, despite their size [22].

Fig. 1 Collin classification of rotator cuff tear size. T2 MRI sagittal
oblique images demonstrating the Collin classification of rotator cuff
tear size. The rotator cuff is divided into five sections: lower
subscapularis, upper subscapularis, supraspinatus, infraspinatus, and
teres minor. The classification system consists of five rotator cuff tear

types: type A involves upper subscapularis and supraspinatus; type B
involves the entire subscapularis and supraspinatus; type C involves
upper subscapularis, supraspinatus, and infraspinatus; type D involves
supraspinatus and infraspinatus; and type E involves supraspinatus,
infraspinatus, and teres minor
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Fatty Infiltration

Fatty infiltration, or fatty degeneration, refers to the replace-
ment of muscle tissue with adipose tissue within the confines
of the epimysium. Fatty infiltration may be neurogenic or
occur as a consequence of a chronic rotator cuff tear, where
lack of muscle tension and contractility lead to degenerative
changes with loss of muscle cells and an increase in fat cells
[4]. Some prefer the term fatty degeneration to fatty infiltra-
tion, as animal studies have demonstrated that the causative
progenitor cells reside within the muscle tissue prior to tissue
injury, rather than infiltrating from a distant site after injury
occurs [23].

Fatty degeneration is largely considered to be an irrevers-
ible and progressive process even after successful rotator cuff
repair [24]. Therefore, quantifying the amount of fatty degen-
eration represents a key factor for the timing of surgery and in
predicting expected functional outcomes following rotator
cuff repair [20, 21]. The first classification of fatty infiltration
was developed by Dr. Goutallier and was based on CT imag-
ing [25]. Drs. Fuchs and Gerber studied fatty infiltration on
MRI and developed a simplified MRI-based classification
system (Table 2, Fig. 2) [26].

Many studies have evaluated the relationship between fatty
degeneration and rotator cuff repair non-healing and have
found routinely that increasing fatty degeneration is a strong
independent risk factor for non-healing [2, 14, 16, 17•, 18, 20,
27–29, 30•, 31]. In fact, a recent meta-analysis of 18 studies
concluded that fatty degeneration, with an odds ratio of 9.3,
had the most significant negative effect on rotator cuff healing
of all patient- and tear-related factors [32•]. Most surgeons
would agree that fatty infiltration grade 3 or 4 in the
Goutallier classification or advanced in the Fuchs-Gerber clas-
si f icat ion fal ls into the category of FIRCT. For
posterosuperior rotator cuff tears, fatty infiltration of the
infraspinatus is particularly relevant; a severe tear of the
supraspinatus may be compensated for by the presence of
well-balanced subscapularis and infraspinatus force couples.
However, once the infraspinatus is severely compromised and
develops advanced fatty infiltration, the prognosis of rotator
cuff repair surgery seems to be substantially worse.

Suprascapular Neuropathy

Neuropathy may be associated with compression or stretching
of the suprascapular nerve at the suprascapular or
spinoglenoid notch secondary to severe retraction of a rotator
cuff tear, and may result in the development of fatty degener-
ation [33, 34]. Goutallier noted that infraspinatus fatty degen-
eration often is more severe than that in the supraspinatus [25],
and this may be due to compression on the suprascapular
nerve at the spinoglenoid notch. Suprascapular neuropathy
has not been evaluated as an independent risk factor for rotator
cuff repair non-healing.

Muscle Atrophy

Muscle atrophy is another term that lends itself to confusion. It
purely means that a muscle has lost bulk. Accurate quantifi-
cation of the overall muscle bulk is difficult, however, since
we tend to assess three-dimensional muscle volume on two-
dimensional MRI or CT scan images. Additionally, muscle
and tendon retraction can lead to a false impression of

Table 2 Fuchs-Gerber classification of rotator cuff fatty degeneration
on MRI

Grade Description* Goutallier grade equivalent

Normal No fat present 0

Moderate More muscle than fat 1 or 2

Severe Equal or more fat than muscle 3 or 4

*Based the amount of fat within the rotator cuff muscle epimysium on the
most lateral T1 MRI sagittal oblique image where the scapular spine is
still in continuity with the scapular body

Fig. 2 Example of fatty degeneration on MRI. T1 MRI sagittal oblique
image demonstrating moderate fatty degeneration of the supraspinatus
and infraspinatus muscle bellies, according to the Fuchs-Gerber classifi-
cation. Note that only fat (white) within the confines of the muscle pa-
renchyma, as opposed to the fat surrounding the muscle belly, is consid-
ered true fatty degeneration
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increased muscle atrophy. For example, let us take the
supraspinatus muscle: since it is fusiform, when the muscle
retracts secondary to a rotator cuff tear, the cross-sectional
area will appear to have decreased on parasagittal imaging,
even though the muscle may have not lost that much bulk
overall. The only methods that would allow accurate assess-
ment of muscle bulk would require manual or automatic seg-
mentation of the muscles to render three-dimensional struc-
tures. This methodology exists today but is only used for
research purposes. Another common error is to mislabel atro-
phy as fatty infiltration. As the muscle atrophies, the
periscapular space previously occupied by muscle becomes
occupied by connective tissue with a large content of fat.
More fatty tissue outside of the outline of the epimysium
(Fig. 2) is mistaken by some as true fatty degeneration within
the confines of the muscle.

Nonetheless, supraspinatus atrophy has been assessed with
methods such as the occupation ratio (ratio of the
supraspinatus circumference to the supraspinatus fossa cir-
cumference) [20] and the tangent sign (failure of the
supraspinatus muscle to cross a line between the superior cor-
acoid process and the superior scapular spine; Fig. 3) [35].
Supraspinatus muscle atrophy, as measured by the tangent
sign, has been found to be an independent risk factor for
non-healing in one retrospective study [16]. Additionally, ret-
rospective reviews using the occupation ratio have found that
a ratio of < 53.5% [20] or < 43% [30•] is predictive of rotator
cuff repair non-healing. Tangent lines can also be traced for
the subscapularis (from the edge of the coracoid to the inferior
scapular tip) and infraspinatus and teres minor (from the scap-
ular spine to the inferior scapular tip).

Tendon Delamination and Tissue Quality

Tendon delamination and tissue quality are related but distinct
terms. Tendon delamination refers to the separation of the
tendon in layers (Fig. 4), typically between layers 2 and 3 as
described by Drs. Clark and Harryman [36]. Delamination is
often used as a surrogate for poor tissue quality, which refers
to chronic degenerative changes within the tendon substance
that result in a thin or fragile tendonwith compromised suture-
holding properties [37]. Delamination is reported to occur in
32 to 82% of rotator cuff tears, depending on the definition
used [37].

Dr. Boileau and colleagues have studied the effect of rota-
tor cuff tendon delamination on healing rates extensively.
According to their studies, delamination correlates with tear
size, retraction, and rotator cuff repair non-healing [37].
Additionally, they found that patient age and delamination
of the supraspinatus or infraspinatus were correlated with
worse rotator cuff repair healing rates in a prospective study
of patients undergoing arthroscopic rotator cuff repair for
chronic supraspinatus tears [1].

Whether tendon delamination is an independent risk factor
or not is debated. A prospective study of 1043 patients found
that delamination was associated with non-healing but, after
multivariate analysis, it was not considered to be an indepen-
dent risk factor [38]. Another study, however, did find delam-
ination to be an independent risk factor [20].

In terms of tissue quality’s role in rotator cuff repair
healing, one retrospective study of 55 patients with high grade
partial or small full-thickness rotator cuff tears found that in-
creasing tendinopathic changes as assessed on MRI was asso-
ciated with non-healing [39]. The subjective evaluation of
tendon quality by the surgeon at the time of rotator cuff repair
is felt by some to correlate with healing, but the influence of
this factor is difficult to analyze.

Tendon Retraction and Length

Tendon retraction on imaging may be due to muscle retraction
and/or shortening of the residual tendon stump (Fig. 5) [3].
One study found that > 22.2 mm of tendon retraction from the
anatomic footprint, along with muscle atrophy, was highly

Fig. 3 Tangent lines used to evaluate for muscle atrophy. Tangent lines
can be used to evaluate muscle atrophy in the setting of a rotator cuff tear.
Lines are drawn between the coracoid tip and scapular spine
(supraspinatus), the coracoid and the scapular tip (subscapularis), and
scapular spine and scapular tip (infraspinatus and teres minor) on
sagittal oblique images. A positive tangent sign is present when the
respective muscle bellies do not cross their tangent line. “Used with
permission of Mayo Foundation for Medical Education and Research.
All rights reserved”
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predictive of rotator cuff repair non-healing [20]. Another ret-
rospective study also found tendon retraction to be an inde-
pendent risk factor for non-healing [31]. It is likely that both
muscle retraction and short residual tendon stump length are
associated with negative healing outcomes [3]. Meyer and
colleagues reported that less than 15 mm of residual tendon
length represented a risk factor for non-healing [40].

Tear Location

The location of tears within the rotator cuff may influence
rotator cuff repair healing rates. One study found that isolated
supraspinatus tears, without involvement of other cuff ten-
dons, the biceps, or acromioclavicular joint, have better
healing rates than those that do involve other structures [41].
Other authors have stated that tears disrupting the rotator cable
are at increased risk for non-healing [10]. Additionally, while
the majority of rotator cuff tears occur at the bone-tendon
interface [4], a rare but notable exception is when the tear
instead occurs at the musculotendinous junction. These tears,

which are most commonly seen in infraspinatus, rapidly and
predictably undergo fatty degeneration and are associated
with poor surgical outcomes when repaired primarily [42,
43]. However, tear location has not been evaluated in multi-
variate studies as an independent risk factor for tendon non-
healing.

Shoulder Stiffness

The influence of preoperative and postoperative shoulder
stiffness on rotator cuff healing is particularly interesting.
Multiple studies have found that patients with preopera-
tive stiffness have equal, or better, healing rates than
patients without preoperative stiffness [44, 45, 46•].
Notably, in each of these studies, patients with preoper-
ative stiffness were treated with simultaneous capsular
release or manipulation under anesthesia at the same time
as rotator cuff repair to regain their postoperative motion
[44, 45, 46•]. Regarding postoperative stiffness, one
study reported that patients with postoperative stiffness
had much higher non-healing rates (89.5%) than those
patients without postoperative shoulder stiffness
(18.2%) [47]. On the contrary, in a retrospective cohort
study of patients who had stiffness preoperatively com-
pared with those that did not, the non-healing rates were
actually better in the group of patients with stiffness
(2.6%) than the group without stiffness (14.7%) [46•].

Fig. 4 Tendon delamination may correlate with decreased chance of
tendon healing arthroscopic images from lateral viewing portal
demonstrating delamination of the supraspinatus tendon

Fig. 5 Measurement of residual tendon length. T2 MRI coronal oblique
image demonstrating decreased supraspinatus tendon length in the setting
of a rotator cuff tear. Note that tendon retraction in and of itself will cause
muscle belly cross-sectional area to appear decreased, regardless of the
presence of true muscle atrophy, due to the fusiform nature of
supraspinatus
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Patient-Related Factors

Age

Many studies have evaluated the effect of patient age on rota-
tor cuff repair healing rates, the majority of which have found
that age negatively correlates with rotator cuff repair healing
[2, 16, 17•, 18, 19, 21, 41, 48•, 49]. A prospective study of
patients with large to massive rotator cuff tears evaluated fac-
tors that predict reparability, as defined by the intraoperative
ability to repair a tear to at least 50% of the anatomic footprint,
and found that age correlated with irreparability [16]. A pro-
spective study of 256 rotator cuff repairs in the UK, assessed
at 12 months postoperatively by MRI, found that increasing
age independently and negatively influenced rotator cuff re-
pair healing rates after controlling for tear size [19]. In an
evaluation of 1600 consecutive rotator cuff repairs, all of
whom received postoperative US at 6 months, patient age
was an independent risk factor on multiple logistic regression
analysis, with rotator cuff repair non-healing rates increasing
by approximately 5% per decade [48•].

However, a few studies have actually failed to demonstrate
that age is an independent risk factor for rotator cuff repair
non-healing [15, 27, 30•]. A retrospective review of 177 rota-
tor cuff repair patients who had CTA at 1 year postoperatively
found that older patients had worse rotator cuff repair healing
rates but, on multivariate analysis, that age was in fact not an
independent risk factor [27]. Some have suggested that patient
age is perhaps simply a proxy for other negative prognostic
factors, and not an independent risk factor per se [3, 30•].

Smoking

Nicotine is a potent vasoconstrictor, decreasing oxygen
delivery to soft tissues and bone, and smoking tobacco
has been demonstrated to be a risk factor for developing
degenerative rotator cuff tears in a dose- and time-
dependent manner [50]. Studies have also shown that
the severity of rotator cuff tears is greater in smokers
than in non-smokers [51].

With respect to rotator cuff repair healing rates, the evi-
dence is conflicting. A retrospective analysis of 249 patients
who underwent rotator cuff repair found that non-healing rates
were significantly higher in smokers (29.4%) than in a group
of non-smokers matched for age, tear size, and fatty degener-
ation (5.9%) [52]. Another study, which evaluated postopera-
tive outcome scores but not healing rates, found that smokers
had worse improvements in ASES score than the non-
smoking cohort at 2 years [53]. However, three studies eval-
uating preoperative predictors of rotator cuff repair healing
have concluded that smoking is not correlated with non-
healing [21, 32•, 54].

Body Mass Index

Obesity has been associated with fatty degeneration of the
rotator cuff, even in the absence of a rotator cuff tear [55],
and therefore is thought to potentially be a risk factor for
rotator cuff repair non-healing. In a retrospective review of
146 patients who underwent rotator cuff repair, the authors
found that patients with a body mass index (BMI) > 30 kg/
m2 had greater non-healing rates (28.6%) than those with
BMI < 25 kg/m2 (15.8%) as assessed on postoperative US
[56]. Additionally, multiple studies that have evaluated clini-
cal outcomes, but not healing rates, have found that obese
patients have worse outcomes after rotator cuff repair than
non-obese patients [57–59]. However, retrospective review
studies with multivariate analyses have at times found that
BMI was and at other times was not an independent risk factor
for non-healing [16–19].

Diabetes Mellitus

In a retrospective review of 264 patients undergoing rotator
cuff repair and postoperative MRI at 3 months, there was no
significant difference in non-healing rates between the diabet-
ic (23.3%) and non-diabetic (15.1%) patients [54]. However,
this study may have been underpowered with just 30 diabetic
patients, all of whom were hospitalized preoperatively for
intensive glycemic control [60]. Another retrospective study
matched diabetic patients with non-diabetic patients according
the patient age, gender, comorbidities, and tear size and found
that diabetic patients did not improve as significantly as their
non-diabetic matches postoperatively [61]. However, in this
study, rotator cuff repair healing was not specifically assessed
[61].

Two database studies have evaluated the effect of diabetes
mellitus (DM) on rotator cuff repair surgery. In one study, DM
was a risk factor for postoperative infection but not for revi-
sion surgery [62]. In the other study, DM was a risk factor for
requiring rotator cuff repair surgery [63]. However, in neither
study were rotator cuff repair healing rates evaluated. In ret-
rospective studies with multivariate analyses, DM has at times
been identified as an independent risk factor, and at other
times has not, for rotator cuff repair non-healing [17•, 25].

Dyslipidemia

Animal studies have demonstrated that hypercholesterolemia
increases fatty degeneration and inhibits tendon healing in a
rotator cuff tear model, and that correcting hypercholesterol-
emia reverses these changes [64]. Therefore, authors have
evaluated whether dyslipidemia decreases rotator cuff repair
healing rates in humans.

In a retrospective review of 85 patients who had ultrasound
evaluation after rotator cuff repair, patients with a diagnosis of
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dyslipidemia, all of whom were on statins, had much greater
risk of non-healing (45.5%) than those without dyslipidemia
diagnosis (11.3%) [65]. Similarly, a database study found that
rotator cuff repair revision rates were increased in patients
with moderate or high total cholesterol levels [66]. However,
in this study, the use of statins appeared to be protective of this
increased revision surgery risk [66].

Like with many of the patient-related factors, there is con-
flicting evidence as to whether dyslipidemia is actually an
independent risk factor for rotator cuff repair non-healing. A
retrospective review of 180 patients who had medium to large
rotator cuff repairs and 2-year follow-up with MRI found that
dyslipidemia was a significant and independent risk factor
[20]; however, another study found that dyslipidemia was
not an independent risk factor for rotator cuff repair non-
healing on multivariate analysis [30•].

Vitamin D

Vitamin D has been shown to influence bone and tendon
healing in general [67] and a study performed on rats found
that low vitamin D levels negatively affect early tendon to
bone healing in a rotator cuff tear model [68].

In human studies, a low vitamin D level has variably been
associated with poor outcomes after rotator cuff repair sur-
gery. In a database study, low vitamin D levels were associ-
ated with greater rates of revision rotator cuff repair surgery
(5.9%) compared with those with sufficient vitamin D levels
(3.7%) [69]. Additionally, a multivariate linear regression
analysis demonstrated that a low serum 25-vitamin D level
was an independent risk factor for fatty degeneration of the
supraspinatus and infraspinatus muscles in patients with full-
thickness rotator cuff tears [70].

However, in a retrospective evaluation of 92 consecutive
patients who underwent rotator cuff repair and had serum 25-
vitamin D levels measured, deficiency was not found to cor-
relate with tear size, extent of retraction, or fatty degeneration
[71]. 25-Vitamin D deficiency (< 20 ng/mL) was found in
88% of the patients studied, which may have caused the study
to be underpowered. A low serum 25-vitamin D level has not
been evaluated as an independent risk factor for rotator cuff
repair non-healing.

Osteoporosis

Due to the need for strong tendon-to-bone fixation via suture
anchors or alternative devices in bone, authors have evaluated
whether osteoporosis and low bone mineral density (BMD)
can lead to worse rotator cuff repair healing rates.

In a retrospective review of 272 patients who underwent
rotator cuff repair and had tendon healing assessed via US or
CTA, low bone mineral density, along with fatty degeneration
of infraspinatus and increased tendon retraction, was found to

be an independent risk factor for non-healing on multivariate
analysis [31]. Additionally, in a large database study, rotator
cuff repair revision rates were found to be greater for osteo-
porotic patients (6.6%) than for non-osteoporotic controls
(4.5%) [72]. However, this study did not evaluate rotator cuff
repair healing specifically [72].

NSAID Use

Despite the frequent concern over the negative influence of
NSAIDs on postoperative tendon healing rates, studies have
demonstrated that perioperative NSAID use does not have a
deleterious effect on rotator cuff healing [8, 73, 74]. A sys-
tematic review did find that postoperative celecoxib use after
rotator cuff repair was associated with a greater rate of non-
healing (37%) than ibuprofen use (7%), but it did not evaluate
causality [74].

Other Factors

Several other patient-related factors may have an influ-
ence on rotator cuff repair healing rates but have not
been investigated definitively to date. These include
malnutrition (low preoperative albumin level), alcohol-
ism, behavioral abnormalities that might lead to poor
compliance, bone morphometry (e.g., glenoid inclina-
tion, acromion shape and size, critical shoulder angle),
hypermobility syndromes (e.g., Ehlers-Danlos syn-
drome), inflammatory arthritides such as rheumatoid ar-
thritis, use of anticoagulants or platelet inhibitors, and
others.

Multiple database studies have evaluated the relationship
of steroid injections and rotator cuff repair outcomes and have
found that steroid injections prior to rotator cuff repair have an
increased risk of requiring revisions surgery compared with
matched controls in a dose- and time-dependent manner [75••,
76, 77]. The influence of preoperative steroid injections on
rotator cuff repair healing rates has not been assessed.

Future Directions

Recently, researchers have attempted to create predictive
models, using the tear- and patient-related factors that are
thought to influence rotator cuff healing rates preoperatively,
to improve rotator cuff repair non-healing risk stratification.

Dr. Kwon and colleagues performed a retrospective review
of 603 patients who underwent arthroscopic rotator cuff repair
and had MRI evaluation at 1 year postoperatively. In their
cohort, the non-healing rate was 24%. Using multivariate
analysis, the authors found that age > 70, increasing tear size
in anterior to posterior direction, tendon retraction,
infraspinatus fatty degeneration Goutallier grade > 2, low
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BMD scores, and high work activity level were all indepen-
dent risk factors for tendon non-healing. Using these risk fac-
tors, the authors developed a preoperative scoring system,
called the Rotator Cuff Healing Index, which is based on these
risk factors and weighted according to their individual risk
odds ratios [78].

Similarly, Dr. Jeong and colleagues performed a case-
control study of 112 rotator cuff repair patients, 51 of whom
did not have successful tendon healing, with MRI evaluation
at 9 months postoperatively. While many factors were associ-
ated with non-healing on univariate analysis, only
supraspinatus muscle atrophy and infraspinatus fatty degener-
ation were independent risk factors. Using just these two var-
iables, with cutoffs of < 43% for supraspinatus occupation
ratio and Goutallier grade ≥ 2 for infraspinatus fatty degener-
ation, the authors had a sensitivity of 98%, specificity of
83.6%, and accuracy of 90.2% when used on their cohort for
predicting rotator cuff non-healing [30•].

Although neither of these predictive models have yet been
prospectively validated, they represent an important step for-
ward in using this wealth of information to appropriately
counsel individual patients on their personal risk of non-
healing after rotator cuff repair surgery. Future validation
studies with large patient cohorts will hopefully confirm the
accuracy of these tools.

Conclusions

Many tear- and patient-related factors have been implicated as
risk factors for rotator cuff tear irreparability and rotator cuff
repair non-healing. Factors such as tear size, fatty degenera-
tion, muscle atrophy, and tendon retraction have been clearly
identified as independent risk factors, while the evidence to
date regarding other factors is conflicting (Table 3). The rela-
tive influence of these factors on rotator cuff repair non-
healing deserves further investigations. Predictive models of
rotator cuff healing, based on these factors, have recently been
developed that may help surgeons better individualize preop-
erative consultation with their patients.
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