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Abstract Background: Fatty infiltration (FI) of the muscle
as graded by the Goutallier classification (GC) is a well-
known sequela following rotator cuff injury. The degree to
which this predicts the success of rotator cuff repair is
unknown. Questions/Purposes: We conducted a systematic
review to address the following questions: (1) Does the
grade of FI of the rotator cuff muscles present preoperatively
predict retear rates postoperatively? (2) Are amounts of
preoperative FI predictive of functional outcomes following
repair?Methods:Medline, Cumulative Index to Nursing and
Allied Health Literature (CINAHL), and the Cochrane Cen-
tral Register of Controlled Trials online databases were
searched for all literature published between January 1966
and March 2015. Keywords were chosen to achieve a broad
search category. All articles were reviewed by three of the
authors, and those meeting the study inclusion criteria were
selected for data abstraction. Results: The systematic litera-
ture review yielded 11 studies reporting on a total of 925
shoulders. Rotator cuffs with moderate or significant FI
preoperatively (grades 2–4) had a significantly higher retear
rate than those with no or minimal FI (grades 0–1) (59 vs.
25%, p=0.045). Four studies reported postoperative Con-
stant scores and preoperative GC scores. One study found
that lower GC scores were associated with higher Constant
scores postoperatively, one found no association, and the
data was inconclusive in the other two. Conclusions: While

lower preoperative GC scores are associated with lower rates
of rotator cuff retear following repair, there is insufficient
data to make conclusions on the effects of FI on functional
outcomes following repair.

Keywords massive rotator cuff tears . rotator cuff tears .
fatty infiltration.Goutallier score . functional outcomes.
retear rates .preoperative evaluation

Introduction

Rotator cuff tears are a common musculoskeletal problem.
Recent studies show the prevalence of rotator cuff tears to be
between 15 and 51% of the population with the highest
incidence in persons older than 50 years of age [35]. While
not all rotator cuff tears are painful or debilitating, those that
are often require surgical repair. While repair can be effec-
tive at treating pain and disability, a large number of rotator
cuff repairs go on to retear [2, 21].

Most research on rotator cuff healing has focused on
ways to alter and strengthen the bone-tendon interface.
However, there is an increasing awareness that muscle phys-
iology, specifically the presence of fatty infiltration (FI), can
have a significant effect on the mechanical and biologic
properties of the rotator cuff. When it occurs, FI can be
found in multiple locations within the muscle including
intramuscular and extramuscular compartments as well as
the tendons themselves [11]. Multiple hypotheses have been
generated to explain why FI occurs following a rotator cuff
tear [6, 13] but, as of yet, no one theory explains its
pathophysiology.

The staging of FI involving the rotator cuff muscles was
originally described by Goutallier in 1994 using computer-
ized tomography (CT) with contrast [15]. He described a
five-stage grading system (Table 1) that could be used to
predict the outcomes of rotator cuff repair and also deter-
mine which rotator cuff tears would likely be irreparable.
While the original staging system was described using CT, it
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has since been applied to magnetic resonance imaging
(MRI) which has become the standard modality in the
USA when grading the presence of FI [9, 32]. Both classi-
fication systems compare the ratio of fat to muscle on
sagittal oblique images: stage 0–1 is considered normal
and has no (0) to trace (1) amounts of fat investing the
muscle bellies. Stages 2–4 are considered pathologic: more
muscle than fat (2), equal muscle to fat (3), and more fat than
muscle (4).

While studies have suggested that the presence of FI can
have a negative impact on outcomes following rotator cuff
repair [5, 15, 16, 23, 26, 30], the extent to which this is true
remains controversial. We performed a systematic review of
the scientific literature to answer the following questions: (1)
Does the amount of FI of the rotator cuff musculature
present preoperatively predict retear rates postoperatively?
(2) Do rotator cuffs with less FI present preoperatively
achieve higher functional status after repair?

Methods

Medline, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), and the Cochrane Central Register of
Controlled Trials were searched for all literature published
from January 1966 to March 2015 using the following
keywords: rotator cuff, rotator cuff tear, rotator cuff repair,
fat, degeneration, fatty degeneration, atrophy, Goutallier,
muscle, fat infiltration, and fatty infiltration. General search
terms were chosen to prevent the possibility of missing
potential studies. No restrictions were placed on study types
during the initial screening phase.

In order to be included in analysis, the identified study
had to include either postoperative retear rates (as measured
radiographically) or functional outcomes for shoulders clas-
sified preoperatively by amount of FI present. Importantly,
studies were excluded if they made statements regarding the
effect of preoperative FI on postoperative outcomes but did
not provide objective data relating retear rates or postoper-
ative functional outcome scores to the preoperative
Goutallier score. Additionally, studies were excluded if they
used the Goutallier classification system and then treated the
data as continuous rather than categorical data. The authors
feel that this is an important distinction, as, by definition, the
Goutallier classification is a categorical grading system.

There were 362 articles found with all of the general
search terms. The abstracts of each of the combined searches
were then reviewed by three authors (MK, JL, NT) to
determine appropriateness for inclusion in the study. Any
discrepancies in evaluation were resolved with input by the
senior author (LG). After initial review, there were 26

articles that were deemed appropriate for the analysis. Of
the 26 articles, 15 were excluded after a full-text review.
Three studies were excluded because they made statements
regarding preoperative Goutallier grade and retear rates but
did not provide retear rates for each Goutallier grade indi-
vidually [30, 31, 36]. Five studies that only compared the
average Goutallier grades for intact versus retorn cuffs were
excluded [10, 29, 33, 37, 38]. An additional seven studies
analyzing the effect of preoperative FI on functional out-
come were also excluded. Five of those studies made state-
ments regarding the effects of preoperative Goutallier grade
on postoperative functional outcome scores but did not
provide data for each Goutallier grade individually [14, 16,
18, 19, 26]. One of those studies, by Goutallier et al. [17],
provided functional outcome scores by preoperative
Goutallier classification (GC) score but used classifications
of Goutallier grade that did not allow for direct comparison
with other reports (i.e., <1, 1–1.49, and ≥1.5). This was
similar to another excluded study, by Burkhart et al. [1],
which compared functional outcome data of rotator cuffs
with 50–75 and >75% FI. There were seven studies that
met the inclusion criteria and compared retear rates by
Goutallier grade [4, 7, 8, 14, 16, 24, 26] and two studies
that met the inclusion criteria and compared functional out-
come by Goutallier grade [20, 28]. Two studies met the
criteria for both retear rates and functional outcomes [3,
12]. The four studies that compared functional outcome to
Goutallier grade used the Constant-Murley scoring system.
This was the most prevalently used validated scoring system
in the studies that met the inclusion criteria. The search
criteria gave a total of 11 studies that were included in the
final data analysis (Fig. 1).

The amount of rotator cuff FI present preoperatively was
categorized according to the GC system. In analyzing radio-
graphic outcome (postoperative retear rates), rotator cuffs
were divided into two groups: those with Goutallier scores
of 0 or 1 and those with scores of 2 to 4. Out of the eight
studies that compared retear rates by Goutallier grade, four
used the same partition [4, 14, 16, 27]. Two studies did not
report any patients with a Goutallier grade above 2 [12, 24].
The remaining three studies did not provide substantial data to
segment the ranges further [3, 7]. In analyzing functional
outcome (by postoperative Constant score), rotator cuffs were
divided into five groups (Goutallier score of 0, 1, 2, 3, or 4).

Each of the studies that met the inclusion criteria was
analyzed for the following: type of study, level of evidence,
number of patients enrolled, number of patients in the final
follow-up, and the mean length of follow-up. Surgical tech-
nique was classified as open, mini-open, or arthroscopic.
The type of imaging modality used both preoperatively
and postoperatively was also recorded (Table 2). Informa-
tion was collected in table format, and the difference be-
tween retear rates by preoperative Goutallier score was
evaluated using a one-tailed, paired Student t test. Statistical
significance was set at p<0.05 (Table 3).

The total number of shoulders evaluated in these studies
ranged from 13 to 220 with an average of 77 shoulders. Six
of the 11 included studies used arthroscopic rotator cuff
repair exclusively [3, 4, 8, 20, 23, 28]. Three studies used

Table 1 Goutallier grading of fatty infiltration

Stage 0 Normal muscle; no fatty streak
Stage 1 Some fatty streaks
Stage 2 Fatty infiltration important; more muscle than fat
Stage 3 As much fat as muscle
Stage 4 More fat than muscle
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only open repair techniques [7, 12, 16]. One study included
both patients having undergone arthroscopic repair and
those having undergone open repair [14]. Finally, one study
used all three surgical techniques: arthroscopic, mini-open,
and open repair [27]. Average length of follow-up in the 11
included studies ranged from 12 to 48 months. Of the 11
studies included, ten used MRI to determine the amount of
FI (and corresponding Goutallier grade) present preopera-
tively [3, 4, 7, 8, 12, 14, 20, 24, 27, 28]. The other study
used CT for this purpose [16]. Of the eight studies that
analyzed rotator cuff integrity postoperatively, seven of the
groups of investigators used MRI [4, 7, 8, 12, 14, 27],
ultrasound was used exclusively in one study [3], and both
CT and MRI were used in another study [16].

Results

Nine studies reported rotator cuff retear rates by amount of
preoperative FI. Patients were combined into two categories
for comparison: those with Goutallier grade of 0 or 1 and
those with Goutallier grade of 2 to 4 (Table 3) [3, 4, 7, 12,
14, 16, 24, 27]. Five hundred eight shoulders had a preop-
erative Goutallier grade of 0–1, and 185 shoulders were
graded 2–4, for a total of 693 evaluated shoulders. Rotator
cuffs with moderate or significant FI preoperatively
(Goutallier grades of 2–4) had a significantly higher rate of
retear on postoperative imaging than those with no or min-
imal FI (Goutallier grade of 0–1) (59 vs. 25%; p=0.04).
Retear rates in shoulders with scores of 0 or 1 ranged from

Fig. 1. Flow chart showing methodology of literature search. Literature search: There were 362 articles found with all of the general search
terms. The abstracts of each of the combined searches were then reviewed to determine appropriateness for inclusion in the study. There were 26
articles that were deemed appropriate for the analysis. Of the 26 articles, 15 were excluded after a full-text review. Three studies were excluded
because they made statements regarding preoperative Goutallier grade and radiographic outcomes but did not provide retear rates for each
Goutallier grade individually [26, 29, 34]. Five studies that only compared the average Goutallier grades for intact versus retorn cuffs were
excluded [8, 26, 31, 35, 36]. An additional seven studies analyzing the effect of preoperative fatty infiltration on functional outcome were also
excluded. Five studies made statements regarding the effects of preoperative Goutallier grade on postoperative functional outcome scores but did
not provide data for each Goutallier grade individually [13–16, 25]. One study, by Goutallier et al. [19], provided Constant-Murley scores by
preoperative Goutallier grade but used classifications of Goutallier grade that did not allow for direct comparison with other reports (i.e., <1, 1–
1.49, and ≥1.5). This was similar to another excluded study, by Burkhart et al. [1], which compared functional outcome data of rotator cuffs with
50–75 and >75% fatty infiltration. There were seven studies that met the inclusion criteria and compared radiographic outcome (intact versus
retorn) by Goutallier grade [4, 6, 7, 13, 14, 22, 25] and two studies that met the inclusion criteria and compared functional outcome by Goutallier
grade [18, 27]. Two studies met the criteria for both radiographic and functional outcomes [3, 11]. This gave a total of 11 studies that were
included in the final data analysis (Fig. 1).
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10 to 51% in the studies included. Shoulders with preoper-
ative scores of 2–4 had retear rates between 25 and 92%.
However, data was more limited in this segment. The study
that reported a retear rate of 25%, Gerber et al., only had four
patients with Goutallier grades of 2–4 [12]. In the other eight
included studies, the average retear rates for shoulders with
preoperative Goutallier grades of 2–4 were 37% higher than
the average retear rates for shoulders graded as 0 or 1
preoperatively [3, 4, 7, 8, 14, 16, 24, 27].

Four studies provided data that allowed preoperative GC
score to be correlated with postoperative Constant score [3,
12, 20, 28]. The studies by Castagna et al. and Gerber et al.
provided data but did not directly compare the Goutallier
scores with Constant scores, but rather compared the
predefined groups of grades 0 and 1 and grades 2–4 with
the Constant scores. In the study by Castagna et al., shoul-
ders with a preoperative GC of 0 or 1 had postoperative
Constant scores of 29.2±11.9 and 32±14.8, respectively, at
an average of 30 months postoperatively. Shoulders with a
GC of 2 and 3 had Constant scores of 48.9±28.2 and 37.2±
16, respectively. In the study by Gerber et al., a GC of 0
provided an average Constant score of 69.7±5.7 12 months
after surgery. A GC of 1 or 2 was associated with average
postoperative Constant scores of 50.3±16.2 and 53±2.8,
respectively. The study did not contain any patients with
GC scores of 3 or 4. Grasso et al. and Milano et al. correlated
preoperative GC scores and postoperative Constant scores.
In the study by Grasso et al., the authors did not find a
positive correlation between preoperative GC and postoper-
ative function. Using their modified Constant score as an
outcome measure, they found there to be no significant
difference in functional outcome between those patients with
less FI in their preoperative MRIs and those with higher GC
scores (Table 4). Alternatively, Milano et al., in their series
of 101 shoulders, did find that a lower GC score was asso-
ciated with a higher Constant score at 2-year follow-up
(Table 4).

Discussion

This study was designed as a systematic review of the
published literature to determine if preoperative FI, as mea-
sured by the GC score, can predict postoperative retear rates
and functional outcomes following rotator cuff repair. The
authors’ hypothesis was that higher Goutallier scores would
lead to higher retear rates as well as worse clinical outcomes
following rotator cuff repair. The results of this review
indicate that the preoperative quality of the rotator cuff
muscles plays an important role in predicting healing rates
following rotator cuff repairs. However, the role that preop-
erative FI plays in predicting clinical outcomes as deter-
mined by Constant scores remains difficult to determine. In
this review, it is clear that lower GC scores (0–1) preopera-
tively are associated with a lower rate of retear (25%) than
are repairs done on rotator cuffs with a higher (2–4) GC
score (59%). The ability of preoperative GC scores to pre-
dict postoperative function as measured by the Constant
score is difficult to assess based on the current published T
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literature. In the four studies that met the inclusion criteria
for this study, one found no significant difference in postop-
erative functional outcome when stratifying by GC score,
and another found that lower preoperative GC score was
predictive of higher postoperative Constant scores. While
there have been studies published that describe a significant
inverse correlation between preoperative GC score and post-
operative shoulder function [14, 16–19, 26], the data that
those studies presented did not meet the inclusion criteria for
this review.

While higher GC scores are correlated to the incidence of
a recurrent rotator cuff defect following attempted repair, it
has proven difficult to associate recurrent defects with worse
function postoperatively. There are several possible expla-
nations for this difficult correlation. One is that rotator cuff
tears, even those that have never been treated, do not nec-
essarily correlate with worse shoulder function. Second,
there is a detection bias as only symptomatic retears present
for repeat imaging, leading us to believe that a retear is more
significant than it may actually be. Patients who have un-
dergone rotator cuff repair might have a recurrent defect but
not present with any disability and therefore might not have
any further imaging done. Despite this difficulty, several
studies have attempted to correlate recurrent defects with
shoulder function. Harryman et al. [21] evaluated 105 oper-
ative repairs of rotator cuff tears in 89 patients at an average
follow-up of 5 years following the attempted rotator cuff
repair using ultrasonography to evaluate the status of the
cuff. They found that shoulders with an intact rotator cuff
had better function during activities of daily living and better
shoulder range of motion. They also found that in shoulders
with residual defects, the size of the defect predicts the
degree of shoulder dysfunction; i.e., larger defects gave rise
to worse shoulder function.

Since Goutallier first introduced his scoring system for
measuring FI in 1994, it has been shown that the preopera-
tive status of the rotator cuff muscles has an impact on the
success of rotator cuff repair regardless of whether it is done
through an arthroscopic, mini-open, or open approach [22,
25, 34]. Despite this knowledge, much of the outcome
research on rotator cuff repair healing and function does
not include information on preoperative FI of the rotator
cuff muscles. Rather, studies tend to focus on the size of
rotator cuff tears as a significant predictor of outcome. Size,
however, may not always be an accurate predictor of out-
come, as large acute tears that present with good muscle and
tendon quality can often be more successfully repaired.
While not directly evaluated in this study, the authors be-
lieve that the reparability of Bmassive rotator cuff tears^ has
more to do with the chronicity of the tear and how it relates
to muscle and tendon quality than it has to do with the size
of the tear. This systematic review suggests that there is
sufficient evidence to suggest that FI corresponds to healing
rates to argue in favor of its inclusion as a variable in future
studies that evaluate the results of rotator cuff repair.

The strengths of this study include the generation of a
working hypothesis that was used to formulate a research
plan with very specific inclusion and exclusion criteria. The
criteria were applied to multiple large databases in order to

capture all of the literature published to date that examines
the ability of preoperative GC scores to predict postoperative
rotator cuff retear rates and functional outcomes. The main
weakness of this study, like all systematic reviews, is that the
conclusions that the authors have drawn were limited by the
quality of the current literature. While this review is able to
correlate GC scores with retear rates, the limited and hetero-
geneous data that is available regarding functional outcome
limited our ability to make a definitive statement regarding
FI and functional outcome following rotator cuff repair.

In conclusion, lower preoperative GC scores are associ-
ated with lower rates of rotator cuff retear following repair.
There was insufficient data to make conclusions on the
effects of FI on functional outcomes following repair. Re-
search examining outcomes of rotator cuff repair should
measure preoperative FI and report on its association with
the outcome of interest.
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