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Prognostic Factors for Successful Recovery
After Arthroscopic Rotator Cuff Repair:
A Systematic Literature Review

R

otator cuff lesion is a common shoulder disorder, with
a prevalence ranging from 13% in people over 50 years
of age to more than 50% in people over 80 years of
age.24 Two thirds of these lesions are asymptomatic,

usually due to their small size. 30 One
third are accompanied by symptoms
such as pain, muscle weakness, and loss
of shoulder range of motion (ROM).3,17,26
For these people, a rotator cuff lesion may
TTSTUDY DESIGN: Systematic literature review.

TTOBJECTIVES: To perform a systematic review of
the literature on prognostic factors for successful
recovery after arthroscopic rotator cuff repair.

TTBACKGROUND: Rotator cuff lesion is a com-

mon shoulder disorder, with a prevalence ranging
from 13% in people over 50 years of age to more
than 50% in people over 80 years of age. Several
factors can affect the extent to which a person will
recover after the surgical repair of a rotator cuff
tear. More knowledge about these prognostic factors may lead to a better understanding of why the
recovery process is successful in some patients
but not in others.

TTMETHODS: A systematic literature search from

1995 to November 2013 was performed to identify
studies reporting prognostic factors for successful
recovery after arthroscopic rotator cuff repair.

TTRESULTS: A total of 455 studies were initially

identified, 10 of which were included in the review.
For all included studies, the percentage of patients
with complete tendon healing at final assessment
ranged from 60% to 88%. Twelve prognostic

lead to restrictions in their daily functioning, and surgical repair of the rotator cuff
using an arthroscopic procedure can be a
potential solution.12,27,29
Although an arthroscopic rotator cuff
factors, which could be divided into 4 categories,
were identified as being associated with better
recovery: demographic factors (younger age, male
gender), clinical factors (higher bone mineral
density, absence of diabetes mellitus, higher level
of sports activity, greater preoperative range of
motion, absence of obesity), factors related to cuff
integrity (smaller sagittal size of the cuff lesion,
less retraction of the cuff, less fatty infiltration, no
multiple tendon involvement), and factors related
to the surgical procedure (no concomitant biceps
or acromioclavicular joint procedures).

TTCONCLUSION: Knowledge and understand-

ing of prognostic factors should be used in the
decision-making process concerning arthroscopic
rotator cuff repair to offer better care to patients.
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repair appears to be a relatively
minor procedure, postsurgical rehabilitation is long and intensive.
Generally, the first weeks after
surgery are often painful, and the
patient should anticipate several months
of physiotherapy.11,22 However, the extent
and duration of the recovery period may
vary widely among patients.18 Recovery
can be defined and measured in several
ways: impairments (ROM, strength),
function (self-report questionnaires),
quality-of-life (QoL questionnaires),
pain, satisfaction, and tendon healing
(ultrasound or magnetic resonance imaging [MRI]).
Several factors can affect the extent
to which a person will recover after rotator cuff repair. In the literature, factors
such as demographics, clinical variables,
cuff integrity, and surgical procedure are
mentioned as being prognostic of recovery.8,14,25,26 Better knowledge of these
prognostic factors may lead to improved
insight for physiotherapists and orthopaedic surgeons to predict the extent of
the recovery and adjust rehabilitation
and patient expectations accordingly. 9
Multiple prospective and retrospective studies have been published that
describe prognostic factors after rotator
cuff repair; however, to our knowledge,
no systematic review of that informa-
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tion has been completed and published.
Therefore, the aim of this study was to
perform a systematic literature review
on prognostic factors for successful recovery after arthroscopic rotator cuff
repair.

METHODS
Eligibility Criteria
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T

his systematic review followed
PRISMA guidelines.15 A literature
search for studies that identified
prognostic factors for recovery after arthroscopic rotator cuff repair was conducted. Recovery was not defined in
detail, as it could, for example, have been
based on a combination of functional
outcomes, tendon healing, and strength
measures. A priori, the decision was
made to limit the search to reports published after 1995 because of the present
review’s focus on arthroscopic rotator
cuff repair procedures, excluding open
or mini-open procedures. Prior to 1995,
the arthroscopic technique was still being
refined and was not performed on large
patient groups; therefore, data reported
prior to that date were excluded.10 Prospective as well as retrospective study
designs were included.

research report
Records identified through
database searching, n = 443
• Embase, n = 71
• PubMed, n = 144
• Web of Knowledge, n = 228

A systematic search of Embase, PubMed,
Web of Knowledge, and the Cochrane
Library was performed from 1995 to
November 2013 on studies reporting
prognostic factors for recovery after arthroscopic rotator cuff repair. The search
terms included Medical Subject Headings terms, free-text word variations, and
combinations of these (APPENDIX). Crossreferences and “cited-by” articles of the
included articles were screened to ensure
that no relevant studies were missed. An
expert in this field was consulted to check
for missing relevant studies. The Netherlands Journal of Orthopaedics, which is
not available via the above-mentioned
bibliographic databases, was searched
for relevant Dutch articles. National and
international trial registries were checked

Additional records identified
through other sources, n = 12
• Cochrane Library, n = 11
• Dutch Journal of Orthopaedics,
n=1

Records after duplicates removed,
n = 144
Abstracts assessed for eligibility,
n = 144

Records excluded, n = 102

Full-text articles assessed for
eligibility, n = 42

Full-text articles excluded, n = 24
• No full text available, n = 1
• Another language, n = 3
• Repair not arthroscopic, n = 5
• Arthroscopic data not separately
available, n = 15

Full-text papers assessed for
quality, n = 18

Records excluded based on low
methodological quality, n = 8

Full-text papers included, n = 10
FIGURE 1. Flow diagram of literature search.

for ongoing or unpublished trials. This
search was performed in July 2012 and
updated in November 2013.

Study Selection
Search Strategy

]

After removing duplicates, titles and abstracts were screened according to the
following criteria: (1) the publication
was a clinical study, (2) the study population consisted of patients undergoing a
rotator cuff repair, and (3) the publication contained information on prognostic
factors for recovery.
Based on the titles and abstracts,
manuscripts identified as potentially
eligible underwent a full-text review.
Full-text papers were included in the
review based on the following criteria:
(1) an arthroscopic surgical technique
was used; (2) studies with mixed surgical techniques were included if data on
the arthroscopic patients were available
separately; (3) the article was written in
English, Dutch, or German; and (4) the
full text of the paper could be obtained.

Data Items
From the included full-text papers, the
following study characteristics were
systematically extracted, applying the
“evidence table for prognostic studies”20:
bibliographic reference, study type, number of patients, patient characteristics
(including age and method of diagnosis),
prognostic factors, length of follow-up,
outcome measures (including QoL and
function scores), results, and source of
funding. A data-extraction sheet was
developed a priori. One review author
extracted the data and a second author
verified the extracted data and added
data when necessary.

Risk of Bias in Individual Studies
Methodological quality assessment of
selected papers was performed using
the “methodology checklist for prognostic studies.”20 The checklist consisted of
6 main items (study sampling, loss to
follow-up, prognostic factors, outcome,
confounders, and statistical analysis),
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Quality Assessment of the Included Studies According
to the Methodology Checklist for Prognostic Studies*
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TABLE 1
Study

Population of Interest

Lost to Follow-up

Prognostic Factor

Outcome

Confounders

Statistical Analysis

This Review

Boileau et al2

Yes

Yes

No

Yes

Unclear

Unclear

Included

Charousset et al4

Yes

No

No

Yes

Unclear

Unclear

Excluded

Chillemi et al5

Yes

No

No

No

No

Unclear

Excluded

Cho and Rhee6

Yes

No

Yes

Yes

No

No

Included

Chung et al8

Yes

Yes

Yes

Yes

Yes

Yes

Included

Chung et al9

Yes

No

Yes

Yes

Unclear

Yes

Included

Chung et al7

Yes

No

Unclear

Yes

Unclear

Yes

Included

Flurin et al10

Yes

No

Unclear

Yes

Unclear

No

Excluded

Gulotta et al13

Yes

No

Unclear

Yes

Unclear

Yes

Included

Lapner et al14

Yes

No

Yes

Yes

Unclear

Yes

Included

Lichtenberg et al16

Yes

No

No

Unclear

Unclear

No

Excluded

Manaka et al18

Yes

No

Yes

Yes

Unclear

No

Included

Nho et al21

Yes

Unclear

Unclear

Unclear

Unclear

Yes

Excluded

Ozbaydar et al22

Unclear

No

Unclear

Unclear

Unclear

No

Excluded

Tashjian et al23

Yes

No

Yes

No

Unclear

Unclear

Excluded

Warrender et al25

Yes

No

Yes

Yes

Unclear

No

Included

Wessel et al26

Yes

No

Yes

Yes

Unclear

No

Included

Wu et al28

No

No

Unclear

Yes

Unclear

Yes

Excluded

*All items were scored yes, no, or unclear. Yes indicates that the study was designed and conducted in a manner to minimize the risk of bias for that item; unclear indicates that the answer to an item was not reported or was not reported clearly. The last column presents the final inclusion or exclusion in this review.

each with 3 to 6 subitems scored as
“yes,” “no,” or “unclear.” Based on the
score of their respective subitems, the
main items were also scored as yes, no,
or unclear. For each main item, a yes response indicated that the study was designed and conducted in a manner that
minimized the risk of bias for that item.
An unclear response was given when the
information required to score an item
was not reported or was not reported
clearly. A priori, we decided that studies
with less than 3 yes responses on the 6
main items would be excluded from this
review on the basis of low methodological quality.
Screening of titles, abstracts, and full
text, as well as the assessment of the
methodological quality of the studies,
was independently performed by 2 of the
authors (A.F. and N.W.). Disagreements
between reviewers were resolved by consensus. For the methodology assessment,
consensus had to be reached on each
subitem and main item of the methodology checklist.

RESULTS
Study Selection

T

he literature search yielded a
total of 455 studies. After removing
duplicates, 144 articles remained
(FIGURE 1). Titles and abstracts of the remaining 144 studies were screened. One
hundred two records were discarded because they did not meet the criteria for
inclusion. Full-text screening was then
performed on the remaining 42 studies.
Another 24 studies were excluded because they did not meet the criteria previously described (exclusion criteria are
presented in FIGURE 1). The 18 remaining
studies were assessed for their methodological quality and risk of bias. Based
on low methodological quality, another 8
articles were excluded, leaving 10 studies for the systematic review. No unpublished relevant studies were obtained
from trial registries.

Characteristics of Included Studies
The results of the assessed risk of bias

of the individual trials are presented in
TABLE 1, and the characteristics and reported outcomes of the included studies are presented in TABLE 2. Of the 10
included studies, 4 were prospective
cohort studies and 6 were retrospective
cohort studies. In total, 1564 patients
were included, all of them treated with
an arthroscopic rotator cuff repair. Four
studies only included patients with a fullthickness tear, 4 studies included patients
with a full- or partial-thickness tear,
and 2 studies did not specify the extent
of the tears. Age of the patients varied
from 28 to 83 years, and, overall, more
men (53%) than women were included.
The duration of postoperative follow-up
varied from 6 to 83 months. Only 4 studies prospectively identified prognostic
factors of interest8,14,25,26; the remaining
6 studies extracted variables that influenced the outcome of the study retrospectively and then mentioned them as
prognostic factors. Outcome parameters
varied considerably between and within
the studies, and could be subdivided as
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Characteristics and Reported Prognostic
Factors of the Included Studies

TABLE 2
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research report

Patients, n Age, y*

Failure Rate
of Cuff Repair

Prognostic Factors

Length of
Follow-up, mo*

Study

Study Design

Diagnosis

Outcome

Boileau
et al2

Prospective cohort
(level 4)

65

60 (29-79)

19/65 (29.2%)

Not prespecified: factors associ- 29 (24-46)
ated with demographics (age,
gender), clinical (strength,
preoperative duration of
symptoms), work (workers’
compensation), intervention
(injections, acromioplasty, biceps, type of suture material)

Postoperative: CTA
or MRI (mean,
18 mo; range,
6-36 mo)

Functional: SST, CMS,
UCLA
Subjective: pain,
satisfaction
Tendon healing:
CTA or MRI

Cho and
Rhee6

Prospective
cohort (level not
indicated)

169

57.6 (38-74)

38/169 (22.5%)

Not prespecified: factors as39 (24-83)
sociated with demographics
(age), tear (size, fatty infiltration), clinical (cause of injury),
intervention (type of suture)

Postoperative: MRI
Function: strength
(minimum, 6 mo)
(myometer), SST,
ASES, UCLA
Subjective: pain
Tendon healing: MRI

Chung
et al8

Retrospective
cohort (level 3)

272

59.5  7.9

62/272 (22.8%)

Prespecified: bone mineral
density

Preoperative: CTA
or USG, DEXA
Postoperative: CTA
or USG (mean 
SD, 13  5.1 mo)

Tendon healing: CTA,
USG
Function: ASES, SST,
CMS
Subjective: pain

Chung
et al9

Retrospective case
series (level 4)

309

56.5  11.5
(35-80)

56/309 (18.1%)

Not prespecified: all data on
26.3  10.1
clinical factors that may affect (12-48)
postoperative QoL

Preoperative: MRI
Postoperative: CTA
or USG (mean
 SD, 12.9 
5.2 mo)

Tendon healing: CTA
or USG
QoL: SF-36
Function: ASES, SST,
CMS

Chung
et al7

Retrospective
cohort (level 3)

108

63.7  6.4
(42-77)

43/108 (39.8%)

Not prespecified: all data on
factors that may affect postoperative tendon healing

Postoperative: CT or
USG (mean, 13.1
mo; range, 12-16
mo)

Function: ROM, ASES,
SST, CMS
Subjective: pain
Tendon healing: CT
or USG

37.2  10

31.7  15.8

Table continues on page 157.

follows: functional recovery, QoL, subjective variables (pain, satisfaction), and
tendon healing. To determine functional
recovery, the American Shoulder and
Elbow Surgeons Standardized Shoulder
Assessment Form, the University of California Los Angeles shoulder rating scale,
the simple shoulder test, the ConstantMurley score, and strength measurements were used. To determine QoL, the
Medical Outcomes Study 36-Item ShortForm Health Survey and the Western
Ontario Rotator Cuff Index were used.
To measure subjective variables, such
as pain and satisfaction, a visual analog
scale was used. To assess tendon healing,
magnetic resonance imaging, computed
tomography arthrography, or ultrasonography were used. Also, the timing of
the preoperative and postoperative func-

tional and diagnostic evaluations differed
within as well as between studies, varying from a first postoperative evaluation
measurement at 3 weeks6 to 1 year.9

Risk of Bias Across Studies
Of the 42 full-text articles assessed for
eligibility, 15 were excluded due to the
unavailability of separate data for the
patients treated with an arthroscopic
procedure. Four additional articles were
excluded: 1 because the full text could
not be acquired, 2 because they were
published in Italian, and 1 because it
was published in French. Studies that
did not specifically use terms like prognostic factors, predictive factors, functional recovery, or factors influencing in
the title or abstract were not included in
this review, increasing the risk of selec-

tion bias. Three of the included studies7-9
presented the results of different patient
selections of the same cohort; all surgeries were performed by the same surgeon
from 2004 to 2010. However, because the
approach of each article is somewhat different and different prognostic factors are
described, all 3 articles were included for
this review.

Results of Individual Studies
Patient selection, time of follow-up, prognostic factors, and outcome parameters
varied considerably between the 10 studies. In total, 12 prognostic factors were
identified (TABLE 3). These 12 factors were
divided into 4 categories: demographic
factors (age, gender), clinical factors
(bone mineral density [BMD], diabetes
mellitus [DM], level of sports activity,
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Characteristics and Reported Prognostic
Factors of the Included Studies (continued)
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TABLE 2

Gulotta
et al13

Prospective cohort
(level 2)

106

Unknown

Unknown

Not prespecified: factors
associated with age, tear
(size, multiple tendon
involvement), surgical
procedure (concomitant
biceps or AC procedures)

Goal was 5 y, but Preoperative: MRI
follow-up not Postoperative: USG
described

Function: ASES
Tendon quality: USG

Lapner
et al14

Retrospective
cohort (level 2)

118

56.1 (95%
CI: 54.2,
57.9)

Unknown

Prespecified: upward migration
index

Goal was 12 mo,
but actual
follow-up not
described

Preoperative: MRI

Function: ASES, CMS
QoL: WORC
Subjective: pain
Tendon quality: MRI

Manaka
et al18

Retrospective
cohort (level 4)

201

61.4 (33-83) Unknown

Not prespecified: factors
27.6 (6-78)
associated with demographics (age, gender), clinical
(ROM shoulder), tear
(morphological features, size)

Preoperative: MRI

Function: JOA

Warrender Retrospective
et al25
cohort (level 3)

149

66.6  9.3
(32-83)

Prespecified: obesity

Obese: 16.7 
4.3 (12-32)
Nonobese: 15.3
 3.7 (12-31)

Preoperative: MRI

Perioperative
information (time,
complications)
Function: ASES, PENN,
ROM

Prespecified: demographics (age), tear (size, fatty
infiltration)
Not prespecified: demographics
(gender, dominant side)

27 (12-76)

Preoperative: MRI
Function: CMS
Postoperative: USG Subjective: satisfaction
(only for tears >15
mm)

Prospective
cohort (level not
indicated)

67

Unknown

56.8 (28-78) Only determined
for tears >15
mm: 4/34
(11.7%)

Prognostic Factors

Length of
Follow-up, mo*

Study Design

Wessel
et al26

Patients, n Age, y*

Failure Rate
of Cuff Repair

Study

Diagnosis

Outcome

Abbreviations: AC, acromioclavicular; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; CI, confidence interval; CMS,
Constant-Murley score; CT, computed tomography; CTA, computed tomography arthrography; DEXA, dual-energy X-ray absorptiometry; JOA, Japanese Orthopaedic Association score; MRI, magnetic resonance imaging; PENN, University of Pennsylvania shoulder score; QoL, quality of life; ROM, range of motion;
SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; SST, simple shoulder test; UCLA, University of California Los Angeles shoulder rating
scale; USG, ultrasonography; WORC, Western Ontario Rotator Cuff Index.
*Values are mean (range), mean  SD, or mean  SD (range) unless otherwise indicated.

preoperative ROM, obesity), factors related to the integrity of the rotator cuff
(sagittal size of the cuff lesion, retraction
of the cuff, fatty infiltration, and multiple
tendon involvement), and factors related
to the surgical procedure (concomitant biceps or acromioclavicular joint
procedures).
Demographic Factors Five studies concluded that older age had a negative effect on recovery.2,6,9,13,18 In general, the
studies concluded that younger age (less
than 50-55 years) leads to a more successful recovery.2,6,9,13,18 One study2 concluded that patients with a healed tendon
were, on average, 10 years younger (mean
 SD, 57.8  9.4 years) than those in
whom the tendon had not healed (68

 7.6 years). One study9 reported that
patients older than 65 years had a lower
score on the physical component of the
Medical Outcomes Study 36-Item ShortForm Health Survey QoL score than patients who were less than 55 years old
and patients aged between 55 and 60
years. One study18 concluded that 77%
of the patients with a longer functional
recovery time (greater than 6 months)
were 60 years old or older. One study9
concluded that female sex had a negative effect on postoperative physical and
mental QoL.
Clinical Factors One study8 concluded
that low BMD had a negative effect on
tendon healing. The study8 stated that
people with osteoporosis (BMD less than

–2.5) and osteopenia (BMD between –2.5
and –1), respectively, had a 41.7% and
30.2% occurrence of unsuccessful tendon healing, whereas those with normal
BMD (BMD greater than –1) had only a
9% occurrence.
The authors of 1 study9 concluded
that DM had a negative effect on physical
QoL when measured 12 months postoperatively and at final follow-up (mean 
SD, 26.3  10.1 months postsurgery). In
the same study,9 it was also determined
that patients with a low level of sports
activity (rarely participating in sports)
also had lower scores on physical QoL at
final follow-up compared to patients who
participated in high-intensity (eg, boxing,
football, tennis) and medium-intensity
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Overview of the Significant Prognostic Factors
of the Included Studies, Subdivided in Categories*

TABLE 3
Category/Prognostic Factor

research report

Study

Results

Boileau et al2

The rate of tendon healing decreases as patient age increases: age <55 y, 95% chance of tendon healing; 55-64 y,
76%; ≥65 y, 43%

Cho and Rhee6

Higher age leads to a smaller chance of complete tendon healing (P = .049): age ≤50 y, 87.8% chance of tendon healing;
51-60 y, 79.4%; ≥60 y, 65.4%

Chung et al9

Higher age (>65 y) has a negative effect on postoperative physical quality of life (P = .013)

Gulotta et al13

For every year of increased age, the odds of a tendon defect increased 1.15 times (OR = 1.15; 95% CI: 1.04, 1.28; P = .007)

Manaka et al18

Higher age (≥60 y) has a negative effect on functional recovery time (P = .002)

Chung et al9

Female gender has a negative effect on postoperative physical (P = .043) and mental quality of life (P = .001)

Bone mineral density

Chung et al8

Lower bone mineral density has a negative effect on tendon healing (P = .001)

Diabetes mellitus

Chung et al9

Diabetes mellitus has a negative effect on physical quality of life at 12 mo postoperation (P = .026) and at final follow-up
(mean  SD, 26.3  10.1 mo; P = .027)

Level of sports activity

Chung et al9

Lower level of sports activity has a negative effect on postoperative physical quality of life at final follow-up (mean  SD,
26.3  10.1 mo; P = .049)

Range of motion

Manaka et al18

Preoperative shoulder stiffness (<120° total [internal plus external] rotation measured in 90° of shoulder abduction)
has a negative effect on functional recovery time (P<.001)

Obesity

Warrender et al25

Obesity (BMI >30 kg/m2) has a negative effect on functional outcomes (PENN, P = .02; ASES, P = .019), operative time
(P = .013), and length of hospitalization (P = .009)

Boileau et al2

Associated delamination of the subscapularis and infraspinatus tendon (adjacent to full-thickness supraspinatus tear)
has a negative effect on tendon healing (P = .02)

Cho and Rhee6

Larger intraoperative tear size (anterior/posterior dimension, according to the DeOrio-Cofield classification) leads
to a lesser chance of complete tendon healing (P = .009)

Gulotta et al13

Larger intraoperative tear size has a negative effect on tendon healing. For every cm of increased tear size, the odds
of a tendon defect increased 1.72 times (OR = 1.72; 95% CI: 1.04, 2.85; P = .034)

Manaka et al18

Larger tear size has a negative effect on functional recovery time (P = .006)

Wessel et al26

Larger tear size has a negative effect on functional outcome (CMS) (r = –0.33, P = .041)

Retraction of the cuff

Chung et al8

Greater amount of retraction (cm) has a negative effect on tendon healing (OR = 1.98; 95% CI: 1.08, 3.65; P = .027)

Fatty infiltration

Cho and Rhee6

Higher fatty infiltration of the rotator cuff muscles preoperatively leads to a lesser chance of complete tendon healing
(P = .014)

Chung et al8

Higher fatty infiltration of the infraspinatus leads to a higher grade of cuff healing failure (P<.001) (grade 2 Goutallier
OR = 3.81; grade 3 or 4 OR = 8.13)

Chung et al7

Higher fatty infiltration of the infraspinatus leads to a higher grade of cuff healing failure (P = .014) (grade 3-4 Goutallier
OR = 11.25)

Gulotta et al13

Multiple tendon involvement has a negative effect on tendon healing (OR = 5.56; 95% CI: 1.23, 25.22; P = .026)

Gulotta et al13

Concomitant biceps (OR = 16.16; 95% CI: 3.01, 86.65; P = .001) or AC joint procedures (OR = 6.70; 95% CI: 1.46, 30.73;
P = .014) have a negative effect on tendon healing

Demographics
Age
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Gender
Clinical

Cuff integrity
Sagittal size of the cuff lesion

Multiple tendon involvement
Surgical procedure
Concomitant biceps/AC joint surgery

Abbreviations: AC, acromioclavicular; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; BMI, body mass index; CI,
confidence interval; CMS, Constant-Murley score; OR, odds ratio; PENN, University of Pennsylvania shoulder score.
*Odds ratios are presented if they were available. The study of Lapner et al14 is not included in the table because the prespecified prognostic factor “upward
migration index” did not correlate with functional or quality-of-life improvement after surgery.

(eg, golf, swimming, cycling, running)
sports.
Lapner et al14 studied the preoperative upward migration index and found
no correlation with functional or QoL improvements after surgery. However, they

concluded that the best predictor for final
strength was initial strength.
Functional recovery time is negatively
influenced by preoperative shoulder stiffness.18 Manaka et al18 defined shoulder
stiffness as less than 120° of shoulder ro-

tation when measured in 90° of shoulder
abduction. In their study,18 they found
that the percentage of patients with preoperative shoulder stiffness was 40% in
the group with a functional recovery time
of less than 3 months, 72% with a recov-
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ery time between 3 and 6 months, and
75% with more than 6 months of recovery time.
The authors of 1 study25 concluded
that obesity (body mass index greater
than 30 kg/m2) had a negative effect on
functional outcome, duration of operation, and length of hospitalization. It was
concluded that 71% of those who were
considered obese had a successful recovery at the latest follow-up, compared to
83% for those who were nonobese. Average  SD operative time for those who
were obese was 108  14.2 minutes, compared to 87  11.7 for those who were not
obese. Average  SD length of hospital
stay was 18  6.3 hours for those who
were obese, compared to 9  7.1 hours
for those who were not obese.25
Rotator Cuff Integrity Factors Five studies reported that a larger tear size had a
negative effect on tendon healing,2,6,13
functional recovery time,18 and functional outcome.26 In the study by Cho
and Rhee,6 96.7% of all patients with a
small tear had complete tendon healing, compared to 87.3% and 58.8% of
patients with a medium or large/massive tear size, respectively. In a separate
study, Manaka et al18 reported a greater
percentage of patients with a smaller
tear in the group that recovered within 3
months (16% small tear size), compared
to the group that recovered between 3
and 6 months (7%) and the group with a
functional recovery time greater than 6
months (7%).
A greater amount of retraction of the
tendon was found to have a negative effect on tendon healing, with Chung et al8
reporting that the mean  SD amount of
retraction in the healed group was 1.82 
0.73 cm, in contrast to 2.82  1.18 cm in
the unhealed group.
The authors of 3 studies6-8 concluded
that higher fatty infiltration had a negative effect on tendon healing. Cho and
Rhee6 determined that the chance of
complete tendon healing was related to
the amount of fatty infiltration as graded
with the Goutallier index: those with fatty
infiltration of grade 0 had a 92.5% chance

of complete tendon healing, grade 1 had
an 88.3% chance, grade 2 had a 52.9%
chance, grade 3 had a 38.5% chance, and
grade 4 had a 0% chance. Using the same
index, Chung et al8 determined that the
chance of failure for cuff healing was 9%
in those with grade 1, 41.7% in those with
grade 2, 71.4% in those with grade 3, and
81.8% in those with grade 4 fatty infiltration. In a more recent study, Chung et al7
also came to the conclusion that greater
fatty infiltration of the infraspinatus leads
to worse tendon healing (odds ratio =
11.25 for grades 3 and 4 fatty infiltration).
The authors of 1 study13 concluded
that individuals with tears of multiple
tendons were 5.56 times more likely to
have a tendon defect at 5 years compared
to those with a tear of a single tendon.
Surgical Procedure The authors of 1
study13 reported that performing concomitant biceps or acromioclavicular
joint procedures had a negative effect on
tendon healing.

DISCUSSION

C

urrent literature identifies
several factors that affect the extent
of recovery after an arthroscopic
rotator cuff repair. This review identified
12 significant prognostic factors, including demographic (age, gender), clinical
(BMD, DM, level of sports activity, preoperative shoulder ROM, obesity), rotator cuff integrity (sagittal size of the cuff
lesion, retraction of the cuff, fatty infiltration, and multiple tendon involvement),
and surgical procedure (concomitant biceps/acromioclavicular joint procedures).
The surgical repair failure rates in the different studies ranged between 18.1% and
29.2%, with the exception of the study
by Chung et al,7 which showed a failure
rate of 39.8%. A reason for this higher
failure rate in the Chung et al study7 may
be that only patients with massive rotator cuff tears were included, whereas all
the other studies included patients with
smaller tears.
Based on the included studies, being
over 60 to 65 years of age leads to a de-

creased chance of tendon healing. The
lesser local reserves of growth factors
in this population may lead to this decreased healing capacity.2 The negative
effect of aging on postoperative physical
health-related QoL could be explained
by decreased muscle power, decreased
ROM, and increased chance of the presence of other medical comorbidities and
thus disability.9 Female patients have
lower postoperative physical and mental
health-related QoL compared to men. 9
Several explanations were provided:
women may consider certain activities
that are more difficult after a rotator cuff
repair (eg, dressing and grooming) to be
more important than men do; women
may experience more emotional difficulties and have a different symptom perception than men; and female patients
may postpone treatment or delay consulting specialists, which lengthens symptom
duration and may influence the subjective health-related QoL.9
A lower BMD has a negative effect on
tendon healing due to suture anchor loosening or pull-out before adequate tendon-to-bone healing can occur.8 Also, the
excessive osteoclastic activity that produces osteoporosis could impair bone ingrowth at the tendon-to-bone attachment
site, causing weakness at that point.8 The
presence of DM has a negative impact
on the postoperative physical QoL. Insulin use, obesity, impaired renal functions, and related complications, such
as diabetic retinopathy, can explain this
finding.9 Chung et al9 concluded that the
level of sports activity presurgery is a positive predictor of physical health-related
QoL. They found that individuals with
higher sports activity participation had
better physical and mental health, thus
a higher health-related QoL, even after
arthroscopic rotator cuff repair. Manaka
et al18 found that preoperative shoulder
stiffness had a negative influence on
functional recovery time. Warrender et
al25 described obesity as having a negative
impact on recovery, based on the fact that
the time for an arthroscopic rotator cuff
repair is longer in patients who are obese,
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research report

Direct factors
• ROM
• Obesity
• Level of sports

Preoperative treatment

Indirect factors
• Age
• Sagittal size of lesion
• Retraction of the cuff
• Fatty infiltration
• Number of tendons

Timing of decision

Fixed factors
• Gender
• BMD
• DM
• Concomitant AC/biceps
procedures

Take into account as part of
decision-making process

]

Decision making on ARCR

Factors not confirmed by this
review because of quality of
studies or lack of evidence
• Smoking
• Muscle atrophy
• Upper-limb heavy work
• Long duration of the shoulder
complaint
• Preoperative tendon length
• Histopathological aspects of the
tendon

FIGURE 2. A possible classification of prognostic factors. Abbreviations: AC, acromioclavicular; ARCR, arthroscopic rotator cuff repair; BMD, bone mineral density; DM, diabetes
mellitus; ROM, range of motion.

which may lead to more anesthesia-related complications. In addition, those
in the obese population generally require
longer inpatient hospital care, due to an
increased risk for postsurgical apnea and
death in the setting of recent anesthetic
and narcotic use.25
The relationship of factors related to
rotator cuff integrity and tendon healing is more evident: worse preoperative
tissue quality (larger sagittal tear size,
greater retraction in the frontal plane,
higher fatty infiltration, multiple tendon
involvement) leads to worse postoperative repair quality. Gulotta et al13 showed
a relationship between concomitant
acromioclavicular joint/biceps surgical
procedures and a worse postoperative
repair quality but did not offer an explanation. Manaka et al18 explained that
postoperative rehabilitation periods were
longer in patients with larger tears because of severe functional deficits. Several
studies, however, showed that rotator cuff
repairs led to improved pain and function

in patients, regardless of cuff integrity at
follow-up.2
Factors such as smoking, muscle
atrophy, upper-limb heavy work, long
duration of shoulder complaint prior to
surgery, and histopathological aspects
of the tendon are regularly mentioned
as negative prognostic factors. However,
these could not be confirmed by this review, due to the fact that they were only
mentioned in studies that were excluded
from the analysis or were not mentioned
at all. Recently, Meyer et al19 suggested
that preoperative tendon length was a
significant predictor of reparability of a
tendon tear. Unfortunately, their study19
did not separately describe the results of
the arthroscopic and open repairs and
therefore could not be included in this
review. This does not mean that the factors mentioned above are not relevant
for the level of recovery after a rotator
cuff repair; their role has not been sufficiently investigated. Finally, several studies excluded patients receiving workers’

compensation,6,9 whereas others mentioned this factor as being predictive of
outcomes.1
Because of the heterogeneity and a
lack of statistical thoroughness of the
studies included in this review, a metaanalysis could not be performed. For this
reason, it was not possible to distinguish
between strongly predictive and less predictive factors that may influence the level
of recovery after an arthroscopic rotator
cuff repair. A different approach to classifying prognostic factors is to divide them
into direct, indirect, and fixed factors
(FIGURE 2). Direct factors, such as ROM,
obesity, and level of sports activity, could
potentially be addressed preoperatively
to achieve better postoperative results.
Addressing these factors through therapy, exercise, and weight management
may be especially useful in the event of a
delay or an attempt at nonsurgical management prior to surgery. Factors found
to be potentially influenced indirectly by
the timing of the operation were size of
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the cuff lesion, tendon retraction, fatty
infiltration, and multiple tendon involvement. Timing of the operation should be
considered as an important factor for potential recovery. Finally, there were fixed
factors (gender, BMD, DM, and concomitant biceps/acromioclavicular joint procedures) that were not influenced directly
or indirectly by timing of the operation
yet should be taken into account in the
decision-making process to proceed with
the surgery and setting the level of patient expectations postsurgery.
It is important for physiotherapists
to have more insight into prognostic factors and expected recovery, as it can help
them to set goals with the patient, which
can contribute to the preparation of individualized protocols for rehabilitation.
More accurate information concerning
expected recovery and a more individualized rehabilitation protocol benefit the
patient.
A challenge in this review was the lack
of agreement on the definition of recovery. Recovery can be described in terms
of anatomical cuff quality, functional
recovery, or improvement of the QoL of
the patient. There are studies that show
that the level of tendon healing does not
affect clinical outcome, and that patients
with a tendon defect after a rotator cuff
repair still report excellent pain relief
and high satisfaction.21 In our opinion,
defining recovery based on improvement
in QoL is the best description and likely
the major reason that patients undergo
surgery. Therefore, it is important that,
in the evaluation of patients who have
had an arthroscopic rotator cuff repair,
adequate attention be paid to the assessment of the QoL using disease-specific
QoL questionnaires.

Limitations
There are several methodological limitations of the 10 studies that were reviewed,
including the risk of bias. In several studies that excluded some patients from
their cohort, although inclusion and
exclusion criteria were described, it is
not completely clear if the study only in-

cluded patients with a complete data set.
Therefore, no conclusion can be drawn
concerning the selection bias of patients.
A second limitation is that there are differences related to the extent of the injury: full or partial tear, involvement of
1 or more cuff tendons, and presence of
concomitant damage (labrum, acromioclavicular joint, or biceps injury or osteoarthritis). Furthermore, there was a great
deal of variation in the study design of the
included studies, including follow-up
time, diagnostic tools that were used, and
outcome variables. Therefore, no statements can be provided with clear cutoff
points to help in the decision of whether
to perform surgery. Finally, the quality
level of this review is ultimately based on
the quality of the selected studies, which
were of level 2 and 3.
In terms of further research, this review shows the importance that more
high-quality studies should be performed
to ensure that all the available information concerning prognostic factors can
indeed be used by other researchers and
by practitioners, such as orthopaedic surgeons and physiotherapists. In general,
future prospective studies are required
to determine prognostic factors. Health
centers (hospitals, physiotherapy practices, and family doctors) should embed
this in a standardized manner in their
patient registry.

CONCLUSION

T

he results from this review can
be used to improve the decisionmaking process related to arthroscopic rotator cuff repairs. A total
of 12 prognostic factors were identified
as being associated with better recovery. These factors were divided into 4
categories: demographic factors (younger age, male gender), clinical factors
(higher BMD, absence of DM, higher
level of sports activity, greater preoperative shoulder ROM, absence of obesity),
factors related to cuff integrity (smaller
sagittal size of the cuff lesion, less retraction of the cuff, less fatty infiltration, no

multiple tendon involvement), and factors related to the surgical procedure (no
concomitant biceps or acromioclavicular
joint procedures). t

KEY POINTS
FINDINGS: Twelve prognostic factors

were found to be associated with better recovery: younger age, male gender,
higher BMD, absence of DM, higher
level of sports activity, greater preoperative shoulder ROM, absence of obesity,
smaller sagittal size of the cuff lesion,
less retraction of the cuff, less fatty
infiltration, no multiple tendon involvement, and no concomitant biceps or
acromioclavicular joint procedures.
IMPLICATIONS: The results of this review
may be used to improve the decisionmaking process related to performing
arthroscopic rotator cuff repairs and the
expectations for recovery.
CAUTION: The studies included in the review had a moderate to low level of evidence. Not all potential factors that may
influence recovery were investigated in
the included studies.
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Database
PubMed (144 results)

Embase (71 results)
Web of Knowledge (228 results)
Cochrane Library (11 results)

Search String
Prognostic factor AND rotator cuff repair: ((prognostic[All Fields] AND factor[All Fields]) AND
((“rotator cuff”[MeSH Terms] OR (“rotator”[All Fields] AND “cuff”[All Fields]) OR
“rotator cuff”[All Fields]) AND (“wound healing”[MeSH Terms] OR (“wound”[All Fields] AND
“healing”[All Fields]) OR “wound healing”[All Fields] OR “repair”[All Fields])))
(cuff[All Fields] AND (“wound healing”[MeSH Terms] OR (“wound”[All Fields] AND “healing”[All Fields])
OR “wound healing”[All Fields] OR “repair”[All Fields])) AND (prognostic[All Fields] AND
factors[All Fields]) AND midterm[All Fields]
Prognos* AND rotator cuff repair
Rotator cuff[MeSH] AND wound healing[MeSH] AND (prognostic OR prognosis OR factors OR effect OR
effecting OR influence)
((“Rotator Cuff”[MeSH]) AND “Wound Healing”[MeSH]) AND “Prognosis”[MeSH]
“Rotator Cuff”[MeSH] AND “Wound Healing”[MeSH] AND “Arthroscopy”[MeSH]) AND
“prognosis”[MeSH Terms]
(((“Rotator Cuff”[MeSH]) AND “Wound Healing”[MeSH]) AND “Prognosis”[MeSH]) AND
“Quality of Life”[MeSH]
(Prognosis) AND (rotator cuff), limit to human and yr=1995-current
Topic=(rotator cuff repair OR cuff repair) AND Topic=(prognostic OR predict*) AND Topic=(factor*
OR effect* OR affect* OR influenc*)
(rotator cuff and prognos*).mp. [mp=ti, ot, ab, tx, kw, ct, sh, hw]

CHECK Your References With the JOSPT Reference Library
JOSPT has created an EndNote reference library for authors to use in
conjunction with PubMed/Medline when assembling their manuscript
references. This addition to Author and Reviewer Tools on the JOSPT website
under offers a compilation of all article reference sections published in the
Journal from 2006 to date as well as complete references for all articles
published by JOSPT since 1979—a total of more than 20,000 unique
references. Each reference has been checked for accuracy.
This resource is updated quarterly on JOSPT’s website.
The JOSPT Reference Library can be found at:
http://www.jospt.org/page/authors/author_reviewer_tools

journal of orthopaedic & sports physical therapy | volume 44 | number 3 | march 2014 |

44-03 Fermont.indd 163

163

2/19/2014 4:28:02 PM

