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Background: The rate of retears after rotator cuff repair varies from 11% to 94%. A retear is associated with poorer subjective
and objective clinical outcomes than intact repair.

Purpose: This study was designed to determine which preoperative and/or intraoperative factors held the greatest association
with retears after arthroscopic rotator cuff repair.

Study Design: Cohort study; Level of evidence, 3.

Methods: This study retrospectively evaluated 1000 consecutive patients who had undergone a primary rotator cuff repair by
a single surgeon using an arthroscopic inverted-mattress knotless technique and who had undergone an ultrasound evaluation
6 months after surgery to assess repair integrity. Exclusion criteria included previous rotator cuff repair on the same shoulder,
incomplete repair, and repair using a synthetic polytetrafluoroethylene patch. All patients had completed the modified L’Insalata
Questionnaire and underwent a clinical examination before surgery. Measurements of tear size, tear thickness, associated shoul-
der injury, tissue quality, and tendon mobility were recorded intraoperatively.

Results: The overall retear rate at 6 months after surgery was 17%. Retears occurred in 27% of full-thickness tears and 5% of
partial-thickness tears (P \ .0001). The best independent predictors of retears were anteroposterior tear length (correlation coef-
ficient r = 0.41, P \ .0001), tear size area (r = 0.40, P \ .0001), mediolateral tear length (r = 0.34, P \ .0001), tear thickness (r =
0.29, P\ .0001), age at surgery (r = 0.27, P\ .0001), and operative time (r = 0.18, P\ .0001). These factors produced a predictive
model for retears: logit P = (0.039 3 age at surgery in years) 1 (0.027 3 tear thickness in %) 1 (1 3 anteroposterior tear length
in cm) 1 (0.76 3 mediolateral tear length in cm) – (0.17 3 tear size area in cm2) 1 (0.018 3 operative time in minutes) –9.7. Logit
P can be transformed into P, which is the chance of retears at 6 months after surgery.

Conclusion: A rotator cuff retear is a multifactorial process with no single preoperative or intraoperative factor being overwhelm-
ingly predictive of it. Nevertheless, rotator cuff tear size (tear dimensions, tear size area, and tear thickness) showed stronger as-
sociations with retears at 6 months after surgery than did measures of tissue quality and concomitant shoulder injuries.
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Rotator cuff tears are a significant cause of shoulder dys-
function, and their prevalence increases with advancing
age.10,44,45 Surgical rotator cuff repair is often recommended

for full-thickness tears and partial-thickness tears that
extend through greater than 50% of the thickness of the ten-
don.26,27 One of the most important postoperative complica-
tions of rotator cuff repair is a retear of the repaired tendon.

Historical estimates of the rate of retears have varied
from 11% to 94%13,19,23; however, more recent estimates
suggest that retear rates are in the order of 11% to
57%.3,11,20,40,41,46 Evidence suggests that, while retorn
repairs provide clinical benefit to patients, both subjective
and objective postoperative outcomes are inferior to those
seen with intact repairs.3,17,22-24,31,40

To date, the factors that contribute to rotator cuff
retears remain unclear. Patient age at surgery has been
heavily implicated, although univariate analyses in some
studies have failed to demonstrate significance.z
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Significant correlations have been shown between retears
and measures of rotator cuff tendon quality (primarily
fatty degeneration and supraspinatus atrophy) in some
studies,3,5-7,15,16,20,33 while others have been unable to rep-
licate these results.6,12,17,34 Other more general measures
of tissue quality, such as biceps and acromioclavicular joint
lesions, have been associated with retears in limited stud-
ies.18,33,46 The size of the initial tear is also often impli-
cated,1,5,7,18,20,22,31,33 although not always to significant
levels.3,6,11,12,19,24,34,46

The majority of published studies addressing the factors
affecting rotator cuff retears have been of modest sample
size (18-272 shoulders). Further, there has been limited
work examining the relative importance of predictive fac-
tors. A previous study of 500 patients at our center by
Wu et al43 represents, to our knowledge, the largest study
analyzing factors affecting rotator cuff repair integrity to
date. It evaluated the effect of intraoperative variables on
retears and found tear size to be the best predictor of
retears followed by patient age.

The purpose of this study was to expand on this previous
work by analyzing a larger cohort of patients and examining
both preoperative and intraoperative variables. We aimed to
(1) determine the relationship of measurable preoperative
and intraoperative factors with retears after rotator cuff
repair, (2) quantify the relationship of these factors and
ascertain their relative importance, and (3) produce a predic-
tive formula for retears incorporating these factors.

MATERIALS AND METHODS

A retrospective cohort study was performed on 1000 consec-
utive patients who had undergone a primary rotator cuff
repair by the senior author (G.A.C.M.) between January
2006 and June 2011 using an arthroscopic knotless
inverted-mattress technique and who had undergone an
ultrasound evaluation 6 months after surgery to assess
repair integrity. Approximately 400 of these patients had
been included in our previous study.43 Ethical approval for
this study was sought and obtained from the South Eastern
Sydney Local Health Network Human Research Ethics
Committee–Southern Sector. Patients were excluded if
they had previously undergone rotator cuff repair on the
same shoulder, their rotator cuff tear was not repaired or
incompletely repaired, or their rotator cuff repair used a syn-
thetic polytetrafluoroethylene (PTFE) patch.

Preoperative Factors

Preoperatively, all patients had completed the standardized
modified L’Insalata Questionnaire,25 which is a 12-item
self-administered questionnaire. The questionnaire asked
patients to grade the frequency of their pain during activity
and sleep and the frequency of extreme shoulder pain (never,
monthly, weekly, daily, or always). The level of shoulder pain
at rest, with overhead activities, and during sleep and diffi-
culty with overhead and behind-the-back movements were
also graded on a 5-point scale (none, mild, moderate, severe,
or very severe). Perceived shoulder stiffness was rated on a 5-

point scale (not at all, a little, moderate, quite, or very). Four-
point scales were used for the patient’s current level of
employment-related activity (none, light activity, moderate
activity, or strenuous labor) and current level of sporting
activity (none, hobby sport, club sport, or national sport).

All patients had undergone a preoperative clinical
examination using a protocol that has been previously
described.38,39 Passive range of shoulder motion was mea-
sured in the planes of forward flexion, abduction, external
rotation, and internal rotation (the highest vertebra reach-
able with the tip of the patient’s thumb behind the back).
Shoulder strength was measured quantitatively using
a handheld force gauge (HFG-45, Transducer Techniques,
Temecula, California, USA) in the planes of supraspinatus
(90� of abduction in the scapular plane), internal and exter-
nal rotation (adduction with 90� of elbow flexion), adduc-
tion, and lift-off. Additionally, impingement in both
internal and external rotation was assessed.

Intraoperative Factors

Surgical Technique. All operations were performed by
the senior author (G.A.C.M.) with an interscalene block
and with the patient in the beach-chair position. Arthro-
scopic surgery of the glenohumeral joint through a posterior
portal was performed at the beginning of each procedure to
confirm the presence of a rotator cuff tear and identify other
significant labral or capsular lesions. A lateral portal was cre-
ated, and the detached tendon edge was identified and its
mobility evaluated by grasping the edge of the torn tendon
with an arthroscopic grasper and/or passing a suture
through the torn edge and reducing the tendon to the supra-
spinatus footprint. Subsequently, debridement of both the
tendon edge and the anatomic footprint was performed using
an arthroscopic shaver (either 4.0- or 5.5-mm diameter). All
procedures used a knotless inverted-mattress fixation tech-
nique with a single row of sutures to secure the tendon to
the greater tuberosity. Repairs were initially approached
from within the glenohumeral joint (undersurface repair as
has been previously described42), but in cases where repair
was unable to be completed using this approach alone, the
tendon was repaired from the subacromial bursa (bursal-
side repair). Entering through the lateral portal, sutures
were passed via the lateral portal through the detached ten-
don edge using the Opus SmartStitch device (ArthroCare
Corp, Sydney, Australia). A hole was created on the landing
site on the greater tuberosity with a T-handled punch, and
the suture ends were passed through either an Opus Mag-
num 2 (ArthroCare Corp) or Piton (Tornier, Sydney, Aus-
tralia) suture anchor. The anchors were subsequently
deployed into the bone holes, and the sutures were tightened
to achieve full reduction. Partial-thickness tears were con-
verted into full-thickness tears before repair with the same
procedure as outlined above. Other disorders were repaired
as appropriate (eg, stabilization for superior labrum ante-
rior-posterior [SLAP] or Bankart lesions or capsular release
for capsular contracture).

Intraoperative Measurements. The anteroposterior and
mediolateral dimensions of the tear were determined by
comparing the tear visualized with the known diameter
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of the arthroscopic shaver used (4.0 or 5.5 mm).43 The per-
centage of the tendon thickness involved in the tear was
estimated for all tears, with full-thickness tears described
as involving 100% of the tendon thickness. Further, rotator
cuff tissue quality, tendon mobility, and quality of the
repair were each rated on a 4-point scale (fair, good, very
good, or excellent), which has been previously described.43

These ratings were assigned, taking into consideration the
degree of tendon fraying and friability, the ability to reduce
the tendon to its anatomic footprint, and the perceived
strength of the repair. Additional parameters documented
were the length of the operation (the time taken from the
first skin incision and visualization of the glenohumeral
joint through the posterior portal until the initiation of
skin closure), the number of suture anchors used to achieve
fixation, the degree of glenohumeral osteoarthritis, and
any damage to the long head of the biceps tendon.

Postoperative Rehabilitation and Evaluation

Patients were advised to follow a 6-month rehabilitation
protocol that included 6 weeks of immobilization during
the day in a sling with a small abduction pillow (Ultrasling,
DJO, Sydney, Australia). Rehabilitation exercises during
the first 6 weeks focused on gentle passive range of motion
exercises. Between 6 weeks and 3 months, isometric
strengthening exercises were initiated. Between 3 and 6
months, active resistance exercises were commenced.

At 6 months after rotator cuff repair, all patients under-
went shoulder ultrasonography performed by 1 of 2 experi-
enced musculoskeletal sonographers. Real-time ultrasound
was performed using either a General Electric Logiq 9 or
Logiq E9 machine (General Electric, Sydney, Australia)
with a 12-MHz linear transducer, following a standardized
protocol previously described.4 A rotator cuff repair was
deemed to have retorn if there was any full- or partial-
thickness defect visible on ultrasound, irrespective of size.

Data Analysis

The values for each variable were compared between intact
and retear groups using the x2 and Mann-Whitney U tests.
Further preliminary analyses were conducted using
GraphPad Prism 5.0 software (GraphPad Software, La
Jolla, California, USA) to ascertain the point-biserial corre-
lation coefficient between each of the variables and the
dichotomous outcome measure of an intact or retorn
repair. Significance of association was taken as P \ .05.

Multiple logistic regression analyses were performed
using SigmaPlot software (Systat Software, San Jose, Cali-
fornia, USA), with the dependent variable defined as the
presence or absence of a retear at 6-month postoperative
ultrasound examination and the independent variables
defined as the recorded preoperative and intraoperative var-
iables. The preoperative variables recorded were patient sex,
side of the affected shoulder, duration of symptoms, previous
contralateral shoulder problems, previous shoulder disloca-
tions (either shoulder), diabetic status, modified L’Insalata
Questionnaire responses, passive range of shoulder motion
(in forward flexion, abduction, external rotation, and internal

rotation), shoulder strength (in supraspinatus, lift-off, exter-
nal rotation, and internal rotation), presence of internal and/
or external impingement, and drop arm sign. The intraoper-
ative variables measured were age, anteroposterior and
mediolateral tear length, tear thickness, tendon mobility,
rotator cuff tissue quality, repair quality, degree of gleno-
humeral osteoarthritis, damage to the long head of the biceps
tendon, number of suture anchors used, and operative time.
Logistic regression analysis yielded a logit function in which
logit (P) = loge P/(1 – P).

RESULTS

Demographic Information

Of 1493 arthroscopic rotator cuff repairs performed
between January 2006 and June 2011, 493 were excluded
as per our inclusion and exclusion criteria; 123 repairs
were revision procedures, 46 were partial repairs, 22
involved the use of a synthetic PTFE patch, 83 were per-
formed with an operative technique other than the knot-
less inverted-mattress technique, and 219 patients did
not undergo a postsurgery ultrasound evaluation.

This left a 1000-patient cohort consisting of 549 men
and 451 women with a mean age at surgery of 59 years
(range, 18-91 years). There were 589 right shoulders and
411 left shoulders, and 251 patients were identified as hav-
ing a previous contralateral shoulder problem. This
included a history of a rotator cuff tear, impingement syn-
drome, calcific tendinitis, adhesive capsulitis, or signifi-
cant arthritis requiring shoulder arthroplasty. Sixty
patients reported a previous dislocation of either shoulder,
and there were 99 patients suffering from diabetes melli-
tus. The mean duration of symptoms (the time from onset
of shoulder symptoms until rotator cuff repair) was 22.5
months (range, 1-518 months).

A total of 561 full-thickness tears and 393 partial-
thickness tears were noted. Data regarding tear thickness
were not available for the remaining 46 patients. Of the par-
tial-thickness tears, the mean tear thickness was 76% (range,
30%-95%). The mean tear length of partial-thickness tears at
arthroscopic surgery was 1.3 cm in the anteroposterior
dimension and 1.1 cm in the mediolateral dimension. This
was in comparison with the mean anteroposterior and medio-
lateral tear lengths for the entire 1000-patient cohort, which
were 1.8 cm (range, 0.3-8 cm) and 1.5 cm (range, 0.3-8 cm),
respectively. Tear size area, the product of the anteroposterior
and mediolateral tear dimensions, was a mean of 3.54 cm2

(range, 0.09-64 cm2).
The tears were repaired with a mean of 2 suture

anchors (range, 1-7 anchors) in a mean operative time of
23 minutes (range, 4-80 minutes). There were 232 patients
with at least mild glenohumeral osteoarthritis, while 73
patients were noted to have a completely torn long head
of the biceps tendon.

Rotator Cuff Retear Rate

Retears (full- or partial-thickness) were found in 174 of the
1000-shoulder cohort at ultrasound examination 6 months
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after rotator cuff repair, corresponding to an overall retear
rate of 17%.

Preoperative Factors

Demographic Characteristics. Rates of retears were sim-
ilar regardless of patient sex (P = .21) or affected side (P =
.93). The mean duration of symptoms before surgery was
longer in the retear group at 25.4 months compared with
21.9 months in the intact group, but this was not signifi-
cant (P = .089). Patients with a history of either a shoulder
dislocation (P = .046) or a contralateral shoulder problem
(P = .042) were at a greater risk of retears. The diabetic
status of the patient was not a significant contributor to
retears (P = .83).

Preoperative Clinical Evaluation. No predictive effect of
significance with respect to retears was demonstrable for
any preoperative measure of pain frequency, levels of
pain, or difficulty with movements (P . .05). A higher level
of sporting activity at the time of presentation was seen in
the retear group (P = .007).

There was no significant association between retears
and positive impingement signs or preoperative ranges of
motion. A positive drop arm sign was significantly associ-
ated with retears (P = .005), but only 67 patients demon-
strated this sign. Of preoperative measures of strength,
external rotation (P \ .0001) and supraspinatus strength
(P = .0005) were significantly lower in the retear group.
Decreased lift-off strength showed a nonsignificant trend
with retears (P = .089), and neither adduction (P = .25)
nor internal rotation strength (P = .42) predicted retears.

Intraoperative Factors

Patient Age at Surgery. The mean age at surgery for
patients in the intact group (57.6 years) was about 8 years
younger than that of the retear group (65.7 years) (P \
.0001) (Table 1).

Tear Dimensions. Overall, larger tears were more fre-
quently associated with retears (Table 1). The mean antero-
posterior tear length was significantly larger in the retear
group than in the intact group (2.8 vs 1.6 cm, respectively;
P \ .0001). Likewise, the mean mediolateral tear length
was larger in the retear group (2.2 vs 1.4 cm, respectively;
P \ .0001). Consequently, the mean tear size area was
much larger in the retorn group (7.5 vs 2.7 cm2, respectively;

P \ .0001). Full-thickness tears were more likely to retear at
27% than partial-thickness tears at 5% (P \ .0001).

Operative Characteristics. The mean time taken to per-
form the rotator cuff repair was significantly longer in the
retear group (28 minutes) than in the intact group (22
minutes) (Table 1). A greater mean number of suture
anchors were used to achieve fixation in the retear group
(3 vs 2, respectively; P \ .0001). The number of suture
anchors used strongly correlated with the anteroposterior
tear length (r = 0.758). Lower surgeon-rated repair quality
was associated with retears (P \ .0001).

Tissue Quality. Both surgeon-rated tissue quality and
tendon mobility were significantly lower in the retear
group (P \ .0001). Patients whose long head of the biceps
tendon had completely ruptured were significantly more
likely to retear (P \ .0001) than those whose long head
of the biceps tendon was frayed or remained intact. The
presence of glenohumeral osteoarthritis classified as mild
or greater was also associated with retears (P \ .0001).

Correlations With Retears

Table 2 provides a complete list of the variables that dem-
onstrated a significant correlation with rotator cuff
retears. The variables with the greatest statistical correla-
tion with retears were larger anteroposterior tear length
(r = 0.41, P \ .0001), increased tear size area (r = 0.40,
P \ .0001), greater number of suture anchors used (r =
0.39, P \ .0001), larger mediolateral tear length (r =
0.34, P \ .0001), greater tear thickness (r = 0.29, P \
.0001), advanced age at surgery (r = 0.27, P \ .0001), lower
surgeon-rated repair quality (r = 0.20, P \ .0001), poorer
surgeon-rated tissue quality (r = 0.20, P \ .0001), a rup-
tured long head of the biceps tendon (r = 0.18, P \ .0001),
longer operative time (r = 0.18, P\ .0001), presence of gleno-
humeral osteoarthritis (r = 0.18, P \ .0001), poorer surgeon-
rated tendon mobility (r = 0.18, P \ .0001), and preoperative
external rotation weakness (r = 0.17, P \ .0001).

Other factors with statistically significant, albeit
weaker, correlations with retears were preoperative supra-
spinatus weakness (r = 0.12, P = .0005), a positive drop arm
sign (r = 0.09, P = .005), a higher level of sporting activity
at presentation (r = 0.09, P = .007), history of a shoulder
dislocation (r = 0.07, P = .046), and history of a contralat-
eral shoulder problem (r = 0.06, P = .042).

Factors that did not exhibit a statistically significant
correlation with retears included sex (P = .21), side affected

TABLE 1
Comparison of Patients in the Intact and Retorn Rotator Cuff Groupsa

Variable Intact Group (n = 826) Retear Group (n = 174) P Value

Age at surgery, y 57.6 (56.8-58.4) 65.7 (64.2-67.3) \.0001
Anteroposterior tear length, cm 1.6 (1.5-1.7) 2.8 (2.6-3.0) \.0001
Mediolateral tear length, cm 1.4 (1.3-1.4) 2.2 (2.0-2.4) \.0001
Tear size area, cm2 2.7 (2.4-2.9) 7.5 (6.2-8.7) \.0001
Tear thickness, % 89 (88-90) 98 (97-99) \.0001
Operative time, min 22 (21-23) 28 (26-30) \.0001

aValues are expressed as mean (95% confidence interval).
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(P = .93), duration of symptoms (P = .09), diabetes (P = .83),
preoperative strength in all other shoulder movements
(lift-off [P = .09], internal rotation [P = .42], and adduction
[P = .25]), and preoperative passive range of motion in all
directions (external rotation [P = .09], forward flexion [P
= .13], internal rotation [P = .36], and abduction [P = .63]).

Regression Analysis

Multiple logistic regression analyses revealed that the var-
iables with the most independent effect on retears were
anteroposterior tear length, patient age at surgery, tear
size area, mediolateral tear length, tear thickness, and
length of time required to repair the tear. Table 3 ranks
these independent predictors by the strength of their pre-
diction. A number of factors (specifically the number of
suture anchors used, surgeon-rated repair quality and tis-
sue quality, and status of the long head of the biceps ten-
don) that were more common in patients who retore their

rotator cuffs were no longer significant when assessed by
logistic regression analysis (ie, they were not independent
predictors of retears).

The independent predictive factors could be combined to
produce an equation for predicting rotator cuff retears as
follows:

Logit P 5 ð0:0392 3 age at surgery in yearsÞ
1 ð0:0272 3 tear thickness in %Þ
1 ð1 3 anteroposterior tear length in cmÞ
1 ð0:765 3 mediolateral tear length in cmÞ
� ð0:17 3 tear size area in cm2Þ
1 ð0:0184 3 operative time in minutesÞ
� 9:715:

This model was an excellent fit for the raw data in our
study with a likelihood ratio test statistic of 211 (P \ .001).

Clinical Application of the Regression Equation

When the 6 preoperative and intraoperative variables incor-
porated into the equation are entered and some mathemat-
ical manipulation is performed, the above equation can be
used to predict a patient’s likelihood of retears (Figure 1).

Clinical Case Example. A 50-year-old woman presents
with right shoulder pain. On physical examination, she
has reduced supraspinatus strength. An ultrasound
examination suggests a partial-thickness tear of her
supraspinatus tendon. At arthroscopic surgery, an 80%

TABLE 2
Variables Significantly Correlated With Retears Ranked by Strength of Correlationa

Variable Absolute Correlation (r) Direction of Correlation P Value

Anteroposterior tear length*y 0.41 Positive \.0001
Tear size area*y 0.40 Positive \.0001
Number of suture anchorsy 0.39 Positive \.0001
Mediolateral tear length*y 0.34 Positive \.0001
Tear thickness*y 0.29 Positive \.0001
Age at surgeryy 0.27 Positive \.0001
Surgeon-rated repair quality*y 0.20 Negative \.0001
Surgeon-rated tissue quality*y 0.20 Negative \.0001
Intact long head of the biceps tendon* 0.18 Negative \.0001
Operative timey 0.18 Positive \.0001
Glenohumeral osteoarthritis* 0.18 Positive \.0001
Surgeon-rated tendon mobility*y 0.18 Negative \.0001
Preoperative external rotation strengthy 0.17 Negative \.0001
Preoperative supraspinatus strengthy 0.12 Negative .0005
Preoperative positive drop arm sign 0.09 Positive .005
Preoperative level of sporting activityy 0.09 Positive .007
Previous shoulder dislocation 0.07 Positive .046
Previous contralateral shoulder problem 0.06 Positive .042

aThe measured preoperative and intraoperative variables (* denotes that the measurement of observation was made intraoperatively)
demonstrating a significant correlation, with retears ranked by the absolute magnitude of the point-biserial correlation coefficient. For con-
tinuous or ordinal variables (denoted by y), a positive correlation indicates that, as the value of the variable increased, so did the patient’s risk
of a retear, while a negative correlation indicates the opposite. For dichotomous variables (all others), a positive correlation indicates that if
the variable was present, the patient’s risk of a retear was increased, while a negative correlation indicates the opposite.

TABLE 3
Independent Predictors of Retears

Ranked by Strength of Predictive Value (Wald Statistic)

Variable Wald Statistic P Value

Anteroposterior tear length 33 \.001
Age at surgery 17 \.001
Tear size area 12 \.001
Mediolateral tear length 12 \.001
Tear thickness 5 .022
Operative time 4 .036
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partial-thickness tear is found on the underside of her
supraspinatus. The defect measures 1.5 cm in the antero-
posterior dimension by 1 cm in the mediolateral dimension,
giving a tear size of 1.5 cm2. Her tear is repaired in 15
minutes using 2 suture anchors. This patient’s chance of
retears is 3% (Figure 2). Another case example is provided
in the Appendix (available in the online version of this arti-
cle at http://ajsm.sagepub.com/supplemental).

Relationship Between Retears, Age,
and Anteroposterior Tear Length

Table 4 demonstrates the relationship between a patient’s
likelihood of retears and the 2 best independent predictors
of retears: age at surgery and anteroposterior tear length.

DISCUSSION

This study aimed to determine and quantify the relation-
ship of measurable preoperative and intraoperative varia-
bles with retears after arthroscopic rotator cuff repair. We
found the best predictor of retears to be tear size:

specifically, the anteroposterior dimension, mediolateral
dimension, and tear size area. Other variables such as
patient age, operative time, and tissue quality were all sig-
nificantly associated with retears to a lesser degree.

Our study revealed an overall retear rate of 17%. This
compares favorably to previous studies, which have quoted
retear rates between 11% and 57%.3,11,20,40,41,46 That a large
proportion of the tears in our cohort were modest in size
(mean dimensions of 1.8 cm in the sagittal plane and
1.5 cm in the coronal plane) offers one possible explanation
for why our retear rate was lower than that reported by pre-
vious studies. Further, our cohort contained a large number
of high-grade partial-thickness tears (393 cases), which
tended to be smaller (mean of 1.3 cm in the sagittal plane
and 1.1 cm in the coronal plane) than full-thickness tears.
Results by Peters et al38 and Kamath et al21 suggest that
partial-thickness tears converted to full-thickness tears are
less susceptible to retears than full-thickness tears.

Advancing age has been implicated in retears because of
its association with fatty degeneration, reduced resiliency
of tissue to trauma, poorer tissue perfusion, and reduced

Figure 1. Mathematical manipulation of the regression
equation to calculate a patient’s chance of a retear at 6
months after rotator cuff repair.

TABLE 4
Likelihood of Retears in Patients Stratified by Age

at Surgery and Anteroposterior Tear Lengtha

Anteroposterior Tear Length, cm

Age, y \2 2-2.9 3-3.9 �4

\60 10/340 (3) 22/131 (17) 9/37 (24) 8/16 (50)
60-69 5/117 (4) 22/91 (24) 14/39 (36) 13/21 (62)
�70 7/64 (11) 17/58 (29) 23/37 (62) 21/35 (60)

aValues are expressed as n (%).

Figure 2. Application of the regression equation to a clinical
case example.
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stores of growth factors pivotal to tendon healing.3,8,19,29,36

A number of the variables that we examined were related
to tissue quality and found to correlate significantly with
retears. That age was found to be an independent predictor
in our multivariate regression analysis suggests either
that age-related changes to tissue quality cannot be fully
appreciated at arthroscopic surgery or that the role of
age in retears may be more than a simple relationship
with tendon quality.

Biomechanical and clinical research by Cummins and
Murrell9 and Mazzocca et al,28 respectively, has shown that
the most common mechanism of a retear is pullout of intact
sutures through the tendon. Thus, the suture-tendon inter-
face is the weak point of the repair, making it reasonable
to suspect that tendon quality may be a key factor in retears.
The results of this study confirmed what has been previously
documented, with both lower surgeon-rated tissue quality
and lower tendon mobility at arthroscopic surgery correlating
significantly with retears. It was interesting, however, to
note that surgeon-rated tissue quality was not as predictive
of retears as tear size or patient age, which is a finding pre-
viously demonstrated by Wu et al.43

To our surprise, we found that the diabetic status of
patients did not demonstrate a relationship with retears.
Our results appear to contrast with recent findings by
Chung et al7 and our knowledge from rodent models by
Bedi et al2 that diabetes impedes tendon healing after rota-
tor cuff repair, although we did not assess the level or
duration of glycemic control.

Our data supported the importance of tear size as a predic-
tor of retears. The chance of retears progressively increased
with both increasing anteroposterior and mediolateral tear
lengths. However, whereas studies have traditionally
reported the importance of tear retraction (ie, mediolateral
tear length),7,8,14,23,24,30,35,37 our findings on a correlation
analysis corroborate with more recent work by Boileau
et al3 that suggests that the length in the sagittal plane
(anteroposterior tear length) is more predictive of retears.

With regard to operative characteristics, we found that
a longer operative time and a greater number of suture
anchors used significantly correlated with retears. The num-
ber of suture anchors used, however, was strongly correlated
with the anteroposterior tear length. It could be thought that
operative time would be highly dependent on other variables,
particularly tear size, but our multivariate regression analy-
sis revealed that it retained an independent effect.

One of the primary aims of this study was to determine
the relative importance of variables associated with retears.
The relatively low correlation coefficient (r) values obtained,
with only anteroposterior tear length and tear size area dem-
onstrating r . 0.4, suggest that a rotator cuff retear is a mul-
tifactorial process and that no single factor is
overwhelmingly predictive of it. However, we can conclude
that factors relating to the tear size (anteroposterior tear
length, tear size area, number of suture anchors, mediolat-
eral tear length, and tear thickness) appear to have a greater
statistical correlation with retears than factors relating to
patient tissue quality (age at surgery, surgeon-rated tissue
quality, biceps tendon integrity, glenohumeral osteoarthritis,
and tendon mobility). In fact, regression analysis revealed

that the independent factors most predictive of retears
were anteroposterior tear length, patient age, tear size
area, mediolateral tear length, tear thickness, and operative
time. With the exception of patient age, all of these variables
relate to tear size. Although numerous previous studies have
shown a significant effect for tear size,1,5,7,18,20,22,31,33 to our
knowledge, Gladstone et al15 and Wu et al43 have published
the only previous studies identifying preoperative tear size as
an independent predictor of retears. Gladstone et al15 found
that, while muscle degeneration significantly affected retears
when analyzed in isolation, preoperative tear size was the
only independent predictor of healing upon multivariate
analysis, results that hold stark similarities to our own.

The other major aim of this study was to produce a pre-
dictive formula for rotator cuff retears incorporating preop-
erative and intraoperative variables. When combined, the
best independent predictors of retears predict the likeli-
hood of retears at 6 months after rotator cuff repair
through the following equation: logit P = (0.039 3 age at
surgery in years) 1 (0.027 3 tear thickness in %) 1

(1 3 anteroposterior tear length in cm) 1 (0.76 3 medio-
lateral tear length in cm) – (0.17 3 tear size area in cm2) 1

(0.018 3 operative time in minutes) – 9.7. We recognize
that the clinical usefulness of the formula is somewhat lim-
ited by the fact that the variables incorporated (except for
age) are obtained intraoperatively. This means that the
formula is not necessarily valid for application to a preoper-
ative situation.

A major strength of this study was the 1000-patient
cohort representing, to our knowledge, the largest single
study examining radiologically determined structural
integrity after rotator cuff repair. Other strengths include
the use of standardized forms to ensure uniformity in data
collection and the assessment of repair integrity using
experienced musculoskeletal sonographers.

An important limitation of this study is the relatively
short follow-up period of 6 months. Previous studies at our
center and others,31,32 however, have shown that there is
no significant increase in the retear rate between 6 months
and 2 years after surgery, suggesting that the majority of
retears occur within 6 months of repair. Further limitations
of this study include its retrospective nature, which may
have resulted in a loss of patients to follow-up. It also meant
that variables such as hand dominance, smoking status,
and magnetic resonance imaging parameters, notably fatty
infiltration and muscular atrophy, could not be analyzed, as
this information was not available for all patients. Another
limitation lies in the inherent subjectivity of some variables,
particularly surgeon-rated tissue quality and tendon mobil-
ity, although efforts were made to standardize these meas-
urements through the implementation of a 4-point rating
scale. Finally, that a single surgeon performed all opera-
tions with a single technique means that the results may
not necessarily be applicable to other surgeons and/or other
rotator cuff repair techniques. For example, operative time
is one parameter included in the predictive formula for
which there may be a significant interoperator variation.

In conclusion, while we found a rotator cuff retear after
arthroscopic rotator cuff repair to be a multifactorial process
with no single preoperative or intraoperative factor being
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overwhelmingly predictive of it, the best predictors of
retears were measures of tear size, including anteroposte-
rior and mediolateral tear dimensions, tear size area, and
tear thickness. These factors demonstrated stronger rela-
tionships with retears than measures of tissue quality,
tendon mobility, or a concomitant shoulder injury. Addition-
ally, patient age at surgery was found to be a strong
independent predictor of retears. Furthermore, our
findings suggest that anteroposterior tear length is more
predictive of retears than mediolateral tear length (tear
retraction).
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