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Purpose: We assessed reliability, responsiveness, and sensitivity of the Short Form-12 (SF-12), Visual Analog Scale
(VAS) Pain score, and Penn Shoulder Score (PSS) in patients with surgical repair of rotator cuff tear. Methods: The SF12, PSS, and VAS-Pain were administered at a screening visit and at six follow-up visits over 1 year. Internal consistency,
test-retest reliability, standardized effect sizes, and corrected item-total correlations were calculated and cumulative
distribution function plots were constructed. Results: Cronbach’s alpha coefficients exceeded 0.70 for PSS Pain and
Function subscales but not for PCS-12 or MCS-12 of the SF-12. The PSS Function, PCS-12, MCS-12, and VAS-Pain gave
intraclass correlation coefficients (ICCs) between 0.60 and 0.80, while PSS Pain and Satisfaction subscales gave ICCs
between 0.44 and 0.73. Standardized effect sizes between week 52 and baseline were between 1.5 and 3.5 for all scales,
apart from the MCS-12 effect size of 0.005. Effect sizes between retear and no retear groups were between 0.3 and 0.7
for all scales, apart from MCS-12 effect size of 0.10. Cumulative distribution functions between retear and no retear groups
revealed visual separation between changes in the PSS total score, PCS-12, and VAS Pain score, but no separation in the
MCS-12. Conclusions: Cronbach’s alpha for PCS-12 and MCS-12 scales were below the generally accepted level of
0.70. The PCS-12, MCS-12, PSS total, PSS Function subscale, and VAS-Pain showed moderate test-retest reliability while
PSS Pain and Satisfaction subscales showed fair test-retest reliability. All scales except the MCS-12 showed excellent
responsiveness and discernible sensitivity.
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INTRODUCTION
Background
The rotator cuff is a network of four muscles and their tendons
that form a covering around the head of the humerus or
upper arm bone [1]. When one or more of the rotator cuff
tendons is torn, the tendon no longer fully attaches to the
head of the humerus. Rotator cuff tears are associated with
muscle overuse, natural aging processes, tobacco use, and
diabetes mellitus [2, 3]. Rotator cuff tears are more common
in patients involved in physical work and sports [4]. When
non-surgical options do not decrease pain or improve function,
surgery is recommended [5].
There are three options for rotator cuff tears surgery: open
surgery, mini-open surgery, and all-arthroscopic surgery [6].
Arthroscopic surgery has proven successful in treating rotator
cuff tears [3] and is preferred over open surgery because
arthroscopic surgery is associated with fewer postoperative
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complications, including pain and scarring, than open surgery
[3, 7]. A common complication after rotator cuff repair surgery
is rotator cuff retears [8]. Size of the tear, age, improper
rehabilitation, degree of muscular atrophy, and degree of
fatty infiltration of the cuff muscle have been identified as
risk factors for retears [2, 8, 9].
Surgery on rotator cuff tears is intended to improve daily
activities of patients, and improve their health-related quality
of life [10]. Effects of arthroscopic surgeries on healthrelated quality of life of patients have been examined using
self-reported, patient-based instruments [10-12]. Generic
health-related quality of life instruments are useful in
determining health status of any individual and conditionspecific instruments ascertain disability or Function due to
a particular condition. Shoulder functional outcomes have
been examined using Penn Shoulder Score (PSS) [13, 14] and
using generic instruments including the SF-12 and SF-36 [10,
15], and the VAS-Pain [16, 17].
109
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We found no reports that compared the SF-12, PSS, and
VAS-Pain among a population suffering from rotator cuff
tears. Since there is no established gold standard for shoulder
health-related quality of life outcomes, comparison of these
instruments’ reliability, validity, and responsiveness in
individuals suffering from rotator cuff tears would be valuable.
This study assessed internal reliability, test-retest reliability,
responsiveness, and sensitivity for the SF-12, PSS, and VAS
Pain score for subjects who underwent rotator cuff tear surgery.

METHODS
Data Sources
Data for analysis was obtained from a clinical trial (Protocol
number B1861001) conducted by Pfizer, Inc. with the
study number of 3202V1-1000 and with NLM identifier:
NCT00739947 from clinicaltrials.gov [18]. Iannotti and
colleagues used the data from this trial to evaluate time to
failure after rotator cuff repair and concluded that retears
primarily occurred between six and twenty-six weeks after
rotator cuff repair [19]. Data for the current study included
information on the race, sex, and age of individuals, whether
an individual suffered a retear during the post-operative
period, and responses on the SF-12, PSS, and the VAS-Pain
scale. Cases with missing data on any of the study variables
were excluded from the analysis.

Sample Selection
Sample inclusion criteria were ages between 21 years and 75
years inclusive with a full-thickness rotator cuff tear between
one and four centimeters, as estimated on magnetic resonance
imaging (MRI) taken within 3 months before surgical repair.
Subjects were required to have a normal active range of motion
in their contralateral shoulder.
Sample exclusion criteria included previous, shoulder
arthroscopy, acromioplasty, previous rotator cuff repair,
fracture of the shoulder joint; tears of the subscapularis or labral
pathology; moderate or severe degenerative glenohumeral
arthritis, avascular necrosis or chondrocalcinosis, or,
rheumatoid arthritis affecting the shoulder joints; Stage 3 or 4
fatty infiltration (according to the Goutallier 7 grading scale)
of their rotator cuff muscles on MRI taken within 3 months
of surgical repair; shoulder instability in either shoulder; or
treatment with corticosteroid injections in the shoulder under
study within 3 months before surgical intervention.
Individuals who suffered either a local or systemic infection
that would preclude arthroscopy or those who were either
unwilling or unable to undergo examination with closed MRI
(e.g., because of claustrophobia or the presence of a pacemaker
or an automatic cardioverter defibrillator) were excluded.
Subjects unable to complete functional evaluations prior to
surgical repair were also excluded from analysis.
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Data Collection
Subjects scheduled to undergo arthroscopic surgical repair for
their rotator cuff tears provided informed consent and were
screened within three months before surgical repair. The
SF-12, PSS and VAS-Pain were administered to subjects at
the screening visit and at each post-operative visit beginning
at 6 weeks, 12 weeks, 16 weeks, 26 weeks, 39 weeks and 52
weeks after surgery.

Ethical Consideration
The clinical trial from which data for this study was derived,
was in accordance with applicable laws and regulations
including, but not limited to, the International Conference
on Harmonisation (ICH) Guideline for Good Clinical Practice
(GCP) and the ethical principles that have their origins in the
Declaration of Helsinki Institutional Review Board. Approval
for the current study was obtained from the Institutional
Review Board at Purdue University, West Lafayette, Indiana.

Study Variables
Demographic Variables

Demographic variables including patient age, gender, and
race were collected. Age was collected as a categorical variable
with individuals younger than forty years grouped together,
ages forty to fifty years grouped together, ages fifty-one to
sixty years grouped together, and individuals older than sixty
years grouped together.
Retear Variable

Individuals were examined for muscle retears at post-operative
visits from visit three to visit nine using MRI assessments.
Any subject who had at least one retear during this period was
categorized as having a retear. A variable indicating retear was
coded ‘Yes’ for a retear or ‘No’ for no retear.

Patient-reported Outcomes
The Short Form-12 Questionnaire (SF-12)

The SF-12 consists of 12 questions concerning physical
and mental function and well-being. The domains include
physical functioning, role physical, general health, mental
health, social functioning, role emotional and vitality. There
are two component summary scores - the physical component
summary (PCS) score and the mental component summary
(MCS) score that are generated after assigning individual
weights to each domain, using scoring instructions provided
by Ware, Kosinski and Keller [20].
Penn Shoulder Score (PSS)

The Penn Shoulder Score consists of three subscales: Pain,
Satisfaction, and Function. The Pain subscale consists
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of three items that address pain at rest, pain with normal
activities, and pain with strenuous activities. A patient is
awarded a maximum of thirty points for complete absence
of pain. If a patient is not able to use the arm for normal or
strenuous activities, zero points are awarded for that item.
The Satisfaction subscale is assessed with a ten-point numeric
rating scale ranging from “not satisfied” with a value of ‘0’ to
“very satisfied” with a value of “10”. The Function subscale
is based on a sum of twenty items, each with a four-point
Likert scale. A patient is awarded sixty points if he or she
can perform all activities without difficulty. Scores for each
subscale were calculated using instructions provided by Leggin
and colleagues [13].
Visual Analog Scale (VAS)-Pain

The VAS for Pain is a standard 100-mm visual analog scale
that was used to obtain subject’s self-assessment of Pain in
the injured shoulder. A score of 0 indicates ‘no Pain’, while a
score of 100 indicates ‘worst possible Pain’ [21].

Study Analyses
Data management and analysis was carried out using SAS for
UNIX version 9.3 [22]. An a priori alpha level of 0.05 was used
for all analyses. Cumulative distribution function plots for the
scales were created using Stata for UNIX version 12.1 [23].

Internal Consistency
Cronbach’s alpha for the SF-12, PSS, and VAS-Pain at
baseline pre-operative visits and final post-operative visit
were calculated. Nunnally’s criterion of a Cronbach’s alpha
of 0.70 or higher was considered as a threshold for internal
consistency reliability [24].

Test-retest Reliability
To assess test-retest reliability of the SF-12, PSS, and VASPain, intraclass correlation coefficients were calculated for
scale scores at weeks 39 and 52 of the post-operative visits.
This time period was chosen as it was considered a relatively
stable period with little to no change was expected in the
health status of the patient. Intraclass coefficient correlations
were determined using the Intracc macro for SAS developed
by Hamer to determine test-retest reliability [25]. The macro
calculates intraclass correlation (2,1) as discussed in Shrout
and Fleiss [26]. Intraclass correlations (2,1) from a two-way
random effects model where patients and time have random
effects were examined, and the absolute agreement definition
of concordance was computed [26, 27].

Item-level Validity
For multi-item scales, corrected item-to-total correlation
(i.e., the item in question is removed from the total score)
was performed for each item to determine if an item was part
of the same construct (concept) as measured by the other
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items in the same scale.

Responsiveness and Sensitivity
Distribution-based methods allow for standardization
among scales with different ranges and different scoring.
One such distribution-based method includes estimating
effect sizes [28].
For each patient-reported outcome, standardized effect
sizes for responsiveness (within-subject change) were
calculated by subtracting each individual’s baseline score
at pre-operative visit from the final score post-operatively at
week 52 to calculate each change score, and then this mean
change in score was divided by the standard deviation of the
baseline scores to compute an effect size for responsiveness.
Standardized effect sizes for sensitivity between retear and
no retear groups were calculated by estimating the difference
in mean changes from the baseline visit to the week 52 visit
between the no retear group and the retear group, and then
dividing this difference by the pooled baseline standard
deviation.

Interpretation
Cumulative distribution function plots provide a graphical
interpretation of responsiveness within groups and
sensitivity between groups [28, 29]. Change from baseline
of the patient-reported outcome scores is presented on
the horizontal axis and the cumulative percent of patients
experiencing up to that change is presented on the vertical
axis.
For PCS-12, MCS-12 and PSS plots, changes between week
52 and baseline (change = week 52 score minus baseline
score) were presented on the horizontal axis and the
cumulative percent of patients who experienced that change
or less were presented on the vertical axis. Positive changes
in difference in mean scores between groups for PCS-12,
MCS-12, and PSS represented better health.
For VAS-Pain, higher scores are indicative of greater pain.
Individuals are expected to have lower scores (lesser pain)
on the VAS-Pain after surgery as compared to prior surgery.
To accommodate for this in VAS-Pain plot, changes between
baseline and week 52 (change = baseline score – week 52
score) were presented on the horizontal axis and cumulative
percent of patients experience that change in score or less
was presented on the vertical axis. In the case of VAS-Pain,
as was in the case of the PCS-12, MCS-12 and PSS, positive
changes in the difference in mean scores between groups
are favorable. Differences in the cumulative distribution
functions between retear and no retear groups were tested
with the Kolmogorov-Smirnov test [30].
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RESULTS

were older than 60 years of age, and 91 individuals (59%)
were males, and 131 individuals (86%) were Caucasian.

Sample

Internal consistency reliability

A total of 199 subjects from 13 investigation sites were
randomized in the clinical trial. Thirty-seven of the 199
individuals (18.6%) were not evaluable for various reasons
(including withdrawal before 6 months of follow-up and
violation of one or more inclusion or exclusion criteria),
leaving a total of 162 individuals. Nine individuals did not
have any demographic information leaving a sample of 153
individuals who had demographic information. A total
of 22 individuals suffered retear and the remaining 131
individuals did not. Sample demographic characteristics are
summarized in Table 1. Seventy-one individuals (46.41%)

Table 2 provides the Cronbach alpha coefficients for each of
the scales based on available scores obtained at pre-operative
baseline visit and final post-operative visit at week 52 for the
total sample, individuals with retears, and individuals with
no retears. Cronbach’s alpha coefficient for the PCS-12 was
0.68 at baseline and at the week 52 post-operative visit for
the total sample while Cronbach’s alpha coefficient for the
MCS-12 was 0.63 at baseline and 0.67 at week 52 for the
total sample.

Table 1. Sample Demographic Distribution for total sample, individuals with no retears: and individuals with retears

Demographic

Total

No Retear group

Retear group

(N=153)a

(N=131)

(N=22)

Frequency

Percent

Frequency

Percent

Frequency

Percent

P-valueb

Age
Younger than 40 years

4

2.61

4

3.05

0

0.00

40 to 50 years

24

15.69

21

16.03

3

13.64

51 to 60 years

54

35.29

46

35.11

8

36.36

Greater than 60 years

71

46.41

60

45.80

11

50.00

Male

91

59.47

83

63.36

8

36.36

Female

62

40.52

48

36.64

14

63.64

2

1.30

2

1.53

0

0.00

0.482

Gender
0.049

Race
Asian

0.030

Black African American

14

9.15

13

9.92

1

4.55

Caucasian

131

85.62

111

84.73

20

90.91

6

3.92

5

3.82

1

4.55

Hispanic

Total number of individuals in the study were 162, with 9 individuals having missing data on the demographics
b
From the chi-square test based on the null hypothesis of equal proportions
a

Table 2.Cronbach Coefficients for PCS, MCS, and Penn Shoulder Scores with Pain and Function subscales scores for baseline pre
operative and final post-operative visits for total sample, individuals with no retears: and individuals with retear
Total group
(N=160)

No Retear group
(N=139)

Retear group
(N=21)

Scores

Baseline preoperative visit

5 2-week post
operative visit

Baseline preoperative visit

52-week post
operative visit

Baseline preoperative visit

52-week post
operative visit

SF-12

-

-

-

-

-

-

PCS-12

0.68

0.68

0.68

0.68

0.70

0.71

MCS-12

0.63

0.67

0.69

0.69

0.69

0.73

Score

0.81

0.84

0.81

0.85

0.82

0.81

Pain

0.85

0.86

0.84

0.86

0.86

0.87

Function

0.76

0.76

0.76

0.76

0.76

0.94

Penn Shoulder

Note: Satisfaction subscale in Penn Shoulder Score and VAS-Pain scale are one-item scales; therefore, Cronbach’s alpha cannot be
estimated for them. Two individuals from a sample of 162 individuals with missing data on the scales were not included in the analyses.
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Cronbach’s alpha coefficients for the total PSS values for the
total sample were 0.81 at baseline and 0.84 at week 52. The
PSS Pain subscale had values of 0.85 and 0.86 at baseline and
at week 52, respectively, and the PSS Function subscale had
a value of 0.76 at baseline and at week 52 visits. Cronbach’s
alpha could not be estimated for PSS Satisfaction subscale
or VAS-Pain as both of them have one item each.
SF-12 items that showed a sizeable correlation with MCS12, including those on mental health, role emotional,
general health, and social functioning, had high item-tototal correlation of at least 0.4. Similarly, SF-12 items that
showed a sizeable correlation with PCS-12 including those
on physical health, role physical, bodily pain, and vitality
also had item-to-total correlation of at least 0.4. Pain,
Satisfaction, and Function subscales of the PSS correlated
meaningfully with the total PSS score with values higher than
0.4. Items within Pain and Function subscales also showed
item-to-total correlation of greater than 0.4.

Test-retest Reliability
Table 3 provides the estimated ICCs (for the absolute

agreement of concordance) between weeks 39 and 52 after
surgery for component summary scores of the SF-12; total
score, Pain, Satisfaction and Function subscales of the PSS;
and the VAS-Pain scales. For PCS-12, the ICC was 0.62 for
MCS-12, the ICC was 0.69. The ICC for the total PSS score
was 0.69, 0.55 for the PSS Pain subscale, 0.48 for the PSS
Satisfaction subscale, 0.73 for the PSS Function subscale,
and 0.62 for the VAS-Pain scale.

Effect Sizes
Tables 4 and 5 provide baseline pre-operative scores and
scores at final post-operative visit at 52 weeks, mean change
in scores, baseline standard deviation, and (standardized)
effect sizes for the component summary scores of the SF-12,
total PSS scores and the PSS subscale scores, and the VASPain scale scores. For the total sample, the effect size for
the PCS-12 was 1.51, while the effect size for MCS-12 was
0.005; the effect sizes were 2.71 for the total PSS, 2.91 for
the PSS Pain subscale, 3.35 for PSS Satisfaction subscale,
2.25 for the PSS Function subscale and 2.02 for the VASPain scale (Table 4).

Table 3 Intraclass correlation coefficients (for absolute agreement) between weeks 39 and 52 to assess test-retest reliability for PCS- 12
and MCS-12, Penn Shoulder Scores (Pain: Satisfaction and Function subscales) and VAS-Pain scale
Total
(N=126)

No Retear group
(N=110)

Retear group
(N=16)

Scores

Absolute agreement

Absolute agreement

Absolute agreement

SF-12

-

-

-

PCS-12

0.62

0.62

0.63

MCS-12

0.69

0.79

0.48

Penn Shoulder Score

0.69

0.69

0.71

Pain

0.55

0.55

0.54

Satisfaction

0.48

0.44

0.73

Function

0.73

0.72

0.79

VAS-Pain

0.62

0.66

0.44

Table 4. Effect sizes for PCS-12 and MCS-12, Penn Shoulder Scores (total Pain. Satisfaction and Function subscales). and VAS-Pain scale
at baseline pre-operative visit and after 52 weeks for total sample (N=127)
Baseline preoperative mean
scores

Scores
SF-12

52-week postoperative mean
scores

Mean change
scores

Baseline Standard
deviation

Effect Size

-

.

-

-

-

PCS-12

37.96

51.09

13.13

8.68

1.51

MCS-12
Penn Shoulder
Score- total
Pain

54.57

54.63

0.06

10.19

0.005

46.72

91.83

45.10

16.65

2.71

14.94

27.78

12.84

5.86

2.91

Satisfaction

1.70

8.89

7.19

2.15

3.35

Function

30.11

55.12

25.01

11.09

2.25

56.15

5.88

-50.27

24.89

2.02

VAS-Pain

a

Mean change was defined as Week 52 minus preoperative baseline level for SF-12 and Penn Shoulder Score. For VAS-Pain, mean
change was defined as baseline level minus Week 52, Therefore, for all three sets of outcomes, more positive changes and effect sizes are
more favorable.
a
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Effect size between retear and no retear groups were also
estimated for each scale (Table 5). The effect sizes between
retear and no retear groups were estimated at 0.30 for PCS12, 0.11 for MCS-12, 0.54 for total PSS, 0.45 for PSS Pain
0.71 for PSS Satisfaction , 0.42 for PSS Function and, finally,
0.51 for VAS-Pain.

Cumulative Distribution Function Plots
Figure 1 shows cumulative distribution function plots for
the change scores on the PCS-12, MCS-12, PSS, and VASPain. For the graph depicting change in PCS scores versus
the percentage of patients experiencing change in the score,
there was appreciable separation between retear and no
retear groups for most change scores but not for the higher
change scores (Kolmogorov-Smirnov test p-value=0.268).
Approximately 60% of subjects in the retear group had scores

of 10 points or less, versus approximately 30% of subjects in
the no retear group. The cumulative distribution function
plot for the MCS clearly had substantial overlap throughout
between the retear and no retear groups for positive change
scores (Kolmogorov-Smirnov test p-value = 0.914).
For the total PSS, despite the lack of statistical significance
(p=0.159), there was evidence of clear separation between
the two curves for the majority of values. Approximately
55% of the subjects had scores of 40 points or less in the
tear group, relative to approximately 30% of subjects in
the no retear group. The same type of separation can be
noted for the VAS-Pain scale (Kolmogorov-Smirnov test
p-value=0.18). Approximately 40% of subjects in the retear
group had scores of 20 points or less, compared with 10% in
the no retear group

Fig. 1 Cumulative distribution function plots for PCS-12, MCS-12, Penn Shoulder Score, and VAS-Pain with two curves indicating individuals
with retears and individuals without retears. In the horizontal axis a higher change in mean change scores for PCS-12, MCS-12, PSS, and
VAS-Pain represent more favorable responses. The vertical axis is cumulative percentage of individuals experiencing that level of change or
less in the respective patient-reported outcome scores.
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Table 5. Effect sizes for PCS-12 and MCS-12, Penn Shoulder Scores (total and also Pain. Satisfaction and Function subscales), and VAS-Pain scale at baseline
pre-operative visit and after 52 weeks for individuals with no retear injuries and with retear injuries
No Retear group (N=110)

Retear group (N=17)

Baseline
mean
scores

52week
mean
scores

Meana
chanee
scores

Baseline
standard
deviation

Effectb
Size of no
retear group

Baseline
mean
scores

52week
mean
scores

Meana
change
scores

Baseline
standard
deviation

Effectb
size of
retear
group

Effect sizec
between no
retear and
retear groups

_

_

_

_

_

_

_

_

_

_

_

PCS-12

37.99

51.47

13.48

8.37

1.61

37.79

48.63

10.85

10.64

1.02

0.30

MCS-12

55.20

55.39

0.19

9.5

0.02

50.55

49.72

-0.84

10.50

0.08

0.11

scores

46.52

92.81

46.30

15.96

2.90

48.06

85.41

37.35

21.22

1.76

0.54

Pain

14.92

28.12

13.20

5.71

2.31

15.06

25.58

10.53

6.97

1.51

0.45

Score

SF-12

Penn Shoulder

Satisfaction

1.63

9.03

7.40

2.11

3.51

2.18

8.06

5.88

2.40

2.45

0.71

Function

29.99

55.63

25.64

10.73

2.39

30.83

51.76

20.93

13.50

1.55

0.42

VAS-Pain

56.44

4.44

-52.00

24.53

2.12

54.23

15.17

-39.06

31.00

1.26

0.51

Mean change was defined as Week 52 minus preoperative baseline level for SF-12 and Penn Shoulder Score. For VAS-Pain, mean change was defined as
baseline level minus Week 52, Therefore, for all three sets of outcomes, more positive changes and effect sizes are more favorable.
b
Effect size within group (responsiveness) is the difference in its mean scores between baseline and Week 52, divided by its baseline standard deviation.
c
Effect size between groups (sensitivity) is the difference in their mean changes, divided by their pooled baseline standard deviation.
a

DISCUSSION AND CONCLUSIONS
To our knowledge, no study has reported reliability,
responsiveness, and sensitivity of the SF-12 in a population
that underwent arthroscopic surgery on rotator cuff tears.
Cronbach’s alpha for PSS total and its Pain, and Function
subscales were higher than 0.70 in our study, indicating good
reliability according to Nunnally’s criterion [24]. However,
PCS-12 and MCS-12 were not higher than 0.70 for the total
sample. Estimates of ICCs have been given the following
classifications: with less than 0 as poor; between 0 and 0.2 as
slight agreement; between 0.21and 0.40 as fair agreement;
between 0.41 and 0.60 as moderate; between 0.61 and
0.80 as substantial; and between 0.81 and 1.00 as almost
perfect [31]. The test-retest reliability coefficients in the
current study were 0.62 for the PCS-12 scale and 0.69 for
the MCS-12 scale, indicating that they had “substantial”
reliability. Ideally, we would have liked to see ICC values
above 0.70. The test-retest reliability coefficients from a
general population obtained by Ware and colleagues while
developing the SF-12 instrument was higher with 0.89 for
PCS-scale and 0.75 for MCS-scale [20].
For the Penn Shoulder Scale, Leggin and colleagues reported
a test-retest reliability of 0.88 for the Pain subscale and 0.93
for Satisfaction subscale as well as for Function subscale for
a cohort of individuals who suffered from various shoulder
pathologies and were undergoing physical therapy [13].
In the current study, test-retest reliability estimates were
estimated as 0.69 and 0.73 for the total scale and PSS
Function subscale, respectively, indicating that both scales
were substantially reliable. PSS Pain and PSS Satisfaction
subscales had moderate test-retest reliability estimates
of 0.55 and 0.48 respectively for the total sample. The
difference in estimates between the study by Leggin and this
current study could be due to differences in the time intervals
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between the test and retest values across the studies. Leggin
had a shorter time interval of four weeks as compared to the
thirteen-week interval that was selected in the current study.
Boonstra and colleagues reported test-retest reliability to be
between “moderate” and “good” for the VAS-Pain scale [17].
In the current study, we obtained a test-retest reliability
estimate of 0.62 for VAS-Pain, a magnitude also considered
“substantial”[31]. The relatively lower test-retest reliabilities
in the current study could be explained due to missing data
in our sample with thirty-six individuals having missing data
from our sample of 162 individuals.
According to Cohen, a ‘small’ effect size is one in which there
is a real effect which can be proved with careful study, and a
‘large’ effect size is an effect which can be determined even
without careful study [32]. Cohen provided thresholds on
the impact of an intervention, with values of 0.2 generally
regarded as “small,” 0.5 as “medium,” and 0.8 as “large” [32].
In our study, we found excellent responsiveness of 1.51 for
PCS-12, no responsiveness was found for MCS-12 (0.005).
Effect size for the total Penn Shoulder Score was excellent
in the current study, with a value of 2.71, while the effect
size for Penn Shoulder Score as estimated by Leggin and
colleagues was lower but also large (1.01). One possible
reason why effect sizes for the Penn Shoulder Score were
larger than those reported by Leggin and colleagues could
be that the time period that Leggin et al. included was a
four-week period between two successive visits by patients
[13]. We included the baseline pre-operative scores and the
final post-operative scores after one year to determine the
responsiveness. The longer time period in our study could
have contributed to higher effect sizes.
For all the scales, the effect size for individuals who suffered
from retear were observed to be lower than the effect sizes
for individuals who did not suffer retears. This finding is
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consistent with our expectations of observing lower change
in mean scores of the health-related quality of life scores for
individuals who suffered retears, as they would be expected
to gain lower increase in their physical functioning during
their recuperation relative to individuals without retears.
In addition to standardized effect sizes, we examined
standardized response means [33], which are calculated by
subtracting each individual’s baseline score at pre-operative
baseline visit from the final visit at week 52 and dividing
the mean change in score by standard deviation of change
in scores (instead of the standard deviation of scores at
baseline). For all scales, values for standardized response
means were comparable to those of the standardized effect
sizes reported here.
Effect sizes obtained from retear and no retear groups can
be directly compared to determine differences, or sensitivity,
between the groups. The effect size between retear and
no retear groups for PCS-12 was 0.30, indicating that the
effect size was between “small” and “medium” according to
Cohen’s criterion [32]. For MCS-12, however, the effect
size between retear and no retear groups was only 0.11 and
not relevant. For the PSS, the effect size between groups
was estimated to be medium (or moderate) with a value of
0.54. The Pain subscale of the PSS approached a medium
effect size (0.45) between groups, the Satisfaction subscale
of the PSS had a medium-to-large effect size of 0.71, and
the Function subscale of the PSS approached a medium
effect size (0.42). The VAS-Pain had a medium effect size
of 0.51 between groups.
The above trends were also reflected in the cumulative
distribution function plots for PSS, PCS-12 and VAS-Pain
where separation occurred for most of the distribution while
the same was not observed for MCS-12. The lack of the
statistical significance between the curves for the PCS-12,
the total PSS, and the VAS-Pain can be explained by the
imbalance in the sample size between the retear group and
no retear group. Out of a total sample of 127 patients, 110
were in one group (no retear) and the rest (only 17) were in
the retear group. This gross lack of balance in the sample
size between groups resulted in lack of statistical significance
between the cumulative distribution curves between the two
groups for total PSS, VAS-Pain, and possibly the PCS-12.
Although the study was not designed to provide statistical
power to distinguish the groups in this respect, the direction
and magnitude of the difference appears to be meaningful.
The study has at least four limitations for consideration.
Missing data on the PRO measures may have affected the
results. Although three-quarters (74%) of data were available
for PRO measures, there is no way of knowing for sure the
missing data mechanism and hence the true values with all
data completed. Nonetheless, a comparison between the
group with missing PRO data and the group not missing
PRO data on demographic and clinical factors revealed that
there was no significant difference between the groups on
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age, gender or race. Another limitation is that the results
from the trial (given its inclusion and exclusion criteria) may
not be necessarily generalized to a wider population. Also,
as this clinical trial was not blinded, the assessments may
have been affected by responder bias. Moreover, statements
on relative efficacy between interventions cannot be made,
since everyone in this study had undergone surgical repair
and there was no control group.
The current study has a major strength in the evaluation
of the effect of rotator cuff repair and its impact on health
status of patients who underwent arthroscopic surgery. The
current study included both generic measures, SF-12 and
VAS-Pain instruments, and a condition-specific instrument,
the PSS which has not been examined as a set of measures
in previous studies.
In conclusion, while the PSS total, the function subscale of
PSS, the PCS-12, MCS-12, and VAS-Pain showed moderate
test-retest reliability for individuals suffering from rotator
cuff tears, the Pain and Satisfaction subscales of the PSS
showed only fair test-retest reliability. The PSS (total) score
and its Pain and Satisfaction subscales showed high internal
consistency. All the scales apart from the MCS-12 showed
excellent responsiveness and discernible sensitivity according
to their respective effect sizes. Effect size between retear
and no retear groups were of medium or moderate effect for
PSS, Pain, and Satisfaction subscales as well as for VAS-Pain.
However, the effect size between retear and no retear groups
was small in effect for PCS-12 and was not significant in the
case of MCS-12.
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