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Background: The New Zealand Rotator Cuff Registry represents the largest prospective cohort of rotator cuff repairs. Despite this,
there are limited medium- to long-term data of rotator cuff repair outcomes.

Purpose: To (1) analyze the pain and functional outcomes of a large cohort of primary rotator cuff repairs and (2) evaluate the effect
of patient factors and tear characteristics on medium-term outcomes.

Study Design: Cohort study; Level of evidence, 2.

Methods: This was a multicenter, multisurgeon prospective cohort study of rotator cuff repairs from March 2009 until December
2010. Surgical data were collected by the operating surgeon. Primary outcome measures were the Flexilevel Scale of Shoulder
Function (FLEX-SF) and a pain score, collected at baseline, 6, 12, and 24 months, and 5 years. Univariate and multivariate analyses
were carried out.

Results: Overall, 2533 primary rotator cuff repairs were analyzed with 81% follow-up at 5 years. The mean age of the cohort was 56
years. In the 2052 patients with final follow-up data, improvement on the FLEX-SF continued until 24 months postoperatively and
remained high at 5 years. Mean improvement in FLEX-SF from baseline to 5 years was 15 points. Patients aged >70 years had
lower FLEX-SF scores but no significant difference in improvement compared with patients �70 years. The mean anteroposterior
tear size was 2.2 cm, and on multivariate analysis, tears>4 cm had worse 5-year FLEX-SF scores. If the affected tendon was easily
reducible, there was no difference in FLEX-SF score for retracted or larger tears compared with smaller tears. The reoperation rate
was 6.2%.

Conclusion: Results indicated that rotator cuff repairs provide a sustained clinical improvement out past 5 years. Most functional
improvement and pain relief occurred within the first 6 months, but improvement continued out to 24 months. Most population
groups did well after rotator cuff repairs, including those >70 years. Tear size >4 cm and tendon reducibility correlated with
outcome. Even patients with large tear sizes had clinically significant improvement in FLEX-SF scores after repair.
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Rotator cuff disease is a leading cause of shoulder pain and
dysfunction, accounting for up to 70% of shoulder presenta-
tions to primary care.20 Rates of rotator cuff repair, indi-
cated for those who have failed nonoperative treatment,
have steadily increased in most parts of the world.7,17

Despite this rise, there is limited research with medium-
to long-term follow-up after rotator cuff repair surgery.
Chalmers et al2 recently published a systematic review of
rotator cuff repair outcomes, with combined results from
32 studies totaling only 1294 repairs. Collin et al6 analyzed

511 rotator cuff repairs from across 15 centers in Europe.
Follow-up was out to 10 years but with more of a focus on
radiological outcome.

Understanding the effect of patient variables on out-
comes after rotator cuff repair will aid in counseling
patients and their expectations. The effect of age on rotator
cuff repair radiological outcome has been reported exten-
sively, with older age linked to poorer radiological
outcomes,4,9,19,22,26 although clinical outcome in older
patients may differ from radiological outcomes.21 Female
sex and high-demand occupations have also been linked
to poorer outcomes after rotator cuff repair.3,13,15

Tear characteristics are linked to outcomes post–rotator
cuff repair. Significant parts of the literature have focused
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on tear size and the effect on outcome.4,14 Tendon retraction
has been shown to be an independent risk for rotator cuff
failure.13 Tendon reducibility and tension of repair is also
linked to outcome.15 Fatty degeneration in the rotator cuff
muscle preoperatively is linked to poorer clinical outcomes
after surgery.16

The New Zealand Rotator Cuff Registry was designed to
assess medium-term outcomes of a large group of rotator
cuff repairs from multiple centers across New Zealand. The
registry design allows collection of data over time from nor-
mal everyday practice, minimizing intervention bias.11

The aim of the current study was to (1) analyze the
medium-term pain and functional outcomes in patients
from the New Zealand Rotator Cuff Registry and (2) eval-
uate the effect of certain demographic and tear character-
istics on medium-term outcomes. We hypothesized that
rotator cuff repairs would continue to improve clinically out
to 5 years and that tear characteristics (size, amount of
retraction, reducibility) would influence outcomes.

METHODS

Participants

The New Zealand Rotator Cuff Registry is a prospective
multicenter study of rotator cuff operations undertaken in
New Zealand from March 1, 2009, until December 31, 2010.
Surgeons from the New Zealand Shoulder and Elbow Soci-
ety were informed of the study, invited to participate, and
then educated about the study protocols: A total of 90 sur-
geons from across the country participated. Recruitment of
patients to the cohort was undertaken by the operating
surgeon as per a surgical registry design. Approval for this
study was gained from a regional ethics committee.

Included were patients who were undergoing primary
rotator cuff repair as part of the surgical procedure. Open,
miniopen, and arthroscopic repairs were included as well as
concurrent shoulder procedures. Revision repairs were
excluded from this current study. Patients with cognitive
impairment or who died during the study time frame were
also excluded from the study. Cognitive impairment was
defined by the researcher if the patient was unable to recall
sufficient details or the family informed the researcher of a
diagnosis of dementia. A total of 2533 patients were ini-
tially enrolled. Figure 1 describes the numbers of included
and excluded patients.

Outcome Measures

Once enrolled, follow-up was taken over by the research
team. At enrollment, patients completed a baseline demo-
graphic questionnaire that included age, sex, ethnicity
(European, Maori, Pacific Islander, or Asian), and occupa-
tion type (high demand or low demand). Preoperative pain
and functional scores were collected at baseline. The pain
score was a 1 to 10 scale quantifying mean pain levels
over the preceding month, with a lower score representing
less pain. The Flexilevel Scale of Shoulder Function
(FLEX-SF) was the chosen functional score. The FLEX-SF
score has been validated against other shoulder functional
instruments.8,24,25 The set of shoulder-specific questions
generates a FLEX-SF score from 1 to 50, with higher scores
representing better function.

Intraoperative data were collected by the primary oper-
ating surgeon. This included intraoperative tear findings,
presence of concurrent surgical pathology, and surgical
techniques. Tear size and tear retraction were measured
by the surgeon. Tendon reducibility was judged on the abil-
ity to reduce the tendon back to the anatomic footprint and
was subjectively classified as easy to reduce, requiring
releases, unable to fully reduce, or unable to reduce at all.

Outcome data were collected at 6, 12, and 24 months and
then at 5 years postoperatively. Forms were mailed to
patients for the 6-, 12-, and 24-month scores. For the
5-year follow-up, this was changed to an online method, and

Figure 1. Flowchart of included and excluded patients.
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this was extended for a total collection period of 18 months.
Pain score, FLEX-SF score, and postoperative question-
naire responses were collected. The postoperative question-
naire included secondary outcomes such as complications
data, global function, and return to work. Information
regarding postoperative complications was collected over
5 years.

Statistical Analysis

Pain and FLEX-SF trends were analyzed over time. Patient
and tear characteristics were analyzed. For comparison
purposes, patient age was grouped into 5 categories (<50,
50-59, 60-69, 70-79, and >80 years), tear size and tear
retraction were each grouped into 5 categories (<1, 1-1.9,
2-2.9, 3-3.9, and >4 cm), and tendon involvement as 1, 2, or
3 tendons. We examined statistical relationships using the
independent t test, chi-square test, and analysis of vari-
ance, with P < .05 considered statistically significant. Uni-
variate analysis was carried using the Sofa statistics
program (Version 1.4.3). Normal distribution was exam-
ined using kurtosis, skewness, and histogram analysis.
Multivariate analysis was carried out using multiple
regression model. The regression model was formed using
variables found to be significant on the univariate analysis
(P < .05).

RESULTS

Of the initial 2533 patients undergoing primary rotator cuff
repairs, minimum 5-year follow-up data were available for
2052 patients (81%). The mean age of the initial cohort was
56 years; 214 patients (8.5%) were >70 years. The indige-
nous Maori population represented 5.6% of the cohort and

Pacific Islanders 1.6% (Table 1). The mean tear size was
2.2 ± 1.2 cm, and mean retraction was 1.8 ± 1.1 cm (Table 2).

Overall Outcome Scores

For the patients with follow-up data (n ¼ 2052), the mean
(±SD) improvement in FLEX-SF from baseline to 5-year
follow-up was 15 ± 9.8 points. Significant improvement
in FLEX-SF score occurred at each time point until
24 months; after this point, scores were maintained past
5 years (Figure 2A). The mean improvement in pain
scores was 3.2 ± 1.6 points. Most improvement in pain
was in the first 6 months, a small but significant improve-
ment in pain occurred until 12 months postoperatively
(Figure 2B).

Outcomes According to Patient and Tear
Characteristics

Patients aged>70 years had a significantly lower FLEX-SF
score compared with those �70 years (37.5 vs 40; P < .001),
as shown in Figure 3. However, the improvement from
baseline was no different between patients aged>70 versus
�70 years (15.6 vs 15.4; P ¼ 0.29). Tears were more
retracted (2.23 vs 1.50 cm; P < .001) and larger in size
(2.69 vs 2.18 cm; P < .001) in patients >70 years.

TABLE 1
Patient Characteristics (N ¼ 2533)

Patient Characteristics n (%)

Age
<50 years 594 (23.5)
50-59 years 908 (35.8)
60-69 years 817 (32.3)
>70 years 214 (8.5)

Sex
Male 1788 (70.6)
Female 745 (29.4)

Ethnicity (n ¼ 1267a)
European 1154 (89.6)
Maori 72 (5.6)
Pacific Islander 20 (1.6)
Asian 21 (1.6)

Occupation (n ¼ 2281)
High demand 1217 (53.4)
Low demand 1064 (46.6)

aThe ethnicity sample size does not include those patients who
recorded “other or “unspecified.”

TABLE 2
Tear Characteristics (N ¼ 2533)a

Tear Characteristicsb n (%)

Tear size (n ¼ 2500)
<1 cm 306 (12.2)
1-1.9 cm 944 (37.8)

2-2.9 cm 655 (26.2)
3-3.9 cm 331 (13.1)
>4 cm 264 (10.6)

Tendons involved (n ¼ 2519)
1 tendon 1477 (58.6)
SS 1347 (53.4)
Sub 130 (5.2)
2 tendons 764 (30.3)
SS/IS 384 (15.2)
Sub/SS 380 (15.1)
3 tendons 278 (11.2)

Retraction (n ¼ 2380)
<1 cm 717 (30.1)
1-2 cm 837 (35.2)
2-3 cm 459 (19.3)
3-4 cm 236 (9.9)
>4 cm 131 (5.5)

Reducibility (n ¼ 2441)
Easy to reduce 1603 (65.5)
Requiring releases 617 (25.3)
Unable to fully reduce 179 (7.3)
Unable at reduce at all 42 (1.7)

aIS, infraspinatus; SS, supraspinatus; Sub, subscapularis.
bSample sizes vary based on available tear characteristics from

surgical data forms.
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Male patients had larger tear sizes (2.33 vs 1.96 cm;
P < .001) and more retracted tears (1.85 vs 1.53 cm;
P < .001) than did female patients. Patients in high-
demand occupations were significantly younger (54 vs 59
years; P < .01) than those in low-demand occupations, and
patients in high-demand occupations had better mean 5-
year FLEX-SF scores (40.5 vs 39.3, P< .01) and better mean
pain scores at 5 years (1.4 vs 1.6; P ¼ .02) (Table 3). There
was no difference in FLEX-SF improvement from baseline to

5 years in high- versus low-demand occupations (15.5 vs
15.3; P ¼ .60) (Table 3).

Maori patients had lower FLEX-SF scores at 5 years
compared with Europeans (37.1 vs 40.1, respectively;
P ¼ .01) (Table 3), but the improvement in scores from
baseline was similar to Europeans (14.1 vs 15.6, respec-
tively; P ¼ .3). Pacific Islanders had lower 5-year FLEX-
SF scores versus Europeans (34.4 vs 40.1, respectively;
P ¼ .02) as well as less improvement in scores (8.7 vs
15.6, respectively; P¼ .01) (Table 3). There was no difference
in tear sizes or retraction between different ethnicities.

Tears >4 cm had worse 5-year FLEX-SF scores (36.7 vs
40.2; P < .01) and less improvement (13.5 vs 15.7; P ¼ .02).
Three tendon tears had a lower mean 5-year FLEX-SF
score compared with 1 and 2 tendon tears (37.1 vs 40.1;
P < .01) as well as lower FLEX-SF improvement scores
(15.7 vs 13.6; P < .01) (Table 4).

There were significantly lower mean 5-year FLEX-SF
(37.7 vs 40.2; P < .01) and improvement scores (13.1 vs
15.8; P < .01) in those with >3 versus <3 cm retraction.
There was no difference in pain levels according to retrac-
tion. Overall, 65.5% (n ¼ 1605) of tears were categorized as
“easy to reduce.” Easily reduced tendons had higher 5-year
FLEX-SF scores compared with other tears (ie, difficult to
reduce tears; 40.7 vs 38.4; P < .001). Within the easily
reduced tendons, there was no difference in mean FLEX-
SF scores in those with minimal (<1 cm) or significant
(>4 cm) retraction (40.8 vs 39.8; P ¼ .6).

Multivariate Analysis

On multivariate analysis, age >70 years (P < .05), female
sex (P < .01), Maori (P < .05) and Pacific Island ethnicity
(P < .01), low-demand occupation (P < .05), tear size >4 cm
(P < .05), and difficult-to-reduce tendons (P < .01) were
significantly associated with lower 5-year FLEX-SF scores,
and Maori ethnicity (P < .01) was associated with higher
5-year pain scores (Table 5).
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Figure 2. Mean (A) FLEX-SF, Flexilevel Scale of Shoulder Function (FLEX-SF) and (B) pain scores from baseline to final follow-up
(n ¼ 2052). Statistically significant difference between groups: *P < .05, **P < .01.
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TABLE 3
FLEX-SF and Pain Scores by Patient Characteristics (n ¼ 2052)a

FLEX-SF Score Pain Score

5-year Follow-up P Improvement vs Baseline P 5-year Follow-up P Improvement vs Baseline P

Age .01 .6 .05 .5
<50 y 39.8 14.9 1.76 2.95
50-59 y 40 15.1 1.56 3.17
60-69 y 40.1 16.0 1.51 3.25
70-79 y 37.4 15.7 1.69 3.28
>80 y 36.1 14.4 1.56 3.43

Sex < .01 .9 .1 < .01
Male 40.3 15.4 1.62 2.92
Female 38.6 15.5 1.53 3.73

Ethnicity
European 40.1 15.6 1.49 3.15
Maori 37.1 .01b 14.1 .3b 1.74 .1b 3.9 < .01b

Pacific Islander 34.4 .02b 8.75 .01b 2.83 < .01b 2.42 .2b

Asian 37.5 .2b 13.3 .3b 1.38 .7b 3.63 .4b

Occupation < .01 .6 .5 .6
High demand 40.5 15.6 1.59 3.21
Low demand 39.3 15.3 1.44 3.12

aBoldface P values indicate statistically significant difference between subgroups (P < .05). FLEX-SF, Flexilevel Scale of Shoulder
Function.

bP values for comparison with European ethnicity.

TABLE 4
FLEX-SF and Pain Scores by Tear Characteristics (n ¼ 2052)a

FLEX-SF Score Pain Score

5-Year
Follow-up P

Improvement
vs Baseline P

5-Year
Follow-up P

Improvement
vs Baseline P

Tear size < .01 .02 .1 .01
<1 cm 40.4 16.3 1.66 3.4
1-1.9 cm 40.6 16.4 1.54 3.32
2-2.9 cm 39.6 14.7 1.59 3.1
3-3.9 cm 40.1 15 1.48 3.17
>4 cm 36.7 13.5 1.77 2.78

Tendons involved
1 tendon 40.5 15.9 1.56 3.24
SS 40.5
Sub 40.7
2 tendons 39.5 15.3 1.58 3.17
SS/IS 39.3
Sub/SS 39.6
3 tendons 37.1 < .01b 13.6 .04b 1.8 .06b 2.85 .14b

Retraction < .01 .02 .3 .02
<1 cm 40.7 16.3 1.53 3.37
1-2 cm 40.2 15.5 1.58 3.23
2-3 cm 39.5 15.4 1.58 3.13
3-4 cm 38.7 13.2 1.66 2.78
>4 cm 35.9 13 1.83 2.59

Tendon reducibility < .01 < .01 .3 .18
Easy to reduce 40.6 16.3 1.58 3.25
Requiring releases 38.7 14.3 1.57 3.1
Unable to fully reduce 38.1 14.1 1.62 2.87
Unable at reduce at all 34.3 11.3 2.03 2.5

aBoldface P values indicate statistically significant difference between subgroups (P < .05). FLEX-SF, Flexilevel Scale of Shoulder
Function; IS, infraspinatus; SS, supraspinatus; Sub, subscapularis.

bP values for comparison with 1 and 2 tendons.
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Complications

The overall reoperation rate was 6.2% (146 patients),
with 32% for stiffness (46 patients), 27% for retears
(40 patients), 7% for infection (10 patients), and 34%
other/not specified (50 patients). Retears were reported
in 162 patients (7.1%), although this was not confirmed
radiologically. In those with retears, the mean FLEX-SF
score at 24 months and 5 years was 35.6 ± 9.3 and 32.7 ±
9.4, respectively.

DISCUSSION

In this prospective study of 2533 primary rotator cuff tears
with 81% follow-up past 5 years, rotator cuff repair pro-
vided a clear benefit to patient function and pain improve-
ment. The mean improvement in functional score of
15 points is higher than the 3-point clinically important
difference for FLEX-SF score.8 The mean improvement in
pain score was 3.2 points, with the majority of pain
improvement occurring within the first 6 months.
Improvements in both pain and functional scores were
maintained at the 5-year follow-up. To date, this repre-
sents the largest prospective cohort of rotator cuff
repairs reported. These findings are useful for patient
counseling, and advice can be given that most pain and
functional improvement occurs within the first 6 months
postsurgery, but further improvement can be seen out to
24 months.

Most patient groups benefited from surgery. The mean
age of our cohort was 56 years, but we did report the out-
come of 214 repairs in those over 70 years. Traditionally,
advancing age has been linked to poorer outcomes post–
rotator cuff repair.19 In our cohort, absolute 5-year func-
tional outcomes were lower in >70 years. However, the
improvement compared with baseline was similar to those
<70 years, and the retear rates were no different. This
mirrors similar findings comparing older age groups with
younger age groups, with comparable clinical improvement
noted between the 2 groups.18,21

Other demographic factors also show similar good out-
comes with rotator cuff surgery. Previous literature

suggests that female patients have inferior outcomes after
rotator cuff repairs.3 We found female patients had poorer
functional outcomes compared with their male counter-
parts, but no difference in pain scores. This difference was
small and likely not clinically relevant. Of note, male
patients had larger tear sizes and more retracted tears com-
pared with female patients.

The ethnicity of our cohort was dominated by New Zealand
European, with only a small percentage of the Indigenous
Maori population, and a small percentage of Pacific Island
peoples. There is a concern with ethnic disparity in health
outcomes in New Zealand and other parts of the
world.1,10,23,27 Maori patients do have lower functional
scores, but their improvement from baseline is comparable
with non-Maori. However, the Pacific Island population
does not seem to do as well. They have lower mean 5-year
functional scores, and almost half the improvement scores
compared with baseline, despite similar ages of presenta-
tion and similar tear sizes. It is possible that poorer
access to health care may underlie this observation, as
seen in other conditions in other health outcomes in
New Zealand.1,23

The retear rate in our cohort was 7.1%, with the reoper-
ation rate even lower at 6.2%. This was taken from the
patient questionnaire, as routine postoperative imaging
was impractical due to the study size. This will represent
a significant underestimate of actual retear rates. This
makes comparison with other series difficult.

Tendon reducibility appears to be an important factor in
outcome. Reducibility can be thought as a surrogate marker
for repair tension, and repair tension may be an indepen-
dent predictor of outcome.12 In our cohort, the worst out-
comes were seen in tendons that were unable to be reduced
fully, with over 6 points difference in FLEX-SF scores. Even
tears with severe retraction, or poor tendon quality, still
had largely successful clinical outcomes postrepair if the
tendon was easily reducible.

Tear size and outcome has been the subject of much
debate. Functional scores declined with tears over 4 cm.
Similarly, there was an increase in retear rates and a drop-
off in functional scores in 3 tendon tears versus 1 and 2
tendon tears; however, not so in the multivariate model.

TABLE 5
FLEX-SF and Pain Score 5-Year Univariate and Multivariate Analysis Resultsa

FLEX-SF Score Pain Score

Univariate Multivariate Univariate Multivariate

Age >70 years < .001 .05 .5 .45
Female sex < .001 < .001 .1 .22
Maori .01 .03 .1 < .001
Pacific Islander .02 .005 < .001 .27
Low-demand occupation < .001 .02 .5 .9
Tear size >4 cm < .001 .02 .03 .66
Tear retraction >3 cm < .001 .50 .06 .32
Three tendon tears < .001 .10 .06 .11
Difficult to reduce < .001 .008 .3 .15

aBoldface P values indicate statistical significance (P < .05). FLEX-SF, Flexilevel Scale of Shoulder Function.
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Even tears over 4 cm had improvement in functional scores
of over 13 points at 5 years in our cohort, making surgery
still functionally beneficial for this difficult group. This mir-
rors other literature that found high anatomic failure after
repair of massive tears, yet with reasonable functional
results.5

Limitations

There are several limitations to this study. Patient recruit-
ment was a registry design, whereas follow-up was a cohort
design. This is both an advantage and also a limitation.
This allowed a large number of patients to be recruited,
in an attempt to closely represent the general population.
Participating surgeons were asked to enroll all patients
undergoing rotator cuff under their care during the study
period. Based on unpublished data from Ministry of Health
and private insurance companies, we estimate the cohort
covers over 70% of the total repairs carried out across
New Zealand during the study period. The multicenter,
registry cohort design also introduces variability in surgical
technique and postoperative rehabilitation. In total, 90 sur-
geons submitted data, which creates variability in subjec-
tive operative findings such as tendon quality and tendon
reducibility. In an attempt to limit variability, all surgeons
were part of the New Zealand Shoulder and Elbow Society.
Surgeons were educated on study protocols and data collec-
tion, and data collection tools were kept as user-friendly as
possible.

The lack of follow-up examination and follow-up and
imaging is also a limitation. The large number of patients
meant follow-up imaging was impractical. The cost of imag-
ing was beyond the scope and budget of this study. We
therefore report complication rates and, in particular,
retear rates with caution. These were not confirmed with
radiological imaging. The large numbers made radiological
follow-up impractical; however, we achieved a high follow-
up percentage in a large cohort for the key patient-focused
outcomes of pain and functional scores.

CONCLUSION

Surgical rotator cuff repairs provide a sustained clinical
improvement out to 5 years. Most pain and functional
gains occur within the first 6 months but can continue
to improve out to 24 months. Most population groups do
well after rotator cuff repairs, including those aged over
70 years. Tear sizes over 4 cm have lower functional scores
but still acceptable improvement postsurgery, with tendon
reducibility associated with successful clinical outcomes.
These data will be useful in counseling patients about the
outcomes of rotator cuff repairs.
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6. Collin P, Kempf J-F, Molé D, et al. Ten-year multicenter clinical and

MRI evaluation of isolated supraspinatus repairs. J Bone Joint Surg

Am. 2017;99(16):1355-1364.

7. Colvin AC, Egorova N, Harrison AK, Moskowitz A, Flatow EL.

National trends in rotator cuff repair. J Bone Joint Surg Am. 2012;

94:227-233.

8. Cook KF, Roddey TS, O’Malley KJ, Gartsman GM. Development of a

Flexilevel Scale for use with computer-adaptive testing for assessing

shoulder function. J Shoulder Elbow Surg. 2005;14(1)(suppl S):

90S-94S.

9. Diebold G, Lam P, Walton J, Murrell GAC. Relationship between age

and rotator cuff retear. J Bone Joint Surg Am. 2017;99(14):

1198-1205.

10. Dunlop DD, Manheim LM, Song J, et al. Age and racial/ethnic dispa-

rities in arthritis-related hip and knee surgeries. Med Care. 2008;46(2):

200-208.

11. Foy AJ, Filippone EJ. The case for intervention bias in the practice of

medicine. Yale J Biol Med. 2013;86(2):271-280.

12. Kim D, Jang Y, Choi Y, Lee H, Kim S. Evaluation of repair tension in

arthroscopic rotator cuff repair: does it really matter to the integrity of

the rotator cuff? Am J Sports Med. 2016;44(11):2807-2812.

13. Kim Y-K, Jung K-H, Kim J-W, Kim U-S, Hwang D-H. Factors affecting

rotator cuff integrity after arthroscopic repair for medium-sized or

larger cuff tears: a retrospective cohort study. J Shoulder Elbow Surg.

2018;27(6):1012-1020.

14. Kukkonen J, Kauko T, Virolainen P, Äärimaa V. The effect of tear size
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