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Purpose:  Outcomes  of open  or  arthroscopic  rotator  cuff  repairs  are  well  reported  in the  literature.  The
purpose  of  the  study  was to  evaluate  the  prevalence  and  clinical  impact  of  osteoarthritis  20  years  follow-
ing  rotator  cuff  repair.  The  hypothesis  was  that, at long  follow-up,  most  shoulders  would  have  developed
gleno-humeral  osteoarthritis.
Methods:  The  authors  retrospectively  recalled  all 322  patients,  operated  for rotator  cuff tears  in  1994  at  6
different  centres,  for clinical  and  radiographic  assessment.  At 20 years  of  follow-up,  24 were re-operated
(5  arthroplasty)  and 53.4%  were  lost  to follow-up.  This  left 126  patients,  had been  clinically  assessed,  had
Magnetic  Resonance  Images  (MRI)  that  allowed  anatomic  assessment  of tendon  healing  (Sugaya),  fatty
infiltration  (Goutallier),  and  X rays  in order  to analyse  arthritis  without  head  migration  (Samilson)  and
with head  migration  (Hamada  and  Fukuda).  Only  patients  with  complete  data  were  selected.
Results:  Mean  aged  was  52.3 years  (25.3–68.6)  at index  operation.  The  Constant  score  was 45.3  ±  19.6
preoperatively  to  67.4 ± 18.7  points  at 20  years. The  SSV  was  73.5  ±  21  postoperatively.  The  rate  of
osteoarthritis  was  29%.  Osteoarthritis  was associated  with  a significant  inferior  Constant  score  compared
to  the non-arthritic  group  (61 versus  71  points,  p  = 0.02),  mainly  due to a significant  lower  strength  (5.4
versus  8.7  points,  p =  0.007).  Massive  rotator  cuff  tears  were  significantly  associated  with  a higher  rate  of
osteoarthritis.  Only  4,8%  patients  after  cuff  repear  needed  a reverse  shoulder  arthroplasty.  Significantly
less  osteoarthritis  was  observed  when  the  rotator  cuff repair  remained  intact.  Suprasupinatus  retear  had
a significant  influence  on  fatty  infiltration  of  the  infrasupinatus  muscle  and  on  the  progression  towards

osteoarthritis.
Conclusion:  Twenty  years  after  open  rotator  cuff  repair,  the rate  of  osteoarthritis  was  29%.  Massive  rota-
tor cuff  tears  were  significantly  associated  with  a higher  rate  of osteoarthritis.  Less  osteoarthritis  was
observed  when  suprasupinatus  healed.
Level  of evidence:  IV.

© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction
Rotator cuff tears are among the most frequent shoulder
athologies causing pain and functional impairment. It is estimated
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that rotator cuff tears are responsible for 4.5 million annual patient
visits in the United States and of nearly 250,000 operative repairs
[1,2]. Numerous authors reported considerable improvement in
clinical and radiographic outcome following rotator cuff tears using

various surgical techniques, though most studies have limitations
due to small cohort sizes or short follow-up (FU) [3–14]. Until now,
true long-term clinical and structural results after operative rotator
cuff repair are missing.
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Fig. 1. Flow

Table 1
Etiologies of surgical reoperation.

Iterative suture N = 10
Total shoulder arthroplasty N = 5
Lavage-synovectomy N = 4
Tenotomy-tenodesis N = 3
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don healing was  analyzed with the Sugaya classification [20]: We
Arthrolysis N = 2
Other N = 1

The purpose of the present study was to evaluate the prevalence
nd clinical impact of osteoarthritis 20 years following rotator cuff
epair. The hypothesis was that, at long follow-up, most shoulders
ould have developed glenohumeral osteoarthritis with the need

f shoulder arthroplasty implantation.

.1. Study design

The authors retrospectively studied the records of all patients
hat underwent surgical repair of rotator cuff tears by 6 surgeons
n 6 different centres in the year 1994. To be included in the study
he patients had to be adult patients with rotator cuff tears, which
ere treated with an open operative repair. Patients were excluded

f they had muscle transfers, history of previous ipsilateral shoulder
urgery, partial tendon repair or concomitant shoulder pathologies.

 total of 322 patients fulfilled these criteria and were recalled
n 2014 for evaluation at a follow-up of 20 years (Fig. 1). One
undred and seventy-two patients (53.0%) were lost to follow-up
orresponding to a 2.5% loss per year. Among them, thirty-four
atients died. Twenty-four (7.5%) patients were re-operated before
he 20 year FU and not included in the final functional analysis
Table 1). Among this reoperated patients, 5 patients had total
houlder arthroplasty. These 126 patients have been examined by
he authors. The authors rigorously selected files with complete

linical exams and imaging data. Files with missing datas were not
ncluded. This left a cohort of eighty patients (26% of the initial
opulation).
 chart.

Out of this study cohort 80 patients were analyzed (35 women,
45 men), mean aged was 51,9 years (± 6,5 years) at time of surgery
consented to standard radiographs (n = 79) and Magnetic Reso-
nance Imaging (n = 75) at 20 years FU. Patient’s characteristics are
described in Table 2. All patients provided informed consent for this
IRB approved study (IRB 2013-A01788-37). For clinical assessment,
we used the Constant score (CS), the subjective shoulder value (SSV)
and the simple shoulder test (SST).

We analyzed on standard X-rays the rate of glenohumeral
osteoarthritis (OA) with the Samilson-Prieto classification [15].
We considered stage 0, 1 and 2 as non-arthritic and 3 and 4 as
arthritic. Cranial head migration was analysed on true antero-
posterior radiographs taken in neutral rotation using the Hamada
and Fukuda classification [16,17] as modified by Walch [18].

Patients were divided in two  groups:

• group 1: no OA (Samilson grade 0, 1 and 2, and Hamada and
Fukuda grade 1, 2 and 3);

• group 2: OA (Samilson grade 3 and 4 and Hamada and Fukuda
grade 4 and 5)

The MRI  protocol included T2-weighted fat-suppression
sequences (non-proton density weighted) in the oblique coronal,
oblique sagittal, and transverse planes, including the entire scapula,
to analyze tendon healing, and T1-weighted sequences in the trans-
verse and sagittal planes, to analyze fatty infiltration and muscle
conditions. Fatty infiltration was  analyzed according to Goutal-
lier/Fuchs [19]. We  grouped stages 0/1 and 2 as functional muscles
and stages 3 and 4 as non-functional muscles. Rotator cuff ten-
defined types I/II and III as healed and types IV and V as retorn ten-
dons. (We  analyzed muscle atrophy with the tangent sign described
by Zanetti and al. [21]).
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Table  2
Patient’s characteristics.

Variable Global (n = 80) No Arthritis (n = 57) Arthritis (n = 23) p

Sex p = 0.6
Female  35 (43.8%) 24 (42.1%) 11 (47.8%)
Male  45 (56.3%) 33 (57.9%) 12 (52.2%)

Active smoker 42 (76.4%) 27 (71.1%) 15 (88.2%) p = 0.3
Pre  op infiltration 32 (50%) 24 (53.3%) 8 (42.1%) p = 0.4
Mean  age 51.9 ± 6.5 51.2 ± 6.8 53,7 ± 5,3 p = 0.1
Profession

Soft  manuel 16 (22.5%) 11 (22.0%) 5 (23.8%) p = 0.6
Heavy  manuel 32 (45.1%) 24 (48.0%) 8 (38.1%)
Sedentary 11 (15.5%) 6 (12.0%) 5 (23.8%)
Repetitive work 12 (16.9%) 9 (18.0%) 3 (14.3%)

Side
Dominant 63 (78.8%) 43 (75.4%) 20 (87.0%) p = 0.4
None  dominant 17 (21.3%) 14 (24.6%) 3 (13.0%)

Traumatic cases 38 (53.5%) 25 (51.0%) 13 (59.1%) p = 0.5
Work  accident/Occupational disease 18 (32.1%) 12 (32.4%) 6 (31.6%) p = 0.9
Beginning of symptoms (months) 23 ± 40.7 25.6 ± 47.4 16.8 ± 17 p = 0.9
Follow-up (years) 20,8 ± 0,8 20.8 ± 0,9 21 ± 0,7 p = 0.4

Qualitative parameters: Effectif (%); �2 or Fisher tests. Quantitative parameters: Mean ± standard deviation; Student or Mann–Whitney Wilcoxon tests.

ing to 

1

p
a
a
p

fi
h
o

1

t
o
a
a
s
d

1

9
w
U
n
t

Fig. 2. Lesions accord

.2. Surgical technique

The repairs were carried out with the patient in a beach chair
osition using an open, deltopectoral approach with the use of non-
bsorbable transosseous sutures [22]. All repairs were watertight
t the end of the operation. An adjuvant anterior acromioplasty was
erformed in all shoulders.

Forty patients were originally operated for an isolated SSN tear,
ve patients had an isolated subscapular tear (SSC) and 35 patients
ad a massive RCT classified according to Collin et al. [22], with 2
r more tendons torn (Fig. 2).

.3. Post-operative rehabilitation

Following surgery, the arm was supported in a sling or an abduc-
ion splint for 5 weeks. Passive-motion exercises were initiated
n the first post-operative day, and when possible, hydrother-
py was initiated after skin healing. Active shoulder motion was
llowed after 6 weeks. Patients were not allowed to perform any
trengthening or strenuous work for six months after surgery. Low-
emanding sports and activities were allowed after six months.

.4. Statistical Analysis

Statistical analyses were performed using SAS software, version
.4. For non-gaussian quantitative data, inter-group differences

ere evaluated using Wilcoxon rank sum tests (Mann–Whitney
–test). Qualitative data were analyzed using Fisher’s exact tests or
onparametric tests. Logistic regression was performed to explain
he relationship between osteoarthritis and FI.
Collin’s classification.

1.5. Source of Funding

This study was  financed by the Société franç aise de chirurgie
orthopédique et traumatologique (SoFCOT).

2. Results

At 20 years FU, osteoarthritis was observed in 23 (28.8%) cases
(= group 1: Samilson grade 3 in 5 cases (21.7%), Hamada and Fukuda
grade 4A in 10 cases (43.5%), and Hamada and Fukuda grade 4B in 8
cases (34.8%) (Fig. 3). No osteoarthritis was observed in 57 (71.2%)
cases (= group 2: Samilson grade 0 in 37 cases, Samilson grade 1 in
6 cases, Samilson grade 2 in 5 cases, Hamada and Fukuda grade 1
in 4 and grade 2 in 3 and grade 3 in 2 cases).

In the 80 shoulders evaluated clinically and radiographically,
the Constant score improved from 45.3 ± 19.6 preoperatively to
67.4 ± 18.7 points at 20 years; from 6.8 ± 3.1 to 12.5 ± 3.5 points
for pain (15 points = freedom from pain; 0 = worst imaginable pain),
from 6.1 ± 5.4 to 7.8 ± 5.1 points for strength (1 point representing
one pound of strength at 90 degrees of scapular plane abduction).
Osteoarthritis was  associated with a significant inferior Constant
score compared to the non-arthritic group (61 versus 71 points,
p = 0.02), mainly due to a significant lower strength (5.4 versus
8.7 points, p = 0.007) (Table 3). The SSV at 20 years of FU was
73.5 ± 21.4% and the SST was  9.4 ± 2.7 (Table 4). There was  no sig-
nificant difference between the two groups regarding SSV and SST.

The tendon retear rate was  43.8%. SSN tendon integrity (Sugaya
type 1, 2 and 3) was  significantly associated with less osteoarthri-
tis (37 versus 3 cases, p = < 0.0001) (Table 5). SSN tendon repair
failure (Sugaya type 4 and 5) was  significantly more frequent in

the osteoarthritis group. Massive cuff tear with 3 tendons torn
was significantly more frequently observed in the osteoarthritis
group (26.1% versus 5.3%, p = 0.04) (Table 6). SSN tendon repair
integrity was  statistically significant associated with less FI of the
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Fig. 3. Groups details.

Table 3
Comparison of post operative Constant score between the two groups.

Variable Global (n = 80) No Arthritis (n = 57) Arthritis (n = 23) p

Constant score 67.8 ± 18.8 70.6 ± 17.6 60.9 ± 20.4 p = 0.02
Adjusted Constant score 91.3 ± 26.6 95.4 ± 21.2 77.4 ± 37.2 p = 0.1
Pain  12.5 ± 3.5 12.8 ± 3.2 11.5 ± 4.3 p = 0.2
Activity  5.6 ± 5.8 15.9 ± 5.3 4.7 ± 6.9 p = 0.5
Mobility 31.9 ± 9.4 32.8 ± 8.6 29.6 ± 11 p = 0.1
Strength 7.8 ± 5.1 8.7 ± 5.2 5.4 ± 4.1 p = 0.01

Quantitative parameters: Mean ± standard deviation; Wilcoxon signed rank test.

Table 4
SSV and SST comparison between the two  groups.

Variable Global (n = 80) No Arthritis (n = 57) Arthritis (n = 23) p

SSV 73.5 ± 21.4 73.7 ± 21.2 72,9 ± 22.3 0.97
SST  9.4 ± 2.7 9.3 ± 2.8 9,6 ± 2.4 0.8

Quantitative parameters: Mean ± standard deviation, Mann-Whitney Wilcoxon test.

Table 5
Arthritis depending on Sugaya.

Variable Noarthritis Arthritis p

7.5%) 

Q

I
o
(

3

O
p
c

SSN healed 37 (92.5%) 3 (

ualitative parameters: number (%); �2 or Fisher tests.

SN (p = 0.001) (Table 7). SSN retear had a significant influence on FI
f the ISN muscle and so on the progression towards osteoarthritis
Tables 7 and 8).

. Discussion
Twenty years after rotator cuff repair the rate of OA was  29%.
nly 4.8% patients underwent total shoulder arthroplasty. Patients
resenting osteoarthritis had a significant inferior Constant Score
ompared to the non-OA population.
p < 0.0001

Only few studies have examined the prevalence of gleno-
humeral osteoarthritis and its impact on clinical outcome after
rotator cuff repair. Neer [23] observed a prevalence of 4% in a
population of 19 patients at 4 years FU, Yamagushi [24] found a
progression to OA in 16.7% and upward migration of the humeral
head in 20.8% at 3.6 years FU. Bartl [25] presented the results of

25 patients at 6 years FU. Fatty infiltration of the infraspinatus
(ISN) was significantly correlated with poor clinical outcomes. The
acromio-humeral distance decreased significantly and the severity
of osteoarthritis increased. Zumstein [14] examined a population
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Table  6
Lesion’s comparison between the two groups.

Variable Global (n = 80) No Arthritis (n = 57) Arthritis (n = 23) P

Lesions
A 9 (11.3%) 6 (10.5%) 3 (13.0%) p = 0.06
B  2 (2.5%) 0 2 (8.7%)
C  1 (1.3%) 1 (1.8%) 0
D  17 (21.3%) 13 (22.8%) 4 (17.4%)
E  6 (7.5%) 2 (3.5%) 4 (17.4%)
SSC  5 (6.3%) 3 (5.3%) 2 (8.7%)
SSN  40 (50.0%) 32 (56.1%) 8 (34.8%)

Lesions
Massive tear 40 (50.0%) 25 (43.9%) 15 (65.2%) p = 0.08
SSN  40 (50.0%) 32 (56.1%) 8 (34.8%)

Lesions
2  tendons A/D 26 (32.5%) 19 (33.3%) 7 (30.4%) p = 0.04
3  tendons B/C/E 9 (11.3%) 3 (5.3%) 6 (26.1%)
SSC  5 (6.3%) 3 (5.3%) 2 (8.7%)
SSN  40 (50.0%) 32 (56.1%) 8 (34.8%)

Qualitative parameters: Effectif (%); �2 or Fisher tests.

Table 7
Comparison of FI ISN depending on Sugaya.

Variable SSN healed (n = 40) SSN retear (n = 35) p

FI ISN
0/1/2 28 (70.0%) 11 (32.4%) 0.001
3/4  12 (30.0%) 23 (67.6%)

Qualitative parameters: number (%); test of �2.

Table 8
Comparison between FI et Sugaya in each group.

Variable SSN healed SSN retear p

FI SSN (arthritis group)
0/1/2 3 (75.0%) 6 (37.5%) 0.3
3/4  1 (25.0%) 10 (62.5%)

FI  SSN (no arthritis group)
0/1/2 29 (80.6%) 10 (58.8%) 0.1
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3/4  7 (19.4%) 

ualitative parameters: number (%); Fisher’s test.

f 23 patients after massive rotator cuff repair with a follow-up of
.9 years. The prevalence of osteoarthritis (Samilson grade 3 and 4)
as 39.1%. Suprasupinatus (SSN) retear as well as fatty infiltration

FI) > 2 of the infraspinatus (ISN) were significantly associated with
roximal humeral head migration.

Flurin et al. [26] described a prevalence of OA in 5.2% at ten-
ear follow-up. Tendon integrity was associated with a lower risk
f OA and massive tears with the development of OA. The study
ith the longest follow-up is Borgmästars’s study [27] with a 19%
revalence of OA at 16 years follow-up. Paxton et al. [28] stud-

ed the clinical and radiographic outcomes of failed repairs of large
r massive RCT at 10 years FU. They found clinical improvements
espite early repair failure with however a high rate of progres-
ion of radiographic signs. Those results are in line with our study:
SN retear (p < 0.0001) and massive rotator cuff tears (p = 0.04)
ere significantly associated with osteoarthritis. Recently, Mat-

uba [29] confirmed that progression of osteoarthritis was  related
o SSN healing. Plachel and al.[30] put in evidence that these results
ere also observed after arthroscopic transosseous repair at a mean

ollow-up of 15 years ± 2.
Gladstone and al. [31] showed that FI of the ISN muscle was the

ost important prognostic factor for the outcome of arthroscopic

r surgical repair. The major impact of the ISN muscle to center
he humeral head was demonstrated by Nove Josserand [32] and
dwards [5]. Many studies have shown the irreversible evolution
f fatty infiltration and the influence on clinical and anatomical
7 (41.2%)

outcome [33]. We  noted that, SSN retear had a significant influence
on FI of the ISN muscle and on the progression towards osteoarthri-
tis. Contrary to FI of the ISN, there may  be tears of the SSN without
severe DG as shown in photographs 1 and 2.

A major strength of this study is the availability of clinical and
imaging results which were specifically collected and evaluated
in a very standardized fashion 20 years after surgery for the pur-
pose of this study. Our data therefore allow for analysis of tendon
repair integrity, correlation between structural and clinical results
as well as information about longevity of the results. This is the
longuest study about outcomes of rotator cuff repair and occur-
rence of arthritis.

The study has limitations: First its retrospective design without
a control group makes it a level 4 observational study. Nonetheless
it provides previously unavailable information on a well-defined
patient group with a well-defined pathology treated in a homoge-
nous and analyzed in also a highly standardized fashion. Second,
the patients lost to follow-up (56%) is regrettable but at 20 years
inevitable in the environment of 6 centers. It should be considered
that a yearly loss of follow-up of 2.5% over twenty years represents
an at least very good value. Only 26% of initial population could be
completely analyzed (clinical and imaging datas). Third, we would

certainly have preferred to obtain imaging studies in all patients
but had to accept the refusal of the respective patients who for
very various reasons denied imaging studies mostly because they
felt it would not change anything for them.
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. Conclusion

At twenty years after open rotator cuff repair, osteoarthritis rate
as 29%. Massive rotator cuff tears were significantly associated
ith a higher rate of osteoarthritis. Only 1.5% of patients need a

everse shoulder arthroplasty. Significantly less osteoarthritis was
bserved when rotator cuff repair remains intact.

Arthroscopic rotator cuff repair seems to show similar results in
erms of tendon healing effect on clinical outcomes.
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