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Abstract
Introduction: The purpose of this study was twofold. First, the efficacy of
arthroscopic repair in patients with full thickness, isolated subscapularis
tendon tears (I-STTs) or combined subscapularis tendon tears (C-STTs) involving the rotator cuff tendons was evaluated. Second, the outcomes between these two groups were compared. The influence of age and gender
on the cohort clinical outcomes was also analysed. Our hypothesis was that
satisfactory functional results could be obtained arthroscopically in both
groups without any influence of age or gender.
Material and methods: Seventy-nine patients were enrolled: 15 with I-STTs
and 64 with C-STTs. The clinical outcomes were assessed using Constant
and Disabilities of the Arm, Shoulder and Hand (DASH) scores, Numeric Rating Scale (NRS) for pain and Visual Analogue Scale (VAS) for satisfaction.
The subscapularis strength was assessed using a comparative dynamometric
bear-hug test. Group outcomes were compared, including statistical analysis.
Results: For each group, there were no differences regarding the subscapularis strength of the operated and non-operated shoulders. A comparison of the post- with the pre-operative outcomes showed an increase in
the Constant score and a decrease in the NRS. Comparing the two groups,
we found no difference in strength of the operated and non-operated shoulders, but a significant difference in relation to pre-operative Constant score
and pre-operative NRS. Age was negatively correlated with both pre-operative and post-operative Constant scores. No association was found between
gender and the outcomes, although the DASH score was higher in women.
Conclusions: Arthroscopic repair of STTs provided functional restoration,
pain relief and patient satisfaction in both groups. Age and gender did not
affect the clinical outcomes achieved by arthroscopic STT repair.
Key words: arthroscopy, Constant score, rotator cuff, subscapularis tendon
tears, subscapularis repair.

Introduction
Symptomatic rotator cuff tears (RCTs) are one of the major origins
of shoulder pain and functional impairment. The subscapularis is as
strong as the other three muscles of the rotator cuff together, and its in-
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tegrity is therefore crucial in maintaining net joint
reaction force and glenohumeral stability [1].
Subscapularis tendon tears (STTs) are not as uncommon as they were thought to be in the past [2],
with an estimated prevalence from 27.4% [3] to
43% [4] among all RCTs, and incidence reported to
be up to 37% [5]. In the literature, the relative prevalence of isolated STTs (I-STTs) is reported from
17% [6] to 25% [7], while the combined STTs (C-STTs)
are the most common, occurring in conjunction with
supraspinatus tears, such as anterosuperior RCTs or
as massive RCTs [6, 7]. There are many options for
the treatment of SSTs. Initially, most tears should be
treated conservatively, especially if the tear is partial or has a chronic onset. Conservative solutions
are activity modifications, physiotherapy, nonsteroidal anti-inflammatory drugs (NSAIDs) and steroid
injections. Surgery should be reserved for cases
of persistent pain and/or loss of function despite
3–6-month accurate conservative management.
Surgical treatment can be performed either by
an open approach or by arthroscopic techniques [8].
Arthroscopic surgery for subscapularis reparation
was first described in 2002 by Burkhart and Therany and showed brilliant short-term results [9]. Some
years later, Lafosse et al. introduced a 5-type classification of STTs and described a surgical procedure
for the arthroscopic repair of these lesions depending on their classification [10]. Additional studies
have confirmed satisfactory mid- and long-term
functional outcomes [11–14].
The influence of age on the outcomes of RCTs
has been analysed by several authors, concluding that good results could be achieved even in
the elderly [15, 16]. Adams et al. reported that none
of their post-operative outcome evaluations was
significantly associated with age [11]. Regarding
gender as a prognostic factor for RCTs, the published studies have used distinct scores reporting
different conclusions [17, 18]. However, no studies
have investigated the influence of gender on STTs.
The primary aim of the present, prospective study
was first to evaluate the efficacy of arthroscopic repair in two groups of patients with full thickness
I-STTs or C-STTs involving the rotator cuff tendons
and secondly, to compare post-operative outcomes
between these two patient groups. Further, the influence of age and gender on the cohort functional
outcomes was assessed. Our hypothesis was that
satisfactory functional results could be obtained arthroscopically in both groups without any influence
of age or gender.

Material and methods
Patients
Between January 2010 and December 2014,
a consecutive series of Caucasian patients with
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diagnosis of unilateral, full thickness STT, resistant to conservative treatment, were prospectively
enrolled in this study in our hospital and divided
into two groups according to injury type: I-STTs
and C-STTs. All subjects participating in this study
received a thorough explanation of the risks and
benefits of inclusion and gave their oral and written informed consent to publish the data. This
study was performed in accordance with the ethical standards of the 1964 Declaration of Helsinki
as revised in 2000 and those of Good Clinical Practice after approval by the local ethical committee.

Inclusion and exclusion criteria
The inclusion criteria were as follows: the preoperative diagnosis of at least a full thickness tendon tear of the superior third of the subscapularis
(Lafosse II to V [10]) on the basis of physical examination and confirmed by magnetic resonance
imaging (MRI); failure of conservative treatment,
involving a period of relative rest, nonsteroidal antiinflammatory medication, physiotherapy (at least
3 months), corticosteroid injections (more than 2);
functional impairment or unacceptable pain for
a minimum of 3 months; arthroscopic treatment at
our institution by the same shoulder surgeon; a minimum follow-up period of 24 months; and ability to
provide informed consent for participation. Specific patients’ exclusion criteria were partial superior
third lesion of the subscapularis tendon (Lafosse I),
severe glenohumeral osteoarthritis, neurological diseases, presence of tumours, infections and previous
surgery or revision repairs on the ipsilateral shoulder.

Pre-operative evaluation
For each patient, a detailed clinical pre-operative
examination was performed, including inspection,
range of movement (ROM), internal rotation (IR)
strength and a special test of both shoulders. Passive and active ROM of the shoulder (IR, external rotation and forward flection) were assessed, noting
any deficiencies relative to a normal contralateral
shoulder. The clinical suspicion of a tear was confirmed in all patients by pre-operative radiological
evaluation, including X-rays and MRI of the affected shoulder (Figure 1). The Constant score was completed, and a final score between 0 (no functionality) and 100 (full functionality) was obtained [19]. It
consisted of individual scores for pain (0–15 points),
activity of daily living (0–20 points), movement (0–
40 points) and strength (0–25) [19]. Pain was rated using a numeric rating scale (NRS, range 15–0
points), according to the scheme of the Constant
score. All patients received a standard pre-operative assessment by standard radiographs, including anteroposterior views (with the arm in internal
rotation, external rotation, and neutral rotation
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Figure 1. Magnetic resonance images of subscapular tears highlighted by the white arrow. A–C – Acute traumatic
isolated subscapularis tear (Lafosse IV) and perilesional oedema. D–F – Subscapularis (Lafosse II) and supraspinatus tears in degenerated tendons with marked muscular hypotrophy

with the patient standing) as well as an axillary
view. Cuff tears were evaluated with MRI scans, including oblique coronal, oblique sagittal and axial
T2-weighted spin-echo sequences. Final confirmation of the lesion was made intraoperatively.

Surgical technique
All of the arthroscopic operations were carried
out by the same experienced shoulder surgeon,
the senior author, in day surgery using the Bur-
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the joint was examined to identify the status
of the long head of the biceps tendon and STT,
allowing arthroscopic diagnosis of its lesion according to the Lafosse classification (Figure 2) [10].
The STT was repaired as the first stage in the repair sequence before repair of any other tendons.
Four portals were used for the procedure: an anterior one was used for placement of the anchor into
the lesser tuberosity and suture passage; this step
was carried out in association with an accessory
portal between the two portals; the anterolateral
portal was used as a working portal for subscapularis mobilisation, preparation of the bone bed,
traction sutures, coracoplasty instrumentation,
release, repair and as a viewing portal for complete tendon lesions; while the posterior portal
was used for the arthroscope. The reinsertion
of the subscapularis tendon was performed by either 1 or 2 screw-type anchors (TWINFIX Ultra HA
Suture Anchor 5.5 mm × 20 mm, Smith & Nephew)
depending on the inferior extension of the tear,
fitted with 2 double-mounted sutures. In order to
enhance tendon-to-bone healing, a previous adequate spongialization of the footprint was carried
out [20]. After the reinsertion, coracoplasty was
performed in a minority of the cases with a coracohumeral distance of less than 7 mm to prevent
coracoid impingement syndrome [21–24]. Long
head biceps tenotomy was routinely performed
in each operation, not only in cases of complete
intra-articular luxation of the tendon [25, 26]. Finally, in C-STTs, reinsertion of the posterosuperior
cuff was performed using the single row technique with one to three anchors, depending on
the size of the tear.

A

B

C

Post-operative protocol and rehabilitation

Figure 2. Arthroscopic images of subscapularis
tendon tears (highlighted by the arrows) classified
according to Lafosse. A – Lafosse II, B – Lafosse III,
C – Lafosse IV

khart technique [9]. General anaesthesia associated with an interscalene block was performed.
All procedures were carried out with patients in
the beach-chair position with 1–2 kg of traction
applied to the arm to be operated on. Joint irrigation was provided by 4 l saline bags using an arthroscopic pump. The first surgical step consisted
in a rigorous anatomic and intra-articular assessment performed in each case through a standard
posterior viewing portal. Manipulating the arm
in internal-external rotation and in abduction,
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All patients followed the same post-operative
protocol and were checked in the same standardised manner by one of the senior authors
not involved in the surgical procedure. An abduction shoulder brace was applied immediately after
the operation and maintained 24 h/day for the first
3 weeks post-operatively, with the exception
of the physiotherapeutic sessions. The rehabilitation of wrist and elbow was started immediately.
From the second post-operative day, passive-assisted physiotherapeutic mobilisation without load
was started at home with flexion and extension exercises lasting for 30 min, gradually increasing and
continuing after discharge for a month. External
rotation was avoided during the first 3 weeks, and
then the ROM in external rotation was gradually
increased. After 6 weeks, active mobilisation was
allowed, and patients were encouraged to continue self-rehabilitation with the only limitation being
to avoid holding heavy objects for an additional
6 weeks. Strengthening exercises were introduced
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12 weeks after the operation. After that, no specific additional physiotherapy was suggested
before resuming daily activities. During this postoperative period, analgesic therapy of etoricoxib
(90–60 mg, 1 cp/day) was prescribed for 2 weeks,
also for heterotopic ossification prophylaxis. In case
of persistent pain, paracetamol/codeine phosphate
(1 g, max × 2/day) was suggested. All patients
were checked during the post-operative period according to our follow-up aftercare algorithm. They
were seen in our out-patient clinic once a week for
the first 2 weeks after discharge. The first visit was
8 days after surgery for suture medication, while
the stitches were removed after 2 weeks. The shoulder brace was removed definitively 3 weeks after
surgery.

Post-operative evaluation
Data collection was performed at our institution by two external and independent investigators, the junior authors, who were not involved in
the patients’ treatment. Patients’ anthropometric
data were collected from the electronic database
of the hospital, including gender, body mass index (BMI), affected side, dominant arm, trauma,
comorbidities and the American Society of Anaesthesiologists (ASA) classification to globally
estimate surgical risk, trauma or degenerative
disease. The strength of the subscapularis muscle
was assessed during the bear-hug test (BHT) using a dynamometer as follows: the dynamometer
was connected to an armband, and the patient
was then asked to resist as the author pulled up
the dynamometer with a perpendicular force to
the wrist (Figure 3). The minimal force required to
lift the palm from the opposite shoulder was read
on the dynamometer and recorded. For each subject, the test was repeated 5 times for each side;
the mean dynamometer reading of the strength
of the subscapularis for each shoulder was then
calculated. The subscapularis strength of the operated shoulder was compared to the subscapularis strength of the non-operated one by the comparative dynamometric bear-hug test [27].
Clinical function was assessed based on
the Constant score, including the Numeric Rating
Scale (NRS) for pain as it is depicted in the Constant score [19]. Furthermore, patient satisfaction
with regard to the surgery was evaluated using
the Visual Analogue Scale (VAS) with a numeric scale ranging from 0 (unsatisfied) to 10 (very
satis
fied) [28]. Specifically, 0–3 was considered
unsatisfied, 4–6 barely satisfied, 7–8 satisfied and
9–10 very satisfied. Finally, patients were asked to
complete the Disabilities of the Arm, Shoulder and
Hand (DASH) self-assessing questionnaire [29].
Rating 30 different symptoms and disabilities in
daily living, a final score between 0 (no disability)

Figure 3. Bear-hug test setup: test was performed
with the palm of the involved side placed on
the opposite shoulder. A dynamometer was connected with an armband to the patient’s wrist.
The patient was then asked to hold that position
(resisting internal rotation) as the physician tried
to pull the patient’s hand from the shoulder with
an external rotation force applied perpendicularly to the wrist. The minimal force required to lift
the palm from the shoulder was read on the dyna
mometer

and 100 (full disability) was obtained. To assess
the influence of age on the post-operative outcome, the population was divided into three categories depending on the age at the time of surgery: < 50, ≥ 50 ≤ 65, > 65.

Statistical analysis
An a priori power analysis to calculate the sample size was performed using the G power program, Version 3.1.9.4 (Heinrich-Heine-Universität
Düsseldorf, Düsseldorf, Germany) [30] with an allocation rate of 1 : 4 for the two groups, based
on the literature [9, 31, 32]. We performed a twotailed Mann-Whitney test, with a power of 80%,
an a of 0.05 and an effect size of 0.8, resulting in
17 patients for the I-SST group and 67 patients for
the C-STT group, for a total of 85 patients.
Statistical analyses were performed by an independent statistician from the Department
of Statistics at our university, using SAS 9.2 (SAS
Institute Inc., Cary, NC, USA) for Windows. In all
statistical analyses, scores and VAS numbers
were treated as quantitative variables. The Shapiro-Wilk test was used to determine whether
quantitative data were distributed normally. As
normality was rejected for almost all clinical and
functional quantitative features and taking into
account the limited sample size in post hoc analyses, the statistical comparisons were based on
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Table I. Demographic and clinical data of patient
series (n = 79)
Variable

Value

Age, mean ± SD [years]

60.3 ±10.0

Sex, n (%):
Male

46 (58)

Female

33 (42)

BMI, mean ± SD [kg/m ]
2

Affected side, n (%):
Right

26.36 ±3.87
60 (76)
19 (24)

Left
Dominant extremity, n (%):
Right
Left

73 (92.4)
6 (7.6)

Aetiology, n (%):
Injury

37 (47)

No injury

42 (53)

Type of rotator cuff lesion, n (%):
Isolated STTs

15 (19)

Multiple rotator cuff tears

64 (81)

Type of STT lesion (according to Lafosse), n (%):
II

10 (13)

III

24 (30)

IV

31 (39)

V

14 (18)

Coracoplasty, n (%)

18 (23)

Co-morbidities, n (%):
Diabetes mellitus

10 (13)

SD – standard deviation, BMI – body mass index, STT – subscapularis tendon tear.

non-parametric techniques. Consistently, mean
± standard deviation (SD) with median, first and
third quartiles was used to summarise the variables in the tables. Age at time of surgery was
analysed as a continuous variable (in years)
or divided into three categories (< 50, 50–65,
> 65 years). Depending on the study design,
the comparison of mean values of the quantitative outcomes after and before surgery, or
between the operated and non-operated shoulder, was performed by applying the Wilcoxon
signed-rank test. Meanwhile, the comparison
of the mean values between two independent
groups (women vs. men or isolated vs. multiple
lesions) was performed using the Mann-Whitney
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test. When evaluating the association of the age
groups or Lafosse classification and the clinical
outcomes, the Kruskal-Wallis test was used to
compare mean values of continuous variables.
Spearman’s correlations were performed to
analyse the linear association between quantitative variables. Multivariable linear regression models using generalised linear models
were built to identify the potential predictors
of the post-surgery Constant score. The models provided the estimate of parameters and
adjusted p-values. For qualitative/grouped variables, frequency distributions were compared by
means of the c2 test or Fisher’s exact test, as
appropriate. The significance level (p) was set at
0.05 (p value < 0.05).

Results
Patient data
From 2010 to 2014, 121 patients (125 shoulders) with a full thickness STT underwent arthroscopic surgery repair. We could not evaluate
42 patients: 5 of the I-STT group (it was not possible to contact 2 patients, 1 patient moved to
another country, 1 died and 1 refused to participate in the post-operative follow-up), and 37 of
the C-STT group (it was not possible to contact
12 patients, 2 died, 14 patients refused to participate in the follow-up visit because they were
fully recovered, 2 moved to another city, 2 were
involved in car accidents with clavicle or acromion fractures of the operated shoulder, 1 underwent arm amputation for bone cancer, and 2 were
dia
gnosed with neurological disorders). Hence,
79 patients completed the post-operative clinical evaluation at a minimum follow-up of 2 years
(mean follow-up time: 53 months; range 24–74
months). At the time of surgery, the mean age
of the patients was 60.3 years (range: 38–76 years)
(Table I). The mean body mass index (BMI) was
26.36 (range: 21.32–30.87). There were 33 women included in the study (42%) and 46 men (52%).
In our cohort, the main cause of tendon tear was
age-related degeneration (42 patients, 53% of all
patients), while a traumatic injury was found in
the medical history of 47% of cases. The STTs were
isolated in 15 (19%) cases, while in 64 (81%) cases, other tendons were also involved (19 involved
the subscapularis and supraspinatus (24%), and
45 were massive, including infraspinatus (57%)).
According to the Lafosse classification, in our sample 10 type II, 24 type III, 31 type IV and 14 type
V lesions were found. The subscapularis tendon
was repaired in all of the cases (100%). Long head
biceps tenotomy was performed in 79 shoulders
(100%), while coracoplasty was performed on
18 (23%) shoulders.
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Table II. Clinical and functional outcome results
Parameter

Overall mean values ± SD

Median (Q1–Q3)

P-value

Operated shoulder

6.49 ±2.46

6.5 (5–8)

0.69*

Non-operated shoulder

6.33 ±2.92

7.0 (5–8)

Difference

0.16 ±2.59

0.0 (–1 to 1)

Pre-operative

42.1 ±10.6

41 (35–50)

Post-operative

74.8 ±13.5

79 (70–83)

Difference (post-pre)

32.7 ±10.6

35 (25–40)

Pre-operative

10.9 ±3.5

11 (9–14)

Post-operative

2.4 ±3.2

2 (0–4)

Difference (post-pre)

–8.5 ±4.2

–9 (–12 to –6)

8.7 ±1.4

9 (8–10)

Men and women

17.4 ±16.8

11 (4–27)

Women (n = 33)

24.1 ±18.0

22 (9–37)

Men (n = 46)

12.6 ±14.2

8 (3–17)

Dynamometric bear-hug test [kg]:

Constant score:
< 0.0001*

NRS:

VAS Satisfaction

< 0.0001*

DASH score:
0.001 (men vs. women)‡

NRS – Numeric Rating Scale, DASH – Disabilities of the Arm, Shoulder and Hand score. *P-value provided by Wilcoxon’s signed-rank test.
‡
P-value provided by Mann-Whitney test.

Functional outcomes of the cohort
The mean post-operative strength of the
operated shoulder measured by BHT was 6.49
±2.46 kg, whereas the mean strength of the
non-operated shoulder was 6.33 ±2.92 kg.
The difference was not significant (p = 0.69) (Table II, Figure 4). Post-operatively, at follow-up,
the mean Constant score (Constant-Post) was
74.8 ±13.5 points (range: 39–93). The difference
between the mean pre-operative Constant score
(Constant-Pre) and the mean Constant-Post
(Constant-Dif) was on average 32.7 ±10.6 points
(p < 0.0001). The mean DASH score was 17.4
±16.8. The DASH score of women was higher
(24.1 ±18.0) compared to that of the men (12.6
±14.2) (p = 0.001). The NRS score decreased significantly by 8.5 ±4.2 points (NRS-Dif), from 10.9
±3.5 points pre-operatively (NRS-Pre) to 2.4 ±3.2
points post-operatively (NRS-Post) (p < 0.0001).
Concerning the satisfaction of the patients,
55 out of 79 patients were very satisfied (69.6%),
21 were satisfied (26.6%), 1 was barely satisfied
and 2 were unsatisfied. These results are summarised in Table II. No statistically significant
differences were found comparing the pre- and
post-operative scores, dividing the patients according to the Lafosse classification.

Functional outcomes of the I-STT group
In analysing I-STT patients, no significant differences in the strength between the operated and the non-operated shoulder were found
(p = 0.719). The Constant-Post was significantly increased compared to the Constant-Pre (p = 0.001).
The NRS-Post was significantly decreased compared to the NRS-Pre (p = 0.001).

Functional outcomes of the C-STT group
The strength between the operated and the
non-operated shoulder of the C-STT patients
was comparable (p = 0.929), while there was
an increase of the Constant-Post compared to
the Constant-Pre (p < 0.0001). The NRS-Post
decreased significantly compared to NRS-Pre
(p < 0.0001).

Comparison between I-STT and C-STT
groups
Comparing patients with I-STTs and patients
with C-STTs, the Constant-Pre and NRS-Pre were
significantly higher in the first group (p = 0.02 and
p = 0.02, respectively). The mean Constant-Dif
of the isolated lesions was 27.7 ±8.9 points,
whereas the mean Constant-Dif of the combined
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A

B

p < 0.0001

100

15

80

Bear test

Constant score

10

5

60
40
20
0

0
OS

C

Constant-Pre

NOS

D

p < 0.0001

Constant-Post
p = 0.001

80

20
15
DASH score

60

NRS

10
5

40

20
0
0

–5
NRS-Pre

NRS-Post

Men

Women

OS – operated shoulder, NOS – non-operated shoulder, NRS – numeric rating scale, NRS-Pre – numeric rating scale pre-operative, NRS-post
– numeric rating scale post-operative, DASH – Disabilities of the Arm, Shoulder and Hand score. Data are expressed as mean ± standard
deviation.

Figure 4. Clinical outcomes. A – Bear-hug test, B – Constant score, C – NRS and D – DASH score of enrolled patients

lesions was 33.8 ±10.7 points. This difference,
depending on the lesion pattern, was significant (p = 0.04). In contrast, no significant difference was found comparing the Constant-Post
(p = 0.17), the NRS-Post (p = 0.92), the NRS-Dif
(p = 0.10), the BHT of the operated shoulder
(p = 0.27), the BHT of the non-operated shoulder
(p = 0.96), the BHT-Dif (p = 0.69), the satisfaction
(p = 0.15) or the DASH score (p = 0.57) between
the two groups of patients. These results are summarised in Table III and Figure 5.
Age was negatively correlated with the Constant-Pre (Spearman’s r = –0.37, p = 0.007)
and the Constant-Post (Spearman’s r = –0.39,
p = 0.0003) (Figure 6). Furthermore, the patient’s
age at the time of surgery was significantly associated with the number of torn tendons and
lesion pattern (p < 0.001). The relationship between the three variables that are significantly
correlated with each other (the type of lesion and
age were the independent variables and the Constant-Post the dependent variable) was studied
by a multivariable analysis showing that the type
of lesion had a low influence on the Constant-Post
score, which is instead significantly influenced by
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the patient’s age (p = 0.007). For every increase
of 1 year, the Constant-Post decreases on average
by 0.41 points and an average of 2 points every
5 years.
Even dividing the study population into 3 categories depending on the age at the time of surgery (< 50 years, 50–65 years, > 65 years), the age
categories were associated with the lesion pattern (p = 0.003), BHT of the non-operated shoulder (p = 0.03), the Constant-Pre (p = 0.03) and
the Constant-Post (p = 0.03) (Table IV). In contrast,
no significant associations were found between
age categories and BHT of the operated shoulder (p = 0.053), BHT-Dif (p = 0.69), Constant-Dif
(p = 0.11), NRS-Post (p = 0.50), NRS-Dif (p = 0.28),
satisfaction (p = 0.74) or DASH score (p = 0.84).
No association was found between gender and
other outcome measures: Constant-Pre (p = 0.33),
Constant-Post (p = 0.09), Constant-Dif (p = 0.16),
NRS-Post (p = 0.07), NRS-Dif (p = 0.54), satisfaction (p = 0.22) (Table IV).

Complications
One patient required surgery for revision rotator cuff repair due to trauma during the post-ope
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Table III. Clinical and functional outcomes in isolated (I-STTs) and multiple lesions (C-STTs)
Parameter

I-STTs (n = 15)
Mean ± SD

C-STTs (n = 64)

Median (Q1–Q3)

Mean ± SD

Median (Q1–Q3)

P-value

Dynamometric bear-hug test [kg]:
Operated shoulder

5.7 ±3.1

6 (4–8)

6.7 ±2.3

7 (6–8)

0.27‡

Non-operated shoulder

5.9 ±3.6

7.5 (2–8)

6.4 ±2.8

6 (5–8)

0.96‡

Difference

–0.2 ±2.1

0 (0–3)

0.2 ±2.7

0 (–1 to 1)

0.69*

Pre-operative

48.3 ±12.3

48 (37–59)

40.7 ±9.8

39.5 (33–49)

0.02‡

Post-operative

75.9 ±18.1

84 (71–88)

74.5 ±12.3

79 (69–82)

0.17‡

Difference (post-pre)

27.7 ±8.9

28 (11–36)

33.8 ±10.7

36 (25–41)

0.04*

Pre-operative

12.9 ±2.4

13 (11–15)

10.5 ±3.6

10 (8–13)

0.02‡

Post-operative

2.8 ±4.1

2 (0–4)

2.3 ±3.1

2 (0–3)

0.92‡

–10.1 ±4.1

–10 (–14 to –8)

–8.2 ±4.2

–8 (–11 to –4)

0.10*

8.7 ±1.7

9 (9–9)

8.7 ±1.4

9 (8–10)

0.82‡

22.7 ±22.3

14 (3–28)

16.2 ±15.2

9.5 (4.5–23.5)

0.57‡

Constant score:

NRS:

Difference (post-pre)
VAS satisfaction
DASH score:
Men and women

NRS – Numeric Rating Scale, DASH – Disabilities of the Arm, Shoulder and Hand score. *P-value provided by Wilcoxon’s signed-rank test.
‡
P-value provided by Mann Whitney test.

rative period. There was one superficial wound
infection resolved with antibiotic treatment. There
were no instances of deep wound infection or implant failure in the study group.

Discussion
Since the subscapularis (SSC) is the largest and
strongest rotator cuff muscle, playing an essential role in shoulder function and stability [2–5],
the repair of a tear of this tendon represents
an essential factor for surgical outcomes [3, 33].
The arthroscopic technique has rapidly developed since Gerber et al. first described open repair of isolated STTs in 1996 [34], showing good
clinical results [11–14, 35, 36]. The main aim of this
study was to evaluate medium- to long-term clinical and functional outcomes of a consecutive
series of patients with diagnosis of isolated or
combined STTs treated arthroscopically. The efficacy of arthroscopic subscapularis repair was
then evaluated by comparing the post-operative
results among I-STT and C-STT patient groups.
Finally, the influence of age and gender on cohort
clinical outcomes was analysed.
This study showed how the majority of STTs,
isolated or combined, can be successfully repaired
arthroscopically with a low rate of complications.
In our cohort, with a predominance of type III and
type IV lesions, good and excellent functional

and clinical outcomes were reported at a mean
follow-up of 53 months. Previously, encouraging
arthroscopic results have also been reported by
several other authors [6, 10, 37–39] with comparable results [6, 9–14, 37–39], even when the uncommon I-STTs were analysed [40]. However, for
some clinical aspects, our functional results were
even better than those reported in the literature.
The mean improvement of the Constant score
was higher (32.7 points) than that reported by
Lafosse et al. (26.6), Toussaint et al. (25.8–27.2),
and Seppel et al. (26.4) in their studies [10, 14,
41]. In particular, Ide et al. described a series of
20 patients with combined traumatic RCTs, including the subscapularis [38]. At a mean 3-year
follow-up, functional outcome improved in a similar way to that of the previously mentioned reports. At a mean follow-up of nearly 9 years, functional outcome was maintained compared with
previous reports [9, 11], and rates of patient satisfaction and return to activity were both over 90%.
In our series, even the reduction of pain was on average greater than in many other studies [10, 12].
The majority of patients were very pleased with
the operation. This overall satisfaction rate is higher
than those reported by Adams et al. (88%), Denard
et al. (92.4%) and Seppel et al. (88.2%) [11, 12, 41].
Technically, we found that the number of anchors
used for STT repair did not influence the tendon
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– numeric rating scale post-operative, DASH – Disabilities of the Arm, Shoulder and Hand score. IL – isolated lesion, ML – multiple lesion.
Data are expressed as mean ± standard deviation.

Figure 5. Clinical outcomes. A – Bear-hug test, B – constant score, C – NRS and D – DASH score of enrolled patients
divided according to isolated or multiple lesions

stability and force, or the outcomes of our series.
Also dividing our cohort into two groups according
to the extension of the tears and the number of
anchors used (Lafosse II and Lafosse III repaired by
1 anchor; Lafosse IV and V repaired by 2 anchors),
there was no statistical association between the
number of these sutures and post-operative outcomes. Despite the significant increase in publications concerning this topic, there is still controversy regarding the influence of the different number
of anchors and repair configurations proposed
(single row, double row, suture bridge) on the biomechanical and clinical results [42–45].
The routinely performed adjuvant surgical
procedures during arthroscopy, such as biceps tenotomy and acromioplasty (in some cases), may
have positively influenced the pain perception
and clinical outcomes. Several studies have shown
that patients with irreparable rotator cuffs benefit from these adjuvant procedures, in particular
when the long head biceps tenotomy is systematically performed [46], rather than from the repair
of the rotator cuff itself [47].
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A significant association was found between
the pattern of the tear (isolated or combined
subscapularis), and the mean Constant-Dif, unlike Gerhardt et al. and Miškulin et al. [35, 36].
The clinical improvement was greater in the C-STT
group than in the I-STT group. This is probably
due to the worse pre-operative anatomical damage and consequently worse clinical condition
of the multiple lesions compared to the isolated
ones. The mean Constant-Pre of the I-STT group
was higher (48.3) than the mean Constant-Pre
of the C-STT group (40.7). This is in accordance
with the study of Kukkonen et al., in which intraoperatively detected tear size correlated significantly with pre-operative Constant score (r = –0.20,
p < 0.0001), but there was an even stronger and
more significant correlation between tear size
and final post-operative Constant score (r = –0.36,
p < 0.0001) [48].
As described by Lafosse et al. [13], a dynamometric BHT was used to measure the subscapularis
strength, finding that the operated side showed
significantly lower strength than the non-operated
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Figure 6. Correlations between age and Constant score. A – Pre-operative constant score was negatively correlated
with age (r = –0.37, p = 0.007). B – Post-operative constant score was negatively correlated with age (r = –0.39,
p = 0.0003)
Table IV. Clinical and functional outcomes by age categories
< 50 (n = 12)

≥ 50 and ≤ 65 (n = 38)

> 65 (n = 29)

P-value

Isolated lesions

6 (50%)

8 (21%)

1 (3%)

0.002†

Multiple lesions

6 (50%)

30 (79%)

28 (97%)

Parameter
Lesion pattern:

Parameter

Mean
± SD

Median
(Q1–Q3)

Mean
± SD

Median
(Q1–Q3)

Mean
± SD

Median
(Q1–Q3)

Operated shoulder

7.4 ±2.8

9 (5–9)

6.6 ±2.5

7.5 (5–8)

6.0 ±2.0

6 (5–7)

0.053¶

Non-operated shoulder

7.8 ±2.9

8 (7–9)

6.2 ±3.1

6.5 (5–8)

5.9 ±2.6

6 (5–7)

0.03¶

Difference

–0.4 ±1.9

0 (–2 to 0)

0.4 ±2.8

0 (–1 to 1)

0.1 ±2.6

0 (–1 to 0)

0.69¶

Pre-operative

49.1 ±11.5

50 (43–56)

42.0 ±10.2

42 (36–49)

39.5 ±9.9

36 (33–49)

0.03¶

Post-operative

77.2 ± 17.4

83 (74–88)

77.0 ± 12.5 81 (73–84) 71.0 ± 12.6

75 (64–80)

0.03¶

Difference

28.1 ±9.0

27 (25–36)

35.0 ±9.7

36 (28–41) 31.5 ±11.8

32 (21–41)

0.11¶

Pre-operative

11.2 ± 3.6

12 (7–15)

11.5 ± 3.0

12 (10–15)

10.2 ± 4.0

11 (7–13)

0.31¶

Post-operative

3.4 ± 4.4

2 (0.5–5)

2.2 ± 2.7

2 (0–3)

2.3 ± 3.4

0 (0–4)

0.50¶

Difference

–7.8 ± 4.4

–7.5
(–11 to –5.5)

–9.3 ± 4.1

–10
(–12 to –7)

–7.8 ± 4.2

–8
(–11 to –5)

0.28¶

8.3 ± 2.0

9 (7.25– 10.00)

8.8 ± 1.2

9 (8–10)

8.8 ± 1.5

9 (8–10)

0.74¶

19.4 ± 20.3

9.5 (5.5–31.5)

16.3 ± 17.5

9 (3–28)

17.9 ± 14.5

14 (7–24)

0.84¶

Dynamometric BHT [kg]:

Constant score:

NRS:

VAS satisfaction
DASH score:
Men + women

NRS – Numeric Rating Scale, DASH – Disabilities of the Arm, Shoulder and Hand score. ¶ P-values from one-way Kruskal-Wallis test. †P-value
from Fisher’s exact test only for comparison of lesion pattern.

side (p = 0.031). In contrast, no substantial difference comparing the strength of the operated shoulder with the strength of the non-operated one was
found in our cohort (p = 0.69). This difference can
be explained by the different number of enrolled

patients (23 vs. 79) and different follow-up timepoints (32 vs. 53). Another reason could be found
in the aetiology of the rotator cuff tendon patho
logy, as this condition is mainly caused by the intrinsic degeneration of the tendons or by repetitive
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traumas. Hence, we hypothesized that, after some
years, patients develop a pathological subscapularis on the non-operated shoulder due to the same
underlying degenerative pathology that is affecting
both shoulders. This “metachronous” rotator cuff
degeneration of the contralateral shoulder was
perhaps silent in many cases in the study population of Lafosse et al. because of the relative short
follow-up time. This opinion is supported by several
recent studies [8, 49–51], such as that of Moosmayer et al., which shows that a substantial percentage
of asymptomatic RCTs became symptomatic and
underwent anatomic deterioration during a relatively short-term follow-up [52]. Hence, we can
affirm that in terms of strength, the operated subscapularis tendon recovers after the operation to
the same degree as the contralateral subscapularis,
proving the efficacy of an arthroscopic restoration
of the subscapularis anatomy.
A negative correlation between age and Constant score values, both pre- and post-operatively,
was found. Further, our analysis showed a significant association between the three age categories
and both Constant values, pre- and post-operatively. Since shoulder function worsens with age,
the Constant score is affected by age. In contrast,
the Constant-Dif was not influenced by age at
the time of surgery, suggesting that a good relative clinical improvement can also be achieved in
elderly people. Previous studies concerning RCTs
have claimed that clinical improvement does not
depend on different age categories [15, 16, 53–56]
despite the higher rate of rotator cuff re-tears and
the lower rate of tendon healing at 6-month MRI
follow-up found in the elderly [16, 57]. To the best
of our knowledge, only two studies have been
published investigating the influence of age on
the clinical outcomes of patients with STTs divided by injury type [11, 58]. Adams et al. did not find
any correlation between age and clinical outcomes
(UCLA, VAS and ASES scores) [11], while Rhee et al.
found a correlation with Constant, ASES, and Simple Shoulder Test scores [58].
The hypothetical worse post-operative recovery
of RCTs in women is still controversial in the literature [17, 37, 59, 60]. Our work consolidates
the hypothesis that men and women have similar
clinical improvement. In fact, the Constant score
was not affected by gender. However, we report
that women showed on average a DASH score two
times lower than men (24.1 vs. 12.6).
Although the main strengths of our study are
the large population (79 cases) and the long mean
follow-up time (53 months), it presents some limitations. First, as most of the STTs were associated
with other RCTs (C-STTs), this bias could have affected the results but not its clinical relevance as
most STTs were not isolated. Second, we did not
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have comparable strength measurements of the affected shoulder pre- and post-operatively, because
we performed the dynamometric BHT only postoperatively, as well as the DASH score. Third, ano
ther weakness was the lack of a control group,
which would have been useful to compare the results of this arthroscopic technique. Finally, we did
not routinely perform MRI or ultrasound of the affected shoulder in the follow-up. Thus, we lacked
information about the tendon healing rate and
the recovery of muscle atrophy and fatty infiltration.
In conclusion, our results showed that arthro
scopic repair technique of STTs is an effective
procedure, providing pain relief, function restoration and patient’s satisfaction for both categories of lesions. Comparing the clinical aspects of the shoulder before and after surgery,
a statistically significant improvement among
patients of the C-STT group with respect to patients of the I-STT group was found. Furthermore,
the comparative dynamometric BHT of subscapularis strength did not show significant differences
between the operated shoulder and the non-operated one. The patient’s age was associated with
the presence of C-STTs, and inversely correlated
with the Constant score. Finally, gender did not affect the objective clinical improvement achieved
arthroscopically, even if the DASH score was lower
among women.
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