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I and of Type V. The scores are less comparable for repairs 
of Types II, III and IV, because US does not allow identi-
fication of partial tears if shielded by bony structures and 
because partial tears correspond to minimal impairment. 
The study reveals that US is an adequate imaging modality 
to classify rotator cuff repair integrity, which could reduce 
economic and practical burdens of CTA, MRI or MRA. The 
results also confirm that post-operative repair integrity and 
functional outcome depend on pre-operative tear size and 
fatty infiltration, which provides clinicians with reasoning 
for early surgical repair and warning of the risks of strenu-
ous activity for patients with larger tears.
Level of evidence  Prognostic study, Level IV.

Keywords  Rotator cuff · Re-tear · Ultrasonography · 
Double-row fixation · Sugaya classification

Introduction

Arthroscopic repair of rotator cuff tears gained increased 
popularity over open or mini-open procedures because it 
reduces incision size, post-operative pain and length of hos-
pital stay [9, 12, 29, 31, 37, 43]. The post-operative integ-
rity of the rotator cuff is influenced—regardless of operative 
method used—by the pre-operative tear size and the tissue 
quality [1, 11, 40]. Furthermore, post-operative evaluation 
of repair integrity seems to have good prognostic value of 
patient functional outcomes, which are better for patients 
with intact rotator cuffs following repair [1, 21].

The post-operative integrity of the rotator cuff can be 
evaluated by ultrasonography (US) [11, 13, 21], computed 
tomography (CT) arthrography [14], magnetic resonance 
imaging (MRI) [15, 24, 26, 42] or magnetic resonance 
arthrography (MRA) [28, 45]. Although recent review 
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had complete functional and radiographic assessments at a 
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articles confirmed the superior accuracy of MRA and CT 
arthrography over both MRI and US [7, 14, 27], numerous 
authors demonstrated substantial improvements over the 
past decade in reliability of US for the assessment of rota-
tor cuff integrity [7, 27, 35, 36, 38], and considerable inter-
est grew in this economic and practical imaging modality 
[14, 32, 35].

In 2007, Sugaya et  al. [41] introduced an MRI-based 
classification system which gained wide acceptance for the 
evaluation of post-operative rotator cuff integrity [2, 19, 
20, 23, 25, 44] and correlated it with patient functional out-
comes. Despite the proven sensitivity and specificity of US 
for the evaluation of post-operative rotator cuff integrity [7, 
14, 27, 32], there is no published US-based classification 
system for this purpose. The aim of this study was to assess 
an US-based method for the evaluation of post-operative 
repair integrity following arthroscopic double-row repair of 
the rotator cuff, in accordance with the MRI-based classifi-
cation of Sugaya et al. [41]. The use of US to evaluate rota-
tor cuff repair integrity could reduce economic and practi-
cal burdens of CTA, MRI or MRA which deter patients and 
clinicians from completing necessary post-operative assess-
ments [25].

Materials and methods

Between January 2007 and June 2010, arthroscopic double-
row suture anchor repair was performed on 257 patients by 
the senior author (JB), as a treatment for rotator cuff tear. 
The aetiology was one tendon tear in 83 patients (14 %), 
two tendon tears in 138 patients (54 %) and three tendon 
tears in 36 patients (32  %). The operative technique was 
consistent throughout this 3-year period; there was no 
‘learning curve’ nor new equipment or approaches intro-
duced. All patients had initially received conservative treat-
ment prior to surgery, which proved unsuccessful, includ-
ing rehabilitation or corticoid infiltration, depending on 
whether the injury was acute or degenerative. All patients 
gave informed consent for their participation in the retro-
spective case-series study. The study was approved by the 
institutional review board (IRB) at our centre.

All patients were examined pre-operatively, and their 
rotator cuff muscle quality was assessed on CT or MRI 
images for fatty infiltration using the modified Goutallier 
classification [10, 17, 18]. The use of two different imag-
ing modalities for pre-operative assessment could introduce 
bias, but recent articles indicate that equivalent assessment 
of fatty infiltration could be achieved using either CT or 
MRI [3, 10, 22, 30, 33]. Fatty infiltration in stages 0 and 1 
was present in 67 patients (26 %), in stage 2 in 156 patients 
(61 %), in stage 3 in 33 patients (13 %) and in stage 4 in 
one patient (0.4 %). The case notes for each patient were 

retrospectively reviewed. The inclusion criteria were: avail-
ability of plain radiographs of the affected shoulder, avail-
ability of a pre-operative MRI scan or computed tomog-
raphy (CT) arthrogram, diagnosis of full-thickness rotator 
cuff tear confirmed intra-operatively and availability of 
a post-operative US evaluation of the affected shoulder at 
the latest follow-up. The exclusion criteria were: shoulder 
joint stiffness, Hamada stage 2 or more (acromiohumeral 
distance <6  mm) on plain X-rays, concomitant shoulder 
pathology (such as arthritis, rheumatologic disorders) dis-
covered pre-operatively or arthroscopically, other concomi-
tant severe musculoskeletal pathologies or failure of the 
patient to be present at the scheduled follow-up visits.

Surgical technique

All patients were operated under general anaesthesia in the 
beach-chair position. An inter-scalene block was typically 
performed before surgery, and continuous 3-kg traction 
of the arm (at the side) was used using a simple traction 
system fixed on the ipsilateral caudal corner of the table. 
Four to five arthroscopic portals (on demand) were typi-
cally required: posterior soft point and posterolateral portal 
as viewing portals (scope), and anterior (rotator interval), 
lateral, posterior and posterolateral as working portals.

We used BioCorkscrew FT bioabsorbable anchors 
(Arthrex Inc., Naples, FL) with four 5.5  mm  ×  15  mm 
NeedlePunch needles and two #2 FiberWires to perform 
our double-row technique (Fig. 1). All sutures were passed 
through the tendon using the NeedlePunch suture passer 
(Arthrex Inc., Naples, FL).

First, a biceps tenodesis was performed high in the 
bicipital groove, if the biceps were still present, just next to 
the cartilage using the suture anchor with a lasso-loop tech-
nique. Subscapularis repair was performed if needed prior 
to posterior cuff while the scope was in the gleno-humeral 
joint. The scope was then moved to the subacromial space, 
which was cleared of adhesions, bursal tissue and reac-
tive synovitis. A subacromial decompression with acro-
mioplasty was performed in the presence of a prominent 
anterior inferior edge of the acromion, in conjunction with 
a bony spur on the undersurface of the acromioclavicular 
joint and the coracoacromial ligament [34]. Acromioclavic-
ular co-planning or distal clavical excision was performed 
if necessary.

In each shoulder, the pre-operative tear size was assessed 
during arthroscopic surgery according the Cofield clas-
sification [4]: 18 were small (<1 cm in length), 142 were 
medium (1–3  cm), 40 were large (3–5  cm), and 11 were 
massive (>5  cm). The tear pattern (U-shaped, L-shaped 
and C-shaped) and presence of delamination were arthro-
scopically assessed by means of a tendon grasper, and the 
repair was based on the tear pattern. Tendon mobility was 
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improved by releasing superficial adhesions between the 
cuff and the acromial arch. A superior capsular release 
and rotator interval coracohumeral ligament release were 
performed when needed to allow a low-tension reduction 
in the supraspinatus tendon to its anatomical position. A 
shaver was used for limited debridement of degenerated 
tendon margins.

After adequate visualization, assessment of the type and 
mobility of the lesion, preparation and release of the ten-
don, the upper surface of the greater tuberosity was abraded 
with caution with a burr, removing all soft tissue and a part 
of cortical bone, to create a bleeding cancellous bone bed.

Side-to-side sutures were used prior to tendon-to-bone 
sutures in order to convert L-shaped or U-shaped tears to 
C-shaped tears. The remaining sutures from the biceps ten-
odesis were passed through the supraspinatus tendon using 
a NeedlePunch suturepasser device (Arthrex Inc., Naples, 
FL). An additional medial anchor was used in case of large 
tear extending posteriorly just lateral to the cartilage mar-
gin. All the sutures from the medial row were passed but 
tightened at the end of the procedure. The anterolateral 
portal was used to drill the anchor holes approximately 
10 mm distal to the tip of the greater tuberosity. The lateral 
row was first tightened to reduce the cuff and finally the 
medial row to increase the coverage of the footprint. Foot-
print coverage of the rotator cuff was achieved in all cases 
and confirmed arthroscopically by observing the construct 
at both subacromial and intra-articular spaces at the end of 
the procedure. All repairs were ‘watertight’ except for large 
subscapularis tears which required release including rotator 
interval debridement.

Evaluation

All patients were recalled for physical and radiographic 
examination at least 1 year post-operatively. The physical 
examination and collection of functional scores were car-
ried out by a different surgeon (EF) than the one who per-
formed the surgery. The functional scores collected were 
the Constant score (CS) [5, 6], the University of California 
at Los Angeles (UCLA) score [8] and the subjective shoul-
der value (SSV) [15, 16]. The radiographic evaluation was 
performed using US by an experienced musculoskeletal 
radiologist (RB) using a 14- to 18-MHz linear transducer 
and a Xario SSA 660A and SSA probe with precision 660 
LG (Toshiba Medical Systems, Otawara, Japan). Dur-
ing the US assessment, the patients were seated with the 
affected arm maintained free at the side of the trunk. The 
rotator cuff repair was examined in the three planes (axial, 
sagittal and coronal). The tendons of the supraspinatus and 
infraspinatus were examined with the arm in adduction and 
internal rotation, while the subscapularis was evaluated 
in external rotation. The integrity of the repaired rotator 
cuff was classified into five types, as described by Sugaya 
et al. [40, 41], based on frontal, sagittal and transverse US 
images only (Fig. 2):

•	 Type I indicated a repaired cuff that had sufficient thick-
ness (>2 mm) with normal echostructure as normal ten-
don hyperechoic and fibrillar on each image;

Fig. 1   Scope inserted in the posterolateral portal; a biceps tenodesis 
using a suture anchor high in the groove; b medial row with sutures 
passed through the supraspinatus using two medial suture anchors; 
c lateral row is first tightened; d once the lateral row allows perfect 
reduction, the medial row sutures are tightened; e final construct
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•	 Type II indicated a repaired cuff that had sufficient 
thickness (>2 mm) associated with a partial hypo-echo-
genicity or heterogenicity;

•	 Type III indicated a repaired cuff that had insufficient 
thickness (<2 mm) without discontinuity;

•	 Type IV indicated the presence of a minor full-thickness 
discontinuity of which border are well visible, suggest-
ing to a small tear;

•	 Type V indicated the presence of a major discontinuity 
of which the medial border is not visible under the acro-
mial arch, suggesting a medium or large tear.

The use of patient data for this study was approved by 
the institutional review board (IRB) at our centre (Centre 
Osteo-Articulaire des Cèdres, Ref: Study 2007-01).

Statistical analysis

Statistical analyses were performed using SAS/STAT (SAS 
Institute Inc., North Carolina, USA). The Mann–Whitney 
U test was used to compare the difference between the pre-
operative and post-operative functional outcomes (Constant 
score, UCLA and SSV). One-factor analysis of variance 
was used to compare the repair integrity and the functional 
scores. To enable calculation of a p value for each repair 
type (using Type I as the reference), we used a nonpara-
metric one-way analysis of rank scores (generalized linear 
model on ranked data, including Bonferroni multiple com-
parisons). The level of statistical significance was therefore 
set at p = 0.0125 (0.05/4).

Results

Of the initial 257 patients, 41 failed to be present for fol-
low-up at 12 or more months, three patients were excluded 
because they had subsequent surgery on another joint 
(knee, hip or spine) and one patient died before the end of 
the follow-up period from unrelated causes. The remain-
ing 212 patients (82.5  %) (113 men and 99 women) were 

Fig. 2   Integrity of the repaired rotator cuff classified into five types 
using ultrasonography; a Type I indicated a repaired cuff with suf-
ficient thickness (>2  mm) and normal echostructure as normal ten-
don hyperechoic and fibrillar on each image; b Type II indicated a 
repaired cuff that had sufficient thickness (>2  mm) associated with 
a partial hypo-echogenicity or heterogenicity; c Type III indicated a 
repaired cuff that had insufficient thickness (<2 mm) without discon-
tinuity; d Type IV indicated the presence of a minor full-thickness 
discontinuity of which border are well visible, suggesting to a small 
tear; e Type V indicated the presence of a major discontinuity of 
which the medial border is not visible under the acromial arch, sug-
gesting a medium or large tear

▸
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available for evaluation at a mean follow-up of 36.8 (range 
16–61) months. The mean age at surgery was 55.6 (range 
16–83) years, and arthroscopy revealed one tendon tear in 71 
patients (37 %), two tendon tears in 114 patients (54 %), and 
three tendon tears in 27 patients (13 %). Forty-one (19 %) of 
the patients were smokers, and six (3 %) were diabetic.

Functional outcomes

All three rating systems reflected a significant improvement 
in the status of the shoulders when the pre-operative scores 
were compared with the post-operative scores (p  <  0.01) 
(Table  1). The mean Constant score had increased from 
56.3 points (median 57; range 8–92) pre-operatively to 80.0 

points (median 83; range 42–100) post-operatively. The 
mean UCLA score had increased from 14.4 points (median 
14; range 2–26) pre-operatively to 31.1 points (median 
32; range 11–35) post-operatively. The SSV score was not 
available pre-operatively, but the mean was 79.7 (median 
85; range 0–100) post-operatively.

Repair integrity

Ultrasound imaging revealed 75 shoulders (35  %) with a 
Type I repair, 99 shoulders (47 %) with a Type II repair, 11 
shoulders (5 %) with a Type III repair, 12 shoulders (6 %) 
with a Type IV repair and 15 (7 %) with a Type V repair. 
The overall rate of re-tears (Types IV and V) was 13  % 
(27 shoulders) (Table  2). Using all three rating systems 
(Table 2), Type I repairs had the highest scores (p < 0.01), 
and Type II repairs had discernibly lower scores. Neither 
diabetes nor smoking had any effect on functional out-
comes or repair integrity.

Pre‑operative fatty infiltration and tear size

The functional scores declined significantly with the 
increase in pre-operative fatty infiltration, but were not 
related to pre-operative tear size (Fig.  3). Shoulders with 
little or no fatty infiltration (stages 0 and 1) had signifi-
cantly higher functional scores than shoulders with moder-
ate to high fatty infiltration (stages 2–4), using all three rat-
ing systems (Table 3). Post-operatively, poor repairs (Types 
IV and V) were more frequent for large and massive pre-
operative tears (25.5  %) than for small and medium pre-
operative tears (8.8 %) (Table 4).

Discussion

The most important finding of the present study was that US 
is a valid imaging modality for post-operative evaluation of 

Table 1   Pre-operative and post-operative shoulder scores

a  The values are given as the mean with the standard deviation in 
parentheses
b  This total does not include the post-operative satisfaction

Shoulder scoring system Scorea p value

Pre-op. Post-op.

Constant

 Total 56.3 (15.0) 80.8 (12.5) <0.01

 Pain 3.7 (2.7) 12.4 (3.2) <0.01

 Function 6.4 (4.6) 17.0 (3.3) <0.01

 Range of motion 36.0 (7.5) 38.3 (3.5) <0.01

 Strength 10.3 (7.1) 13.2 (5.5) <0.01

UCLA

 Total 14.4 (4.2) 31.1 (4.4) <0.01

 Pain 2.4 (1.8) 8.3 (2.1) <0.01

 Function 3.2 (2.3) 8.5 (1.7) <0.01

 Range of motion 4.7 (0.7) 5.0 (0.3) <0.01

 Strength 4.3 (0.9) 4.7 (0.5) <0.01

 Satisfactionb N/A 4.8 (0.9)

SSV

Total N/A 79.7 (23.0) N/A

Table 2   Post-operative repair integrity compared with functional outcomes

a  The values are given as the mean with the standard deviation in parentheses

p values calculated using the Mann–Whitney U test: a—Type I versus all other repair types; b—Type II versus Type I; c—Type III versus Type 
II; d—Type IV versus Type III; e—Type V versus Type IV

Post-operative  
repair integrity

No. of  
shoulders

Scoring systema

Constant UCLA SSV

Score p value Score p value Score p value

Type I 75 87.1 (9.6) <0.01 a 33.1 (3.4) <0.01 a 90.2 (14.5) <0.01 a

Type II 99 80.2 (11.8) <0.01 b 31.0 (3.9) <0.01 b 77.5 (21.6) <0.01 b

Type III 11 71.1 (13.7) n.s. c 27.3 (6.5) n.s. c 63.2 (37.4) n.s. c

Type IV 12 71.0 (7.1) n.s. d 27.5 (4.4) n.s. d 63.8 (26.0) n.s. d

Type V 15 68.7 (13.9) n.s. e 27.8 (4.7) n.s. e 66.0 (28.4) n.s. e
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rotator cuff repair integrity following the MRI-based clas-
sification of Sugaya et al. [41]. The repair integrity in this 
study compared favourably with that reported for open or 
mini-open [15, 21] and arthroscopic single-row repair [1, 
11, 40]. Comparison of UCLA ratings from this study with 
those of Sugaya et al. [41] reveals equivalent improvement 
in post-operative scores compared to pre-operative scores 
(Table 5).

The three rating systems used in this study (Constant 
score, UCLA and SSV) indicated significantly higher 
functional outcomes for repairs of Type I than for all other 
repair types; the scoring system that correlated best with 
repair type was the Constant score, which indicated notably 

poor functional outcomes for repairs of Type V (68.7) than 
for repairs of Types II, III and IV (80.2, 71.1 and 71.0, 
respectively). Our observations are in contrast with those 
of Sugaya et al. [41] who found that the three rating sys-
tems used (JOA, UCLA and ASES) indicated significantly 
lower functional outcomes for repairs of Type V than for all 
other repair types; the scoring system that correlated best 
with repair type was the Japanese Orthopaedic Associa-
tion (JOA) rating, which indicated somewhat higher func-
tional outcomes for repairs of Types I and II (96.5 and 96.4, 
respectively) than for repairs of Types III and IV (94.3 and 
94.8, respectively). Overall, post-operative US classifica-
tion of rotator cuff integrity has some prognostic value, as 

Fig. 3   Constant Score as a function of a post-operative repair integrity; b pre-operative fatty infiltration (modified Goutallier [10, 17, 18]); and c 
pre-operative tear size (Cofield [4])

Table 3   Pre-operative fatty infiltration (modified Goutallier) compared with functional outcomes

†  Compared with the other types, the outcome was significantly better (p < 0.05)
a  The values are given as the mean with the standard deviation in parentheses

Pre-operative fatty  
infiltration (modified  
Goutallier)

No. of  
shoulders

Scoring systema

Constant UCLA SSV

Score p value Score p value Score p value

Stages 0–1 53 86.8 (11.3) <0.01† 32.6 (4.2) <0.01† 84.5 (24.0) <0.01†

Stage 2 133 79.6 (11.6) n.s. 30.8 (4.3) n.s. 79.7 (20.6) n.s.

Stage 3 25 75.4 (14.4) n.s. 30.0 (4.7) n.s. 70.9 (28.8) n.s.

Stage 4 1 55.0 n.s. 24.7 n.s. 24.7 n.s.

Table 4   Pre-operative tear size 
(Cofield) and post-operative 
repair integrity

Pre-operative tear  
size (Cofield)

No. of  
shoulders

Post-operative repair integrity

Type I Type II Type III Type IV Type V

Overall 212 75 (35 %) 99 (47 %) 11 (5 %) 12 (6 %) 15 (7 %)

Small 18 8 (44 %) 9 (50 %) 1 (6 %)

Medium 142 50 (35 %) 69 (49 %) 9 (6 %) 8 (6 %) 6 (4 %)

Large 40 13 (33 %) 17 (43 %) 4 (10 %) 6 (15 %)

Massive 11 3 (27 %) 4 (36 %) 1 (9 %) 3 (27 %)
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asserted in recent studies [23, 25], which enables the cli-
nician to predict post-operative shoulder function and thus 
inform the patient (especially in heavy workers or demand-
ing individuals) of what subjective function to expect, 
based on objective radiographic examination (Fig. 4).

Direct comparison of UCLA scores from this study 
with those of Sugaya et al. (Table 6) reveals nearly iden-
tical UCLA scores for repairs of Type I in both studies 
and for repairs of Type V in both studies. The scores are 
less comparable for ‘imperfect’ repairs of Types II, III and 
IV, and this could have two explanations. First, US does 
not allow perfect distinction between those three repairs 
types—despite the superior spatial resolution of US over 
MRI for small ruptures—because partial tears (Type IV) 
may not be visible if they are shielded by bony structures. 
Second, the borders between a pathologic tendon (e.g. ten-
dinopathy or Type II) versus partial tear (e.g. weak tendon 
or Type III) versus tiny tears (e.g. minor discontinuity or 
Type IV) are clinically and functionally not discernible. 
Pain relief in those cases is mostly incomplete compared 
to Type I, whereas strength recovery is still better achieved 
compared to Type V (extended discontinuity or larger 
re-tear).

Direct comparison of diagnostic data with clini-
cal outcomes reveals that (1) post-operative functional 
scores are influenced by pre-operative fatty infiltration 
and (2) post-operative repair integrity could be related to 
pre-operative tear size. Shoulders with little or no fatty 
infiltration (stages 0 and 1) had considerably higher 

functional scores than shoulders with moderate to high 
fatty infiltration (stages 2–4), and this difference was 
statistically significant, using all three rating systems 
(Table 3). Post-operatively, poor repairs (Types IV and V) 
were more frequent for large and massive pre-operative 
tears (25.5 %), than for small and medium pre-operative 
tears (8.8  %) (Table  4). These observations could have 
two implications in clinical practice: First, they advocate 
the benefits of repairing torn rotator cuffs sooner rather 
than later, to prevent fatty infiltration which could worsen 
surgical and functional outcomes; second, they help man-
age the expectations of demanding patients, by inform-
ing them that larger tears are more predisposed to re-tear. 
Surgeons should therefore advise demanding patients 
to avoid strenuous physical activity (sports or labour) 
post-operatively in case of large or massive tears pre-
operatively. Surgeons could also warn patients that their 
shoulder function post-operatively may be compromised 
if they had high levels of fatty infiltration pre-operatively 
(Table 7).

A number of recent studies reported little or no improve-
ment in repair integrity with enhanced surgical techniques, 
implant materials or biologic agents: Gumina et  al. [19] 
reported that the use of platelet–leucocyte membranes in 
the treatment of rotator cuff tears improved repair integrity 
but had little effect on functional outcomes. Boyer et al. [2] 
observed a slight decrease in re-tear rate using a knotless 
tape-bridging construct versus a standard tied suture-bridg-
ing technique. Werthel et  al. [44] found no improvement 
in repair integrity nor functional outcomes using adju-
vant intra-tendinous injections of autologous conditioned 
plasma. This study also confirms previous findings that 
both tendon and fatty infiltration of the muscle may influ-
ence on functional outcome and repair integrity following 
rotator cuff repair [10, 17, 18, 23, 25, 30].

Table 5   Comparison of UCLA scores of this study with UCLA 
scores of Sugaya et al. [41]

a  The values are given as the mean with the standard deviation in 
parentheses
b  This total does not include the post-operative satisfaction criteria

UCLA scorea p value

Pre-op. Post-op.

This study

 Total 14.4 (4.2) 31.1 (4.4) <0.01

 Pain 2.4 (1.8) 8.3 (2.1) <0.01

 Function 3.2 (2.3) 8.5 (1.7) <0.01

 Range of motion 4.7 (0.7) 5.0 (0.3) <0.01

 Strength 4.3 (0.9) 4.7 (0.5) <0.01

 Satisfactionb N/A 4.8 (0.9)

Sugaya et al. [41]

 Total 14.5 (4.3) 32.9 (3.7) <0.01

 Pain 2.4 (1.5) 9.3 (1.2) <0.01

 Function 4.6 (2.0) 9.1 (1.3) <0.01

 Range of motion 4.1 (1.1) 5.0 (0.0) <0.01

 Strength 3.3 (1.3) 4.8 (0.5) <0.01

 Satisfactionb N/A N/A

Fig. 4   Post-operative repair integrity as a function of pre-operative 
tear size (Cofield [4])
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The main strengths of this study are (1) its relatively 
large sample size (212 patients) and (2) long follow-up 
(36.6  months) that enabled robust statistical analyses and 
rendered some conclusions. The study has several limita-
tions typical of a retrospective analysis, including (1) the 
wide variability of follow-up (16–61 months) which could 
alter clinical and functional observations, (2) the inclusion 
of patients with various sizes of subscapularis tears which 
may have impact on the prognosis of repair integrity, (3) 
the use of two different imaging modalities (CT and MRI) 
to assess muscle quality and fatty infiltration, (4) the ina-
bility to analyse the inter- and intra-observer accuracy 
because US is a dynamic imaging modality and its interpre-
tation must be done in the presence of the patient [14] and 
(5) the lack of post-operative MRI scans that would permit 
much more direct evaluation of sensitivity and specific-
ity of the US evaluations. It would not have been feasible 
to retain or recall the patients for additional radiographic 
examinations by the same observer or by a different radiol-
ogist. To compensate for this limitation, we performed the 
study on a large cohort and followed the well-established 
classification of Sugaya et al. [41]. In comparison with the 
studies in the literature that evaluated US for tendon heal-
ing assessment, this study is the most detailed and the clos-
est to the classification of Sugaya et al. [41]. Indeed, most 
articles that used US to assess tendon healing previously 
evaluated grossly the repair such as ‘torn’ or ‘healed’ [7, 
14]. The drawbacks of US compared to the other imaging 
still remains in fatty infiltration evaluation or cartilage wear 
[39] and it thus insufficient to explain all causes of pain in 
cases of post-operative failures, which are well addressed 
by the other imaging system.

Conclusions

The present study reveals similar findings to those of Sugaya 
et al. [41] and confirms that US is a valid imaging modality as 
MRI [7, 14], for the evaluation of post-operative repair integ-
rity following arthroscopic double-row repair of the rotator 
cuff. The use of US to evaluate rotator cuff repair integrity 
could reduce the economic and practical burdens of post-
operative radiographic evaluation which deter patients and 
clinicians from completing necessary post-operative assess-
ments [21] as they require more expensive equipment and 
involve longer waiting lists and examination times. The study 
also confirms that post-operative repair integrity and function 
depend on pre-operative tear size and fatty infiltration, which 
provides patients and clinicians with reasoning for early sur-
gical repair and warning of the risks of strenuous activity for 
patients with larger tears. Further studies are required to eval-
uate the sensitivity and specificity of US for this purpose.
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