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Abstract Biomechanical studies suggest a suture bridge
technique enhances rotator cuff tendon footprint contact
area, holding strength, and mean contact pressure. Based
on these studies, we asked whether (1) the suture bridge
technique would provide a high rate of cuff integrity after
surgery, (2) the status of the repaired cuff would change
with time, (3) preoperative factors could predict postop-
erative cuff integrity, and (4) patients with retears had less
favorable pain, functional scores, range of motion (ROM),
and muscle strength compared with those with intact
repairs. We prospectively followed 78 patients with
arthroscopic repairs in whom we used the suture bridge
technique. The integrity of the rotator cuff repair was
determined using ultrasonographic evaluation at 4.5 and
12 months after surgery. Ultrasonography revealed intact
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cuffs in 91% at 4.5 months postoperatively, all of which
were maintained at the 12-month followup. Failure rates
were 17.6% (three of 17) for massive tears, 11.1% (two of
18) for large tears, 6.3% (two of 32) for medium tears, and
no failures for small tears. Preoperative fatty degeneration
of the supraspinatus muscle was a strong predictor of cuff
integrity. We found no correlation between the integrity
and clinical outcomes except for a temporary decrease of
abduction strength at 6 months. Arthroscopic repair using
suture bridge technique can achieve a low retear rate in
shoulders treated for rotator cuff tears, but the occurrence
of retear did not influence the outcome.

Level of Evidence: Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Arthroscopic rotator cuff repairs have gained popularity
owing to rapid improvement in the techniques and instru-
mentations and reportedly provide satisfactory clinical
outcomes [5, 15, 31]. However, persistent retear remains
one of the most common complications after rotator cuff
repair [2, 10, 21, 34]. The standard single-row arthroscopic
rotator cuff repair reportedly is unsuccessful in restoring
footprint contact area [3, 4, 17]. This has led to the
development of more secure fixation methods.
Experimental evidence suggests the holding strength of
the repair technique plays an important role in the pre-
vention of retear [30]. Based on biomechanical studies, a
suture bridge rotator cuff repair technique has been sug-
gested as one of the effective alternatives that can enhance
rotator cuff tendon footprint contact area and reduce mean
pressure, while retaining strength [28, 29]. The suture
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bridge technique has an advantage over traditional double-
row repair as it uses the suture limbs from the medial suture
knots to bridge and compress the repaired tendon, and
therefore reduces the surgical steps. Frank et al. [9], in a
study of 25 patients, reported 88% (22 of 25 patients) with
cuff integrity after arthroscopic repair using suture bridge
technique assessed by MRI at 1 year.

We performed this study to determine whether (1) the
suture bridge technique would provide a high rate of cuff
integrity after surgery, (2) the status of the repaired cuff
would change with time, (3) preoperative factors could
predict postoperative cuff integrity, and (4) patients with
retears had less favorable pain, functional scores, range of
motion (ROM), and muscle strength compared with those
with intact repairs.

Materials and Methods

We prospectively followed all 99 patients treated with
arthroscopic rotator cuff repair using the suture bridge
technique from July 2006 to September 2007. We included
patients with the following: (1) diagnosis of full-thickness
rotator cuff tear with physical examination and with MRI;
(2) failure of nonoperative treatment (medication and
strengthening of rotator cuff, deltoid, and scapular stabi-
lizer); and (3) no previous history of fractures or operations
around the shoulder. We excluded patients with the fol-
lowing: (1) arthritic changes of the glenohumeral joint on
radiographs; (2) failure of arthroscopic repair using the
suture bridge technique owing to severe retraction or poor
quality of the torn rotator cuff; and (3) refusal to receive
postoperative ultrasonography. We excluded 17 patients
owing to the lack of followup. Four patients with massive
rotator cuff tears were excluded in this study owing to
irreparable defects. One patient had MRI performed
4.5 months postoperatively at an outside institution, which
showed retear. Although he refused to undergo ultrasono-
graphic examination at 12 months, we decided to include
him in this study as his clinical features at 12 months were
available and provided sufficient information regarding the
status of the retear. The exclusions left 78 of the 99 patients
(78 shoulders) for this study. There were 49 men and 29
women, and the average age was 59.2 years (range, 38—
78 years) (Table 1). Fifty-seven patients underwent rotator
cuff repair on the dominant shoulder. The interval from
onset of symptoms to surgery ranged from 3 months to
10 years (mean, 29.8 months). Minimum followup was
12 months (mean, 13.1 months; range, 12—17 months). All
patients had a complete clinical examination, preoperative
MRI, and postoperative serial ultrasound examination at
4.5 and 12 months.

Table 1. Demographic, anatomic, and operative characteristics

Variable Value

49:29
59.2 + 9.8 (28-79)
29.8 + 49.9 (3-120)

Gender (male:female)
Age (years)*

Symptom duration (months)*

Side of involvement (dominant: 57:21
nondominant)

Size of tear
Massive (> 5 cm) 17
Large (3-5 cm) 18
Medium (1-3 cm) 32
Small (< 1 cm) 11

Retraction (cm)*
Massive 26+ 14
Large 1.9+ 1.2
Medium 04 +05
Small 0

GFDI*

Massive tear SS: 3.4 +£ 0.6 (24)
IS: 1.7 + 1.0 (0-4)
SC: 1.7 £ 1.2 (04)
SS: 2.6 £ 1.1 (14)
IS: 1.2 £ 1.1 (04)
SC: 0.6 £ 1.0 (04)
SS: 1.8 + 0.66 (1-4)
IS: 0.5 + 0.51 (0-1)

SC: 0.19 £+ 0.47 (0-2)

Large tear

Medium tear

Small tear SS:1.3 £ 047 (1-2)
IS: 0.4 £ 0.67 (0-2)
SC: 0.2 £ 041 (0-1)
SC lesion
Repair 15
Débridement 5

Biceps pathology

Absence 55
Fraying < 50%: 3
Tenotomy 1t
Tenodesis 147
Spontaneous rupture 5

Number of anchors*

Massive tear MA: 2.8 (2-4)
PL: 3.3 (24)
AA: 0.3 (0-3)
MA: 2.2 (2-3)
PL: 2.7 (2-3)
AA: 0.2 (0-3)
MA: 1.4 (1-2)
PL: 2.2 (2-3)
AA: 0.1 (0-1)

Large tear

Medium tear
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Table 1. continued

Variable Value
Small tear MA: 1
PL: 2.1 (2-3)
AA: 0.1 (0-1)

* Values are presented as mean or mean =+ standard deviation, with
range in parentheses; tenotomy or tenodesis were performed in cases
with biceps tendon dislocation, subluxation, or tear involving > 50%
of the substance; GFDI = Global Fatty Degeneration Index; SS =
supraspinatus; IS = infraspinatus; SC = subscapularis; MA =
anchors for medial row; PL = push-lock device; AA = additional
anchors for subscapularis tendon repair or tenodesis for long head of
biceps tendon.

All operations were performed by the senior author
(J-YP). The patients were placed in the beach chair position
under general anesthesia. Four routine arthroscopic portals
(anterior, posterior, lateral, posterolateral) were used to
perform the rotator cuff repair. A posterior portal was
established as the primary viewing portal. After the
bursectomy was completed, arthroscopic subacromial
decompression was performed to create a flat acromial
undersurface in all patients. We then inspected the bursal
side of the rotator cuff and débrided the margin of the tear to
gain better quality of tendon tissues. If mobility of a tendon
was insufficient for repair, procedures to mobilize the ten-
don, such as release of the coracohumeral ligament at the
base of coracoid process and detachment of the rotator cuff
from the bursal and articular sides, were performed. Tear
size was measured at the time of surgery by the surgeon
using a calibrated measuring device to obtain medial-to-
lateral and anterior-to-posterior dimensions of the tear. We
followed the rating system proposed by DeOrio and Cofield
[7], which classifies a tear with a length smaller than 1 cm
as a small tear, a tear 1 to 3 cm as medium, a tear 3 to 5 cm
as large, and a tear greater than 5 cm as a massive tear.
There were 17 massive, 18 large, 32 medium, and 11 small
tears in this study. The footprint was thoroughly débrided of
any soft tissue until bleeding occurred. To insert a suture
anchor, we made a small incision just lateral to the acro-
mion, named the suture anchor portal. The portal was
placed on the extension line of the clavicle posterior border.
A 5.0-mm Bio-Corkscrew™ suture anchor (Arthrex,
Naples, FL) was inserted at the junction of the articular
cartilage and the medial aspect of the footprint on the
greater tuberosity. Sutures were passed through the tendon
in a mattress fashion. In small- to medium-sized rotator cuff
tears, so as to restore the footprint of the rotator cuff more
anatomically, the suture hook should be inserted at the
rotator cuff with an equal dimension of the footprint on the
greater tuberosity, and it should come out just medial to
the torn edge in the articular side. In cases involving a
laminated rotator cuff, the repair was performed en masse
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by passing the suture through the whole cuff. The sutures
then were tied with a sliding knot (SMC knot). Each suture
limb from the medial row was placed through the hole at the
end of the push-lock device (3.5-mm Bio-PushLock™;
Arthrex). While viewing through the posterolateral portal,
pilot holes for the push-lock device were created using a
punch 2 cm distal to the lateral edge of the footprint via the
lateral portal. While maintaining a constant tension, a push-
lock device was inserted into the pilot hole. After the device
was fully engaged in the pilot hole, the sutures were cut
(Fig. 1).

Postoperatively, we prescribed a shoulder-immobilizing
sling with abduction pillow to each patient with instruc-
tions to maintain the shoulder at 30° to 40° internal rotation
and 20° abduction. The patients began gentle passive for-
ward flexion on the first postoperative day. The time

Fig. 1A-B (A) An arthroscopic view shows a massive rotator cuff tear
involving the upper border of the subscapularis, supraspinatus, and
infraspinatus, with medial retraction and subluxation of the long head
of the biceps tendon. (B) An arthroscopic view from the lateral portal
shows a completed repair of a massive rotator cuff tear with three suture
anchors and three push-lock devices, resulting in 10 suture bridges.
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required for immobilization by the abduction pillow
depended on the size of the tear, the quality of the cuff and
bone tissue, and the security of the repair. For patients with
small to medium tears, the sling with abduction pillow was
removed 5 weeks postoperatively, and active ROM mobi-
lization, including stick exercise, was started. Active
resistance muscle strengthening exercises were started after
8 weeks using Thera-Band® (HCM-Hygenic Corp, Batu
Gajah, Malaysia). For patients with large to massive tears,
patients were allowed to start active ROM and stick exer-
cises in 6 to 8 weeks, and external sling appliances were
maintained until 8 weeks after surgery. Active resistance
muscle strengthening exercises were allowed after
10 weeks. At 3 to 4 months after surgery, patients were
permitted to do light activities. Sports activity and heavy
labor were allowed after 6 months.

Clinical data were collected before the operation and
postoperatively at 3 months, 6 months, and at final fol-
lowup by two orthopaedic surgeons (K-SO, J-SK) not
involved in the operations. Four outcome measures were
used in this study: the visual analog scale (VAS) pain score,
the American Shoulder and Elbow Surgeons (ASES) score,
ROM, and muscle strength. The VAS pain score is a hori-
zontal line, 10 cm in length, anchored by word descriptors
“no pain” on the left side and “very severe pain” on the
right side. The ASES score involves a score summation in a
100-point system (50 points for daily function, 50 points for
pain). Muscle strength was measured with a portable
myometer (Mecmesin Co, Nottingham, UK) at four times:
before surgery, at 3 months, 6 months, and at final followup
postoperatively. Evaluation of muscle strength was per-
formed by one laboratory technician (J-SK). During the
strength test, the participants were seated upright. The
muscle strength of the supraspinatus was checked in
the empty-can position. The strength of external rotators of
the shoulder was checked in neutral abduction. These
measurements were normalized to the opposite shoulder
and reported as a ratio (shoulder strength index [SSI]) [26].
To ensure reliability, the muscle powers of both shoulders
were evaluated consecutively.

Anteroposterior (AP) views of internal and external
rotation and supraspinatus outlet views, axillary view, and
Rockwood view [16] (30° caudally angled AP view) were
obtained, and MRI of the affected shoulder was performed.
We evaluated cuff muscle fatty degeneration preopera-
tively with MRI, using the five-stage grading system [12]
and Global Fatty Degeneration Index (GFDI; mean value
of three muscles) [13]: Grade 0, no fatty deposit; Grade 1,
some fatty streaks; Grade 2, more muscle than fat; Grade 3,
as much muscle as fat; and Grade 4, less muscle than fat.
Fatty degeneration was graded by two orthopaedic sur-
geons (K-SO, HTS), and if necessary, a consensus was
achieved with the help of a specialized radiologist (S-GM).

For observer reliability using the system of Goutallier et al.
[12, 13], the interclass correlation coefficient has been
reported to range from 0.58 to 0.78, which was higher for
radiologists than for orthopaedic surgeons [24]. In our
study, the interclass correlation coefficients for grading
fatty degeneration were 0.71 for supraspinatus, 0.68 for
infraspinatus, and 0.65 for subscapularis muscle.

The integrity of the rotator cuff repair was determined
by ultrasonographic evaluation (Fig. 2). All patients had
postoperative ultrasonographic examination at 4.5 and

Fig. 2A-B (A) Ultrasonography shows failed repair of the supraspi-
natus tendon with multiple droplets (black arrow) in the rotator cuff
defect. A long-axis view shows medial retraction of the supraspinatus
(SS) tendon (white arrows). (B) The anterior-to-posterior dimension
of the retear is noted on the short-axis view with the shadow of the
inserted suture anchors (white arrows) observed on the humeral head
(HH). The posterior part of the remaining tendon is also noted (black
arrows). D = deltoid muscle; GT = greater tuberosity.
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12 months. One specialized radiologist (S-GM) with
10 years of experience with musculoskeletal ultrasonog-
raphy performed all followup examinations using an HDI
5000 system or an IU-22 system (both from Philips
Healthcare, Bothell, WA). The sonographic evaluation of
the rotator cuff was performed according to a standard
protocol [22]. The ultrasound criteria for the diagnosis of
full-thickness rotator cuff tears were as follows [6, 35]:
(1) nonobservation of the supraspinatus tendon attributable
to retraction under the acromioclavicular joint; (2) local-
ized absence or focal discontinuity of the cuff with
consecutive loss of the normal anterior arc of the subdel-
toid bursa; (3) loss of normal supraspinatus substance with
widening of the gap between the supraspinatus and biceps
tendon and exposure of a bare area of bone and cartilage;
(4) a hypoechoic or anechoic cleft extending through the
entire substance of the cuff; and (5) coexistence of fluid in
the subacromial subdeltoid bursa and/or the presence of
fluid in the sheath of the long head of biceps tendon.
Partial-thickness tears were diagnosed when a focal
hypoechoic or anechoic defect existed in the tendon,
involving either the bursal or the articular surface and
manifested in two perpendicular planes [35].

Measurements are expressed as mean =+ standard devi-
ation. The unpaired t test and Mann-Whitney U test were
used to compare the average of the measurements between
intact and retorn cuffs. Bivariate analysis (Pearson corre-
lation coefficient for continuous data, Spearman correlation
coefficient for categorical data) was used to determine the
correlation of cuff integrity to age, duration of symptoms,
preoperative tear size, retraction, and muscle fatty degen-
eration. Multiple regression analysis was used to determine
the independent variables affecting outcomes. Statistical
analysis was performed using SPSS™ software (Version
13.0; SPSS Inc, Chicago, IL).

Results

Ultrasonography revealed intact cuffs in 71 of the 78
patients (91%) 4.5 months postoperatively; all repairs were
maintained at the 12-month followup. Failure rates were
18% (three of 17) for massive tears, 11% (two of 18) for
large tears, 6% (two of 32) for medium tears, and no
failures for small tears.

In six patients with retears, serial ultrasound examina-
tions revealed the tear sizes remained unchanged. The
average anterior-to-posterior tear dimension was 2.5 cm
(range, 0.8-3.5 cm) and the average medial-to-lateral tear
dimension was 2.4 cm (range, 1.1-4 cm) (Table 2). Com-
pared with preoperative tear dimensions, all but one patient
with failed results had smaller cuff defects. The patient
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with increased tear size showed poor quality of the torn
tendon edge at the time of the operation.

The postoperative cuff integrity correlated with preop-
erative fatty degeneration of the supraspinatus muscle
(r = 0.365, p = 0.001) and preoperative retraction status
of the cuff (Spearman coefficient = 0.303, p = 0.01). We
observed no correlation (r = 0.122, p = 0.287) between
the cuff integrity and fatty degeneration of the infraspinatus
muscle. A correlation (r = —0.263, p = 0.050) was seen
between the cuff integrity and preoperative tear size. In
multiple regression analysis, preoperative fatty degenera-
tion of the supraspinatus muscle predicted (p = 0.007) the
integrity of the repaired cuff. Only abduction power cor-
related with preoperative structural factors, which included
fatty degeneration of the supraspinatus and infraspinatus
muscles, GFDI, tear size, and retraction of the cuff
(Table 3). Preoperative clinical factors such as age, gender,
dominance, and symptom duration did not correlate with
postoperative functional outcomes. After fitting stepwise
linear regression, fatty degeneration of the supraspinatus
muscle (p = 0.050), infraspinatus muscle (p = 0.050), and
GFDI (p = 0.027) remained associated with abduction
power.

Compared with patients with retears, those with intact
cuffs did not show any differences in postoperative clinical
evaluations except abduction power at the 6-month fol-
lowup (Table 4).

Discussion

For durability of rotator cuff repair, the process of reat-
taching the torn cuff to a larger contact area of the original
footprint has been proposed [21]. Double-row repair is one
of the methods developed to achieve better bone-tendon
contact area and superior mechanical properties, such as
lesser cyclic displacement, gap formation, and higher
failure load [17, 23]. However, potential disadvantages are
that it is technically demanding and time-consuming. The
suture bridge technique was first described by Park et al.
[27] to overcome the disadvantages of double-row repair
and to have similar mechanical properties to the transos-
seous repair technique. The distinct advantages of this
technique include improvement of the pressurized contact
area and mean footprint pressure, which may result in
maximizing healing potential between the tendon and the
tuberosity [28, 29]. Although biomechanical data showed
promising outcomes, only one clinical study has confirmed
its advantages in healing. Frank et al. [9] conducted a
retrospective study of cuff integrity after suture bridge
rotator cuff repair and reported a high healing rate, 88%, on
MRI at 1-year followup. However, only 25 cases, including
three cases of massive tears, were evaluated in that study.
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Table 3. Correlation of preoperative anatomic factors with postoperative functional outcomes

Factor Abduction strength ER strength at Abduction strength ER strength at Abduction strength  ER strength at final
at 3 months 3 months at 6 months 6 months at final followup followup
SCC p Value SCC p Value SCC p Value SCC p Value SCC p Value SCC p Value

Tear sized 0.062 0.116 —0.253 0.048 —-0.317  0.026 0.014

Retraction —0.157 0.207 —0.239 —0.127 —0.358  0.017 —0.137

Biceps pathology —0.124 0.139 —0.101 0.182 —0.258 0.027

FD of SS —0.067 0.093 —0.263  0.043 0.063 —-0.356  0.012 —0.002

FD of IS —0.122 —0.022 —0.408 0.001 0.019 —0.350 0.014 —0.048

FD of SC 0.008 0.033 —0.282 0.029 0.144 —0.211 0.256

GFDI —0.064 0.020 —0.387 0.002 0.096 —0.357 0.012 0.047

P values for variables without statistical significance are not presented; final functional outcomes are used for analysis; ER = external rotation;
SCC = Spearman correlation coefficient; FD = fatty degeneration; SS = supraspinatus; IS = infraspinatus; SC = subscapularis; GFDI =

Global Fatty Degeneration Index.

Table 4. Preoperative and postoperative shoulder functions

Function measure Overall Intact cuff Retorn cuff
VAS for pain
Preoperative 5.83 (2.17) 5.95 (2.13) 4.71 (2.36)
3 months 2.44 (1.75) 2.44 (1.67) 2.43 (2.50)
6 months 1.2 (1.30) 1.20 (1.35) 1.2 2.17)
Final 0.65 (0.94) 0.60 (0.77) 0.67 (0.52)
ASES score
Preoperative 42.10 (16.53) 41.79 (16.63) 44.86 (16.66)
3 months 65.62 (17.70) 66.40 (17.07) 58.85 (22.95)
6 months 84.00 (13.29) 84.21 (13.54) 81.60 (11.08)
Final 91.90 (8.81) 92.24 (8.01) 88.20 (16.04)

Range of motion (FE/ER)
Preoperative

130.83 (34.41)/57.08 (21.94)

3 months 144.01 (16.21)/52.13 (22.01)
6 months 148.62 (4.99)/63.19 (17.19)
Final 149.59 (7.35)/67.25 (14.14)
Strength (Abd/ER)

Preoperative 0.50 (0.33)/0.61 (0.24)

3 months 0.54 (0.26)/0.78 (0.31)

6 months 0.66 (0.26)/0.76 (0.24)

Final 0.72 (0.24)/0.79 (0.20)

130.77 (35.44)/56.31 (22.01)
143.91 (16.95)/51.18 (21.27)
148.52 (4.85)/62.97 (17.06)
149.57 (7.59)/67.93 (16.11)

0.50 (0.34)/0.62 (0.24)
0.55 (0.26)/0.77 (0.30)
0.68 (0.24)*/0.76 (0.24)
0.71 (0.23)/0.80 (0.19)

131.43 (24.78)/58.29 (21.49)
145.00 (5.00)/61.43 (28.54)
150.00 (7.07)/66.00 (20.74)
150.00 (0.00)/66.67 (32.15)

0.46 (0.30)/0.58 (0.29)
0.33 (0.26)/0.87 (0.43)
0.31 (0.43)*/0.69 (0.16)
0.73 (0.38)/0.79 (0.29)

Values are presented as mean, with standard deviation in parentheses; *among the variables, abduction strength at 6-month followup was
different between intact and retorn cuffs (p = 0.013); VAS = visual analog scale; ASES = American Shoulder and Elbow Surgeons;

FE = forward elevation; ER = external rotation; Abd = abduction.

We therefore asked whether (1) the suture bridge technique
would provide a high rate of cuff integrity after surgery,
(2) the status of the repaired cuff would change with time,
(3) preoperative factors could predict postoperative cuff
integrity, and (4) patients with retears had less favorable
pain, functional scores, ROM, and muscle strength com-
pared with those with intact repairs.

Several limitations to our study warrant review. First,
the number of retears was small and the followup was
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relatively short, which may lead to failure of differentiation
between intact cuffs and retears. Second, although all
patients were evaluated serially using ultrasonography by
an experienced musculoskeletal radiologist, this modality
is examiner-dependent. Fotiadou et al. [8], in a recent study
investigating the accuracy of ultrasonography for detection
of rotator cuff tears, reported the accuracy of ultrasonog-
raphy was as much as 98% for full-thickness tears and 87%
for partial-thickness tears, which were comparable to the
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MRI results of 100% and 90% for full-thickness and par-
tial-thickness tears, respectively. Although some authors
reported high accuracy of a surgeon interpreting office-
based ultrasonography, we did not perform ultrasound
examination by ourselves to avoid surgeon’s prejudice
[1, 36]. Third, large to massive tears in 13 patients were not
included in this study owing to the lack of followup.
Considering the relatively high failure rate in the large to
massive tears, there is the possibility of a higher retear rate
than that found in our study. The dropout rate for patients
with large to massive tears was 27% (13 of 48 patients). Of
the 13 patients, three underwent the 4.5-month followup
ultrasound examination, which showed intact cuff integ-
rity. One reason for this high rate of followup loss is that
elderly patients living in rural areas with larger tears
(average age of these patients, 63 years) were reluctant to
revisit the clinic for postoperative evaluation. Fourth, we
intended to see early fixation failure of repaired cuffs by
evaluating shoulders at 4.5 months postoperatively. How-
ever, the healing process is in progress during this period.
This makes it difficult to determine whether the defects
seen are the result of initial fixation failure or incomplete
healing.

Reported failure rates after arthroscopic cuff repair have
varied (Table 5). Sugaya et al. [32] reported a failure rate
of 40% for large to massive tears using double-row repair.
Lafosse et al. [20] reported the overall retear rate of large to
massive tears as 17%. Huijsmans et al. [14] stated the
failure rate of cuff repairs of large to massive tears using
the double-row technique, as confirmed by ultrasonogra-
phy, was 36%. In cases of chronic large to massive tears,
reattaching the lateral-most aspect of the rotator cuff ten-
don to the footprint is technically difficult and time-
consuming owing to the poor tissue quality or severe
retraction. Especially with double-row repair, the fastening
procedure for the lateral edge of the compromised tendon is
difficult and sometimes the tissue may be torn out. Fur-
thermore, some authors indicated arthroscopic rotator cuff
repair may not yield as strong of a repair as a traditional
open or mini-open technique [10]. However, in our expe-
rience using the suture bridge technique as described by

Table 5. Reported failure rates of repaired cuffs

Park et al. [27], it is more convenient to firmly fasten the
compromised tendon to the footprint using the suture limbs
from medial suture knots, which is one of the advantages
over double-row repair. We believe this technical aspect
may have contributed to the encouraging results of cuff
integrity for large to massive tears. Recently, Park et al.
[28, 29] performed two serial laboratory studies to compare
pressurized contact area, mean pressure at footprint, and
initial biomechanical properties between the suture bridge
and double-row techniques. The mean pressurized contact
area between the tendon and tuberosity insertion footprint
amounted to 77.6% footprint coverage with the suture
bridge technique, which was superior to that of the double-
row technique (39.6%). The suture bridge technique had
greater ultimate-to-load failure and less gap formation than
the double-row technique. The biomechanical superiority
of the suture bridge technique may contribute partly to the
low structural failure of the repaired cuff.

Preoperative fatty degeneration measured by MRI is
reportedly a predictor of structural failure after rotator cuff
repair [19, 33]. Thomazeau et al. [33] reported the rate of
retearing dramatically increased when supraspinatus atro-
phy was exacerbated, which is in accordance with our
finding. However, this correlation has not been proven in
every study. Some authors suggest fatty degeneration of the
infraspinatus muscle is a strong predictor for cuff integrity
rather than that of the supraspinatus muscle [12, 25]. One
reason for this inconsistency is attributable to the small
patient population, especially the numbers with retears,
included in each study. Moreover, it is not easy to remove
the bias in determining the grade of fatty degeneration on
MRI, even though most studies tried to achieve consensus
by two or more doctors. Sugaya et al. [32] noted the
approximation of a retracted rotator cuff in the presence of
Grade 3 or 4 fatty degeneration was difficult. In their
opinion, preoperative fatty degeneration was a key point in
patient selection for arthroscopic rotator cuff repair.
Although agreement exists regarding the effect of the fatty
degeneration on postoperative cuff integrity, there is dis-
crepancy in specific details regarding the effect of fatty
degeneration grades. Actually, we had only one case of

Study Number Age Technique Evaluation Timing of evaluation  Failure rate  Failure rate (large
of cases (years)* method (months) (overall) to massive tears)

Sugaya et al. [32] 106 66 (41-77)  Double row MRI 14 17% 40%

Lafosse et al. [20] 105 52 (36-79)  Double row CTA or MRI 23 11% 17%

Huijsmans et al. [14] 210 59 (19-83)  Double row UsS 12-47 17% 33%

Frank et al. [9] 25 57 (44-74)  Suture bridge = MRI 15 12% 14%

Current study 78 59 (38-78)  Suture bridge US 12 9% 14%

* Values are expressed as means, with ranges in parentheses; CTA = computed tomographic arthrography, US = ultrasonography.
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failure among the 16 with Grade 3 fatty degeneration,
which was considerably lower than those with Grade 4
fatty degeneration. From our experience with the suture
bridge technique, the cuff healing rate is better than with
conventional fixation methods, even with the poor quality
of the tendon associated with high-grade fatty degeneration
of cuff muscles.

There is debate regarding the effects of cuff integrity on
functional outcomes. Anderson et al. [2] reported a high
correlation between cuff integrity and increased muscle
strength in elevation and external rotation. However, in
another prospective study, the integrity of the repair did not
have any influence on the functional outcomes including
muscle strength [18]. Even though the relation between
these two important factors, cuff integrity and functional
outcomes, has not been clearly identified, the deterioration
of cuff muscle after retear should not be ignored. Gladstone
et al. [11] investigated the progression of fatty infiltration
in patients with rotator cuff repairs and found a successful
repair did not lead to improvement or reversal of muscle
degeneration and a failed repair resulted in substantial
progression. They suggested rotator cuff repairs should be
performed before more substantial deterioration in the cuff
musculature occurs to optimize outcomes.

Arthroscopic repair with use of the suture bridge tech-
nique can achieve a low retear rate in shoulders treated for
rotator cuff tears. Serial ultrasound examination showed
cuff integrity in 91% of patients, a higher rate than in the
previously reported repair series including the double-row
methods. A high degree of fatty infiltration of the supra-
spinatus in the preoperative state was associated with a
high occurrence of retear after rotator cuff repair.
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