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Abstract

Purpose: To compare arthroscopic suture bridge (SB) techniques with medial tying to those without tying,
considering clinical and structural outcomes.

Methods: We included 124 patients with rotator cuff tears after arthroscopic rotator cuff repair (ARCR). Fifty-three
patients with clinical and structural evaluations 3, 12, and 24 months postoperatively were included and divided
into 29 patients with medial tying (WMT group) and 24 without tying (WOMT group). Clinical outcomes comprised
the University of California Los Angeles (UCLA) and Japanese Orthopaedic Association (JOA) scores. Structural
outcomes were evaluated with magnetic resonance images (MRI) using Sugaya classifications.

Results: JOA and UCLA scores in the WMT and WOMT groups improved significantly from before surgery to
24 months after surgery (P < 0.01, respectively). No significant difference was noted between groups. No significant
postoperative retears (Sugaya types 4 and 5) between WMT and WOMT groups were noted at 3 months (5 vs 3
cases), 12 months (6 vs 5 cases), and 24 months (7 vs 6 cases) postoperatively. Complete healing (Sugaya type 1)
was noted at 3 months (8 vs 11 cases), 12 months (10 vs 10 cases), and 24 months (8 vs 13 cases, P = 0.024)
postoperatively. Incomplete healing (Sugaya types 2 and 3) were noted at 3 months (16 vs 10 cases), 12 months
(13 vs 9 cases), and 24 months (14 vs 5 cases, P = 0.024) postoperatively.

Conclusion: Clinical outcomes for both techniques were comparable, but the number of incompletely healed
tendons in SB with medial tying was significantly larger at 24 months after surgery.

Level of evidence: This study is a level III, case-control study.

Clinical relevance: This study revealed the influence of medial tying in rotator cuff repair.
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Introduction
The prevalence of rotator cuff tears ranges between 5
and 30%, occurring approximately 50% of the time in
adults aged 70 years or more [14, 17]. When conserva-
tive therapy is not effective, surgical treatment is per-
formed. Arthroscopic rotator cuff repair (ARCR) is
known to be a successful procedure that restores func-
tion and provides satisfactory pain relief. One of the
most serious matters after surgery is the retear rate. Des-
pite advances in surgical techniques, retears occur at
rates of 11% to 57% [9].
To obtain high initial fixation, large contact area with

footprint, and mechanical stability until tendon-bone
healing [5], a suture bridge technique is used in arthro-
scopic rotator cuff repairs. In this technique, knot tying
in a medial row is often performed because of its bio-
mechanical advantage [14, 21]. On the contrary, a basic
study pointed out the disadvantages of this process evi-
denced by strangulation due to the medial tying [14, 18].
Few studies have compared the clinical outcomes of

the suture bridge technique with or without medical
tying [1], although clinical differences were not demon-
strated between these techniques, in terms of functional
and structural outcomes. Therefore, the purpose of this
study was to compare the functional and structural out-
comes in patients with rotator cuff tears who underwent
ARCR using suture bridge techniques with or without
medal tying. We hypothesized that no significant differ-
ence in clinical outcome would be noted, but that there
would be a significant difference in postoperative cuff in-
tegrity between the two techniques.

Methods
The study details were thoroughly explained to the par-
ticipants, each of whom provided consent to participate
and publication. This study was approved by the institu-
tional review board of our institute and reported as
retrospective study (# 13306).

Patient selection
Between July 2011 and December 2013, 124 patients
with rotator cuff tears underwent ARCR by a
suture-bridging (SB) technique in our institute. The in-
clusion criteria were (1) patients with full-thickness cuff
tears and (2) those with both clinical evaluations and
magnetic resonance images (MRI) at 3, 12, and
24 months after surgery. Patients were excluded if they
had partial repairs, open repairs, revision surgeries, frac-
tures, osteoarthritis of the glenohumeral joint, any
rheumatic condition, or neurological involvement. Con-
sequently, 53 patients (53 shoulders) with the average
age of 63.8 ± 9.2 years were included in this study.

Surgical procedures
Under general anesthesia, the patients were placed in
the beach-chair position. A posterior portal was first
established for the initial evaluation of the glenohumeral
joint. During the examination, the tear location and size,
delamination, and associated biceps tendon lesions were
inspected carefully. The associated biceps tendon lesion
was treated by tenotomy. Then, the arthroscope was re-
moved from the glenohumeral joint and redirected into
the subacromial space. Bursal tissue was removed for
space clearance, and arthroscopic subacromial decom-
pression was routinely performed to smooth the acro-
mial undersurface in all patients. The footprint was
prepared by removing the soft tissue and bony abrasions
with an arthroscopic bur, preserving the cortical rim.
For the suture-bridging with medial tying (Fig. 1a),

medial row anchors (Panalock RC: 4.7 mm × 11 mm,
DePuy Mitek, Raynham, MA) that were double-loaded
(four strands: 0.5-mm diameter wire, FiberWire,
Arthrex) were inserted just lateral to the cartilage of the
humeral head. The number of medial row anchors
placed depended on the tear size. A suture from each
anchor was passed through the tendon with a Scorpion
Suture Passer (DePuy Mitek, Raynham, MA). This pro-
cedure was repeated for the remaining sutures. A hori-
zontal mattress configuration was created with a 1-cm
interval between each of the mattress stitches. After
tying the knots without cutting the wires, pilot holes
were prepared for the knotless, laterally inserted anchors
(Versalock, DePuy Mitek, Raynham, MA) that were to
be placed approximately 5–10 mm distal to the lateral
edge of the greater tuberosity. At this step, four wire
strands from 1 anchor were retrieved through a portal.
These wire strands were threaded through the eyelet on
the distal end of the lateral anchor. With the tendon re-
duced to a suitable position on the footprint, the anchor
was inserted, thereafter adjusting the tension of the ten-
don tissue. The procedure was repeated to place the sec-
ond lateral anchor for the suture bridge repair.
For the procedure without knot tying, arthroscopic,

knotless, self-reinforcing, suture bridge repairs were per-
formed in the same manner (Fig. 1b).

Postoperative protocol
All patients followed the same rehabilitation regimen.
The shoulders were immobilized for 6 weeks in a sling
with an abduction pillow. Range of motion (ROM) exer-
cises for the elbow, wrist, and fingers were started im-
mediately after surgery. Passive forward elevation
exercises were initiated from postoperative day 1. At
4 weeks after surgery, active-assisted motion exercise
began, and at 6 weeks, active motion commenced. Eight
weeks after surgery, a strengthening exercise program
was allowed.
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Clinical evaluation
The clinical assessment consisted of the Japanese Ortho-
paedic Association (JOA) and University of California,
Los Angeles (UCLA) scoring systems. These outcome
measures were evaluated preoperatively and postopera-
tively at 3, 12, and 24 months.

Structural evaluation
The rotator cuff integrity was determined by using mag-
netic resonance images (MRI; 1.5-Tesla [Excelart;
Toshiba Medical Systems, Tokyo, Japan]) obtained pre-
operatively, at 6, 12, and 24 months after surgery. Any
tendon defect filled with fluid was considered a tear [8,
13, 16]. Postoperative rotator cuff integrity was classified
into five categories using the Sugaya classification [20]:
type 1 indicated a completely healed tendon, types 2 and
3 indicated incompletely healed tendon, and types 4 and
5 indicated a re-torn tendon after surgery.
In cases of retear, according to the patterns reported

by Cho et al. [3], retears were classified into type 1 (un-
healed tendon) and type 2 (medially ruptured tendons)
with a healed foot print.

Statistical analysis
The software JMP11 (SAS Institute, Cary, NC, USA) was
used for statistical analysis. The Mann-Whitney U test
was used to compare the continuous and nominal vari-
ables in the patients’ demographic data and the JOA/
UCLA scores between the two groups. One-way analysis
of variance (ANOVA) was used to compare the JOA and
UCLA scores before and after surgery. The chi-square
test was used to evaluate postoperative tendon integrity
(complete/incomplete healed, or retear) between the
with medial tying (WMT) and without medial tying
(WOMT) groups. A P value less than 0.05 was consid-
ered statistically significant.

Results
The subjects were divided into two groups: 29 shoulders
treated by the SB technique with medial tying (WMT
group with an average age of 63.8 ± 8.4 years) and 24
shoulders without medial tying (WOMT group with an
average age of 65.1 ± 9.6 years). The size of cuff tears
(WMT vs WOMT) was 2 and 3 cases in small tears, 9
and 6 cases in middle tears, 12 and 9 in large tears, and
6 and 6 cases in massive tears; consequently, no signifi-
cant difference of the tear size was noted between the
two groups. The demographic data of each group are
shown in Table 1.

Clinical outcomes
JOA score in the WMT and WOMT groups improved
significantly from 66.6 ± 14.5 and 62.6 ± 13.5 points be-
fore surgery, respectively, to 74.2 ± 19.2 and 74.5 ± 1.38
points at 3 months (P < 0.01), 89.6 ± 8.5 and 86.0 ± 12.3
points at 12 months (P < 0.01), and 94.2 ± 6.0 and 87.8 ±
12.9 points at 24 months after surgery (P < 0.01). No sig-
nificant differences were noted between both groups for
each phase evaluated.
Similarly, the UCLA scores improved significantly

from 17.5 ± 5.3 and 16.7 ± 3.1 points before surgery, re-
spectively, to 27.1 ± 3.3 and 27.7 ± 3.2 points at 3 months
(P < 0.01), 32.6 ± 2.2 and 30.2 ± 5.4 points at 12 months
(P < 0.01), and 34.6 ± 12.8 and 33.4 ± 3.4 points at
24 months after surgery (P < 0.01). No significant differ-
ences were noted between both groups for each phase
evaluated, and the details are shown in Table 2.

Structural outcome: retear cases
Postoperative retears (Sugaya types 4 and 5) in the
WMT and WOMT groups were noted, respectively, in 5
and 3 cases at 3 months after surgery (P = 0.63), 6 and 5
cases at 12 months after surgery (P = 0.99), and 7 and 6

A B

Fig. 1 a Schematic showing the surgical procedures with medial knot tying. b Schematic showing the surgical procedures without medial
knot tying
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cases at 24 months after surgery (P = 0.94). There were
no significant differences between the two groups in
each phase evaluated. According to Cho’s classification,
all of these retear cases consistently showed a type 2
retear pattern. These details are shown in Table 3.

Structural outcome: Completely or incompletely healed
cases
Type A cases, classified as completely healed (Sugaya
type 1), in the WMT and WOMT groups was noted, re-
spectively, in 8 and 11 cases at 3 months after surgery
(P = 0.197), 10 and 10 cases at 12 months after surgery
(P = 0.554) 8 and 13 cases at 24 months after surgery
(P = 0.024). There were no significant differences be-
tween the two groups in each phase evaluated.
Type B cases, classified as incompletely healed (Sugaya

types 2 and 3), in the WMT and WOMT groups was
noted, respectively, 16 and 10 cases at 3 months after
surgery (P = 0.197), 13 and 9 cases at 12 months after
surgery (P = 0.554), 14 and 5 cases at 24 months after
surgery (P = 0.024). The number of type B cases was not
significantly different at 3 or 12 months after surgery,
but the number of cases in the WMT group at
24 months after surgery was significantly greater than
those in the WOMT group (P = 0.024). These details are
shown in Table 4.

Discussion
The suture bridge technique in ARCR is associated with
good clinical outcomes [7, 14], although the effect of the
medial knot tying on postoperative structural outcome
with this technique remains controversial. The present
study compared the clinical and structural outcomes be-
tween the techniques with or without knot tying, at 3,
12, and 24 months after surgery. We found that there
were no significant differences in clinical outcomes and
retear rates after surgery throughout the periods. How-
ever, incomplete healing increased significantly in pa-
tients with knot tying at 24 months after surgery,
compared with in those without tying. To our know-
ledge, no previous studies have shown such data.
Most biomechanical studies support the advantage of

medial knot in the suture bridge technique. Leek et al.

Table 1 Demographic data of patients with (WMT group) or
without (WOMT group) medial knot tying during surgery

WMT (n = 29) WOMT (n = 24) P value

Age, year 63.8 ± 8.4 65.1 ± 9.6 0.70

Gender, n

Male 17 15

Female 12 9 0.77

Traumatic onset, n 15 12 0.90

Symptom duration,
week

35.5 ± 25.2 33.5 ± 29.1 0.55

Tear size, n

Small 2 3

Middle 9 6

Large 12 9

Massive 6 6 0.86

ROM, degree

Flex 114.2 ± 39.7 111.0 ± 29.4 0.70

Abd 103.2 ± 49.3 101.7 ± 41.1 0.81

BR 4.7 ± 3.5 4.0 ± 3.0 0.40

ER 42.0 ± 19.4 39.0 ± 13.3 0.88

MS

Flex 110.7 ± 119.4 99.8 ± 25.6 0.17

Abd 59.3 ± 25.5 65.9 ± 30.0 0.59

IR 87.1 ± 25.5 102.2 ± 30.4 0.16

ER 80.5 ± 29.2 72.4 ± 21.0 0.55

n number, ROM range of motion, Flex flexion, Abd abduction, BR back reach,
MS muscle strength, ER external rotation, IR internal rotation

Table 2 Clinical outcome in patients with (WMT group) or
without (WOMT group) medial knot tying during surgery

WMT (n = 29) WOMT (n = 24) P value

JOA score

BO 66.6 ± 14.5 62.6 ± 13.5 0.37

PO 3M 74.2 ± 19.2 74.5 ± 13.8 0.69

PO 1Y 89.6 ± 8.5 86.0 ± 12.3 0.41

PO 2Y 94.2 ± 6.0 87.8 ± 12.9 0.21

UCLA score

BO 17.5 ± 5.3 16.7 ± 3.1 0.56

PO 3M 27.1 ± 3.3 27.7 ± 3.2 0.27

PO 1Y 32.6 ± 2.2 30.2 ± 5.4 0.42

PO 2Y 34.6 ± 2.8 33.4 ± 3.4 0.52

BO before operative, PO Postoperative, M month, Y year, JOA Japan
Orthopedic Association, UCLA University of California, Los Angeles

Table 3 Number of retear in patients with (WMT group) or
without (WOMT group) medial knot tying during surgery

WMT (n = 29) WOMT (n = 24) P value

Retear

PO3M 5 3 0.63

PO1Y 6 5 0.99

PO2Y 7 6 0.94

PO postoperative, M month, Y year
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reported that the creation of medial knots increases
construct stiffness and stability in the double-row,
transtendon repair [11]. Busfield et al. demonstrated
that although lateral row knotless fixation has been
shown not to sacrifice the structural integrity of this
construct, the addition of a knotless medial row
compromises the construct leading to greater
gapping and failure at lower loads [2]. In contrast,
Sano et al. revealed that higher stress concentrations
exist around the medial anchor in the double-row
fixation, suggesting a biomechanical disadvantage of
the medial knot tying [18]. Taken together, these
reports suggest that although medial knot tying
offers a biomechanical advantage, a high stress
concentration at the tying site affects tendon integ-
rity after surgery.
Another clinical study examined the effect of medial

tying in the suture bridge technique on clinical out-
comes after ARCR. Hayashida et al. examined the
retear pattern after arthroscopic double-row repair
and showed that complete tearing around the
medial-row anchors with a well-repaired tendon could
be characteristic of this procedure [6]. Similarly, Kim
et al. [10] and Cho et al. [3] reported that retear pat-
terns in the suture bridge technique with medial knot
tying are predominantly associated with medially rup-
tured tendons with a healed foot print. These studies
consistently emphasized the importance of medial an-
chors with knot tying in the suture bridge technique;
however, the advantage of a knotless medial anchor
was not demonstrated.
Boyer et al. [1] compared the suture bridge with

medial tying (group A) with knotless bridging using
suture tape (group B). In their study, both techniques

achieved successful functional outcomes. The retear
rate tended to be higher in group A (23.4%) than in
group B (17.1%), but the difference did not reach
statistical significance. The present study revealed
similar results; however, the number of incompletely
healed tendons at the final follow-up was significantly
greater in the WMT group than in the WOMT group.
Unlike the medial-tying suture bridge, the knotless
suture bridge not only restored the pressured foot-
print, but also reduced the tension overload of the
suture-tendon interface in the medial row [18, 19].
This reduces the possibility of strangulation and sub-
sequent necrosis of the tendon at the medial row [4,
12]. Thus, these effects may explain why the knotless
bridging in the medial row was superior to the knot-
ted technique in terms of structural outcomes.
Medial failure is often observed in the medial

knot-tying suture bridge, where re-rupture does not
occur at the original repair site, but occurs more medi-
ally. Kim et al. compared the retear pattern of three re-
pair methods, including the single row (SR), the
medial-tying suture bridge (SB), and the knotless (SB),
and concluded that the retear patterns in medial-tying
SB (predominantly showing type 2) was different from
that of SR (predominantly showing type 1) [3]. This find-
ing is consistent with the report of Cho et al. [10]. In the
present study, the retears consistently exhibited a type 2
pattern, suggesting that stress concentrates at the medial
row in both techniques. Suture bridges were usually con-
structed by a “cross form,” and not by a “straight form”
as used in the present study. Thus, this discrepancy
would have led to the outcomes obtained from the
present study.
There were several limitations of the present study.

First, the present study was retrospective and had a
small sample size. Second, whether or not the
repaired tendons of Sugaya types 2 and 3 were in-
completely healed was not elucidated experimentally.
However, since normal rotator cuff tendons usually
depict a homogeneous low-intensity on MR images
[15], we believe that our interpretation (type 1 as
completely healed and types 2 and 3 as incompletely
healed) is valid and conceivable.
Few studies have compared the clinical outcomes of

the suture bridge technique with or without medical
tying [1], although clinical differences were not dem-
onstrated between these techniques, in terms of func-
tional and structural outcomes. On the contrary, a
strong point of this study was that we sequentially
observed the cuff integrity at 3, 12, and 24 months
after surgery, which disclosed the statistical differ-
ences in structural outcomes between the patients
based on the two techniques, showing the superiority
of the technique without medial tying.

Table 4 Number of complete (Sugaya type 1) and incomplete
(Sugaya types 2 and 3) healing in patients with (WMT group) or
without (WOMT group) medial knot tying during surgery

WMT WOMT P value

PO3M

Complete healing 8 11 0.20

Incomplete healing 16 10

PO1Y

Complete healing 10 10 0.55

Incomplete healing 13 9

PO2Y

Complete healing 8 13 0.02

Incomplete healing 14 5

PO postoperative, M month, Y year
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Conclusions
The clinical outcomes for both techniques were com-
parable throughout the periods evaluated, but the
number of incompletely healed tendons after SB with
medial knot tying was significantly increased at
24 months after surgery, compared to those occurring
after SB without medial knot tying.

Abbreviations
ARCR: Arthroscopic rotator cuff repair; JOA: Japanese Orthopedic Association;
MRI: Magnetic resonance imaging; ROM: Range of motion; SB: Suture
bridging; UCLA: University of California Los Angeles; WMT: With medial tying;
WOMT: Without medial tying

Acknowledgements
We thank Tatsuyuki Kakuma PhD from the Department of Bio-Statistical Center,
Kurume University, for his help with the statistical analysis.

Funding
None.

Availability of data and materials
The data supporting the conclusions of this article is included within the
article.

Authors’ contributions
HH collected, analyzed, and interpreted the data and wrote the paper. MG
was involved in the study design and conception and in critically reviewing
and revising the article content. YM, HN, RT, and HS collected, analyzed, and
interpreted the data. NS were involved in critically reviewing and revising
the article content. All authors read and approved the final manuscript.

Ethics approval and consent to participate
This study has been approved by the research ethics committee of Kurume
University (#13306). Written informed consent was obtained from the patient
for publication of this study and accompanying images.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Orthopaedic Surgery, Kurume University Medical Center,
155-1 Kokubu-machi, Kurume 839-0863, Japan. 2Department of Orthopaedic
Surgery, Kurume University Hospital, 67 Asahi-machi, Kurume, Japan.

Received: 12 July 2018 Accepted: 29 October 2018

References
1. Boyer P, Bouthors C, Delcourt T, Stewart O, Hamida F, Mylle G, et al.

Arthroscopic double-row cuff repair with suture bridging: a structural and
functional comparison of two techniques. Knee Surg Sports Traumatol
Arthrosc. 2015;23:478–86. https://doi.org/10.1007/s00167-013-2401-7.

2. Busfield BT, Glousman RE, McGarry MH, Tibone JE, Lee TQ. A
biomechanical comparison of 2 technical variations of double-row
rotator cuff fixation: the importance of medial row knots. Am J Sports
Med. 2008;36:901–6. https://doi.org/10.1177/0363546507312640.

3. Cho NS, Yi JW, Lee BG, Rhee YG. Retear patterns after arthroscopic
rotator cuff repair: single-row versus suture bridge technique. Am J
Sports Med. 2010;38:664–71. https://doi.org/10.1177/0363546509350081.

4. Christoforetti JJ, Krupp RJ, Singleton SB, Kissenberth MJ, Cook C, Hawkins RJ.
Arthroscopic suture bridge transosseous equivalent fixation of rotator cuff

tendon preserves intratendinous blood flow at the time of initial fixation. J
Shoulder Elbow Surg. 2012;21(4):523–30. https://doi.org/10.1016/j.jse.2011.02.
012. Epub 2011 May 18.

5. Gereber C, Schneeberger AG, Beck M, Schlegel U. Mechanical strength
of repairs of the rotator cuff. J Bone Joint Surg Br. 1994;76:371–80.

6. Hayashida K, Tanaka M, Koizumi K, Kakiuchi M. Characteristic retear
patterns assessed by magnetic resonance imaging after arthroscopic
double-row rotator cuff repair. Arthroscopy. 2012;28:458–64. https://doi.
org/10.1016/j.arthro.2011.09.006.

7. Hein J, Reilly JM, Chae J, Maerz T, Anderson K. Retear rates after arthroscopic
single-row, double-row, and suture bridge rotator cuff repair at a minimum
of 1 year of imaging follow-up: a systematic review. Arthroscopy. 2015;31:
2274–81. https://doi.org/10.1016/j.arthro.2015.06.004.

8. Horiuchi S, Nozaki T, Tasaki A, Yamakawa A, Kaneko Y, Hara T, et al.
Reliability of MR quantification of rotator cuff muscle fatty
degeneration using a 2-point Dixon technique in comparison with
the Goutallier classification: validation study by multiple readers. Acad
Radiol. 2017;24:1343–51. https://doi.org/10.1016/j.acra.2017.03.026.

9. Johannes FP, Philip JB, Jordan W, John AC, Thomas LS, Michael TF, et
al. Advanced age diminishes tendon-to-bone healing in a rat model of
rotator cuff repair. Am J Sports Med. 2014;42:859–68. https://doi.org/10.
1177/0363546513518418.

10. Kim KC, Shin HD, Cha AM, Park JY. Comparison of retear patterns for 3
arthroscopic rotator cuff repair methods. Am J Sports Med. 2014;42:
558–65. https://doi.org/10.1177/0363546514521577.

11. Leek BT, Robertson C, Mahar A, Pedowitz RA. Comparison of mechanical
stability in double-row rotator cuff repairs between a notless transtendon
construct versus the addition of medial knots. Arthroscopy. 2010;26:127–33.
https://doi.org/10.1016/j.arthro.2010.02.035.

12. Liem D, Dedy NJ, Hauschild G, Gosheger G, Meier S, Balke M, et al. In vivo
blood flow after rotator cuff reconstruction in a sheep model: comparison of
single versus double row. Knee Surg Sports Traumatol Arthrosc. 2015;23:470–7.
https://doi.org/10.1007/s00167-013-2429-8.

13. Nakamura H, Gotoh M, Mitsui Y, Honda H, Ohzono H, Shimokobe H, et al.
Factors affecting clinical outcome in patients with structural failure after
arthroscopic rotator cuff repair. Arthroscopy. 2016;32(5):732–9. https://doi.
org/10.1016/j.arthro.2015.11.025.

14. Oliva F, Bossa M, Via AG, Colombo A, Chillemi C, Gasparre G, et al. Rotator
cuff tear guidelines. Muscles Ligaments Tendons J. 2015;5:227–63. https://
doi.org/10.11138/mltj/2015.5.4.227.

15. Opsha O, Malik A, Baltazar R, Primakov D, Beltran S, Miller TT, et al. MRI of
the rotator cuff and internal derangement. Eur J Radiol. 2008;68:36–56.
https://doi.org/10.1016/j.ejrad.2008.02.018.

16. Ozono H, Gotoh M, Nakamura H, Honda H, Mitsui Y, Kakuma T, et al. Effect
of preoperative fatty degeneration of the rotator cuff muscles on the
clinical outcome of patients with intact tendons after arthroscopic rotator
cuff repair of large/massive cuff tears. Am J Sports Med. 2017;45:2975–81.
https://doi.org/10.1177/0363546517724432.

17. Riley G. The pathogenesis of tendinopathy. A molecular perspective.
Rheumatology (Oxford). 2004;43:131–42. https://doi.org/10.1093/
rheumatology/keg448.

18. Sano H, Tokunaga M, Noguchi M, Inawashiro T, Irie T, Abe H, et al. Tight
medial knot tying may increase re-tearing risk after transosseous equivalent
repair of rotator cuff tendon. Biomed Mater Eng. 2017;28:267–77. https://doi.
org/10.3233/BME-171673.

19. Sano H, Yamashita T, Wakabayashi I, Itoi E. Stress distribution in the
supraspinatus tendon after tendon repair: suture anchors versus
transosseous suture fixation. Am J Sports Med. 2007;35:542–6. https://doi.
org/10.1177/0363546506296310.

20. Sugaya H, Maeda K, Matsuki K, Moriishi J. Functional and structural outcome after
arthroscopic full-thickness rotator cuff repair: single-row versus dual-row fixation.
Arthroscopy. 2005;21:1307–16. https://doi.org/10.1016/j.arthro.2005.08.011.

21. Tamboli M, Mihata T, Hwang J, McGarry MH, Kang Y, Lee TQ.
Biomechanical characteristics of the horizontal mattress stitch: implication
for double-row and suture-bridge rotator cuff repair. J Orthop Sci. 2014;
19:235–41. https://doi.org/10.1007/s00776-013-0504-0.

Honda et al. Journal of Orthopaedic Surgery and Research          (2018) 13:297 Page 6 of 6

https://doi.org/10.1007/s00167-013-2401-7
https://doi.org/10.1177/0363546507312640.
https://doi.org/10.1177/0363546509350081
https://doi.org/10.1016/j.jse.2011.02.012
https://doi.org/10.1016/j.jse.2011.02.012
https://doi.org/10.1016/j.arthro.2011.09.006
https://doi.org/10.1016/j.arthro.2011.09.006
https://doi.org/10.1016/j.arthro.2015.06.004
https://doi.org/10.1016/j.acra.2017.03.026
https://doi.org/10.1177/0363546513518418
https://doi.org/10.1177/0363546513518418
https://doi.org/10.1177/0363546514521577
https://doi.org/10.1016/j.arthro.2010.02.035.
https://doi.org/10.1007/s00167-013-2429-8
https://doi.org/10.1016/j.arthro.2015.11.025
https://doi.org/10.1016/j.arthro.2015.11.025
https://doi.org/10.11138/mltj/2015.5.4.227
https://doi.org/10.11138/mltj/2015.5.4.227
https://doi.org/10.1016/j.ejrad.2008.02.018
https://doi.org/10.1177/0363546517724432
https://doi.org/10.1093/rheumatology/keg448
https://doi.org/10.1093/rheumatology/keg448
https://doi.org/10.3233/BME-171673
https://doi.org/10.3233/BME-171673
https://doi.org/10.1177/0363546506296310
https://doi.org/10.1177/0363546506296310
https://doi.org/10.1016/j.arthro.2005.08.011
https://doi.org/10.1007/s00776-013-0504-0

	Abstract
	Purpose
	Methods
	Results
	Conclusion
	Level of evidence
	Clinical relevance

	Introduction
	Methods
	Patient selection
	Surgical procedures
	Postoperative protocol
	Clinical evaluation
	Structural evaluation
	Statistical analysis

	Results
	Clinical outcomes
	Structural outcome: retear cases
	Structural outcome: Completely or incompletely healed cases

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

