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Abstract 

Background  The shoulder arthroscopic suture bridge technique is currently very popular, but scientific evidence 
relating to the clinical outcomes of the medial row with or without knots has not been systematic reviewed.

Purpose  The purpose of this study was to compare the clinical outcomes of knotted versus knotless double-row 
suture bridges for rotator cuff repairs.

Study design  Meta-analysis.

Method  Five databases that contain literature in English were searched (Medline, PubMed, Embase, Web of Science, 
and the Cochrane Library), with a focus on works published between 2011 and 2022. Clinical data relating to arthro-
scopic rotator cuff repair with the suture bridge approach was examined and the outcomes of medial row knotting 
contrasted with that of the knotless technique. The search phrase used was: (double row) AND (rotator cuff ) AND 
(repair), and the search method is subject term plus free word search. Literature quality evaluation was performed 
using the Cochrane “risk of bias” tool 1.0 and the Newcastle–Ottawa scale quality assessment instrument.

Results  One randomized controlled trial, four prospective cohort studies, and five retrospective cohort studies 
were included in this meta-analysis. Data pertaining to 1146 patients was drawn from these ten original papers and 
analyzed. Meta-analyses that were performed on 11 postoperative outcomes revealed that none of the differences 
were statistically significant (P > 0.05) and that the publications were unbiased (P > 0.05). Postoperative retear rate 
and postoperative retear categorization were the outcomes assessed. Scores on postoperative pain, forward flexion, 
abduction, and external rotation mobility were collated and evaluated. The University of California, Los Angeles scor-
ing systems in the first year following surgery, the American Shoulder and Elbow Surgeons score and Constant scales 
in the first and second years after surgery were the secondary outcomes spotlighted in this study.

Conclusion  The clinical outcomes of shoulder arthroscopic rotator cuff repair with the suture bridge technique with 
or without a knotted medial row was proven to be equivalent. These outcomes are about postoperative retear, post-
operative retear classification, postoperative shoulder function score, postoperative shoulder mobility, and postopera-
tive pain, respectively. It should be noted that the conclusions are based on short-term clinical follow-up data.
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What is known about this subject The shoulder arthro-
scopic suture bridge technique is currently very popular, 
but scientific evidence relating to the clinical outcomes 
of the medial row with or without knots has not been 
systematic reviewed. Both techniques can achieve good 
clinical results.

What this study adds to existing knowledge The clini-
cal outcomes of shoulder arthroscopy rotator cuff repair 
with the suture bridge technique with or without a knot-
ted medial row was proven to be equivalent. These out-
comes are about postoperative retear, postoperative 
retear classification, postoperative shoulder function 
score, postoperative shoulder mobility, and postoperative 
pain, respectively. Nevertheless, the clinical outcomes of 
the knotless Mason-Allen suture bridge technique needs 
to be explored in larger sample sizes in future studies.

Introduction
Rotator cuff tears are a common, musculoskeletal injury 
accounting for many of the surgeries performed in the 
ambulatory setting [18]. Arthroscopic rotator cuff repair 
is now widely performed and has become the first-line 
treatment for rotator cuff injuries.

Various arthroscopic suture repair techniques have 
been developed to date. The suture bridge technique, as 
one type of double-row suture technique, is currently 
preferred by many orthopedic surgeons for its improved 
contact area, increased pressure load, and reduced oper-
ating time [9, 29]. Even though there are various suture 
designs, suture bridge methods are commonly described 
as either having a knotted medial row of suture anchors 
or having a knotless medial row of suture anchors. In 
traditional suture wire methods, a knotted medial row is 
combined with a knotless lateral row to create a knotless 
structure. On the other hand, the knotless suture bridge 
technique uses a high-strength flat-braided suture-type 
that is resistant to pull-through [2].

Numerous biomechanical investigations have con-
trasted rotator cuff restoration procedures using knotted 
and knotless suture bridges. An experiment performed 
by Busfield and his colleague [4] revealed that the addi-
tion of a knotless medial row could compromise the 
construct leading to gap formation and failure at lower 
loads. Furthermore, Maxwell et  al. [31] observed that 
knotless repair might exhibit an enhanced self-reinforc-
ing effect, without reducing footprint contact, a benefit 
that medial knotting is unable to confer. In terms of dis-
placement across the repair site, stiffness, and ultimate 
load to failure, Mijares et al. [25] discovered that knotted 

and knotless medial-row double-row rotator cuff repair 
structures using suture tape showed similar biochemical 
performance. High level scientific evidence has demon-
strated that suture bridge sutures with medial row knots 
have better biomechanical effects, including greater 
ultimate load, and no significant differences in terms of 
suture formation, suture stability, or footprint contact 
area [1].

Conflicting results have arisen from clinical studies 
investigating rotator cuff suture bridge repair with knot-
ted versus knotless medial rows. A case–control study 
by Hirokazu and his colleagues [17] found that incom-
plete healing at the 24-month mark post-surgery was 
more common among patients with medial row knots. 
However, according to Kyung et  al. [20], even though 
the knotless suture-bridge technique had a higher rate 
of retear than the standard suture-bridge technique, the 
difference was not statistically significant. Boyer et al. [3] 
found that the retear rate for the knotless tape-bridging 
construct was lower but not significantly. In a tendon 
repaired using a knot-tying method, Şahin et  al. [34] 
found that this procedure increased the risk of failure at 
the medial musculotendinous junction, with a laterally 
healed tendon on the footprint. According to Cho’s clas-
sification [6], postoperative retear can be divided into 2 
types: type 1 retear is defined as separation at the foot-
print of a repaired rotator cuff, while failure at the medial 
musculotendinous junction is the definition of a type 2 
retear, which occurs when there is a laterally healed ten-
don on the footprint.

To date, a scientific review of this topic is absent in past 
and current literature. The authors wish to review the 
key literature, extract key data from it, and use the data 
to assess the clinical outcomes of the knotted vs knot-
less double-row suture bridge approaches for rotator cuff 
surgery.

Methods
The PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) declaration has been fol-
lowed throughout this publication [26]. PROSPERO has 
been used to create and register the protocol for this pub-
lication (CRD42022357604).

Inclusion and exclusion criteria
Only the clinical publications comparing medial rows 
of suture bridges for repairing torn rotator cuff under 
shoulder arthroscopy with knotted versus knotless knots 
were be included.
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The following were among the criteria for inclusion:

Patient Regardless of age, gender, illness course, 
comorbidity, or other variables across different 
groups in the same study, studies involving patients 
who suffered rotator cuff injuries in the past and 
underwent shoulder arthroscopic surgery were 
included.
Experimental Design Studies that contrasted the 
clinical outcomes of rotator cuff repair methods 
using knotted and knotless suture bridges were 
included.
Outcome Measures Studies whose main outcomes 
were postoperative retear rate and postoperative 
retear categorization were included. The following 
were the secondary outcomes of interest: scores on 
postoperative pain, forward flexion, abduction, and 
external rotation mobility, as well as the University 
of California, Los Angeles (UCLA) scoring systems 
in the first year following surgery, the American 
Shoulder and Elbow Surgeons (ASES) score and 
Constant scales in the first and second years after 
surgery were the secondary outcomes.
Study Design Randomized clinical trial comparing 
knotted rotator cuff repair suture bridges and knot-
less suture bridges during shoulder arthroscopy was 
included.

The following studies were excluded: biomechanical 
studies, cadaveric studies, and non-clinical studies of 
rotator cuff injury suture type. The following publica-
tions were also excluded: newspapers, unreviewed arti-
cles, case reports, meta-analyses, reviews, opinion pieces, 
anecdotal studies, case studies involving < 10 cases, edito-
rials, comments, book chapters, and conference proceed-
ings or abstracts.

Literature search strategy
The Cochrane Library, Medline, Embase, Web of Sci-
ence, and Pubmed were all thoroughly searched. Using 
the keywords "double row, rotator cuff, repair," studies 
published from 2010 to the present were identified. The 
aforementioned keywords were combined with their free 
words to search. The legitimacy of candidate publications 
was assessed using the aforementioned standards.

Data extraction and synthesis
Data was extracted and recorded on electronic spread-
sheets from eligible studies by two independent review-
ers. Through discussion, a consensus was reached and 
differences in inclusion were preliminarily resolved. 

In case of further disagreement, the final decision was 
made by the third reviewer. Author(s), country, publica-
tion year, research focus, research design, classification, 
patient/case count (male and female), functional scores, 
number of retear following surgery, postoperative retear 
classification, records of a postoperative range of motion, 
and postoperative pain scores were all extracted from the 
study. Whenever possible, the missing data were sourced 
from the relevant corresponding authors included in the 
study.

Quality assessment
Independently, two reviewers evaluated the risk of bias. 
The deviation risk instrument (Version 1.0; Cochrane 
Collaboration) [10] was employed: to assess the potential 
deviation of each test. This tool made it possible to divide 
the deviation into seven distinct categories, which were 
as follows: selection deviation; allocation concealment 
deviation; blinding deviation; result reporting deviation; 
outcome completeness deviation; and other categories. 
Each element was divided into three risk categories: low 
risk, medium risk, and high risk. Case selection, compa-
rability, and outcome reporting were evaluated using the 
Newcastle–Ottawa scale (NOS) [35], a tool for evaluat-
ing the quality of cohort studies included in a systematic 
review and/or meta-analyses.

Data analysis
Meta-analysis statistics and the creation of forest plot 
data were performed using Stata SE 15.0 (StataCorp, 
USA). Heterogeneity was also calculated using I2 statis-
tics and the Q test [11]. The mean difference (MD) and 
95% confidence interval (CI) for continuous data were 
calculated, the risk ratio (RR) value for non-continuous 
data determined and a forest plot generated to visually 
illustrate the data. In the event that there was evidence 
of heterogeneity after the execution of the first analyses 
using a fixed-effects model, the random-effects regres-
sion model was considered for use in the subsequent 
meta-analysis. P values below 0.05 were considered to be 
statistically significant. Finally, a test for publication bias 
was conducted using the Begg’s method. P values above 
0.05 were an indicator of low publication bias [11].

Results
Literature search
A total of 2414 potentially relevant publications were 
found using the first search keyword (Pubmed: 533; Med-
line: 437; Web of Science: 797; Embase: 368; Cochrane 
Library: 87). Each publication was reviewed, and 10 arti-
cles selected for inclusion in the meta-analysis (Fig. 1).
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Characteristics of selected studies
There were ten studies [3, 15–17, 20, 28, 33, 34, 37, 40] 
that compared arthroscopic double-row suture bridge 
repair of the rotator cuff with and without knotting of the 
medial row, published between 2011 and 2022. One of 

the included studies was a prospective randomized con-
trolled trial, four of the studies were prospective cohort 
trials, and the other five studies were retrospective cohort 
trials. A total of 1146 participants were included in this 
analysis. In terms of clinical outcomes, nine studies 
focused on postoperative retear rate, while six focused on 
postoperative retear classification. Nine studies reported 
functional score results, three of which described UCLA 
scores in the first year postoperatively, two described 
ASES scores in the same, two described Constant scores 
in the same, five described Constant scores in the sec-
ond year, three described ASES scores in the second year. 
For other outcomes, six articles reported postoperative 
mobility, five of which reported postoperative anterior 
flexion mobility, three reported postoperative abduction 
mobility, and three reported postoperative external rota-
tion mobility. In the context of pain scores, four articles 
reported on postoperative visual pain scores. For the 
suture techniques, seven out of ten articles compared 
the traditional suture-bridge repair with and without 
medial knot tying. Of the other three articles, one arti-
cle compared double-pulley suture-bridge repair with 
and without medial knot tying, one compared the tradi-
tional suture-bridge technique with knotted medial row 
and knotless double-layer transosseous equivalent repair 
technique (cinch-bridge), and one compared traditional 
knot-tying suture bridge technique and knotless medial 
row suture-bridge technique using Mason-Allen stich for 
medial row fixation. For the type of rotator cuff retrac-
tion, there were five articles that mentioned the type of 
rotator cuff retraction, and there was no significant dif-
ference between the knotted and knotless groups in 
these five articles. Similarly, there were seven articles that 
mentioned the grade of rotator cuff fatty infiltration, and 
there were no significant differences between the knotted 
and knotless groups. For the remaining baseline indica-
tors such as gender and age, there were no significant 
differences between the knotted and knotless groups for 
each study (Tables 1 and 2).

Quality assessment
Sources of bias in the selected randomized controlled tri-
als (RCT) were assessed using the Cochrane risk assess-
ment tool. Only one study was determined to carry 
medium risk blinded to the outcome assessor, while the 
remaining items exhibited low risk. The quality of the 
remaining nine cohort studies was assessed using the 
NOS scale, and the results showed that all nine studies 
attained more than seven stars with no significant risk 
bias. Two of these studies achieved nine stars, the high-
est quality, and five achieved eight stars, meaning that 

Fig. 1  PRISMA flowchart of study selection
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the quality of the five was satisfactory. The results are dis-
played in Fig. 2 and Table 3.

Meta‑analysis
Postoperative retear rate
Nine studies [3, 15–17, 20, 28, 33, 34, 37] reported on 
postoperative retear rate. The heterogeneity test was 
performed, and the result indicated slight statistical het-
erogeneity (I2 = 0 < 50%, P = 0.50 > 0.1). The result of meta-
analysis showed that the knotted group’s retear rate was 
1.05 times higher than that of the knotless group, with 
the difference being statistically insignificant (RR = 1.05, 

Fig. 2  Quality assessment of RCT​

Table 3  Quality assessment of cohort trials

References Selection Comparability Outcome Total

Hirokazu et al. [17] ★★★★ ★★ ★★★ 9

Xu et al. [37] ★★★★ ★ ★★★ 8

Zwolak et al. [40] ★★★★ ★ ★★★ 8

Boyer et al. [3] ★★★★ ★★ ★★ 8

Kim et al. [20] ★★★★ ★ ★★ 7

Gürpınar et al. [15] ★★★★ ★★ ★★★ 9

Nemirov et al. [28] ★★★★ ★★ ★★ 8

Heuberer et al. [16] ★★★★ ★ ★★ 7

Rhee et al. [33] ★★★★ ★★ ★★ 8
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the 95%CI 0.79–1.40, P = 0.74 > 0.05). The data are illus-
trated in the following forest plot (Fig. 3).

Postoperative retear classification
Six articles [3, 17, 20, 33, 34, 37] assessed the results of 
postoperative retear within each class. Firstly, a het-
erogeneity test was performed, and the result showed 
that there was no heterogeneity between these stud-
ies (I2 = 0% < 50%, P = 0.44 > 0.1). A meta-analysis indi-
cated that the ratio of type 1 retear in the knotted group 
to those in the knotless group was 0.78, denoting a 
decreased frequency of type 1 retear in the knotted group 
though statistically insignificant (RR = 0.78, 95%CI, 0.56–
1.08, P = 0.14 > 0.05). The data is displayed in the follow-
ing forest plot (Fig. 4).

UCLA score in the first postoperative year
The three studies [17, 20, 37] which reported the UCLA 
score in the first year after surgery were subjected to 
a heterogeneity test, which revealed that the studies 

were homogenous enough to combine (I2 = 66.8% > 50%, 
P = 0.05 < 0.1). Heterogeneity in the studies was fur-
ther probed using sensitivity analysis, which confirmed 
the robustness of the studies. The results are displayed 
in Fig.  5. However, the degree of variation in the study 
performed by Hirokazu and his colleagues [17] differed 
significantly from the other two studies. The heterogene-
ity test was performed again after excluding this study 
revealed that the other two studies were highly homog-
enous (I2 = 0% < 50%, P = 0.98 > 0.1). The meta-analysis 
revealed that the postoperative UCLA score assigned 
to the knotless group was 0.59 points higher than that 
assigned to the knotted group, though the difference was 
statistically insignificant (MD =  − 0.59, 95%CI − 1.48 to 
0.29, P = 0.19 > 0.05).

ASES score in the first postoperative year
The two studies [20, 37] that reported the ASES scores 
in the first year after surgery were subjected to a hetero-
geneity test, which revealed strong homogeneity in the 
studies (I2 = 0% < 50%, P = 0.95 > 0.1). The meta-analysis 

Fig. 3  Forest plot of postoperative retear rate. Note RR = retear rate of knotted group/retear rate of knotless group
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Fig. 4  Forest plot of postoperative retear classification. Note RR = type 1 retear rate of knotted group/type 1 retear rate of knotless group

Fig. 5  Sensitivity analysis of UCLA score in the first year after surgery



Page 11 of 20Xiao et al. Journal of Orthopaedic Surgery and Research          (2023) 18:338 	

revealed that, after one year following surgery, the ASES 
score in the knotless group was 0.73 points higher than 
that in the knotted group, with the difference being sta-
tistically insignificant (MD =  − 0.73, 95%CI − 2.66 to 1.20, 
P = 0.46 > 0.05). The data are illustrated in Fig. 6.

ASES score in the second year after surgery
The three studies [16, 20, 28] that reported the ASES 
scores in the second year after surgery underwent a 
heterogeneity test, which revealed that there was none 
(I2 = 0% < 50%, P = 0.78 > 0.1). The meta-analysis revealed 
that the ASES score in the knotless group was 2.37 points 
higher than that in the knotted group two years post-
surgery, though the difference was statistically insignifi-
cant (MD =  − 2.37, 95%CI − 5.32 to 0.57, P = 0.12 > 0.05). 
Details are shown in Fig. 7.

Constant score in the first year and in the second year 
after surgery
Two studies [20, 37] reported the Constant scores in the 
first year after surgery and five [3, 15, 16, 20, 34] reported 
the Constant scores in the second year after surgery. All 
seven studies were non-heterogeneous (I2 = 0% < 50%, 
P = 0.81 > 0.1 in the first year; I2 = 0% < 50%, P = 0.44 > 0.1 

in the second year). The meta-analysis showed that the 
Constant score in the knotless group was 1.29 points 
higher than in the knotted group at the one-year mark 
and 1.99 points higher at the two-year mark. How-
ever, the differences were negligible (MD =  − 1.29, 
95%CI − 3.01 to 0.43, P = 0.14 > 0.05 in the first year and 
MD =  − 1.99, 95%CI − 4.05 to 0.06, P = 0.06 > 0.05 in the 
second year). Details are shown in Fig. 8.

Postoperative forward flexion mobility
Variation was lacking in the five studies [3, 15, 16, 34, 
40] that reported postoperative forward flexion mobil-
ity (I2 = 0% < 50%, P = 0.86 > 0.1). The meta-analysis indi-
cated that the knotted group had 1.75 degrees more 
forward flexion mobility than the knotless group, though 
the difference was statistically insignificant (MD = 1.75, 
95%CI − 2.09 to 5.59, P = 0.37 > 0.05). Details are shown 
in Fig. 9A.

Postoperative abduction mobility and external rotation 
mobility
The three studies [16, 34, 40] that reported postoperative 
external rotation and abduction mobility were also con-
siderably homogeneous (I2 = 0% < 50%, P = 0.89 > 0.1 in 

Fig. 6  Forest plot of ASES score in the first year after surgery. Note WMD = mean value of knotted group—mean value of knotless group
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abduction part and I2 = 0% < 50%, P = 0.50 > 0.1 in exter-
nal rotation part). The meta-analysis revealed that the 
knotted group had 1.42 degrees more forward flexion 
mobility and 1.54 degrees more external rotation mobil-
ity than the knotless group, even though the difference 
was statistically insignificant (MD = 1.42, 95%CI − 2.04 to 
4.88, P = 0.42 > 0.05 in terms of abduction and MD = 1.54, 
95%CI − 1.65 to 4.73, P = 0.35 > 0.05 in terms of external 
rotation). Details are shown in Fig. 9B, C.

Postoperative pain score
The four studies [15, 16, 20, 34] that reported postop-
erative VAS scores were homogeneous (I2 = 0% < 50%, 
P = 0.58 > 0.1). The meta-analysis revealed that the knot-
ted group’s pain score was 0.17 points higher than the 
knotless group’s, though the difference was statisti-
cally insignificant (MD = 0.17, 95%CI − 0.10 to 0.43, 
P = 0.22 > 0.05). Details are shown in Fig. 10.

Publication bias test
The test of Begg’s was used for the publication bias test in 
the above outcomes. The findings indicated a lack of cor-
relation, deeming the publications unbiased. Details are 
shown in Fig. 11 and Table 4.

Discussion
In this meta-analysis, there were 10 original articles on 
the clinical outcomes of double-row suture bridge sutures 
for rotator cuff injuries, both with and without knots in 
the medial row, including 1 randomized controlled trial, 
4 prospective cohort studies, and 5 retrospective cohort 
studies. The meta-analysis was focused on postoperative 
retear, postoperative retear classification, postoperative 
shoulder function score, postoperative shoulder mobility, 
and postoperative pain, respectively.

The results showed slight differences between the two 
techniques, namely, a slightly higher postoperative retear 
rate in the knotted group than in the knotless group 
(P = 0.74), a higher percentage of postoperative type 2 
retear in the knotted group, and a higher proportion of 
type 1 retear in the knotless group (P = 0.14). In terms of 
postoperative functional scores, the results showed bet-
ter clinical outcomes in the knotless group than in the 
knotted group (For details please see Figs. 6, 7 and 8). As 
for postoperative pain, the knotless group had lower pain 
scores (P = 0.22), but none of the above differences were 
statistically significant.

Fig. 7  Forest plot of ASES score in the second year after surgery. Note WMD = mean value of knotted group—mean value of knotless group



Page 13 of 20Xiao et al. Journal of Orthopaedic Surgery and Research          (2023) 18:338 	

Fig. 8  A Forest plot of Constant score in the first year after surgery. B Forest plot of Constant score in the second year after surgery. Note 
WMD = mean value of knotted group—mean value of knotless group
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Fig. 9  A Forest plot of Postoperative Forward Flexion Mobility. B Forest plot of postoperative abduction mobility. C Forest plot of external rotation 
mobility. Note WMD = mean value of knotted group—mean value of knotless group
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Clinical implications and implications for future research
The double-row suture bridge technique is widely pre-
ferred by orthopedic surgeons globally because of the 
improved contact area between the rotator cuff and bone, 
increased yield load, and reduced operative time and cost 
[15, 19, 22, 24, 27].

The debate over whether or not to tie the medial row 
of sutures used in a rotator cuff suture bridge repair has 
gained increased interest. The most important indicator 
for the assessment of its clinical outcomes is the tendon 
retear rate. The effectiveness of the suture bridge tech-
nique with medial row tying has been reported to be 
comparable to that of the approach with no tying in many 
therapeutically relevant trials, including postoperative 
tendon retear rate, functional scores, and pain score out-
comes [17, 34, 37]. The findings of this meta-analysis are 
consistent with the results of the aforementioned studies.

In spite of the high level of scientific evidence sup-
porting use of knotted suture bridges, a few studies have 
suggested that the use of this technique is linked to sig-
nificant retear rates, particularly type 2 repair failure [6, 
38]. Trantalis and his colleague [36] reported that type 
2 failure was linked to excessive tension between the 

tendon and suture at the medial row and overtightening 
of the medial knots. Cho et al. [5] noted that sutures may 
cause vascular strangulation around the tendon, bring-
ing about tendon necrosis. Vascularity around the rota-
tor cuff was a key determinant of the effectiveness of the 
surgery. A practical Doppler flowmetry measurement of 
intraoperative blood flow showed that the intratendinous 
blood flow significantly decreased with the use of knotted 
suture bridge technique rotator cuff repair after placing 
lateral-row anchors. The impact of the knotless on cir-
culation around the site was, however, not evaluated in 
this review [7]. The above studies suggested that suture 
bridges with knotless medial rows may facilitate faster 
healing of the tendon and reduce the retear rate com-
pared to knotted medial rows. A potential biomechanical 
advantage of knotless constructs is “self-reinforcement”, 
which is a mechanism where increasing the tensile load 
can generate increased resistance to structural failure 
overtime [30]. Yong et al. [33] reported that the knotless 
group had a considerably lower retear rate relative to the 
conventional knot-tying group, which is consistent with 
the above points. However, due to an insufficient sample 
sizes, the scientific evidence was not adequate enough 

Fig. 9  continued
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to support generalized use of this technique. Therefore, 
it requires careful assessment and consideration for 
patients with shoulder osteoporosis before rotator cuff 
suturing.

The suture anchor constructed using the knotless 
suture bridge procedure may fail because stress is typi-
cally centered there rather than at the medial row, espe-
cially in patients suffering from osteoporosis. Ultimately, 
without adequate compression by the medial row suture 
limbs, the healing of a repaired rotator cuff may be ham-
pered. Therefore, suture repair of the rotator cuff in 
patients with osteoporosis requires careful assessment 
and consideration on the surgeons’ part [21, 23].

This meta-analysis revealed that postoperative tendon 
retear rates among patients for whom the knotted medial 
row suture bridge method was used did not significantly 
contrast with rates among those for whom the knotless 
suture bridge approach was used. Therefore, clinicians 
should be wary of the occurrence of postoperative rotator 
cuff retear during patient recovery, regardless of whether 
the knotted or knotless medial row of the suture bridge 
was used.

In a study by Galatz and her colleagues [13], patients 
with arthroscopic repair of large and massive rotator cuff 
tears may have higher postoperative function and better 
satisfaction, but the results may mask underlying failures 
in healing. Chung et al. [8] found that 39.8% of patients in 
arthroscopically repaired massive rotator cuff tears had 
better postoperative functional recovery but rotator cuff 
anatomy healed incompletely. Clinical outcomes after 
rotator cuff suturing may also be influenced by the fol-
lowing factors: diabetes, wound infection, surgical expe-
rience, suture material, and inappropriate postoperative 
rehabilitation [39]. If the rehabilitation is too aggressive, 
it may cause the suture to fail, thus increasing the rate of 
tendon retear. The effects of these confounding factors 
should be investigated in future research.

Limitations
The article is also associated with a few limitations. 
Firstly, the tendon tear size and retraction were not con-
sidered in this analysis, which may affect the rotator cuff 
retear rate. It is likely that some articles were not men-
tioned or had less relevant data in the analysis. Secondly, 

Fig. 10  Forest plot of postoperative pain score. Note WMD = mean value of knotted group—mean value of knotless group
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Fig. 11  Funnel plot of the 11 results. (A postoperative retear rate, B postoperative retear classification, C UCLA scores in the first year 
postoperatively, D ASES scores in the first year postoperatively, E ASES scores in the second year postoperatively, F Constant scores in the first year 
postoperatively, G Constant scores in the second year postoperatively, H postoperative anterior flexion mobility, I postoperative abduction mobility, 
J postoperative external rotation mobility, K postoperative pain scores)
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the size of the pre-suture tear may affect the retear rate. 
Some of the original articles did not restrict the patient’s 
preoperative tear type such as Şahin et al. [34] trial. Some 
articles strictly restricted the type of tendon tear before 
suture, for example, Yong et  al. [33] restricted patients 
to medium-sized tears of the tendon, and they excluded 
small, large, and massive tears. Besides, there was no sig-
nificant difference between the experimental and control 
groups at baseline in each article, so we did not take it 
into account. In addition, there was variation in the sur-
gical procedures included in the analysis. Other than 
rotator cuff repair, other procedures such as acromio-
plasty and glenoid labrum repair may be involved. One 

RCT and nine cohort studies were included in this paper, 
which may have an impact on the results in terms of 
study methodology, and more high-quality studies with 
large samples are needed to reduce this heterogeneity 
in the future. Besides, tendon retraction and fat infiltra-
tion after rotator cuff tears also significantly influenced 
postoperative retear rates, with no significant difference 
between the knotted and knotless groups in the original 
literatures. In other words, there was no significant dif-
ference in the effect on retear rates. This study focused on 
retear rates, as baseline data for tendon retraction and fat 
infiltration after rotator cuff tears were not significantly 

Fig. 11  continued

Table 4  Begg’s test for publication bias of pairwise meta-analysis

Low publication bias: P > 0.05

UCLA University of California, Los Angeles, ASES American Shoulder and Elbow Surgeons

Outcome Postoperative 
retear rate

Postoperative 
retear 
classification

UCLA score 
in the first 
year after 
surgery

ASES score 
in the first 
year after 
surgery

ASES score 
in the 
second  
year after 
surgery

Constant 
score in  
the first  
year after 
surgery

Constant 
score in 
the second 
year after 
surgery

Postoperative 
Forward 
flexion 
mobility

Postoperative 
abduction 
mobility

Postoperative 
external 
rotation 
mobility

Postoperative 
pain score

P 0.75 1.00 1.00 1.00 0.30 1.00 0.46 1.00 1.00 1.00 0.73
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different in each article, and therefore these two indica-
tors were not included in the analysis.

Conclusion
The clinical outcomes of shoulder arthroscopic rota-
tor cuff repair with the suture bridge technique with or 
without a knotted medial row was proven to be equiva-
lent. These outcomes are about postoperative retear, 
postoperative retear classification, postoperative shoul-
der function score, postoperative shoulder mobility, and 
postoperative pain, respectively. It should be noted that 
the conclusions are based on short-term clinical follow-
up data.

Abbreviations
NOS	� Newcastle–Ottawa scale
RCT​	� Randomized controlled trial
UCLA	� University of California, Los Angeles
ASES	� American Shoulder and Elbow Surgeons
SSI	� Shoulder strength index
CI	� Confidence interval
RR	� Risk ratio
MD	� Mean difference
M ± SD	� Mean ± standard deviation

Author contributions
QX and XQ contributed equally to the manuscript and were responsible for 
writing the article. MN and JW were responsible for revising the article, with 
MN as the first corresponding author and JW as the second corresponding 
author. YX and SH sorted out the data. All authors read and approved the final 
manuscript.

Funding
Chongqing medical scientific research project (Joint project of Chongqing 
Health Commission and Science and Technology Bureau, 2023MSXM141) is 
the source of this work’s support.

Availability of data and materials
For further enquiries about the relevant original materials of this article, please 
consult the corresponding author.

Declarations

Ethical approval and consent to participate
This declaration is not applicable.

Competing interests
All the authors of the article declare that there are no competing interests in 
the subject research and article writing process.

Author details
1 Center for Joint Surgery, Department of Orthopedic Surgery, The Second 
Affiliated Hospital of Chongqing Medical University, Chongqing, China. 
2 Chongqing Nanchuan District People’s Hospital, Chongqing, China. 

Received: 2 March 2023   Accepted: 23 April 2023

References
	1.	 Ansah-Twum J, Belk JW, Cannizzaro CK. Knotted transosseous-equivalent 

technique for rotator cuff repair shows superior biomechanical properties 

compared with a knotless technique: a systematic review and meta-
analysis. Arthroscopy. 2022;38(3):1019–27.

	2.	 Bishop ME, MacLeod R, Tjoumakaris FP, Hammoud S, Cohen SB, Dodson 
CC, Ciccotti MG, Freedman KB. Biomechanical and clinical compari-
son of suture techniques in arthroscopic rotator cuff repair. JBJS Rev. 
2017;5(11):e3–e3. https://​doi.​org/​10.​2106/​JBJS.​RVW.​17.​00019.

	3.	 Boyer P, Bouthors C, Delcourt T, Stewart O, Hamida F, Mylle G, Mas-
sin P. Arthroscopic double-row cuff repair with suture-bridging: a 
structural and functional comparison of two techniques. Knee Surg 
Sports Traumatol Arthrosc. 2015;23(2):478–86. https://​doi.​org/​10.​1007/​
s00167-​013-​2401-7.

	4.	 Busfield BT, Glousman RE, McGarry MH, Tibone JE, Lee TQ. A biome-
chanical comparison of 2 technical variations of double-row rotator 
cuff fixation: the importance of medial row knots. Am J Sports Med. 
2008;36(5):901–6. https://​doi.​org/​10.​1177/​03635​46507​312640.

	5.	 Cho NS, Lee BG, Rhee YG. Arthroscopic rotator cuff repair using a suture 
bridge technique: is the repair integrity actually maintained? Am J Sports 
Med. 2011;39(10):2108–16.

	6.	 Cho NS, Yi JW, Lee BG. Retear patterns after arthroscopic rotator cuff 
repair: single-row versus suture bridge technique. Am J Sports Med. 
2010;38(4):664–71.

	7.	 Christoforetti JJ, Krupp RJ, Singleton SB. Arthroscopic suture bridge 
transosseus equivalent fixation of rotator cuff tendon preserves intraten-
dinous blood flow at the time of initial fixation. J Shoulder Elbow Surg. 
2012;21(4):523–30.

	8.	 Chung SW, Kim JY, Kim MH. Arthroscopic repair of massive rotator cuff 
tears: outcome and analysis of factors associated with healing failure or 
poor postoperative function. Am J Sports Med. 2013;41(7):1674–83.

	9.	 Cole BJ, ElAttrache NS, Anbari A. Arthroscopic rotator cuff repairs: an 
anatomic and biomechanical rationale for different suture-anchor repair 
configurations. Arthroscopy. 2007;23(6):662–9.

	10.	 Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JPT, Thomas J. 
Updated guidance for trusted systematic reviews: a new edition of the 
cochrane handbook for systematic reviews of interventions. Cochrane 
Database Syst Rev. 2019. https://​doi.​org/​10.​1002/​14651​858.​ED000​142.

	11.	 Delgado-Rodríguez M, Sillero-Arenas M. Systematic review and meta-
analysis. Med Intensiva. 2018;42(7):444–53. https://​doi.​org/​10.​1016/j.​
medin.​2017.​10.​003.

	12.	 DeOrio JK, Cofield RH. Results of a second attempt at surgical repair of a 
failed initial rotator-cuff repair. J Bone Joint Surg Am. 1984;66(4):563–7.

	13.	 Galatz LM, Ball CM, Teefey SA. The outcome and repair integrity of 
completely arthroscopically repaired large and massive rotator cuff tears. 
J Bone Joint Surg Am. 2004;86(2):219–24.

	14.	 Goutallier D, Postel J-M, Bernageau J, Lavau L, Voisin M-C. Fatty muscle 
degeneration in cuff ruptures: pre- and postoperative evaluation by CT 
scan. Clin Orthop Relat Res. 1994;304:78. https://​doi.​org/​10.​1097/​00003​
086-​19940​7000-​00014.

	15.	 Gürpınar T. Comparison of early clinical results and re-tear rates of 
transosseous-equivalent rotator cuff repairs with or without medial knots. 
Eklem Hastalik Cerrahisi. 2019;30(3):193–200. https://​doi.​org/​10.​5606/​ehc.​
2019.​70137.

	16.	 Heuberer PR, Pauzenberger L, Gruber MS, Kriegleder B, Ostermann RC, 
Laky B, Anderl W. The knotless cinch-bridge technique for delaminated 
rotator cuff tears leads to a high healing rate and a more favorable 
short-term clinical outcome than suture-bridge repair. Knee Surg 
Sports Traumatol Arthrosc. 2019;27(12):3920–8. https://​doi.​org/​10.​1007/​
s00167-​019-​05519-x.

	17.	 Honda H, Gotoh M, Mitsui Y, Nakamura H, Tanesue R, Shimokobe H, 
Shiba N. Clinical and structural outcomes after arthroscopic rotator cuff 
repair: a comparison between suture bridge techniques with or without 
medial knot tying. J Orthop Surg Res. 2018. https://​doi.​org/​10.​1186/​
s13018-​018-​0990-z.

	18.	 Jain NB, Higgins LD, Losina E, Collins J, Blazar PE, Katz JN. Epidemiol-
ogy of musculoskeletal upper extremity ambulatory surgery in the 
United States. BMC Musculoskelet Disord. 2014. https://​doi.​org/​10.​1186/​
1471-​2474-​15-4.

	19.	 Kilcoyne KG, Guillaume SG, Hannan CV, Langdale ER, Belkoff SM, Srikumaran 
U. Anchored transosseous-equivalent versus anchorless transosseous rota-
tor cuff repair: a biomechanical analysis in a cadaveric model. Am J Sports 
Med. 2017;45(10):2364–71. https://​doi.​org/​10.​1177/​03635​46517​706136.

https://doi.org/10.2106/JBJS.RVW.17.00019
https://doi.org/10.1007/s00167-013-2401-7
https://doi.org/10.1007/s00167-013-2401-7
https://doi.org/10.1177/0363546507312640
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1016/j.medin.2017.10.003
https://doi.org/10.1016/j.medin.2017.10.003
https://doi.org/10.1097/00003086-199407000-00014
https://doi.org/10.1097/00003086-199407000-00014
https://doi.org/10.5606/ehc.2019.70137
https://doi.org/10.5606/ehc.2019.70137
https://doi.org/10.1007/s00167-019-05519-x
https://doi.org/10.1007/s00167-019-05519-x
https://doi.org/10.1186/s13018-018-0990-z
https://doi.org/10.1186/s13018-018-0990-z
https://doi.org/10.1186/1471-2474-15-4
https://doi.org/10.1186/1471-2474-15-4
https://doi.org/10.1177/0363546517706136


Page 20 of 20Xiao et al. Journal of Orthopaedic Surgery and Research          (2023) 18:338 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	20.	 Kim KC, Shin HD, Lee W-Y, Yeon K-W, Han S-C. Clinical outcomes and 
repair integrity of arthroscopic rotator cuff repair using suture-bridge 
technique with or without medial tying: prospective comparative study. J 
Orthop Surg Res. 2018. https://​doi.​org/​10.​1186/​s13018-​018-​0921-z.

	21.	 Kummer F, Hergan DJ, Thut DC. Suture loosening and its effect on 
tendon fixation in knotless double-row rotator cuff repairs. Arthroscopy. 
2011;27(11):1478–84.

	22.	 Kunze KN, Rossi LA, Beletsky A. Does the use of knotted versus knotless 
transosseous equivalent rotator cuff repair technique influence the inci-
dence of retears? A systematic review. Arthroscopy. 2020;36(6):1738–46.

	23.	 Leek BT, Robertson C, Mahar A. Comparison of mechanical stability 
in double-row rotator cuff repairs between a knotless transtendon 
construct versus the addition of medial knots. Arthroscopy. 2010;26(9 
Suppl):S127-133.

	24.	 Mall NA, Lee AS, Chahal J. Transosseous-equivalent rotator cuff repair: a 
systematic review on the biomechanical importance of tying the medial 
row. Arthroscopy. 2013;29(2):377–86.

	25.	 Mijares MR, Hiller A, Alhandi A, Kaimrajh D, Milne T, Latta L, Baraga MG. Is 
it necessary to tie the medial row in rotator cuff repair double-row con-
structs when using suture tape? J Clin Orthop Trauma. 2020;11:S378–82. 
https://​doi.​org/​10.​1016/j.​jcot.​2020.​02.​007.

	26.	 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6(7):e1000097. https://​doi.​org/​10.​1371/​journ​al.​pmed.​10000​97.

	27.	 Nagamoto H, Yamamoto N, Shiota Y, Kawakami J, Muraki T, Itoi E. 
Transosseous-equivalent repair with and without medial row suture 
tying: a cadaveric study of infraspinatus tendon strain measurement. JSES 
Open Access. 2017;1(2):104–8. https://​doi.​org/​10.​1016/j.​jses.​2017.​05.​001.

	28.	 Nemirov D, Herman Z, Paul RW. Knotted versus knotless medial-row tran-
sosseous-equivalent double-row rotator cuff repairs have similar clinical 
and functional outcomes. Arthrosc Sports Med Rehabil. 2022;4(2):e381–6.

	29.	 Park MC, Idjadi JA, Elattrache NS. The effect of dynamic external rotation 
comparing 2 footprint-restoring rotator cuff repair techniques. Am J 
Sports Med. 2008;36(5):893–900.

	30.	 Park MC, McGarry MH, Gunzenhauser RC. Does transosseous-equivalent 
rotator cuff repair biomechanically provide a “self-reinforcement” 
effect compared with single-row repair? J Shoulder Elbow Surg. 
2014;23(12):1813–21.

	31.	 Park MC, Peterson AB, McGarry MH. Knotless transosseous-equivalent 
rotator cuff repair improves biomechanical self-reinforcement without 
diminishing footprint contact compared with medial knotted repair. 
Arthroscopy. 2017;33(8):1473–81.

	32.	 Patte D. Classification of rotator cuff lesions. Clin Orthop Relat Res. 
1990;254:81–6.

	33.	 Rhee YG, Cho NS, Parke CS. Arthroscopic rotator cuff repair using modi-
fied Mason-Allen medial row stitch: knotless versus knot-tying suture 
bridge technique. Am J Sports Med. 2012;40(11):2440–7. https://​doi.​org/​
10.​1177/​03635​46512​459170.

	34.	 Şahin K, Şentürk F, Ersin M, Arzu U, Chodza M, Erşen A. Repair integrity 
and functional outcomes between knot-tying and knotless suture-bridge 
arthroscopic rotator cuff repair: a prospective randomized clinical trial. 
Orthop J Sports Med. 2021;9(4):232596712110024. https://​doi.​org/​10.​
1177/​23259​67121​10024​82.

	35.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J 
Epidemiol. 2010;25(9):603–5.

	36.	 Trantalis JN, Boorman RS, Pletsch K. Medial rotator cuff failure after arthro-
scopic double-row rotator cuff repair. Arthroscopy. 2008;24(6):727–31.

	37.	 Xinxian X, Liu H, Pan X, Huachen Y, Yuezheng H. Modified double-pulley 
suture-bridge techniques with or without medial knot tying show 
comparable clinical and radiological outcomes in arthroscopic rotator 
cuff repair. Knee Surg Sports Traumatol Arthrosc. 2021;29(12):3997–4003. 
https://​doi.​org/​10.​1007/​s00167-​021-​06708-3.

	38.	 Yamakado K, Katsuo S, Mizuno K. Medial-row failure after arthroscopic 
double-row rotator cuff repair. Arthroscopy. 2010;26(3):430–5.

	39.	 Zhao J, Luo M, Pan J, Liang G, Feng W, Zeng L, Yang W, Liu J. Risk factors 
affecting rotator cuff retear after arthroscopic repair: a meta-analysis and 
systematic review. J Shoulder Elbow Surg. 2021;30(11):2660–70. https://​
doi.​org/​10.​1016/j.​jse.​2021.​05.​010.

	40.	 Zwolak P, Meyer P, Molnar L, Kröber M. The functional outcome of arthro-
scopic rotator cuff repair with double-row knotless vs knot-tying anchors. 

Archiv Orthop Trauma Surg. 2022;142(1):25–31. https://​doi.​org/​10.​1007/​
s00402-​020-​03584-3.

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

https://doi.org/10.1186/s13018-018-0921-z
https://doi.org/10.1016/j.jcot.2020.02.007
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.jses.2017.05.001
https://doi.org/10.1177/0363546512459170
https://doi.org/10.1177/0363546512459170
https://doi.org/10.1177/23259671211002482
https://doi.org/10.1177/23259671211002482
https://doi.org/10.1007/s00167-021-06708-3
https://doi.org/10.1016/j.jse.2021.05.010
https://doi.org/10.1016/j.jse.2021.05.010
https://doi.org/10.1007/s00402-020-03584-3
https://doi.org/10.1007/s00402-020-03584-3

	A comparison between knotted and knotless medial row of suture bridge technique in arthroscopic rotator cuff repair surgery: a meta-analysis
	Abstract 
	Background 
	Purpose 
	Study design 
	Method 
	Results 
	Conclusion 

	Introduction
	Methods
	Inclusion and exclusion criteria
	Literature search strategy
	Data extraction and synthesis
	Quality assessment
	Data analysis

	Results
	Literature search
	Characteristics of selected studies
	Quality assessment
	Meta-analysis
	Postoperative retear rate
	Postoperative retear classification
	UCLA score in the first postoperative year

	ASES score in the first postoperative year
	ASES score in the second year after surgery
	Constant score in the first year and in the second year after surgery
	Postoperative forward flexion mobility
	Postoperative abduction mobility and external rotation mobility
	Postoperative pain score
	Publication bias test

	Discussion
	Clinical implications and implications for future research

	Limitations
	Conclusion
	References


