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Abstract:

Background:

Several meta-analyses of randomized clinical trials have been performed to analyze whether double-row (DR) rotator cuff repair
(RCR) provides superior clinical outcomes and structural healing compared to single-row (SR) repair. The purpose of this study was
to sum up the results of meta-analysis comparing SR and DR repair with respect on clinical outcomes and re-tear rates.

Methods:

A literature search was undertaken to identify all meta-analyses dealing with randomized controlled trials comparing clinical und
structural outcomes after SR versus DR RCR.

Results:

Eight meta-analyses met the eligibility criteria: two including Level I studies only, five including both Level I and Level II studies,
and  one  including  additional  Level  III  studies.  Four  meta-analyses  found  no  differences  between  SR  and  DR  RCR  for  patient
outcomes, whereas four favored DR RCR for tears greater than 3 cm. Two meta-analyses found no structural healing differences
between SR and DR RCR, whereas six found DR repair to be superior for tears greater than 3 cm tears.

Conclusion:

No clinical differences are seen between single-row and double-row repair for small and medium rotator cuff tears after a short-term
follow-up period with a higher re-tear rate following single-row repairs. There seems to be a trend to superior results with double-
row repair in large to massive tear sizes.

Keywords: Double-row repair, large tear size, meta-analysis, rotator cuff tear, single-row repair, small tear size, structural healing.

INTRODUCTION

Rotator cuff tears can be repaired by an open approach, mini-open, or all-arthroscopically. Numerous rotator cuff
repair techniques have been reported. The most commonly used techniques are single-row (SR) and double-row (DR)
repairs. However, controversy exists about superiority of either one strategy.

DR constructs offered superior results in a biomechanical point of view, including increased mechanical strength,
decreased gap formation, increased footprint coverage, and water tight isolation of the healing zone avoiding synovial
fluid interaction [1 - 15]. Thus, favorable biomechanical  reconstruction can be achieved, improving the healing process
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and  allowing  for  a  more  aggressive  postoperative  shoulder  mobilization [1, 3].  In contrast, it is  postulated that SR
constructs lead to less interaction with the regional blood supply at the healing zone supporting the biologic healing
process. Additionally, the implant costs are lower in SR reconstruction techniques [16].

On a  clinical  point  of  view,  the  results  comparing outcomes after  SR versus  DR repair  have been inconsistent.
Whereas some studies report significantly superior results after DR repair with respect to subjective, objective, and
radiographic outcomes [17 - 25], several studies have found no differences between both techniques [26 - 36].

There are several meta-analyses available [29, 34, 35, 37 - 41] as well as a recent systematic review [42] dealing
with this entity. The purpose of this study was to sum up the results of meta-analyses comparing SR and DR repair with
respect on clinical outcomes and re-tear rates.

METHODS

A  literature  review  was  based  on  a  systematic  review  of  the  literature  using  PubMed  database,  and  Cochrane
Database. The search was performed using the terms: single-row, double-row, rotator cuff, and meta-analysis [42]. The
search was conducted on April 1, 2015. The search was limited to articles written in English or German language. We
included all meta-analyses that compared SR and DR rotator-cuff repair techniques excluding studies with Oxman-
Guyatt scores of 1 and 2, which are considered to indicate that the studies have “major flaws” [43, 44] . A total of eight
studies were included for this study [34, 35, 37 - 41, 45]. They are listed in Table 1. Compared to the systematic review
by Mascarenhas et al. [42], one study has been included and one study was excluded because of the insufficient Oxman-
Guyatt score [45, 46].

Table 1. Meta-analyses included in this review.

Studies Year of publication Number of patients Number of primary studies Level of evidence (primary
studies)

Perser et al. [41] 2011 303 5 I - II
Prasathaporn et al. [34] 2011 308 5 I - II
Sheibani-Rad et al. [35] 2013 349 5 I

Chen et al.[39] 2013 476 12 I - III
Zhang et al. [40] 2013 619 8 I - II

Xu et al. [38] 2014 651 9 I - II
Millett et al. [37] 2014 567 7 I
Ying et al. [45] 2014 807 11 I - II

All Studies 2011-2014 1075 13 I - III

The  included  studies  were  heterogeneous  with  respect  to  both  the  standardized  and  non-standardized  outcome
measures  used  [42].  A  total  of  six  clinical  indices  were  utilized:  Constant  scores,  American  Shoulder  and  Elbow
Surgeons  (ASES)  scores,  University  of  California,  Los  Angeles  (UCLA)  scores,  Western  Ontario  Rotator  Cuff
(WORC) index scores, Disabilities of the Arm, Shoulder and Hand (DASH) scores, and Single Assessment Numeric
Evaluation  (SANE)  scores.  Additionally,  the  studies  were  heterogeneous  with  respect  to  their  method  analyzing
postoperative structural healing rates [42], ranging from complete re-tears, partial re-tears, rates of overall re-tears, and
rates of tendon healing.

The study qualities and validities ranged from 12 to 17 based on the QUOROM score, with the maximum possible
score being 18, and a medium of 3.5 (range 2-7) [42].

The meta-analyses are summed up including the main message.

RESULTS

Eight meta-analyses were included in this study (Table 1). The primary studies that have been included in the meta-
analyses are listed in Table 2. The summary of all meta-analyses including the authors’ conclusion are described in the
following section in chronological order of the year of publication.

Perser et al. [41] included three Level I [28, 30, 31] and two Level II [18, 48] studies with a total of 303 patients
with a mean follow-up of 19.7 months. They were unable to analyze repair results according to tear size or number of
anchors, owing to lack of detail in the studies. The authors pointed out that no study was adequately powered to detect a
5-point difference on the Constant, ASES, or Western Ontario Rotator Cuff Index scores or a 2-point difference on the
UCLA scale and were unable to support their hypothesis that double-row rotator cuff repair would lead to better clinical
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and radiographic results compared with single-row.

Prasathaporn et al. [34] reported a meta-analysis of 2 Level I [28, 30, 31] and 3 Level II [19, 48] studies available
up until 2009 comparing single- and double-row arthroscopic treatment for rotator cuff tears. They used standardized
mean differences to compare clinical (ASES, ZCLA, Constant, SST, SANE, WORC, DASH, pain, patient satisfaction,
range of motion, muscle strength, return to pre-injury level of activity, complications) and structural outcomes of above
mentioned 5 studies with a total  of 308 patients.  They reported significantly improved tendon healing and external
rotation following double-row repair (relative risk, 1.41; 95% CI, 1.01 to 1.95; p = 0.04; mean difference, 2.50; 95% CI,
1.13 to 3.87; p = 0.0003, respectively). No significant differences were found for functional scores, muscle strength, or
adverse  events.  By  means  of  MRI  and  Arthro-CT,  the  re-tear  rate  was  lower  in  the  double-row  group,  but  not
significantly. Reported results were derived by evaluating comparable data of at least three studies.

Table 2. Primary studies included in meta-analyses.

Primary study Perser et
al.[41]

Prasathaporn et
al.[34]

Sheibani-Rad et
al.[35]

Chen et
al.[39]

Zhang et
al.[40]

Xu et
al.[38]

Millett et
al.[37]

Ying et
al.[45]

Sugaya et al.[24] - - - + - - - -
Charousset et al.[18] + + - + + + - +
Franceschi et al.[30] + + + + + + + +

Park et al.[48] + + - + + + - +
Grasso et al. [31] + + + + + + + +
Burks et al.[28] + + + + + + + +
Aydin et al. [26] - - - + + + - +

Koh et al.[32] - - + + + + + +
Mihata et al. [49] - - - + - - - -

Carbonel et al.[19] - - - + - + + +
Lapner et al.[22] - - + + - - + +

Ma et al.[50] - - - + - + - +
Gartsman et al.[51] - - - - - - + +

The authors concluded that there was no significant difference regarding improvement in clinical outcome after SR
or DR repair. However, there was a significantly higher rate of tendon healing and greater external rotation after DR
repair compared to SR repair.

Shabani-Rad et al. [35] performed a systematic meta-analysis of 5 Level I studies [22, 28, 30 - 32] available up until
2012 comparing SR and DR arthroscopic treatment for rotator cuff tears in terms of clinical outcome. They found no
significant differences in clinical outcomes (ASES, UCLA, Constant) evaluating a total of 349 patients included after a
minimum  follow-up  of  18  months  (mean  21.2  months).  Analysis  for  heterogeneity  did  not  show  any  differences
between the studies. Due to incomplete data available, the rate of structural re-tears was not evaluated.

The authors concluded that there were no significant differences in clinical outcomes between the SR and DR RCR
in a meta-analysis of Level I studies.

Chen et al. [39] included 12 studies in the meta-analysis (Levels I, II, and III) with a total of 476 patients enrolled in
level I studies. The mean follow-up ranged from 12 to 34 months. Each study compared the 2 groups and found no
statistically  significant  differences  in  terms  of  age,  male  ratio,  dominant  extremity,  rotator  cuff  tear  size,  fatty
degeneration, and follow-up. No clinically significant difference could be demonstrated regarding the shoulder function
scores. The analysis of 6 Level I randomized controlled trials with a good rating score of 13 to 17, according to the
CONSORT checklist [19, 22, 28, 30 - 32] confirmed these findings. Radiographic assessment results for rotator cuff
footprint  integrity  were documented in 5 Level  I  studies  at  the final  follow-up [19,  22,  28,  30].  The odds of  intact
healing in a radiographic image were higher in patients treated with double-row repair than in patients treated with
single-row  repair.  A  subgroup  analysis  was  performed  with  5  articles  [19,  24,  47  -  49]  studying  the  outcome  in
dependence on rotator cuff tear size (tear sizes less than 3 cm and tears greater than 3 cm): A small but statistically
significant  benefit  of  double-row  repair  was  observed  in  the  subgroup  of  tears  greater  than  3  cm.  However,  these
differences were not clinically significant.

The  authors  concluded  that  the  repair  of  rotator  cuffs  using  arthroscopic  DR  suture  anchor  techniques  has  a
significantly  higher  rate  of  tendon  healing,  as  determined  by  imaging,  than  does  arthroscopic  SR  suture  anchor
techniques. However, this healing has not been universally shown to translate into improved overall clinical function in
patients. Thus, DR repair should be used in carefully selected patients.
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Zhang et al. [40] included 6 level I [19, 22, 30 - 32, 49] and 2 level II [18, 47] studies with a total of 619 patients in
the meta-analysis. Minimum follow-up was 2 years (range: 24 – 33.5 months). Clinical outcome measurements were the
ASES score,  UCLA score,  and constant  score.  Additionally  structural  outcomes confirming re-tears  were  analyzed
dividing those into full-thickness re-tears, partial thickness re-tears, and cuff integrity. The authors found significantly
lower ASES scores and UCLA scores after single-row repair compared with double row repair (mean difference, -0.84;
95% CI, -1.66 to -0.02; mean difference, -0.75; 95% CI, -1.30 to -2.20, respectively). No difference was seen with
respect to the constant score. With respect to post-operative rotator cuff integrity, the relative risk of cuff integrity was
20% lower in the SR group (relative risk, 0.81; 95% CI, 0.72 to 0.91; p = 0.0004). The relative risk of partial thickness
tears was 93% higher in the SR group (relative risk, 1.93; 95% CI, 1.20 to 3.11; p = 0.007). No differences were seen
for  full-thickness  tears.  A  subgroup  analysis  was  performed  with  3  articles  [19,  47,  49]  studying  the  outcome  in
dependence  on  rotator  cuff  tear  size  (tear  sizes  less  than  3  cm  and  tears  greater  than  3  cm).  The  authors  found
significant higher UCLA scores, and ASES scores in the patients with large to massive tears in the DR group (mean
difference, -1,17, 95% CI, -0.33 to -2.01; mean difference, -1.95; 95% CI, -3.14 to -0.76, respectively), whereas no
differences were seen in those patients with small to medium tear sizes.

The  authors  concluded  that  the  DR  fixation  technique  increases  the  post-operative  rotator  cuff  integrity  and
improves the clinical outcomes, especially for tear sizes greater than 3 cm. For tear sizes less than 3 cm, there was no
difference in clinical outcomes between the two techniques.

Xu et al. [38] included 5 level I [19, 28, 30 - 32] and 4 level II [18, 26, 47, 49] studies with a total of 651 patients.
The mean follow-up time ranged from 12 to 34 months. Clinical outcome measurements were the ASES score, UCLA
score, constant score, range of motion (ROM) of the shoulder, and muscle strength. Additionally structural outcomes
confirming  re-tears  were  analyzed.  The  authors  found  significantly  higher  ASES  scores  in  the  DR  group  (mean
difference, 1.22; 95% CI, 0.39 to 2.05), a statistically significant difference in the re-tear rate, favoring DR repairs (risk
ratio, 0.59; 95%, 0.41 to 0.86), and significantly higher internal rotation in the DR patients (mean difference, 1.64; 95%
CI, 1.00 to 2.29). No further significant differences were seen. A subgroup analysis was performed with 3 articles [19,
47, 49] studying the outcome in dependence on rotator cuff tear size (tear sizes less than 3 cm and tears greater than 3
cm). The authors found significant higher UCLA scores, and ASES scores in the patients with large to massive tears in
the  DR  group  (mean  difference,  -1,48,  95%  CI,  -0.44  to  -2.51;  mean  difference,  2.08;  95%  CI,  0.84  to  3.32,
respectively),  whereas  no  differences  were  seen  in  those  patients  with  small  to  medium  tear  sizes.

The authors concluded that some of the outcome measurements showed significantly better results after DR repair,
whereas  others  could  not  find  significant  differences.  However,  larger  tears  (>  3  cm)  show statistically  significant
improved functional outcomes with DR repairs.

Millett et al. [37] included level I studies only. A total of 7 studies were included [19, 22, 28, 30 - 32, 50] with a
total  of  567 patients  and a  mean follow-up of  23.2 months.  Clinical  outcome measurements  were the ASES score,
UCLA  score,  and  the  constant  score.  Additionally  structural  outcomes  conforming  re-tears  were  analyzed.  No
significant differences were seen in preoperative and postoperative change in all clinical scores between the SR and DR
groups. However, there was a statistically significant increased risk of imaging-proven re-tears in the SR group (relative
risk, 1.76, 95% CI, 1.25 to 2.48; p = 0.001).

The authors concluded that SR repairs resulted in a significantly higher re-tear rate compared with DR re-tears.
However, there were no statistically significant differences in outcome scores between SR and DR repairs.

Ying et al. [45] included 7 level I [19, 22, 28, 30 - 32, 50] and 4 level II [18, 26, 47, 49] studies with a total of 807
patients in the meta-analysis. The mean follow-up time was 24.7 months (range 12 to 36 months). Clinical outcome
measurements were the ASES score, UCLA score, constant score, shoulder muscle strength, range of motion, surgical
time,  and  patient  satisfaction.  Additionally  structural  outcomes  confirming  re-tears  were  analyzed.  No  statistically
significant and clinically relevant difference was seen in clinical outcome scores, muscle strength, tendon healing, and
patient satisfaction. Operative time was significantly longer for DR repair than SR repair (standard mean difference,
17.65; 95% CI, 8.89 to 26.42; p  < 0.05). Additionally, UCLA scores at final follow-up were in favor of DR repair.
However, the differences were not clinically relevant. A subgroup analysis was performed with 3 articles [19, 47, 49]
studying the outcome in large rotator cuff tears (tears greater than 3 cm). A small statistically significant benefit of DR
repair was observed in the subgroup of tears greater than 3 cm concerning the UCLA score and the external rotation
shoulder strength index (mean difference, 1.17;95% CI, 0.33 to 2.01; p = 0.006; mean difference, 0.02; 95% CI, 0.00 to
0.03; p = 0.03, respectively).
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The  authors  concluded  that  based  on  the  paucity  of  high-quality  evidence  it  is  difficult  to  reach  definitive
recommendations.  No  definite  conclusion  could  be  drawn about  differences  in  the  overall  outcome of  DR and  SR
techniques for repairing small and medium (< 3cm) or large to massive (> 3cm) rotator cuff tears, even though some
measures of clinical outcome showed significant differences between both techniques.

The conclusions of all 8 meta-analyses are summarized in Table 3.

Table 3. Main conclusion of the meta-analyses.

Primary studies
Conclusion: Statistically significant differences between SR and DR repair

Clinical Outcome in small to moderate tears (< 3 cm) Clinical Outcome in large to massive tears
(> 3 cm) Structural healing

Perser et al. No difference No difference
Prasathaporn et al. No difference DR: Superior SH
Sheibani-Rad et al. No difference Not evaluated

Chen et al. No difference DR: Higher UCLA/ASES DR: Superior SH
Zhang et al. No difference DR: Higher UCLA/ASES DR: Superior SH

Xu et al. No difference DR: Higher UCLA/ASES DR: Superior SH
Millett et al. No difference DR: Superior SH
Ying et al. No difference DR: Higher UCLA/ASES DR: Superior SH

SR: Single-row; DR: Double-row; SH: Structural healing

DISCUSSION

The majority of the studies have shown a higher re-tear rate after SR repair. However, the superior tendon healing
after DR repair did not correlate with improved overall clinical shoulder function. Overall, no clinical differences were
seen after a follow-up ranging from 12 to 36 months. In contrast, some measures of clinical outcomes showed superior
results in patients with large or massive tears, treated by DR repair compared to a SR technique.

Mascarenhas et al. [42] performed a systemic review of overlapping meta-analysis in 2014 and included 8 meta-
analyses [29, 34, 35, 37 - 41]. In contrast to their study, we excluded the study by DeHaan et al. [29] because of the low
Oxman-Guyatt  score  of  2  and  included  the  study  by  Ying  et  al.  [45]  which  was  published  afterwards.  Similarly,
Mascarenhas et al. [42] concluded that DR RCR results in higher rates of structural healing. However, the authors asked
for further cost-effectiveness research to examine whether the superior structural healing following DR repair are still
significant when accounting for the higher implant costs and longer operating time. Additionally, the beneficial effect of
tissue compression on rotator cuff tears and clinical healing must be delineated more clearly.

Similarly, the latest meta-analysis by Ying et al. [45], who included a total of 11 studies with 807 patients found no
clinically relevant differences between SR und DR repairs. However, by performing a subgroup analysis studying the
effect of tear size, a small statistically significant benefit of DR repair was observed in patients with tears greater than 3
cm.

Generally, the primary interest after rotator cuff repair is to improve shoulder function and patients’ well-being.
Lower healing rates are of no concerns if  they do not affect the outcome negatively. Thus, SR repair would be the
preferred treatment strategy, especially in small and medium tears, based on the lower costs and faster operating time.
Notwithstanding, it is surprising that the healing rate does not affect the outcome considerably. There are mainly two
rational reasons, which could explain the lack of clinical differences in patients with re-tears compared to those with
cuff integrity. First of all, the follow-up period was assessed too short. Even though the majority of the primary re-tears
occur between six and twenty-six weeks after arthroscopic rotator cuff repair [51], some evidence exist that rotator cuff
tears can remain asymptomatic for several years until they become apparent. Mall et al. [52] analyzed 195 patients with
asymptomatic rotator cuff tears. Only 23% of those patients became symptomatic after a period of 2 years. In addition,
Yamaguchi et al. [53] studied 45 patients with asymptomatic rotator cuff tears and found that about half of the patients
(51%) became symptomatic  after  a  mean of  2.8  years.  Similarly,  Moosmayer  et  al.  [54]  observed 50 patients  with
asymptomatic rotator cuff tears over a period of 3 years. Eighteen of those (36%) developed symptoms during this time
span. The mean follow-up of all meta-analyses ranged from 19.7 to 27.1 months. Thus, it is possible that the gradual
transformation to  clinically  symptomatic  rotator  cuff  tears  may take  a  longer  time.  Thus  a  considerable  number  of
patients with re-tears may have not developed relevant symptoms at the time when these studies ended. Additionally,
there might be a lack of sufficient shoulder scores. Lubiatowski et al. [55] analyzed 111 patients after an average of 40
months after rotator cuff repair. They found cuff integrity in 74%, complete re-tears in 16% and partial re-tears in 10%
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of the patients. The authors found no significant differences in the shoulder scores (ASES, UCLA, VAS, ROM) related
to the quality of healing. In contrast, there was a difference using isokinetic tests. They observed 29–43 % deficits in
peak external rotation torque and a reduced ability to generate shoulder power (40–43%) comparing complete re-tears
versus full cuff integrity. Additionally, higher loads could be withstood (34–55%) in patients with full cuff integrity
compared  to  patients  with  complete  re-tears.  Partial  re-tears  did  not  have  a  negative  impact  on  the  biomechanical
properties of shoulders. According to these results, there are quantifiable clinical differences in the shoulder function
between healed or re-torn rotator cuffs. However, these differences do not seem to affect standard clinical shoulder
scores.

There are several limitations to be noted. First of all, this study is no meta-analysis what has to be considered. Next,
the  conclusions  that  are  done  are  based  on  the  quality  of  the  original  articles  that  have  been  analyzed.  There  are
limitations and biases inherent to each study in this review that may have skewed the results.  Secondly,  due to the
potential for publication bias it cannot be ruled out there exists unpublished data, which are not published based on
undesirable results.

CONCLUSION

No clinical differences are seen between SR and DR repair for small and medium rotator cuff tears after a short-
term follow-up period with a higher re-tear rate following SR repairs. There seems to be a trend to superior results with
DR repair in large to massive tear sizes. However, further randomized-controlled trials with a follow-up of five years or
longer using advanced shoulder tests are warranted to understand, which patient might benefit  from the more cost-
intensive and more technically demanding DR technique.

LIST OF ABBREVIATIONS

ASES score = American shoulder and elbow surgeons score

CI = Confidence interval

CT = Computer tomography

DASH = Disabilities of the arm, shoulder and hand

DR = Double-row

MRI = Magnetic resonance imaging

RCR = Rotator cuff repair

ROM = Range of motion

SR = Single-row

UCLA score = University of California, Los Angeles score

VAS = Visual analogue scale

WORC index score = Western Ontario rotator cuff index scores
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