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ABSTRACT
BACKGROUND: Surgical techniques for rotator cuff tears have 
improved from single row repair (SR) to double row repair (DR) 
including transosseous equivalent repair as new surgical devices 
or suture anchors were developed. Many biomechanical evidence 
favors DR with respect to footprint contact area and pressure 
and compression for cuff tendons. Some surgeons reported better 
clinical outcomes of DR compared to SR, whereas some described 
no difference of clinical outcomes between SR and DR. The 
purpose of this article was to review the current evidence regarding 
outcomes of DR comparing to SR and clarify whether better 
clinical or radiological outcomes can be obtained by performing 
DR.
METHODS: We conducted a systematic review of clinical studies 
published for last 5 years which compared SR to DR. A systematic 

review of the literature was performed to identify all publications in 
the English literature. The databases MEDLINE and Google Scholar 
were searched. Also, we reviewed the latest systematic review and 
meta-analysis published between 2012 and 2018.
RESULTS: Four clinical articles with evidence Levels I or II 
published in last 5 years were identified. Two of them documented 
superiority of DR over SR. Four systematic review and meta-analysis 
published between 2012 and 2018 were identified. Among them, two 
showed that DR provides better clinical outcomes and a lower re-
tear rate compared with SR but its superiority is seen in the limited 
situation (only large tears or UCLA score).
CONCLUSION: Although some reports with higher evidence 
Levels showed DR provides better clinical outcomes, it may be too 
early to conclude which repair technique is better because of lack of 
enough evidence. 
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INTRODUCTION
Arthroscopic rotator cuff repair has become popularity over the past 
two decades. Surgical techniques for rotator cuff tears have improved 
from single row repair (SR) to double row repair (DR) including 
transosseous equivalent repair as new surgical devices or suture 
anchors were developed. These days DR is widely performed as the 
arthroscopic cuff repair. To achieve successful healing and avoid 
re-tear after surgery, restoration of the footprint and bone-tendon 
interface are important for biological healing. From the viewpoint 
of the shoulder biomechanics, there are some points to improve the 
early stages of healing: initial fixation and contact pressure and area 
between the cuff tendon and the footprint. Many biomechanical 
studies[1-6] have already demonstrated that DR recreates the native 
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Table 1 Four clinical articles comparing single row repair to double row repair with high levels of evidence.

Authors Published 
year

Evidence 
level

Number of 
the subjects

Clinical 
outcomes

Radiological 
assessment Tear size DR techniques Others

Gartsman et al[14] 2013 I 90 - Ultrasound; 
SR < DR < 2.5 cm Transosseous equivalent

Barber et al[15] 2016 I 40 SR = DR MRI; SR = DR < 3 cm Transosseous equivalent PRP augmentation

Franceschi et al[16] 2016 I 58 - MRA; SR < DR Excluded 
massive tears Conventional Accelerated 

rehabilitation program
Nicholas et al[19] 2016 II 49 SR = DR - All size Transosseous equivalent

SR: single row repair; DR, double row repair; MRA: Magnetic Resonance arthrography; PRP: platelet-rich plasma fibrin membrane.

Table 2  Systematic review and meta-analysis published between 2012 
and 2018.

Authors Published Number of articles Investigated 
articles 

Clinical 
results

McElvany 
et al[20] 2012 108 1980-2012 -

Roth et al[21] 2014 10(7 level I studies 
and 3 level 2 studies) 2007-2013 SR = DR

Ying et al[22] 2015 11(7 level I studies 
and 4 level 2 studies) 2007-2012 SR < DR; in 

large tears

Sobhy et al[23] 2018 7 level I studies 2005-2016 SR < DR; 
UCLA only

SR: single row repair; DR: double row repair

footprint more and is able to tolerate a significantly greater load 
to failure and decreased gap formation. Thus, biomechanically, 
superiority of DR over SR was already demonstrated in the 
literatures. However, clinically, does DR result in better clinical 
outcomes? Many clinical outcomes of DR have been reported. Some 
surgeons[7-9] reported better clinical outcomes of DR compared to 
SR, whereas some[10-13] described no difference of clinical outcomes 
between SR and DR. The purpose of this article was to review the 
current evidence regarding outcomes of DR. Especially, we focused 
on most recent articles (published in the last five years) comparing 
SR to DR with high levels of evidence and herein introduce the latest 
systematic review and meta-analysis.

METHODS
We conducted a systematic review of clinical studies published in the 
last 5 years (between June 2013 and June 2018) which compared SR 
to DR. A systematic review of the literature was performed to iden-
tify all publications in the English literature. The databases MED-
LINE and Google Scholar were searched: ‘rotator cuff’ AND ‘clinical’ 
AND/OR ‘double row’ AND ‘dual row’ AND ‘arthroscopic’. Among 
the articles comparing SR to DR, we focused on most recent articles 
with high levels of evidence (Level I or II). Also, we reviewed the 
latest systematic review and meta-analysis published between 2012 
and 2018.

RESULTS  
Four clinical articles with evidence Levels I or II published between 
June 2013 and June 2018 which compared SR to DR were found: 
three articles with evidence Level I and one with evidence Level II 
(Table 1). In 2013, Gartsman et al[14] performed a Level-I study of 90 
patients to compare the structural outcomes of SR and DR (transos-
seous equivalent). Thirty of 40 patients (75%) with SR demonstrated 
a healed rotator cuff repair compared to 40/43 (93%) patients with 
DR. They concluded that DR resulted in a significantly higher tendon 
healing rate when compared to SR. However, clinical scores were 
not evaluated in this study. In 2016, a Level-I study of 40 patients 
diagnosed with full-thickness tears was performed by Barber[15]. 
There was no MRI difference in re-tear rate at 12 months postopera-

tively between SR and transosseous equivalent DR. No difference 
could be demonstrated between these two repairs on clinical outcome 
scores. Franceschi et al[16] performed a Level-I study of 58 patients 
undergoing early accelerated mobilization to investigate whether 
conventional DR provides better clinical outcomes and a lower re-
tear rate compared with SR. MR arthrography showed a significantly 
lower re-tear rate for DR (8%) than for SR (24%). In contrast, there 
was no significant difference at 2-year follow-up in terms of the rate 
of stiffness in SR and DR. A Level-II study by Nicholas et al[17] also 
indicated that clinical outcomes were not different between SR and 
transosseous equivalent DR, with generally excellent outcomes for 
both repairs. 
    Four systematic review and meta-analysis published between 
2012 and 2018 were identified (Table 2). Systematic review and 
meta-analysis by McElvany[18] showed that the number of published 
articles increased dramatically in the last decade. However, there is 
little evidence that the results of rotator cuff repair are improving. 
This comprehensive analysis of the published evidence regarding the 
radiological and clinical outcomes includes data on over 8000 rotator 
cuff repairs. The mean re-tear rate was 26.6% at a mean of 24 months 
after surgery. Re-tears were associated with more fatty infiltration, 
larger tear size, advanced age, and conventional DR. Review report 
by Roth[19] indicated that Level I clinical outcome studies have failed 
to document a difference of clinical outcomes between SR and DR. 
They concluded that DR has not yet resulted in an improvement in 
clinical outcomes. Especially, in massive tears, there is insufficient 
evidence to make a recommendation (SR or DR), although transos-
seous equivalent DR is recommended in tears no greater than 3 cm. 
Ying et al[20] systematically reviewed reports published between 
2007 and 2012 that compared the outcomes of SR and DR. They 
found that DR have a higher rate of tendon healing, lower rate of re-
tear and greater muscle strength than SR. In their subgroup analysis, 
they found no statistically significant difference between SR and 
DR in tears no greater than 3 cm. However, there was a statistically 
significant difference between the two groups for larger tears. They 
reported that no definite conclusion could be drawn about differences 
in overall outcomes of SR and DR. Most recently, Sobhy et al[21] 
performed a systematic review and meta-analysis of clinical stud-
ies published between 2005 and 2016. They concluded that within 
the domain of Level I mid-term and short-term studies, DR showed 
significant better UCLA score only. This may correlate with the 
significant lower partial-thickness re-tear rates of DR. On the other 
hand, long-term level III studies showed a direct correlation of both 
functional outcomes and cuff structural integrity, with superiority of 
DR over SR. 

DISCUSSIONS
In the articles published between 2013 and 2018, only four clinical 
articles with evidence Levels I or II comparing SR to DR were found. 
The tear size of the subjects of each study varied. In Gartsman’s 
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ders which measured the strain after transosseous equivalent DR also 
demonstrated the similar trend. Strain of the infraspinatus tendon 
from ten cadaveric shoulders were measured by the micro strain 
sensor. Strain significantly reduced at footprint of the tendon in the 
repaired tendon compared with the intact tendon for all loads. At ten-
don where the medial sutures were passed, the strain increased for all 
loads when compared with the intact tendon. The strain of the tendon 
repaired with transosseous equivalent DR was significantly smaller 
than that of the intact tendon at the footprint and significantly greater 
at the medial row suture level. Based on these results, we recom-
mend that surgeons should pay attention to the quality of the greater 
tuberosity or cuff tendon, especially at the medial row area when 
applying the transosseous equivalent technique. In large to massive 
tears, tendon quality is often very poor due to degenerative change 
and the tendon stump is retracted and thin. Of course, we need the 
initial strong fixation to avoid pull-out failure after surgery. However, 
in large to massive tears with poor tendon quality, the strong fixation 
may cause re-tear medial to the repair site for the above-mentioned 
reasons. This might be one of limitations of transosseous equivalent 
DR in large to massive tears. 
    In addition to improvement of clinical outcomes, we need to con-
sider operative costs. It is clear that DR utilize more anchors when 
comparing similar tears treated with SR. A transition from SR to DR 
would therefore be expected to increase operative costs to the health-
care system. Operative cost itself is a necessary consideration in se-
lection of treatment options. Bisson et al[26] calculated the costs to the 
US healthcare system of transition from SR to DR and they reported 
that conversion from SR to DR would result in considerable in-
creases in healthcare expenditures. They also calculated the decrease 
in revision surgeries for re-tear that DR would need to accomplish in 
order to render the transition costneutral. Since the large decreases in 
revision surgery rates necessary to justify DR purely on a cost basis 
may not be realistic or even possible, the use of these methods should 
be supported by evidence of improved structural healing rates and 
quality-adjusted life years in comparison with SR methods.
    Despite the lack of evidence regarding the clinical superiority of 
DR over SR, in reality many surgeons have already begun to per-
form DR, especially transosseous equivalent repair these days. The 
rationale behind this trend involves the improved tendon-footprint 
compression and greater initial fixation. Indeed, many biomechanical 
studies1-6 have clarified that DR was superior to SR in terms of con-
tact area or pressure between the rotator cuff tendon and the footprint, 
and the initial pull-out strength. Using this DR technique, we are able 
to expect the strong biomechanical fixation. However, there is one 
question. Would the greater initial fixation strength result in better 
clinical outcomes? Unfortunately, there are no evidences clarifying 
it in the literatures. It is still unclear that better clinical outcomes 
are obtained by the greater initial fixation strength. Clinically, many 
surgeons have performed transosseous equivalent DR believing these 
biomechanical advantages these days. Thus, there is a gap between 
the results obtained in biomechanical studies and the ones in clinical 
reports. Of course, it would be beneficial for surgeons to obtain basic 
knowledge about the shoulder biomechanics and to know the bio-
mechanical effects on the shoulder or advantages and disadvantages 
of surgical procedures. However, regarding the clinical outcomes, 
the superiority of DR is not sufficiently clarified. There is still a gap 
between the results obtained in biomechanical studies and the ones in 
clinical reports. We need more evidence to fill in such a gap.
    DR is roughly divided into two: conventional and transosseous 
equivalent DRs. In this article, these two repairs were not separated 
when comparing to SR. DR varies by surgeon, especially there are 

study[14], only full-thickness supraspinatus tears less than 25 mm in 
anteroposterior length were included. In Barber ‘s study[15], subjects 
were only patients diagnosed with tears no greater than 3 cm in an-
teroposterior length. In Nicholas study[17], large and massive tears 
were included although they did not compare the clinical outcomes 
of only massive tears. McElvany et al[18] suggest that re-tears after 
surgery are more frequent for larger tears: odds ratio 4.06 (large to 
massive tears compared with small to medium tears). To clarify the 
relationship between the clinical results and tear size, we need more 
evidence comparing SR to DR to demonstrate the radiological and 
clinical outcomes in both small to medium and large to massive tears. 
Among for clinical articles with evidence Level L or II, two articles 
demonstrated that DR provides better clinical outcomes and a lower 
re-tear rate compared with SR, whereas two indicated no difference 
between SR and DR. In these two articles, subjects were only patients 
diagnosed with tears no greater than 3 cm, and large to massive tears 
were excluded from their studies. On the other hand, large to massive 
tears were included in the articles showing no difference between SR 
and DR. From these results, we are able to state that DR is superior to 
SR in small to medium tears but superiority of DR over SR is not yet 
demonstrated in large to massive tears. However, it may be too early 
to conclude which repair is better because of the following reasons. 
First, only limited number of articles with high levels of evidence 
investigated the difference of two repairs. One article compared only 
the radiological healing by ultrasound and did not investigate clinical 
outcomes (Table 1). In the other article[15], all repairs were augmented 
with platelet-rich plasma fibrin membrane. Also, in one article[16], 
accelerated rehabilitation program was chosen. Further clinical and 
radiological studies comparing SR to DR should be directed to study 
the variables effect (tear size, repair technique, augmentation, reha-
bilitation protocol, etc).
    Four systematic review and meta-analysis published between 
2012 and 2018 were identified. Two of them demonstrated the clini-
cal superiority of DR over SR, although the superiority of DR was 
seen in only large tears in one study[20] and DR showed better UCLA 
score only in another study[21]. One of four systematic review and 
meta-analysis showed no significant difference between SR and DR. 
Thus, it is hard to say that better clinical results can be obtained by 
DR because of the lack of enough evidence. Even though the clinical 
superiority of DR over SR was demonstrated in some articles, its su-
periority was seen in the limited situation such as in only large tears 
or UCLA score. Furthermore, some articles which were reviewed in 
these systematic review and meta-analysis were published more than 
10 years ago. Considering that surgical techniques for rotator cuff 
tears have improved for last ten years, we need further clinical studies 
in which recent transosseous equivalent DR technique is performed.
    Kim et al22 compared the re-tear pattern of SR and transosseous 
equivalent DR. They found that in the SR group, 15 shoulders (71%) 
had a type 1 (unhealed tendons) re-tear, whereas 13 shoulders (59%) 
had a type 2 (medially ruptured tendons with a healed footprint) re-
tear in the transosseous equivalent DR group. This study indicated 
that transosseous equivalent DR had a different re-tear pattern com-
pared with that of SR. Our recent study[23] measuring the strain by 
ultrasound elastography demonstrated that the rotator cuff tendon 
became stiffer after arthroscopic rotator cuff repair, especially tran-
sosseous equivalent DR. Results showed that the superficial layer of 
the supraspinatus tendon was stiffer after transosseous equivalent DR 
than the contralateral side at the final follow up (mean, 14 months). 
In addition, our finite-element analysis[24] revealed that a high-stress 
concentration was observed around the insertion sites of the medial 
row threads. Another biomechanical study[25] using cadaveric shoul-
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many technical variations of transosseous-equivalent DR which is 
used in the most recent articles reporting the clinical outcomes of 
DR. Medial knots are tied or not. Also, there is a variation between 
anchors: double- or triple loaded suture anchors or suture anchor 
with sutures or suture tapes. Simple comparison of SR to DR includ-
ing conventional and transosseous equivalent repairs was done in 
this article. Surgical techniques for rotator cuff tears have improved 
recently as new surgical devices or suture anchors were developed. 
There is a possibility that the clinical outcomes of new techniques 
of transosseous equivalent DR will improve more. In the future, we 
need to compare the clinical outcome of each DR technique.
    In conclusion, only four clinical articles with evidence Levels I or 
II published in the last 5 years were identified. Two of them docu-
mented superiority of DR over SR. Among four systematic review 
and meta-analysis published since 2012, two showed that DR pro-
vides better clinical outcomes and a lower re-tear rate compared with 
SR but its superiority is seen in the limited situation (only large tears 
or UCLA score). Although some reports with higher evidence Levels 
showed DR provides better clinical outcomes, it may be too early to 
conclude which repair technique is better.

REFERENCES
1.	 Tuoheti Y, Itoi E, Yamamoto N, Seki N, Abe H, Minagawa H, 

Okada K, Shimada Y. Contact area, contact pressure, and pressure 
patterns of the tendon-bone interface after rotator cuff repair. Am J 
Sports Med. 2005 Dec; 33(12): 1869-74. [PMID: 16157853]; [DOI: 
10.1177/0363546505278256]

2.	 Mazzocca AD, Millett PJ, Guanche CA, Santangelo SA, Arciero 
RA. Arthroscopic single-row versus double-row suture anchor rota-
tor cuff repair. Am J Sports Med. 2005 Dec; 33(12): 1861-8. [PMID: 
16210578]; [DOI: 10.1177/0363546505279575]

3.	 Park MC, Cadet ER, Levine WN, Bigliani LU, Ahmad CS. Tendon-
to-bone pressure distributions at a repaired rotator cuff footprint 
using transosseous suture and suture anchor fixation techniques. Am 
J Sports Med. 2005 Aug; 33(8): 1154-9. [PMID: 16000662]; [DOI: 
10.1177/0363546504273053]

4.	 Meier SW, Meier JD. The effect of double-row fixation on initial 
repair strength in rotator cuff repair: a biomechanical study. Ar-
throscopy. 2006 Nov; 22(11): 1168-73. [PMID: 17084292]; [DOI: 
10.1016/j.arthro.2006.07.004]

5.	 Smith CD, Alexander S, Hill AM, Huijsmans PE, Bull AM, Amis 
AA, De Beer JF, Wallace AL. A biomechanical comparison of single 
and double-row fixation in arthroscopic rotator cuff repair. J Bone 
Joint Surg Am. 2006 Nov; 88(11): 2425-31. [PMID: 17079400]; 
[DOI: 10.2106/JBJS.E.00697]

6.	 Kim DH, Elattrache NS, Tibone JE, Jun BJ, DeLaMora SN, Kvitne 
RS, Lee TQ. Biomechanical comparison of a single-row versus 
double-row suture anchor technique for rotator cuff repair. Am J 
Sports Med. 2006 Mar; 34(3): 407-14.

7.	 Hantes ME, Ono Y, Raoulis VA, Doxariotis N, Venouziou A, 
Zibis A, Vlychou M. Arthroscopic Single-Row Versus Double-
Row Suture Bridge Technique for Rotator Cuff Tears in Patients 
Younger Than 55 Years: A Prospective Comparative Study. Am J 
Sports Med. 2018 Jan; 46(1): 116-121. [PMID: 28942685]; [DOI: 
10.1177/0363546517728718]

8.	 Wade R, Salgar S. Clinico-radiological evaluation of retear rate 
in arthroscopic double  row versus single row repairtechnique in 
full thickness rotator cuff tear. J Orthop. 2017 May 3; 14(2): 313-
318. [PMID: 28503036]; [PMCID: PMC5419824]; [DOI: 10.1016/
j.jor.2017.01.001]

9.	 Wang E, Wang L, Gao P, Li Z, Zhou X, Wang S. Single-versus dou-
ble-row arthroscopic rotator cuff repair in massive tears. Med Sci 
Monit. 2015 May 28; 21: 1556-61. [PMID: 26017641 PMCID: 
PMC4459574]; [DOI: 10.12659/MSM.893058]



995

Kuroda S et al.  Arthroscopic transosseous cuff repairs

ultrasound elastography. Paper presented at: 40th Annual Meeting of 
the Japan Shoulder Society; September 2013; Kyoto, Japan.

24.	 Sano H, Nagamoto H, Kurokawa D, et al. Stress distribution after 
single-row, dual-row, and transosseous equivalent rotator cuff re-
pair: an analysis using 3-dimentional finite element method. Paper 
presented at: 40th Annual Meeting of the Japan Shoulder Society; 
September 2013; Kyoto, Japan.

25.	 Nagamoto H, Yamamoto N, Shiota Y, Kawakami J, Muraki T, Itoi 
E. Transosseous-equivalent repair with and without medial row su-

ture tying: a cadaveric study of infraspinatus tendon strain measure-
ment. J Shoulder Elbow Surgery Open Access 2017; 1(2): 104-108.

26.	 Bisson L, Zivaljevic N, Sanders S, Pula D. A cost analysis of 
single-row versus double-row and suture bridge rotator cuff repair 
methods. Knee Surg Sports Traumatol Arthrosc. 2015 Feb; 23(2): 
487-93x Takayuki MurakiSearch for articles by this author. [PMID: 
23229385]; [DOI: 10.1007/s00167-012-2338-2]

Peer Reviewer: Riccardo Maria Lanzetti


