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1. Introdution: rotator cuff tears and their management

Tears of the rotator cuff tendons remain a common source of
pain and disability among the adult population. Age appears to be
the most common aetiology, with 25% of individuals in their 60s
and in 50% of individuals in their 80s being found to have rotator
cuff tears.1

Codman first described the anatomy of the rotator cuff in 19342

and the concept of the insertional “footprint” was first introduced
by Curtis in 1999.3

A successful repair of the rotator cuff tendons is dependent on
multiple factors. Anatomic factors are of paramount importance.
These include restoration of the footprint contact area,4 tendon and
bone quality,5 adequate compression of the tendon on the footprint
to facilitate healing6 and minimized motion at the boneetendon
interface.7 Intrinsic factors such as poor vascular supply, hypoxia,
tendon atrophy, fibrocartilaginous changes and fatty infiltration of
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the cuff muscles have also been linked to suboptimal outcomes.5

The prevalence of partial thickness rotator cuff tears (PTRCTs)
ranges from 15 to 32% in the general population, and is higher (40%)
in the dominant arm of asymptomatic elite overhead athletes.8 In
the past, the natural history of partial tears has been poorly un-
derstood. Recent evidence would suggest that tear progression is
correlated with the percentage of tendon thickness involved on
initial presentation. Patients with <50% tendon involvement had a
14% chance of tear progression, whereas patients with >50% tendon
involvement progressed 55% of the time.9 Healing of PTRCTs does
not appear to occur either spontaneously or with the aid of acro-
mioplasty.10 Pain development in shoulders with an asymptomatic
rotator cuff tear is associated with progression in tear size.9 Larger
tears are more likely to develop pain in the short term than smaller
tears.9

Given the relatively high re-tear rates in large andmassive tears,
it is generally accepted that the gold standard of management is
repair, though some debate remains with regards to mini-open
versus arthroscopic techniques. Systematic reviews have not
shown a significant difference between the two techniques with
regards to functional and pain scores or incidence of recurrent ro-
tator cuff tears.11 Patients who do undergo arthroscopic repair do
however suffer from decreased short term pain11 and fewer post op
complications.12 There is also evidence to suggest that patients
with Arthroscopic repair may return to work earlier.12

Adequate Initial fixation plays a key role in achieving successful
healing with rotator cuff tears. A number of surgical techniques
have been described for the repair of rotator cuff injuries. These
include fixation both single- and double-row suture anchor tech-
niques, transosseous tunnels or newer, knotless anchors.

Much debate exists over the gold standard surgical technique, in
particular with regards to Single Vs Double row methods. For the
purpose of this review we shall focus primarily on this particular
controversy.
1.1. Surgical technique

With the single-row (SR) supraspinatus repair, two anchors are
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placed at the lateral edge of the footprint of the tendon's insertion.
In the double-row (DR) supraspinatus repair, a medial row is
typically placed just lateral to the articular margin and the lateral
row is placed just medial to the drop of the greater tuberosity
(Figs. 1 and 2).
1.2. Biomechanical studies

Ideally, the repair of a rotator cuff tear must have the potential to
withstand physiological loads whilst simultaneously allowing
healing to occur.13 The concept behind the use of a double row
repair technique lies behind the rationale that the double-row su-
ture repair recreates the native footprint more closely. This in turn
results in significantly higher loads to failure and decreased gap
formation under tensile loading.14 Several biomechanical studies
have shown this to be true.15e17 While these studies - which are all
cadaveric - would seem to indicate that the double row repair is a
superior construct, the results of clinical trials are more
controversial.
Fig. 2. Double row technique.
1.3. Clinical outcomes in randomised control trials

A number of randomised control trials (RCTs) comparing the
two surgical techniques have been conducted. A study by Aydin
et al., in 201018 on 64 patients split evenly into 2 groups with a
minimum 2 year follow up showed no significant difference in
clinical outcome (Constant score) compared with single-row repair
in small to medium tears.

A prospective RCT by Nicholas et al.19 looking at 49 patients. This
RCT found no advantage of DR repair compared with SR repair for
medium, large, and massive rotator cuff tears in terms of outcome
scores (ASES, Penn and SST), clinical tests of shoulder function,
shoulder ROM, or shoulder strength.
Fig. 1. Single row technique.
These results are also borne out in larger trials such as that
conducted by Lapner et al.20 No significant differences in functional
or quality-of-life outcomes (ASES,WORC and Constant scores) were
identified between single-row and double-row fixation techniques
in a heterogenous group of patients with tears of all sizes.

A larger multicentre RCT by Carbonel et al.21 looked at 160 pa-
tients with a minimum 2 year follow up. These patients all had
large, full thickness tears. The DR repair technique conferred sig-
nificant difference in clinical outcomes (UCLA, Constant and ASES
scores) compared with single-row repair. This was even more sig-
nificant in large tears over 3 cm.

A prospective RCT on 53 patients by Ma et al.22 indicated that
double-row fixation showed better shoulder strength in patients
with larger tear size (>3 cm) in comparison with single-row
fixation.

1.4. Clinical outcomes systematic reviews and meta analyses

A systematic review by Sobhy et al.23 found that within the
domain of level I mid-term and short-term studies, DR repair
showed improved UCLA scores only. ASES, Constant, WORC, and
SANE scores showed no significant difference. The authors stipu-
lated that this was due to lower partial-thickness re-tear rates of DR
repairs. The authors also noted that long-term level III studies
showed a direct correlation of both functional outcomes and cuff
structural integrity, with significant superiority of DR over SR repair
techniques.

A systematic review by Saridakis et al.24 reviewed six studies
(Level III evidence and above) and found there was no significant
difference between the single-row and double-row groups within
each study in terms of postoperative clinical outcomes. The authors
did however note that within their data, there was some evidence
to support the use of DR repairs in patients with large (>3 cm) tears
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(level II evidence).
A systematic review and meta-analysis of 7 level I randomised

clinical trials by Millett et al.25 concluded that there were no
detectable differences in improvement in outcomes scores (ASES,
UCLA and Constant) between single-row and double-row repairs.

A summary of 8 Meta-Analyses by Spiegl et al.26 (including 2
Level 1 studies and 5 level I and II studies) concluded that no
clinical differences were seen between single-row and double-row
repair for small and medium rotator cuff tears at either a short or
medium term follow up.

1.5. Healing and re-rupture rates

A re-tear of the repaired rotator cuff tendonmay be a significant
clinical problem. Estimates of the re-tear vary widely between
studies and range between 11% and 94%.27e29

Factors influencing a rotator cuff re-tear remain varied and
include age, preoperative tear size, degree of muscular atrophy,
degree of fatty infiltration, surgical technique, and inappropriate
postoperative rehabilitation.30 It should be noted that no study to
date has evaluated the re-tear rate with regard to the completeness
of rotator cuff repair based on the extent of footprint coverage.30

Whether or not patients treated with rotator cuff repair do well
regardless of the structural integrity of the repair remains contro-
versial. Some studies within the literature suggest that patients
with a re-rupture still have significant improvement compared to
their preoperative state.27 Others studies directly contradict this,
indicating that the absence of healing of the repaired rotator cuff is
associated with inferior strength.31 There is still lack of high-level
double blinded prospective studies that directly assess the impact
of rotator cuff re-tear on the functional outcome, and a systematic
review by Galanopoulos et al. was inconclusive.30

A systematic review by Duquin32 demonstrated significantly
lower re-tear rates with DR repairs when compared to SR for large
tears more than 10mm in size. Millett et al.26 conducted a meta-
analysis comparing SR with DR revealed significantly higher re-
tear rates in SR repairs especially in partial thickness re-tears.

The aforementioned systematic review by Saredakis et al. indi-
cated that two RCTs showed a significant difference in terms of
structural healing of the rotator cuff tendons after surgery with the
DR repairs.

In a randomised control trial involving 58 patients at high risk of
shoulder stiffness, Franceschi et al.33 found that DR repair of the
rotator cuff was associated with a lower re-tear rate if investigated
with MRI at 2 years.

1.6. Cost

The DR technique has some known potential disadvantages.
These include the fact that is more technically demanding, time-
consuming and costly. These factors are particularly significant if
DR repair is not associated with a significant improvement in
clinical results.

Genuario et al.34 created a decision-analytic model in order to
assess the cost-effectiveness of DR arthroscopic rotator cuff repair
in comparison with single-row repair. Their model was created on
the basis of the cost per quality-adjusted life year gained. Two co-
horts of patients (one with tears of <3 cm and the other with a tear
of¼ />3 cm) were evaluated. Data from the aforementioned sys-
tematic review of 1252 patients by Duquin was used to populate
their model. They concluded that DR rotator cuff repair was not
cost-effective for any size of tear.

Conversely, Huang et al.35 conducted a cost-utility analysis from
the perspective of a publicly funded health-care system and used
the aforementioned RCT by Lapner et al. as the basis for their
analytic model.20 The findings of this RCT indicated that there
“were no significant differences in functional or quality-of-life
outcomes between single-row and double-row fixation tech-
niques”. The authors double-row fixation was found to be more
cost-effective than single-row fixation. Furthermore, a double-row
reconstruction was found to be more economically attractive for
larger rotator cuff tears (>3 cm).

2. Discussion

Surgical repair of the RC has been shown to been cost-effective
solution to a rotator cuff tears that cause considerable burden on
the general population in terms of quality of life. Nevertheless, the
optimal technique for arthroscopic repair of the rotator cuff re-
mains controversial. An ideal surgical technique involved in the
repair of the RC tear must have the potential to withstand physi-
ological loads while simultaneously allowing healing to occur and
preventing re-rupture in the future.

While this would seem like an ideal concept overall, it fails to
account for the wide heterogeneity within the population and the
variety of methods used by individual surgeons. It is well known
that a number of factors may influence both the chance of healing
and the chance of re-rupture of the rotator cuff. These include:
Initial tear size, muscle atrophy or fatty infiltration within the cuff,
variety in repair methods, surgical skill, anchor type, number of
sutures per anchor, suture technique, experience of the operating
surgeon and rehab protocols.23

It would therefore seem incorrect to attempt to rationalise that
one surgical technique would be superior to another whilst ana-
lysing patients with rotator cuff tears, as a large heterogenous
group. For instance, if it is known that initial tear size has an impact
of outcomes, then a study on a group of patients with a variety of
tear sizes may produce results whose significance is difficult to
interpret.

This may explain why RCTs looking at patients with tears of all
sizes (Nicholas et al.19) or small to medium tears (Aydin et al.18)
found no difference in functional outcome whereas studies looking
at larger cuff tears (Carbonel et al.,21 Ma et al.22) showed both better
shoulder strength and clinical outcomes.

The issue of heterogeneity is further compounded when Sys-
tematic reviews and meta analyses are considered and this would
appear to explain why these studies show no difference is out-
comes between the two techniques. Further confounding issues
include study population sizes, different outcome variables
(Different scoring systems, functional vs radiographic outcomes).
The sample population sizes in the RCTS are often small and the
length of follow up which is rarely more than 2 years. It is therefore
difficult to gauge the long-term benefit of one technique over the
other. In a systematic review of the literature in 2018, Sobhy et al.23

argued that “the inclusion of level II and level III trials or level I trials
that do not strictly rely on both functional and radiographic evalua-
tions creates a potential source of heterogeneity that interferes with
accurate analysis of the relation of the function to the cuff integrity
after both techniques”.

There is no clear consensus with regards to the financial viability
of one technique over another. The outcomes of studies examining
the cost effectiveness of each technique appear to be determined by
end points and measures of cost set by the authors involved (which
are different in each study). This matter is further complicated by
the variability within the types of studies used. For instance one
might assume that a cost analysis based on the population of a
systematic review (Huang et al.35) may prove more powerful and
significant than a study based on a RCT (Genuario et al.34). However,
as mentioned above conglomerating such a large and disparate
population may complicate rather than clarify any questions asked.



Table 1
A summary of the existing evidence.

Study Study type Type of tears Findings

Aydin et al. RCT All tears No difference in outcome
Nicholas et al. RCT All tears No difference outcome
Lapner et al. Multicenter RCT All tears No difference outcome

Carbonel et al. RCT large tears >3 cm and small tears separately improvement in function in both groups, greater in the large tears
Ma et al. RCT large tears >3 cm and small tears separately improvement in function in large tears

Sobhy et al. Systematic review All tears Improved UCLA scores with DR repair
Saridakis et al. Systematic review large tears >3 cm and small tears separately no significant difference in postoperative clinical outcomes,

weak evidence to supprt DR in large tears
Millett et al. Systematic review All tears No difference outcome
Spiegl et al. Systematic review All tears No difference outcome
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3. Conclusion

What is clear from the discussion is above is that there is a lack
of clear consensus within the Level I evidence which is available.
Table 1 summarises the evidence discussed in this review. What is
clear is that those studies looking at tears separately appear to
indicate superiority of the double row technique. More high-quality
Level I studies on specifically homogenous groups are needed to
guide practice and to identify characteristics of specific rotator cuff
tears that would best be suited for the added expense involved in a
double row repair. With consideration to the existing evidence, the
authors conclude that the type of repair technique used should be
selected according to tear size and surgical experience. Double row
repairs should be ideally performed in those with larger tears or
those patients undergoing accelerated rehabilitation.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcot.2019.01.027.
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