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Abstract
Background Anchored transosseous equivalent suture-
bridge technique (TOE) is widely used for arthroscopic ro-
tator cuff repair. It is unknown how patient outcomes scores,
ROM, and integrity of the rotator cuff after repair using this
anchored technique compare with those after repair using an
anchorless transosseous technique (TO).
Questions/purposes (1) What are the differences in patient-
reported outcomes (American Shoulder and Elbow

Surgeons [ASES] score) and shoulder ROM between TO
and TOE rotator cuff repair techniques at 1 and 2 years
after surgery? (2) What is the difference in repair integrity
as measured by the re-tear rate, assessed ultrasono-
graphically at 1 year, between these two techniques? (3)
What is the difference in procedure duration between the
two techniques when performed by a surgeon familiar
with each?
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Methods We reviewed 331 arthroscopic rotator cuff repairs
performed by one surgeon fromDecember 2011 to July 2016
in this retrospective, matched-pair study. Of these patients,
63% (208 of 331) underwent repair with standard anchored
technique (anchors placed in a double-row, TOEmanner) and
37% (123 of 331) underwent anchorless TO repair, with the
same indications for surgery between groups. Forty-four
percent (91 of 208) of patients in the TOE group and 61% (75
of 123) of patients in the TO group met the inclusion criteria.
Eighty percent (73 of 91) of patients in the TOE group and
88% (66 of 75) in the TO group had minimum 2-year follow-
up. We matched each group to a cohort of 50 patients by sex,
age, smoking status, and tear size (by Cofield classification:
small, < 1 cm;medium, 1-3 cm; large, > 3-5 cm; ormassive, >
5 cm). The resulting cohorts did not differ in mean age (TO,
62 years [range 53-65 years]; TOE, 58 years [range 53-65
years]; p = 0.79), mean BMI value (TO, 30 [range 27-33];
TOE, 29 [range 27-35]; p = 0.97), or dominant arm in-
volvement (TO, 80%;TOE, 78%; p= 0.81). The cohortswere
followed for at least 2 years (median, 3.2 years [interquartile
range (IQR) 2.2-4.3] for TO and 2.9 years [IQR 2.0-3.5 years]
for TOE). ASES scores and ROM were evaluated before
surgery and at follow-up visits and were recorded in a lon-
gitudinally maintained institutional database. Repair integrity
was assessed using ultrasonography at 1 year, as is standard in
our practice. For each tear-size group, we calculated the
proportion of intact tendon repairs versus the proportion of re-
tears. Duration of surgery was recorded for each patient.
Results At 1 year, we observed no difference in median
ASES scores (90 [IQR92-98] for TO and 88 [IQR72-98] for
TOE; p = 0.44); external rotation (50° [IQR 45°-60°) for TO
and 50° [IQR: 40°-60°] for TOE; p = 0.58); forward flexion
(165° [IQR 160°-170°] for both groups; p = 0.91); or ab-
duction (100° [IQR 90°-100°] for TO and 90° [IQR 90°-
100°] for TOE; p = 0.06). Fourteen percent of shoulders
(seven of 50) in each treatment group had evidence of re-tear
at 1 year (p > 0.99): 0 of 2 small tears in each group, 0 of 7
medium tears in each group, five of 32 large tears in each
group, and two of 9massive tears in each group (all, p > 0.99).
At 2 years, we found no differences in median ASES scores
(92 [IQR 74-98)] for TO and 90 [IQR 80-100] for TOE; p =
0.84); external rotation (60° [IQR 50°-60°] for both groups;
p = 0.74); forward flexion (170° [IQR 160°-170°] for both
groups; p = 0.69); or abduction (100° [IQR90°-100°] for both
groups; p = 0.95).We found no differences between groups in
mean6SD procedure time, which was 1036 20minutes for
TO repair and 99 6 20 minutes for TOE repair (p = 0.45).
Conclusions TO and TOE techniques for arthroscopic ro-
tator cuff repair results in no differences in ROM, ASES
scores, re-tear rates, and surgical time. Randomized control
trials are needed to confirm these similarities or determine a
superior method of repair. Future cost analyses may also
help to determine the relative value of each technique.
Level of Evidence Level III, therapeutic study.

Introduction

The original approach to rotator cuff repair was via open
surgery, in which the cuff was repaired with transosseous
sutures [8, 16]. During the past 20 years, arthroscopic
techniques have allowed for less-invasive procedures, less
deltoid muscle morbidity, and comparable likelihood of
healing to those of open repair [16, 28]. Several new anchor
and suture configurations have been developed to mimic the
biomechanics of open repair and improve initial repair
strength and healing rates. The current arthroscopic ap-
proach is often the suture-bridge technique, also known as a
transosseous-equivalent construct (TOE) [17, 24, 27, 29].
Recently, arthroscopic anchorless transosseous techniques
(TO) have been developed, which combine the advantages
of open repair with those of an arthroscopic approach [6, 14,
22, 31, 34, 35]. Studies have described high healing rates
and good patient-reported outcome scores after arthroscopic
repair using the TO technique [3, 13, 22] but have not in-
cluded TOE cohorts for comparison.

Much of the available data on arthroscopic TO repair are
from biomechanical studies, which report conflicting in-
formation about the superiority of TOE versus TO repair [1,
21, 26, 29]. Some suggested inferior performance of the TO
approach [21, 29], whereas others noted potential benefits,
including greater vascularity at the insertion site [1, 2, 19, 20,
26]. Recently, a clinical study by Seidl et al. [30] compared
TO and TOE repairs and found no substantial difference in
pain or patient-reported outcomes at 1 year of follow-up.
Their study’s statistical power was limited, however, with
only 21 patients in each group, making it possible that
clinically important differences between the treatments
might have been present but might have gone undetected. In
addition, anchorless repairs have other potential advantages,
in that they leave less foreign material in the greater tuber-
osity than anchored repairs, and they reduce implant costs
[22, 29]. Revision of failed TOE repairs may also be simpler
than revision of failed TO repairs because TOE constructs
are more likely to experience Type 1 failure (tendon pulling
off bone) [29] than Type 2 failure (which occurs at the
musculotendinous junction). If patient-reported outcomes
and healing rates are equivalent between repair techniques,
these benefits would be welcomed; however, any such
considerationswould bemore than offset if TO repairs prove
to be less effective or durable than TOE repairs. Also con-
cerning is whether one technique may be more difficult to
perform than the other, leading to longer operative times.

Therefore, we asked: (1) What are the differences in
patient-reported outcomes (American Shoulder and Elbow
Surgeons [ASES] score) and shoulder ROM between TO
and TOE rotator cuff repair techniques at 1 and 2 years after
surgery? (2) What is the difference in repair integrity as
measured by the re-tear rate, assessed ultrasonographically
at 1 year, between these two techniques? (3) What is the
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difference in procedure duration between the two techniques
when performed by a surgeon familiar with each?

Patients and Methods

Patient Selection, Matching, and Indications

After receiving institutional review board approval to per-
form this study, we reviewed the medical records of 331
patients who underwent arthroscopic rotator cuff repair by
one fellowship-trained shoulder surgeon (US) at our in-
stitution from December 2011 to July 2016. This surgeon
was trained in both TO and TOE techniques during fel-
lowship, has completed more than 100 cases of each ap-
proach, and trains residents and fellows in both techniques.
Because the TO technique requires greater experience with
suture management, training begins with the TOE approach
and, after competency is achieved, we transition to a TO
approach for a given trainee. Although patients were not
randomized between the two techniques, we do not believe

there was systematic bias in selection of the repair technique
according to intraoperative factors. In this consecutive se-
ries, there were no instances in these cohorts in which we
planned to perform TOE repair and converted to TO repair
during the procedure, and likewise no patients were con-
verted from TO repair to TOE repair. Patients were coun-
seled that either anchors or tunnels would be used to secure
the sutures used in the repair because we believed in their
equipoise. No patient insisted on a particular technique. We
excluded patients who had isolated partial-thickness tears,
subscapularis tears,Grade 3 orGrade 4 osteoarthrosis, revision
repairs, or repairs associated with distal clavicle excision,
capsular release, calcific deposit removal, chondroplasty or
microfracture, suprascapular nerve release, SLAP (superior
labrum anterior and posterior) repair, or teresminor repair.We
also excluded patientswho did not complete the 2-year follow-
up. Fifty of the remaining patients from each group were
successfully matched by age (within 6 years), sex, tear size
category (by Cofield classification), and smoking status. The
remaining patients (16 TO, 23 TOE) could not be matched by
these criteria to corresponding patients and were therefore

Fig. 1 The patient selection flowchart is shownhere; AC= acromioclavicular; OA= osteoarthritis;
TO = transosseous; TOE = transosseous equivalent; SLAP = superior labrum anterior and
posterior.
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excluded. Matching was performed by an author (EGH) who
was blinded to cuff integrity results at the time of matching.
The number of smokers was very small, precluding matching;
therefore, smokers were excluded from both cohorts. This
resulted in 50 matched patients in each cohort (Fig. 1).

Demographic characteristics, including age, sex, and
bodymass index value, did not differ substantially between
the TO and TOE groups (Table 1).

Data Collection

Data were collected from a longitudinally maintained data-
base. Before surgery, all patients underwent a physical ex-
amination (includingROMtesting of external rotationwith the
arm at the side, forward flexion, and abduction), radiography,
and MRI. The size of each rotator cuff tear was determined
using the Cofield classification [7] (small, < 1 cm; medium,
1-3 cm; large, > 3-5 cm; or massive, > 5 cm). In each group,
there were two small, seven medium, 32 large, and nine
massive rotator cuff tears. Other shoulder disorders, such as
biceps tendon degeneration, were recorded and treated rou-
tinely with subpectoral biceps tenodesis. If the biceps tendon
was already torn, tenodesis was not attempted. Duration of the
surgical procedure was recorded for each.

Shoulder-specific, patient-reported outcomes were mea-
sured using the ASES score. At 3 months, 6 months, 1 year,
2 years, and latest follow-up, we assessed the ASES score

and performed physical examinations of each patient. At a
minimum of 1 year after surgery, patients underwent ultra-
sonography of the rotator cuff by the treating surgeon, as is
routine for all patients after rotator cuff repair in our practice.
A board-certified radiologist (AU) blinded to the treatment
group independently assessed the rotator cuff’s integrity by
reviewing the ultrasound images. In our evaluation of
structural integrity, we exclusively used the radiologist’s
interpretations. Median length of follow-up was 3.2 years
(interquartile range [IQR] 2.2-4.3 years) for the TO group
and 2.9 years (IQR 2.0-3.5 years) for the TOE group.

Surgical Technique

One surgeon (US), who is fellowship trained in shoulder
surgery and incorporates both techniques into his practice
regularly, performed all procedures. All patients underwent
rotator cuff repair in the “beach chair” position. For the TO
group, small tears were repaired using a single transosseous
tunnel with two or three number-2 braided sutures in the
tunnel; medium-sized to large tears were repaired using two
tunnels with three number-2 braided sutures in each tunnel;
and massive tears were repaired using two or three tunnels
each with three number-2 braided sutures. The TransOs
Tunneler system (Tensor Surgical, Chattanooga, TN, USA)
or ArthroTunneler system (Tornier, Bloomington, MN,
USA) was used to create the transosseous tunnels. Each of

Table 1. Characteristics of the 100 patients who underwent arthroscopic rotator cuff repair by one surgeon, 2011 to 2016

Characteristic TOE repair (n = 50) TO repair (n = 50) p value

Median age (years), IQR 58 (53-65) 62 (53-65) 0.79a

Female sex, % (n) 40 (20) 40 (20)

Median BMI (kg/m2), IQR 29 (27-35) 30 (27- 33) 0.97b

Dominant arm, % (n) 78 (39) 80 (40) 0.81c

Cofield tear size, % (n)

Small 4 (2) 4 (2)

Medium 14 (7) 14 (7)

Large 64 (32) 64 (32)

Massive 18 (9) 18 (9)

Median follow-up (years), IQR 2.9 (2.0-3.5) 3.2 (2.2-4.3) 0.07b

Median preoperative patient-reported
outcomes, IQR

ASES score 53 (33-58) 37 (32-58) 0.31b

Median preoperative ROM, IQR

Abduction 90 (80-100) 90 (78-100) 0.98b

External rotation 60 (45-60) 60 (40-60) 0.98b

Forward flexion 160 (108-170) 160 (128-170) 0.63b

aFrom the Student’s t-test.
bFrom the Mann-Whitney U test.
cFrom the Pearson’s chi-square test; ASES = American Shoulder and Elbow Surgeons; IQR = interquartile range; TO = transosseous;
TOE = transosseous equivalent.
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the sutures was passed separately through the rotator cuff and
tied down in a simple fashion (Fig. 2A-H).

For the TOE approach, small tears were repaired using one
medial and one lateral anchor; medium-sized to large tears
were repaired using two medial anchors connected to one or
two lateral anchors, as determined by the tear pattern, for a
suture-bridge configuration with medially tied sutures; and
massive tears were repaired using two or three medial anchors
and two lateral anchors.We used 4.5-mmHealicoil PKmedial
row anchors (Smith&Nephew,Andover,MA,USA) and 4.5-
mmFootprintUltra PK lateral row anchors (Smith&Nephew)
(Fig. 3A-G). After surgery, patients underwent identical pain
control regimens and rehabilitation programs [4].

Statistical Analysis

Data were analyzed using SPSS software, version 25 (IBM
Corp, Armonk, NY, USA). The Shapiro-Wilk test and fre-
quency histograms were used to determine the normality of

distribution for each continuous dataset. Patient age and dura-
tion of procedure followed normal distributions and were
compared between groups using t-tests. All other continuous
datasets showed nonparametric distribution; therefore, com-
parisons between groups were performed usingMann-Whitney
U tests. Within-group comparisons were performed using
Wilcoxon signed-rank tests. The distributions of patient sex and
Cofield classification were identical between groups because of
the matched nature of the cohorts. Arm dominance and overall
cuff integrity were compared using Pearson’s chi-square tests.
Re-tear rates, stratified byCofield classification,were compared
using Fisher exact tests.

Sample Size Justification

An a priori power analysis was performed to determine the
necessary sample size using G*Power, version 3.1, software
[12]. Reported values for the minimal clinically important

Fig. 2A-H These images illustrate the surgical steps of the typical anchorless transosseous approach to repair of a torn rotator cuff. (A) Abone
punchwas used at thedesired anchor site in thegreater tuberosity (arrow), (B) and a tunnelingdevicewas inserted into thepilot hole (arrow).
(C) Anawlwaspassed through the lateral cortexusing the tunnelingdevice (longarrow) after a capturedevicewas inserted into thepilot hole
(short arrow). (D) The tunneling device was removed and a passing suture was captured by the tunneling device and passed through the
tunnel. (E) Repair sutureswere passed through the passing loop as shownby the arrow. (F) The sutureswere passed through the torn rotator
cuff tendon. (G) The sutures were then tied together over the top of the cuff. (H) This image is a coronal cross-section of the tunneled
transosseous cuff repair. Illustration: Tim Phelps, MS, FAMI, © (2016) JHU AAM Department of Art as Applied to Medicine, The Johns Hopkins
University School of Medicine.
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difference for the ASES score (primary outcome) vary. One
report based on various diagnoses, including some post-
operative patients, suggested a minimal clinically important
difference of 6.4 points [25]. Another study of only non-
operative treatment of rotator cuff disease reported minimal
clinically important difference values ranging from 12 to 17
points [33]. The required sample size was 45 patients per group
to detect a 12-point difference in theASESscore as a functionof
the significance level (a = 0.05), effect size (0.6), and power
level (1 – b = 0.80).

Results

Clinical Outcome Measures

At 1 year, we found no differences in median ASES
scores, which were 90 (IQR 82-98) for TO and 88 (IQR

72-98) for TOE (p = 0.44) (Table 2). We also found no
differences at 1 year in median external rotation (50° [IQR
45°-60°] for TO and 50° [IQR 40°-60°] for TOE; p =
0.58); median forward flexion (165° [IQR 160°-170°] for
both groups; p = 0.91); or median abduction (100° [IQR
90°-100°] for TO and 90° [IQR 90°-100°] for TOE; p =
0.06). The same held true at 2 years, with median ASES
scores of 92 (IQR 74-98) for TO and 90 (IQR 80-100) for
TOE (p = 0.84); median external rotation of 60° (IQR 50°-
60°) for both groups (p = 0.74); median forward flexion of
170° (IQR 160°-170°) for both groups (p = 0.69); and
median abduction of 100° (IQR 90°-100°) for both groups
(p = 0.95).

At 1 year postoperatively, the improvement in ASES
score (compared with preoperative score) was greater in
the TO group (median 42; IQR 29-62) than in the TOE
group (median 32; IQR 19-43; p = 0.03). This difference
was not seen at 2 years postoperatively, when median

Fig. 3A-G These images illustrate the surgical steps of the typical anchored (transosseousequivalent) approach to repair of a torn rotator cuff.
(A) A bone punchwas used at the desired anchor site in the greater tuberosity (arrow), and (B) an anchor was inserted into the pilot hole. (C)
This image is a coronal cross-section of the anchor in the tuberosity. (D) These images show a coronal cross-section of cuff reduction in the
greater tuberosity (arrow), and (E) a bone punch used to insert a lateral anchor in the greater tuberosity (straight arrow shows direction of
punch, andcurvedarrowshowsdirectionof suturepassage). (F) This image is a coronal cross-sectionof theanchored transosseousequivalent
cuff repair after a lateral row anchor was placed (arrow). (G) This image is a superior view of anchored transosseous equivalent cuff repair.
Illustration: Tim Phelps, MS, FAMI, © (2016) JHU AAM Department of Art as Applied to Medicine, The Johns Hopkins University School of Medicine.
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ASES scores were 42 (IQR 21-62) in the TO group and 40
(IQR 25-50) in the TOE group (p = 0.75).

At 1 year postoperatively, the changes in ROM were
similar between groups; for external rotation, median, -10°
[IQR -10°-0°] for TO and 0° (IQR -10°-14°) for TOE (p =
0.16); for forward flexion, median, 10° (IQR 0°-13°) for TO
and 10° (IQR 10°-40°) for TOE (p = 0.46); and for abduction,
median, 0° (IQR 0°-10°) for TO and 0° (IQR -10°-15°) for
TOE (p = 0.43). These similarities persisted at 2 years post-
operatively, when changes in ROM were similar between
groups; for external rotation, median, 0° (IQR -10°-20°) for
TO and 0° (IQR 0°-10°) for TOE (p = 0.91); for forward
flexion, median 10° (IQR 0°-35°) for TO and 10° (IQR 10°-
50°) for TOE (p = 0.88); and for abduction, median 0° (IQR
0°-20°) for TO and 0° (IQR 0°-10°) for TOE (p = 0.63).

Repair Integrity

Overall repair integrity was the same between groups, with
86% (43 of 50) of repairs intact on ultrasound imaging (p >
0.99; Table 3). When stratified by Cofield classification,
the rates of re-tear were identical between the two repair
types: 0% (0 of 2) for small tears; 0% (0 of 7) for medium
tears; 16% (5 of 32) for large tears; and 22% (2 of 9) for
massive tears) (p > 0.99).

Procedure Duration

We found no difference between groups in the mean6 SD
procedure time, which was 1036 20minutes for TO repair
and 99 6 20 minutes for TOE repair (p = 0.45).

Discussion

Many options for arthroscopic rotator cuff repair are avail-
able, with some techniques aiming to reproduce the bio-
mechanics of a TO repair [17, 24, 27, 29]. Biomechanical
data have been used to support the notion that anchored
repair is superior because of higher ultimate failure load
[19], but these differences in fixation strength may be
overcome by adjusting other technical parameters, including
the number of sutures placed through the tendon [18] and the
suture configuration (mattress versus simple) [11]. In addi-
tion to biomechanical data, we need clinical support for our
chosen technique, including subjective patient-reported
outcome scores and objective measures such as repair in-
tegrity and ROM.We compared the outcomes of anchorless
TO repair with that of a TOE construct. Our findings suggest
that the TO method may provide effective repair with no
difference in patient-reported outcome scores compared
with TOE repair.

The limitations of this retrospective study include lack
of randomization of technique, which may lead to selection

Table 2. Patient-reported outcomes and ROM values at 1-year and 2-year follow-up for 50 patients with anchored and 50 patients
with anchorless rotator cuff repairs by one surgeon, 2011 to 2016

Outcome TOE repair TO repair
Difference of
medians p valuea

1-year follow-up

Median ASES score, IQR 88 (72-98) 90 (82-98) 2 0.44

Median ROM, IQR

Abduction 90 (90-100) 100 (90-100) 10 0.06

External rotation 50 (40-60) 50 (45-60) 0 0.58

Forward flexion 165 (160-170) 165 (160-170) 0 0.91

2-year follow-up

Median ASES score, IQR 90 (80-100) 92 (74-98) 2 0.84

Median ROM, IQR

Abduction 100 (90-100) 100 (90-100) 0 0.95

External rotation 60 (50-60) 60 (50-60) 0 0.74

Forward flexion 170 (160-170) 170 (160-170) 0 0.69

aFrom Mann-Whitney U test; TO = transosseous; TOE = transosseous equivalent.

Table 3. Ultrasonographically determined re-tear rates at 1-
year follow-up after rotator cuff repair

Tear size TOE repair TO repair

Small 0% (0 of 2) 0% (0 of 2)

Medium 0% (0 of 7) 0% (0 of 7)

Large 16% (5 of 32) 16% (5 of 32)

Massive 22% (2 of 9) 22% (2 of 9)

Total 14% (7 of 50) 14% (7 of 50)

TO = transosseous; TOE = transosseous equivalent.

Volume 478, Number 6 TO versus TOE Rotator Cuff Repair 1301

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



bias that has not been identified. Our matching may not
fully account for this potential bias. In an attempt to min-
imize the differences between groups, we matched patients
by age, sex, tear size category, and smoking status. The
investigator who performed thematchingwas blinded from
cuff integrity results, but differences may be present that
were not evaluated, such as Goutallier classification of fatty
atrophy, activity level, and medical comorbidities. If the
groups differed in terms of atrophy of the cuff musculature,
the healing rates may be less similar than they seem. The
authors were not blinded to technique while performing
follow-up examinations, including measurement of ROM.
Ultrasonography to evaluate cuff integrity was performed
by the treating surgeon, who was not blinded to the tech-
nique used; however, the radiologist was blinded when
reviewing the results. As with many studies, some patients
were lost to follow-up. Proportions of loss were similar
between the TO group (12%) and the TOE group (20%)
but a higher follow-up rate may have allowed for additional
matching and a larger sample. Restricting the study to
patients treated by one surgeon at one institutionmay result
in limited external validity. The surgeon was a fellowship-
trained shoulder surgeon at an academicmedical center that
serves patients from urban and suburban areas. The sur-
geon was experienced with both approaches, having per-
formed more than 100 cases using each technique. Results
may differ according to the surgeon’s experiencewith these
approaches. We have found that trainees obtain a basic
level of mastery with TO repair, after learning TOE repair,
by performing approximately 10 procedures.

ASES scores and ROM at 1 and 2 years after surgery
were no different between the TO and TOE groups. This
finding is consistent with those of Seidl et al. [30], who
found no differences in patient-reported outcomes at 1 year
after surgery in a smaller study. Other studies have reported
good functional outcomes after arthroscopic TO rotator
cuff repair, but they did not include a control group [3,
13, 22].

The risk of re-tear after anchorless TO repair was no
different than that of a matched cohort that underwent TOE
repair. Kuroda et al. [22] reported a 6% re-tear rate after TO
repair, which is lower than the 14% seen in our study;
however, their study did not include any massive tears,
which failed at the highest rate of any tear size category in
our study (22%). This finding is consistent with other
modes of fixation, in which larger tears are associated with
higher failure rates [9, 10, 15, 23, 32].

In a biomechanical study, Kilcoyne et al. [19] found that
when failure occurred, the primary modes were Type 2
tendon tear after TOE repair (seven of 10 patients) and
Type 1 tendon tear after TO repair (six of 10 patients). Type
2 tears occur at the muscle-tendon junction with the re-
sidual tendon attached to the greater tuberosity [5], which
can make surgical revision difficult. In contrast, Type 1

tears, in which the tendon re-tears from the greater tuber-
osity, leave more tendon and bone available for repair,
simplifying revision [16, 20, 29].

Finally, we found no difference in the operative time
between the TO and TOE groups. This finding agrees with
that of Seidl et al. [30], who showed no difference between
the techniques. It is important to note that the surgeon in
this study was experienced with both techniques, and a
learning curve may be seen early during the implementa-
tion of a new technique.

Our results suggest that TO and TOE rotator cuff repair
techniques result in no differences in patient-reported
outcomes, shoulder ROM, and structural integrity in a
matched cohort study that was adequately powered to de-
tect the minimal clinically important difference for the
ASES score. Operative time did not differ between tech-
niques. These findings support the continued use of both
techniques, as well as further investigation into each.
Future randomized controlled trials can reduce potential
biases to confirm equivalence of the two techniques or
determine whether one is superior in the outcomes it pro-
duces. A cost-effectiveness analysis could further de-
termine the relative value of each approach.
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