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Abstract

Introduction The purpose of this study was to perform a meta-analysis comparing open and arthroscopic surgical techniques
for distal clavicle resection.

Methods A systematic review of Medline, Embase, Scopus, and Google Scholar identified relevant publications in the Eng-
lish and German literature between 1997 and 2017. All included studies were levels I-IV, describing both treatments, with a
minimum of 12 month follow-up, had at least one validated outcome score and documented patient recruitment, study design,
demographic details, and surgical technique. Studies were excluded if they were only abstracts or conference proceedings,
involved revision procedures, or the loss to follow-up exceeded 20%. Publication bias and risk of bias were assessed using
the Cochrane Collaboration tools, and heterogeneity was assessed using the I statistic.

Results Four studies (n =319 patients) met the criteria for inclusion. The pooled estimate for clinical outcomes (Constant,
ASES) demonstrated no significant differences (SMD 0.323, P=0%, p=0.065) between open and arthroscopic resection,
although the analysis favored open resection. The pooled estimate for clinical outcomes (SST) also demonstrated no signifi-
cant differences (SMD 0.744, I>=49.82%, p=0.144) between open and arthroscopic resection, but the analysis again favored
open resection. The pooled estimate for VAS assessment of pain demonstrated no differences (SMD 0.217, I =58.96%;
p=0.404) between open and arthroscopic resection.

Conclusion The results of this study suggest that similar functional and clinical outcomes can be achieved with either open
or arthroscopic distal clavicle resection. The observed trend that open resection may have a more favorable outcome war-
rants further investigation.

Level of evidence Level 3; systematic review and meta-analysis.

Keywords Acromioclavicular joint - Open resection - Mumford procedure - Arthroscopic resection - Meta-analysis -
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posttraumatic changes [2—4]. ACJ disorders can be treated
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result in acromioclavicular instability due to damage caused
to the superior capsule and adjacent ligamentous structures
[6]. Arthroscopic resection can either be performed via a
bursal/subacromial approach or via a direct approach [3].
In a systematic review, Pensak et al. suggested that patients
treated by the direct approach had a faster return to activ-
ity [3]. In contrast, Levine et al. have compared the direct
versus the bursal approach and were unable to demonstrate
any difference in return to activity [7]. One of the concerns
with the direct approach is the potential for damage to the
superior capsule, resulting in distal clavicle instability [3, 7].

Several studies have demonstrated both surgical tech-
niques obtain excellent functional results and pain relief
[1, 3, 8, 9]. Robertson et al. reported significantly less pain
in patients undergoing arthroscopic surgery, but could not
demonstrate any differences for functional or patient per-
ceived outcomes [4]. In contrast, other authors were unable
to identify any differences in outcomes between open and
arthroscopic resection [3, 8, 10]. Given these conflicting
reports, it is difficult to determine the preferred technique
[3]. Furthermore, other factors such as cost, patient prefer-
ence, and availability of equipment must also be consid-
ered. However, previously published comparative studies
have unequal numbers of patients, and may not be powered
sufficiently to definitively establish the superiority of either
technique, resulting in a type II error. Pooling these studies,
and using the statistical tools of meta-analysis, might have
an added benefit to further investigate whether differences
exist between arthroscopic and open ACJ resection.

Therefore, the purpose of this study was to perform a
meta-analysis between open and arthroscopic surgical tech-
niques for lateral clavicle resection. We hypothesized that
there would be no significant differences in clinical out-
comes and pain relief following either procedure.

Methods

The methods described in the Cochrane Handbook were
used to conduct this systematic review and meta-analysis
[11]. The Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines and checklist were
used to evaluate and report the results of interventions and
outcomes [12].

Eligibility criteria

All studies that compared arthroscopic to open acromiocla-
vicular joint/lateral clavicle resection in patients between 18
and 60 years of age from 1997 to 2017 were identified and
considered for inclusion if the following criteria were met:
level I-1V studies describing both treatments; utilization
of at least one validated outcome score (ASES, Constant,
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Rowe, SANE, DASH, WORC, WOOS, SPADI, UCLA
Shoulder Score, SST); a minimum of 12 months follow-
up; complete documentation of patient recruitment, study
design, demographic details, and surgical technique.

Studies were excluded if they were abstracts or conference
proceedings, if patients had revision procedures, or the loss
to follow-up exceeded 20%. The omission of these “grey”
data could potentially result in publication bias. However,
publication bias was routinely assessed with meta-analysis
tools. Studies were not specifically excluded if the lateral
clavicle resection was part of rotator cuff surgery, involved
treatment of long head biceps lesions, or was associated with
subacromial decompression in either treatment group. It is
acknowledged that the inclusion of these additional proce-
dures may have resulted in selection bias. However, isolated
acromioclavicular joint surgery is not commonly performed,
and symmetric distribution of these confounders most likely
will not influence this analysis.

Literature research

A systematic review of the literature was performed to iden-
tify all publications over the last 20 years in the English
and German literature describing lateral clavicle resection.
Medline, Embase, Scopus, and Google Scholar were sys-
tematically searched using the following terms and Boolean
operators: “acromioclavicular”, “lateral clavicle”, “distal
clavicle”, AND/OR “resection”; “open” AND/OR “arthro-
scopic” AND/OR “clavicle resection” OR “acromioclavicu-
lar joint resection”. The references of all relevant published
studies were manually cross-referenced and considered if
they met the inclusion criteria. Two reviewers then con-
ducted independent title and abstract screenings. Disagree-
ments between reviewers were resolved by consensus, and
if no consensus was reached, they were carried forward to
the full-text review.

Data extraction and quality assessment

Age, sample size, level of evidence, length of follow-up,
potential confounders, and clinical outcome data were
extracted from each article using an electronic data form.
The senior author independently completed the data extrac-
tion, and the second reviewer verified the data.

Risk of bias was assessed using the Cochrane Collabora-
tion Risk of Bias Tool [11]. The GRADE system was used
by the senior author to assess the quality of the body of
evidence for each outcome measure; the second reviewer
verified the assessments [11]. The Cochrane Handbook rec-
ommends downgrading study quality if there were limita-
tions in the design, indirectness of evidence, unexplained
heterogeneity, imprecision of results, or the high probability
of publication bias [11, 13]. To reduce reviewer bias, all
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institutional and author information were concealed to the
second reviewer. Any disagreement between reviewers was
again resolved by consensus and/or by arbitration between
the two senior authors.

Statistical analysis

Inter-observer differences for study eligibility and risk of
bias were measured using Cohen’s k coefficient. Heterogene-
ity of the data was assessed using the I statistic. Outcomes
were pooled using a random effects model if the /> statistic
was > 10%: a fixed effect model was used if the I? statis-
tic was < 10%. This particular limit was selected, because
several authors have demonstrated that the conclusions of
homogeneity in meta-analyses of small number studies are
often unjustified [14, 15]. If standard deviations were not
reported, then the standard deviation was calculated using
the following formula: SD =max—min (range)/4. Hozo, et al.
have confirmed that this formula provides a satisfactory esti-
mate of standard deviation [16]. All tests of significance
were two-tailed, and an « of less than 0.05 was considered
significant. Publication bias was assessed using funnel plots
and Eggers test for intercept. Funnel and forest plots, as well

)

as all statistical analyses, were performed using STATA SE
(Version 12.0; StataCorp, College Station, TX, USA) for
Windows, and the Comprehensive Meta-analysis software
package (CMA), version 3 (Biostat Inc, Englewood, NJ,
USA).

Results
Study selection and characteristics

The literature search identified 260 studies for considera-
tion. Following removal of duplicates and a screening of
abstracts, only 26 studies were eligible for inclusion. An
examination of these full-text manuscripts was conducted,
and only four studies met all of the eligibility criteria to be
included in the analysis (Fig. 1) [2, 4, 8, 9].

The « values for overall agreement between the two
reviewers for the final eligibility was excellent (x value
0.96, 95% CI 0.0.92-0.98). The four included studies were
all published in English between 2007 and 2014. The cumu-
lative total number of cases was 319; of those, 229 cases
were treated arthroscopically, and the remaining 90 cases
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were treated with open resection. The study characteristics,
demographics, and extracted outcomes are summarized in
Tables 1 and 2.

Risk of bias

The findings of the bias risk assessment are summarized in
Table 3. Of the four studies, only one used a prospective ran-
domized design [9]. The authors performed randomization
based on stratifying according to etiology and pre-operative
pain score [9]. This approach was assessed as high for ran-
dom sequence generation, allocation concealment, blinding
of personnel, and outcome assessment. The other three stud-
ies were level III comparative studies and the risk of bias
assessment for randomization was, therefore, not applica-
ble [2, 4, 8]. However, given the recommendations in the
Cochrane Handbook, those three studies were assessed as
high risk for these items (Table 3). For the other three items
outlined in the Cochrane Handbook for Systematic Reviews
of Interventions [11], attrition bias (incomplete outcome
data), reporting bias (selective reporting), and other biases
were assessed as low risk for all four studies. There were no
missing outcome data, all expected outcomes were reported,
and a funnel plot suggested that the studies all appeared to be
free of other sources of bias (Fig. 2). Eggers intercept value
was —3.754 (95% CI —10.497 to 3.365) with a p value of
0.13, confirming that publication bias was not present.

Table 1 Characteristics of the included studies

Using the GRADE quality assessment criteria, three
studies [2, 4, 8] were automatically downgraded as recom-
mended by the GRADE handbook for limitations in design,
specifically for their non-randomized nature. Freedman et al.
were the only prospective randomized study, but was also
downgraded because of the limitations and high risk of bias
assessment with their randomization protocol [9]. All four
studies were further downgraded by one level for indirect-
ness of evidence. Differences in treatment and management,
including patients who underwent other surgical procedures,
were interpreted as differences in interventions based on the
recommendation of the GRADE handbook [13]. In sum-
mary, all studies were double-downgraded and were con-
sidered to be of lower quality.

Clinical outcome and pain scores

Clinical outcome scores were reported by all studies
(Table 2). However, Duindam et al. have utilized the
DASH score, and consequently, this study could not be
used for pooling. Two studies [4, 9] have used the Ameri-
can Shoulder and Elbow Surgeons Score (ASES), and one
study [8] has used the Constant score. These latter three
studies were pooled as the two outcome scores are similar
[1], and it has been shown that the ASES provides equiva-
lent results to more objective evaluations such as the Con-
stant score [17]. The I? statistic for these three included

References Study details LOE® Samplesize  Group allocation Outcome measures Confounders
Duindam et al. [2] Retrospective chart 3 ASC: n=108 Unknown Dash, VAS Subacromial decom-
review Open: n=41 Radiographic resection  pressions included
Time: 2008-2011 Complications, opera-
Open or arthroscopic tive time, costs
subacromial
Robertson et al. [4]  Retrospective chart 3 ASC:n=32  Patient decided ASES, VAS RC repairs, biceps,
review Open: n=17 approach Radiographic resection  labrum, subacromial
Time: 1999-2006 Operative time decompressions
Open or arthroscopic included
subacromial Underpowered: for
ASES (8 point differ-
ence required)
Elhassan et al. [8] Retrospective chart 3 ASC: n=81 Unknown Constant, VAS Subacromial decom-
review Open: n=23 Subjective satisfaction  pressions, biceps and
Time: 2000-2005 labral lesions, RC
Open or arthroscopic repairs included
direct superior
Freedman et al. [9]  Prospective rand- 2 ASC: n=8 Randomization ASES, VAS, SF36 Questionnaires mailed
omized Open: n=9 stratified according ~ Subjective satisfaction ~ when military per-

Time: 2003-2004
Open or arthroscopic
subacromial

to etiology and pre-
operative VAS score

sonnel

Underpowered: post-
hoc power showed
that 14 pts per group
were needed

*Level of evidence
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Table 2 Outcomes of the included studies

References

Sample size ~ Age

Follow-up

Clinical outcome

Other outcomes

Duindametal. [2]  ASC:n=108 ASC: 53.8+9.8 years ASC: 2.8 +1 years Dash Complications
Open: n=41 Open: 53.1: £9.2 years  Open: 3.6 £ 1 years Arthroscopic: 22+41;  Arthroscopic: 11; open: 3
open: 21+33 Radiographic resection
VAS Arthroscopic:
Arthroscopic: 20 +50; 5.4 +3.25 mm; open:
open: 10+23 10.1+5.3 mm
Operative time
Arthroscopic:
38+ 15 min; open:
24 +12 min
Costs
Arthroscopic: $992 USD;
open: $393 USD
Robertson et al. [4] ASC:n=32  ASC: 47 years (range ASC: 5.3 years ASES Radiographic resection
Open: n=17 19-69) Open: 4.2 years Arthroscopic: Arthroscopic:
Open: 51 years (range 94.6 + 8.6; open: 9.5+2.9 mm; open:
35-76) 87.5+17.6 12.8+2.1 mm
VAS Operative time
Arthroscopic: Arthroscopic:
0.61 +£1.02; open: 48+ 10.7 min; open:
1.59+2.15 53.1£15 min
Subjective shoulder
satisfaction
Arthroscopic:
92.9 + 8.6; open:
89.7+12.5
Elhassan et al. [8] ASC:n=81  Mean: 45 years (range ~ Mean: 51 m (range Constant Radiographic resection
Open: n=23 23-73) 15-91) Arthroscopic: 89 Arthroscopic: 9.5
ASC: 45 years (range ASC: 49 m (16-83) (39-100); open: 87 (3.8-16.5) mm; open:
23-71) Open: 53 m (15-91) (43-100) 13.5 (4.8-23.4) mm
Open: 50 years (range VAS
30-73) Arthroscopic: 1.6
(0-5); open: 1.7 (0-4)
Subjective shoulder
satisfaction
Arthroscopic: 82
(40-100); open: 81
(40-100)
Freedmanetal. [9] ASC:n=8 Mean: 40 years (range ~ Mean; 12 m ASES Radiographic resection
Open: n=9 24-56) Arthroscopic: 85; open:  Arthroscopic: 10 mm;
80 open: 11 mm
VAS
Arthroscopic: 1; open:
1.75
Subjective shoulder
satisfaction
Arthroscopic: 100
(717); open: 75 (6/8)
Table3 Risk of bias assessment lS{andom Allocation gﬁi:giﬁi Blinding of | Incomplete Selective
cquence Concealment and Outcome Outcome reporting
Generation Personnel Assessment Data
(Selection | (Selection (Performance | (Detection | (Attrition (Reporting | (Other
Bias) Bias) Bias) Bias) Bias) Bias) Bias)
Duindam et al., 20142 . . . . (-!-\, /\-E (-E
Robertson et al., 2011* . . . ' <-|-> ’\-I:\ (-I-/\
Elhassan et al., 2009® . . . . (-I-\, /\-I:\, /\1-\/
Freedman et al., 2007° . . . . <‘E @'\/ (N/
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Fig. 2 Distribution of the four

Funnel Plot of Standard Error by Std diff in means

included studies is symmetric, 0.0
and does not suggest publica-

tion bias
0.1

0.2

0.3

Standard Error

0.4
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0.6

studies [4, 8, 9] was 0%, and therefore, a fixed effect model
was used. The pooled estimate demonstrated no signifi-
cant differences in clinical outcomes between open and
arthroscopic ACJ resection (SMD 0.323, 95% CI —0.020
to 0.665, p=0.065, FF=0%: Fig. 3). However, the differ-
ences nearly reached significance in favor of open resec-
tion, and meta-analysis suggested that all three studies [4,
8, 9] favored open over arthroscopic resection (Fig. 3).
The simple shoulder test (SST) was also reported in these
same three publications [4, 8, 9]. The I statistic for the
three included studies [4, 8, 9] was 48.82%, and therefore,
a random effect model was used. The pooled estimate dem-
onstrated no significant differences in clinical outcomes
between open and arthroscopic ACJ resection (SMD 0.744,
95% CI —0.259 to 1.742, p=0.144, I>=49.82%; Fig. 4).
However, meta-analysis suggested that all three studies [4,
8, 9] favored open over arthroscopic resection (Fig. 4).
The Visual Analogue Scale (VAS) was used for the
assessment of pain, with a simple shoulder test (SST)

—_  —
-0.5 0.0 0.5 1.0 1.5 2.0

Std diff in means

reported by all four studies [2, 4, 8, 9]. The I statistic for
the four studies [2, 4, 8, 9] was 58.962%, and therefore, a
random effect model was used. The pooled estimate dem-
onstrated no significant differences in clinical outcomes
between open and arthroscopic acromioclavicular joint
resection (SMD —0.181, 95% CI —0.607 to 0.245, p=0.404,
I*=58.96%; Fig. 5).

Radiographic resection

The resection length was reported by all studies (Table 2)
[2,4,8,9]. The I statistic for the four studies was 0%, and
therefore, a fixed effect model was used. The pooled esti-
mate demonstrated significant differences in distal clavicle
resection between open and arthroscopic ACJ resection
(SMD 1.158, 95% CI 0.895-1.421, p <0.0001, I>=0%;
Fig. 6). The results demonstrated that significantly more
bone was removed from the distal clavicle when perform-
ing an open resection.

Study name Statistics for each study
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Robertson 0.572 0306 0.093 -0.027 1.171 1871 0.061
Elhassan 0.133 0236 0.056 -0.330 0.596 0.562 0.574
Freedman 0.500 0.493  0.243 -0.467 1467 1.013 0.311
0.323 0.175 0.031 -0.020 0665 1.845 0.065

Std diff in means and 95% CI

Relative
weight

32.74
54.70
12.56

-4.00 -2.00 0.00 2.00 4.00

Favours Arthroscopic Favours Open

Fig. 3 Pooled estimate for clinical outcomes demonstrated no significant differences (p=0.065), but favored open resection
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Study name

Statistics for each study

Std diff Standard

in means

Robertson 0.258
Elhassan 0.067
Freedman 2.500

0.744

error

0.301
0.236
0.648
0.509

Variance

Lower Upper
limit Z-Value p-Value

limit

0.091 -0.333 0.848
0.056 -0.397 0.530
0.420 1.230 3.770
0.259 -0.254 1.742

0.855
0.282
3.858
1.462

0.392
0.778
0.000
0.144

-4.00

Std diff in means and 95% CI

Relative Relative
weight weight

36.57

38.46

2497
0.00 2.00 4.00

Favours Arthroscopic Favours Open

-2.00

Fig.4 Pooled estimated for the simple shoulder test demonstrated no significant differences (p =0.144), but favored open resection

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative

inmeans error Variance limit limit Z-Value p-Value weight
Duindam 0.226 0.184 0.034 -0.135 0586 1.227 0.220 33.82
Robertson  -0.652 0.307 0.094 -1.254 -0.050 -2.122 0.034 —— 23.58
Elhasaan -0.080 0236 0.056 -0.543 0.383 -0.339 0.735 29.21
Freedman  -0.600 0497 0247 -1.573 0373 -1.208 0.227 13.39

-0.181 0217 0.047 -0.607 0.245 -0.834 0.404
-4.00 -2.00 0.00 2.00 4.00
Favours Arthroscopic Favours Open
Fig.5 Pooled estimated for VAS demonstrated no significant differences (p =0.404) in clinical outcomes

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative

inmeans error Variance limit limit Z-Value p-Value weight
Duindam 1.200 0.196 0.038 0.816 1585 6.119 0.000 -.— 46.82
Robertson 1.243 0325 0.106 0605 1.881 3.821 0.000 —— 17.02
Elhassan 1.128 0249 0.062 0640 1616 4.533 0.000 —- 29.09
Freedman 0.800 0505 0.255 -0.190 1.790 1.584 0.113 7.07

1.158 0.134 0.018 0.895 1421 8629 0.000 ‘
-4.00 -2.00 0.00 2.00 4.00
Favours Arthroscopic Favours Open

Fig.6 Pooled estimate for demonstrated significant differences (p <0.0001) in distal clavicle resection, but open resection removed significantly

more bone
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Discussion

The results of this meta-analysis of open versus arthro-
scopic ACJ resection have demonstrated that there were
no significant differences in outcomes following either
procedure. However, it has suggested that open resection
was slightly more favored, resulting in non-significantly
better clinical outcomes, with no difference in pain relief
at 12—-60 months after surgery.

Flatow et al. were the first group to compare open versus
arthroscopic resection, and reported comparable clinical
outcomes with return to all activities, full range of motion,
and recovery of strength with no pain [18]. However, pain
relief and return to normal activities occurred 3.4 months
earlier in the arthroscopic group. In that study, the mean
resection for both open and arthroscopic groups was 18 and
17 mm, respectively. In the four included studies in this
meta-analysis [2, 4, 8, 9], the length of resection was sub-
stantially shorter, ranging from 5.4 to 10 mm in the arthro-
scopic group, and 10—13 mm in the open group. A study by
Duindam et al. suggested that the length of resection might
significantly influence clinical outcomes [2]. They reported
that, provided the amount of the excised distal clavicle was
large enough to prevent bone contact between the medial
acromion and resected clavicle, the clinical outcome would
most likely not be different whether an open or arthroscopic
approach was used. It is important to recognize that if the
resection is excessive, the resulting ACJ instability may be
associated with more pain and an inferior outcome. Eskola
et al. also demonstrated that patients who had a resection
of less than 10 mm had significantly better outcomes and
less pain than patients with a resection in excess of 10 mm
[19]. However, these findings were obtained in patients with
traumatic acromioclavicular dislocations and might not be
applicable to patients with degenerative diseases.

The absence of differences in clinical outcomes is some-
what surprising, as the minimally invasive arthroscopic
approach should theoretically cause less tissue disruption
and preserve the superior capsule and ligamentous struc-
tures. A possible and provocative explanation may be that
the apparent benefits of arthroscopic surgery may reflect
the subjective perceptions of both surgeons and patients
[20]. Sperling et al. demonstrated that patients expected
functional outcomes would be superior with an arthro-
scopic approach [20]. Patients also strongly believed that
there would be less pain, a faster recovery, better range
of motion, and less time away from activities following
arthroscopic resection [20]. One could argue that this
potential confounder may have resulted in positive bias
towards better outcomes following arthroscopic surgery.

Pensak et al. have previously performed a similar sys-
tematic review, and concluded that patients undergoing

@ Springer

arthroscopic resection, especially using a direct approach,
exhibited a faster return to activities with similar long-term
outcomes when compared to open resection [3]. However,
this analysis only incorporated one of the studies included
here [9], and the results may have been significantly dif-
ferent with the inclusion of additional studies [2, 4, 8, 9].
The conclusions drawn by Pensak et al. are unlikely to be
valid, as they were based on only two comparative stud-
ies [3, 9, 21]. On closer inspection, the study by Charron
et al. compared a direct versus an indirect arthroscopic
approach, and this obviously does not allow any compari-
son between open and arthroscopic outcomes [21]. The
study by Freedman et al. had a very low sample size of
only 17 patients, yet the authors concluded that there was
no difference in outcomes between arthroscopic and open
surgery [9]. Pensak et al. have used level IV evidence,
including six studies reporting on arthroscopic surgery and
nine studies reporting on open surgery outcomes to con-
clude that a direct arthroscopic approach results in faster
return to activity [3]. This approach is not based on sound
scientific principles, and these conclusions must, there-
fore, be viewed with extreme caution.

Two of the reports [2, 8] not included in Pensak et al. [3]
simultaneously performed routine arthroscopies in patients
undergoing open acromioclavicular resection, and in both
studies, the authors demonstrated no differences between
open and arthroscopic resection [2, 8]. Although Duindam
et al. did not specifically report whether routine diagnostic
arthroscopic evaluation was performed in the open resec-
tion group, they did report that 24% of patients underwent
arthroscopic subacromial decompression [2].

Of the four included studies, only Duindam et al. [2]
reported complication rates, and the arthroscopic group
showed a higher complication rate. Eight percent experi-
enced symptoms of frozen shoulder arthroscopically, com-
pared to 2.4% in the open group; 3.7% underwent revision
surgery compared to 2.4% in the open group. Elhassan et al.
reported 3.7% recurrence of bone in the arthroscopic group
requiring revision surgery [8]. The current study did not spe-
cifically analyze between group complication rates as only
one of the included publications reported their complications
[2]. Although there was a trend towards higher revision rates
and complications in the arthroscopic group, the available
data are currently insufficient to conclude that arthroscopic
surgery has a higher complication rate.

The heterogeneity of the included studies was assessed
using the I statistic. The results revealed that heterogeneity
was very low for the clinical outcomes (ASES, Constant)
and the radiographic measures, and were moderate for the
simple shoulder test and VAS. As there was no consider-
able variation in results between studies and consistency in
the direction or estimates of effect, the results of this meta-
analysis provide reliable evidence that arthroscopic distal
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clavicle resection is not clinically superior to an open pro-
cedure, negating the often-presumed potential advantages of
arthroscopic surgery for this condition.

The GRADE assessment of the included studies reveals
that all of the studies were considered low quality. All four
of the studies were downgraded because of the presence
of indirectness of evidence. Downgrading was performed,
because the included studies were designed as comparative
observational level III studies. Furthermore, differences
in treatment and management, including patients who
underwent other simultaneous surgical procedures, were
interpreted as differences in interventions according to the
GRADE handbook [13]. Attrition, reporting, transfer, and
performance bias was not observed. Meta-analysis is a quan-
titative tool that uses statistical methods to investigate meas-
ures of central tendencies, and is currently widely regarded
as the highest level of evidence [22]. However, the inclusion
of lower level studies possibly results in conclusions beyond
those of the actual results reported [22]. Harris suggested
that, as a minimum, level III studies with two treatment
arms should be included to reduce systematic error [23].
In concordance with the GRADE handbook, we are moder-
ately confident that the true effect is likely to be close to the
estimate of the effect. Furthermore, additional high-quality
studies and research may likely have an impact, and could
conceivably change the estimate in either direction. While
the implications for clinical practice remain uncertain, the
results of this meta-analysis clearly suggest that both open
and arthroscopic distal clavicle resection produce reliable
and reproducible results with comparable clinical outcomes.
Arthroscopic surgical techniques have no obvious clinical
advantage when utilized for this condition.

The limitations of the included studies are also the
principal limitations of this meta-analysis. The retrospec-
tive nature of three studies [2, 4, 8], the unequal numbers
between the two groups, and the simultaneous treatment of
other pathology all potentially reduce the external validity of
this analysis. The low quality of the selected studies, mainly
based on the high risk of bias and the lack of randomized
level I and II studies, further decreases the external validity
of both the included studies and this meta-analysis.

Conclusions

The results of this systematic review and meta-analysis
suggest that similar functional and clinical outcomes can
be achieved with either open or arthroscopic lateral clavi-
cle resection. The observed trend that open ACJ resec-
tion may have a more favorable outcome warrants further
investigation.
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