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Review

Outcomes of Arthroscopic Fixation
of Unstable Distal Clavicle Fractures

A Systematic Review

Gautam P. Yagnik,* MD, Jacob R. Seiler,*† MD, Luis A. Vargas,* MD, Anshul Saxena,‡ PhD,
Raed I. Narvel,§ MD, and Robert Hassan,§ MD

Investigation was performed at Miami Orthopedics and Sports Medicine Institute,
Miami, Florida, USA

Background: Surgical management of unstable distal clavicle fractures (DCFs) remains controversial. Traditional open techniques
result in acceptable union rates but are fraught with complications. In response to these limitations, arthroscopic techniques have
been developed; however, clinical outcome data are limited.

Purpose: The primary purpose was to systematically evaluate the clinical and radiographic outcomes of arthroscopic fixation of
unstable DCFs. The secondary purpose was to characterize the overall complication rate, focusing on major complications and
subsequent reoperations.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic review of the literature was performed following the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines and included a search of the PubMed, Web of Science, Cochrane Register of Controlled
Trials, EMBASE, and Scopus databases. English-language studies between 2008 and 2019 that reported on outcomes of patients
with DCFs who underwent operative fixation using an arthroscopic or arthroscopically assisted surgical technique were included.
Data consisted of patient characteristics, fracture type, surgical technique, concomitant injuries, union rates, functional outcomes,
and complications.

Results: A total of 15 studies consisting of 226 DCFs treated using an arthroscopically based technique were included in the
systematic review. The majority of fractures were classified as Neer type II. Most (97%) of the fractures underwent arthroscopic
fixation using a cortical button coracoclavicular stabilization surgical technique. Bony union was reported in 94.1% of the fractures.
Good to excellent outcomes were recorded in most patients at the final follow-up. The Constant-Murley score was the most widely
used functional outcome score; the pooled mean Constant score was 93.06 (95% CI, 91.48-94.64). Complications were reported in
14 of the 15 studies, and the overall complication rate was 27.4%. However, only 12% of these were considered major compli-
cations, and only 6% required a reoperation for hardware-related complications.

Conclusion: Arthroscopic fixation of DCFs resulted in good functional outcomes with union rates comparable to those of tradi-
tional open techniques. While the overall complication profile was similar to that of other described techniques, there was a much
lower incidence of major complications, including hardware-related complications and reoperations.

Keywords: arthroscopic; distal clavicle fracture; coracoclavicular stabilization

Distal third clavicle fractures (DCFs) represent between
15% and 25% of all clavicle fractures.1,22,26 Approximately
25% of these fractures are unstable and demonstrate a high
symptomatic nonunion rate when treated nonopera-
tively.1,20,21,25 Thegse unstable fractures, classified by Neer
as type II or type V, present a unique challenge for surgical
fixation because of the small size and comminution of the

lateral fragment, the disruption of the coracoclavicular
(CC) ligaments, and the large deforming forces on the frac-
ture fragments.20 While numerous surgical techniques have
been described to treat these fractures, most utilize plate
osteosynthesis with either a hook or a locking plate. Despite
excellent union rates,2 these techniques are associated with
a high complication rate, and many require a second surgical
procedure to remove prominent or painful hardware.

In response to these limitations, researchers have
described newer techniques that are modeled conceptually
after techniques used to treat acromioclavicular (AC) joint
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dislocations.18 These newer techniques achieve fracture
union by reducing the medial fracture fragment to the lat-
eral fragment using low-profile hardware that is fixed to
the coracoid. While these CC stabilization techniques can
be performed using an open approach, many authors advo-
cate for an arthroscopic approach. The advantages of an
arthroscopic approach include smaller incisions, less soft
tissue stripping of the clavicle, and better visualization
of the coracoid for implant positioning. Several studies
utilizing this approach have demonstrated excellent radio-
graphic and clinical results. Many authors have also
reported low complication rates.7,34

The primary purpose of this study was to systematically
review the literature, focusing on the clinical and radio-
graphic results of arthroscopic fixation of unstable DCFs.
The secondary purpose was to characterize the overall com-
plication rate, focusing on major complications and subse-
quent reoperations. Our hypothesis was that arthroscopic
fixation of unstable DCFs would result in acceptable radio-
graphic and clinical results with fewer complications when
compared with traditional fixation techniques.

METHODS

Search Strategy

A systematic literature review was conducted on studies
pertinent to arthroscopic fixation of DCFs. This was accom-
plished using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.29

An extensive literature search of the Medline (using
PubMed), Web of Science, Cochrane Register of Con-
trolled Trials, EMBASE, and Scopus databases was per-
formed. Keywords employed for the search and selection
were “distal AND clavicle AND fracture AND arthro-
scopic or arthroscopically assisted” or “Minimally Inva-
sive Surgical Procedures” [Medical Subject Headings]
AND “Clavicle” [Medical Subject Headings] AND (lateral
OR distal). Furthermore, the reference sections of the
included studies were screened for additional eligible
papers.

Eligibility Criteria

This review included studies that reported the outcomes of
patients with unstable DCFs who underwent operative fix-
ation using an arthroscopic or arthroscopically assisted
surgical technique. Studies with evidence levels 1 to 4 pub-
lished in English between 2008 and 2019 were included. We

excluded (1) studies that reported on patients with mid-
shaft or medial clavicle fractures; (2) studies that included
nonarthroscopic management of DCFs; (3) studies that
reported on nonoperative treatment of DCFs; and (4) case
reports, abstracts, reviews, letters to editors, and expert
opinion.

A total of 80 articles were obtained after the initial
screening. After application of the inclusion and exclusion
criteria, 15 articles were included in the final analysis.
Figure 1 summarizes the process for study selection.

Evaluation of Study Quality

Each study’s methodology, including quality and bias,
were evaluated using a 10-item Coleman Methodology
Score. The subsections that make up the Coleman Meth-
odology Score are based on the subsections of the CON-
SORT (Consolidated Standards of Reporting Trials)
statement for randomized controlled trials but are modi-
fied to allow for other trial designs.33 This scoring system
ranks studies as excellent (85-100), good (70-84), fair (55-
69), and poor (<55).

Data Abstraction and Synthesis

Two reviewers (R.I.N. and R.H.) independently performed
data extraction using standardized data extraction forms
from the included studies. Included studies were checked
for unit of analysis errors. Where possible, the authors of
the included studies were contacted to obtain any missing
information. Study characteristics, patient characteristics,
fracture type, surgical technique, follow-up intervals, and
concomitant injuries from each study were included. Radio-
graphic outcomes and union rates were documented, as
were clinical outcomes as assessed using a variety of func-
tional outcome tools. Dichotomous outcomes and cross-
tabulated frequencies among surgical methods were also
gathered.

Complications were extracted from all studies and were
categorized as major or minor. Major complications
included nonunion, construct failure or loss of reduction,
infection requiring reoperation, and coracoid cortical
breach requiring conversion of technique. Minor complica-
tions included CC ossification, symptomatic hardware,
adhesive capsulitis, cortical button migration (without fix-
ation failure), superficial infection, suture abscess/wound
complication, and coracoid cortical breach not requiring
conversion of technique.
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jseiler@osmsgb.com).
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Statistical Analysis

A descriptive analysis was used to describe the character-
istics of included studies, and summary data were pre-
sented as mean and SD. We used the I2 statistic to
estimate the heterogeneity among different studies. If I2

was >50%, significant heterogeneity was considered, and
a random-effects model was used. Otherwise, a fixed-effects
model was used. Furthermore, we also conducted multivar-
iate meta-regression analyses to explore the effect of mean
age, percentage male, total patients, and year of publica-
tion. The Egger linear regression test and funnel plots were
used to examine the possibility of publication bias if >10
studies were included. P < .05 denoted a statistically sig-
nificant difference. Statistical analysis was conducted
using Stata Version 14 (StataCorp).

RESULTS

Study Selection

The 15 included articles consisted of 8 retrospective cases
series reporting on a single fixation technique,7,13-17,27,32 5
prospective case series that reported on a single fixation
technique,4,12,19,24,31 and 2 retrospective comparative stud-
ies.9,34 All but 1 study14 provided data on union rates and
functional outcome scores, and this study was excluded
when deriving a mean. Additionally, 2 studies15,17 denoted
concomitant injuries as an exclusion criterion in their data-
gathering process, which was considered when evaluating
concomitant injuries.

With respect to the 2 comparative studies, the first com-
pared arthroscopic cortical button fracture stabilization
with hooked plating,9 while the second compared 3

techniques (arthroscopic cortical button stabilization,
hooked plating, and locked plating).34 During the data
abstraction process, only data pertinent to the arthroscopic
cases in these studies were incorporated when calculating
means and SDs.

Characteristics and Quality of Included Studies

Table 1 summarizes the characteristics of the studies
reviewed. A total of 226 fractures were treated using
arthroscopically assisted techniques. Of these, 14 were
Neer type IIa, 96 were type IIb, 106 were type II (subtype
unspecified), 6 were type V, and 4 did not specify any frac-
ture classification apart from “distal clavicle fracture.”
Among studies, the mean ± SD age of patients who under-
went arthroscopically assisted fixation ranged from 32 ± 5.8
to 51.6 ± 19.8 years; the pooled mean age was 39.21 years
(95% CI, 36.66-41.75 years). The mean follow-up time ran-
ged from 3 ± 29 to 62 ± 21 months, and the pooled mean
follow-up time was 15.61 months (95% CI, 11.09-20.14
months). Among studies that reported the sex of their
patients, the percentage of men ranged from 20% to 100%
(Table 1).

According to the Coleman Methodology Score rankings,
all of the included studies were considered poor (<55), and
the overall mean Coleman score was 41.9 (Table 2).

Fixation Techniques

Fixation techniques are detailed in Table 1. Most (97%;
219/226) of constructs used a cortical button–based CC
stabilization technique. In all cases, a diagnostic arthros-
copy was performed, and the arthroscope was used to
expose and visualize the undersurface of coracoid in
order to pass sutures through or around the coracoid.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for study selection.
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TABLE 1
Characteristics of the Included Studiesa

Lead Author
(Year)

No. of
AA-DCF

Age, y,
mean ± SD

Male,
% Neer Type Surgical Construct

Union
Rate,

% Complications Reoperations

Blake (2017)4 17 41.0 ± 19.0 35 II Arthrex TightRope CC
fixation with
modified fracture
site cerclage

82 3 nonunions, 1 deep
infection, 1 adhesive
capsulitis, 1
symptomatic
cerclage suture

1 I&D, 1 suture
debridement/
ROH

Checchia
(2008)7

7 46.3 ± 10.8 57 II (n ¼ 3),
V (n ¼ 4)

Double Arthrex No. 5
FiberWire
clavicular
subcoracoid cerclage

100 1 superficial infection,
1 adhesive capsulitis

Flinkkilä
(2015)9

21 39.0 ± 14.0 95 II Arthrex TightRope CC
fixation vs hooked
plate

95 1 nonunion, 1
hardware failure, 1
infection, 1 sinus
formation

1 revision
fixation, 1
I&D, 1
excision of
sinus tract

Kraus (2015)12 20 38.3 ± 7.3 65 II Arthrex TightRope CC
fixation with
fracture site
cerclage

95 1 nonunion, 1
hardware failure, 1
symptomatic
implant, 6 CC
ossifications

1 revision
fixation, 1
ROH

Kuner (2019)13 20 45.0 ± 12.0 70 II Arthrex TightRope or
DogBone CC
fixation

70 6 nonunions, 1 wound
complication, 2
adhesive capsulitis,
2 symptomatic
implants

2 nonunion
revisions, 1
scar revision,
2 ROH

Lim (2019)14 5 51.6 ± 19.8 20 IIb Arthrex DogBone CC
fixation

NR 5 CCBRCCT, 1
superficial infection,
2 hardware failures,
1 button migration,
1 CC ossification

2 revision
fixations, 1
I&D

Loriaut (2015)15 21 33.0 ± 12.3 67 IIb Arthrex TightRope CC
fixation

95 1 hardware failure
with nonunion, 1
symptomatic
implant, 1 adhesive
capsulitis, 2 CC
ossifications

None

Lu (2010)16 7 51.0 ± 17.0 57 IIb Arthrex TightRope CC
fixation with
modified fracture
site cerclage fixation

100 None None

Mochizuki
(2019)17

23 34.3 ± 9.5 NR IIb Zimmer ZipTight þ
K-wire

100 NR None

Motta (2014)19 14 32.0 ± 5.8 100 IIa (n ¼ 2),
IIb (n ¼ 10),
V (n ¼ 2)

Arthrex TightRope CC
fixation

100 1 superficial infection,
3 SCCB, 2 button
migrations, 2 CC
ossifications

None

Pujol (2008)24 4 35.0 ± 5.0 75 NR Arthrex TightRope CC
fixation

100 None None

Sautet (2018)27 14 34.6 ± 6.8 71 IIb Subcoracoid suture,
Arthrex DogBone
clavicular cortical
button

100 4 symptomatic
implants

2 ROH

Takase (2012)31 7 41.9 ± 0.50 100 II Smith & Nephew
Endobutton
(coracoid side) with
spike washer and
screw (clavicle side)
fixation with
Dacron (Smith &
Nephew) artificial
ligament

100 None None

(continued)
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There were 113 fractures stabilized using a double cor-
tical suture button technique (cortical suture button on
the cephalad side of clavicle and undersurface of the cor-
acoid, spanned by nonabsorbable suture). Another 44
were also stabilized with this double cortical suture but-
ton technique, with the additional use of the nonabsorb-
able suture for direct reduction and fixation of the
fracture fragments—either with bony or capsular cerc-
lage. Twenty-three were fixated using the double cortical
suture button technique and a supplementary Kirschner
wire. Twenty-five fractures were treated using a Smith
& Nephew Dacron “artificial ligament” fixated using a

single cortical suture button on the undersurface of the
coracoid and a screw with a spike washer on the cepha-
lad surface of the clavicle. A single clavicular cortical
suture button and a subcoracoid suture were employed
in the treatment of 14 fractures. Last, a double-suture
cerclage technique of both the clavicle and the coracoid
was used to fixate the remaining 7 fractures.

Union Rates

Union rates were reported in 221 arthroscopically treated
fractures and included in 14 of the 15 studies (Table 1). A
definition of union was provided by 3 of 15 authors.4,13,19

Most authors reported that union was achieved at the end
of the follow-up period, while some described the date of
earliest radiographic union.4,9,12,13,24,31 Bony union was
reported in 208 of the 221 (94.1%) fractures. Of the 13
reported nonunions, only 4 (30.8%) were symptomatic and
required revision surgery. In total, 216 of the 221 (97.7%)
fractures were successfully treated and went on to either
bony union or asymptomatic nonunion.

Functional Outcomes

Of the 15 papers, 14 included data on functional outcomes.k

A wide variety of functional outcome tools were utilized and
included the American Shoulder and Elbow Surgeons Sub-
jective Shoulder Scale; Constant-Murley score (Constant
score); Disabilities of the Arm, Shoulder and Hand Ques-
tionnaire (DASH); the shortened version of the DASH
(QuickDASH); Penn Shoulder Score; Simple Shoulder Test;
Subjective Shoulder Value (SSV); University of California
Los Angeles Shoulder Score; and visual analog scale for
pain. In each of these studies, the average functional out-
come score qualified as good to excellent. The Constant
score was the most widely used functional outcome score,

Table 1 (continued)

Lead Author
(Year)

No. of
AA-DCF

Age, y,
mean ± SD

Male,
% Neer Type Surgical Construct

Union
Rate,

% Complications Reoperations

Takase (2019)32 18 43.5 ± 6.8 90 II Smith & Nephew
Endobutton
(coracoid side) with
spike washer and
screw (clavicle side)
fixation with
Dacron artificial
ligament

100 None None

Xiong (2018)34 28 41.9 ± 13.5 59 IIa (n ¼ 12),
IIb (n ¼ 16)

Arthroscopic Smith &
Nephew double
Endobutton vs hook
plate vs LCP

96 1 nonunion 1 nonunion
revision

aAA-DCF, arthroscopically assisted distal clavicle fractures; CC, coracoclavicular; CCBRCCT, cortical coracoid breach requiring conver-
sion of construct or technique; I&D, irrigation and debridement; K-wire, Kirschner wire; LCP, locking compression plate; NR, not reported;
ROH, removal of hardware; SCCB, salvageable cortical coracoid breach.

TABLE 2
Coleman Methodology Score (CMS)

of the Included Studiesa

Lead Author
(Year) Design

Mean Follow-up,
mo

Total
CMSb

Blake (2017)4 Prospective 12 42
Checchia (2008)7 Prospective 15.86 42
Flinkkilä (2015)9 Retrospective 32 32
Kraus (2015)12 Prospective 23 46
Kuner (2019)13 Retrospective 17.5 44
Lim (2019)14 Retrospective 15.26 30
Loriaut (2015)15 Retrospective 35 49
Lu (2010)16 Retrospective 3 32
Mochizuki

(2019)17
Retrospective 4.5 51

Motta (2014)19 Prospective 4.5 53
Pujol (2008)24 Prospective 6 50
Sautet (2018)27 Retrospective 20 30
Takase (2012)31 Prospective 3 52
Takase (2019)32 Retrospective 19 33
Xiong (2018)34 Retrospective 35.6 42

aAll studies were level 4 evidence.
bScored on a scale from 0 to 100: 85-100, excellent; 70-84, good;

55-69, fair; <55, poor.

kReferences 4, 7, 9, 12, 13, 15, 17, 19, 24, 27, 31, 32, 34.
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appearing in 9 of the 15 studies.{ The pooled mean Con-
stant score was 93.06 (95% CI, 91.48-94.64) (Figure 2).

Meta-regression analysis showed that year of publication
(coefficient, –0.49; SE, 0.22; P > .15) and mean age of
patients (coefficient, –0.37; SE, 0.27; P > .30) were nega-
tively associated, while the proportion of men in the study
(coefficient, 0.04; SE, 0.04; P > .47) and total number of
patients in the study (coefficient, 0.11; SE, 0.15; P > .52)
were positively associated with the mean Constant score,
respectively. The I2 statistic was 85.1%, indicating high
heterogeneity between studies. The Egger test and funnel
plots did not indicate any bias due to small-study effects
(bias, –2.12; SE, 1.04; P ¼.08) (Figure 3).

In addition to the Constant score, 4 studies each utilized
the University of California Los Angeles Shoulder
Score,7,14,31,32 and the SSV.9,12,13,27 The visual analog scale
for pain score,13,14,34 the American Shoulder and Elbow Sur-
geons Subjective Shoulder Scale4,14,17 and the DASH
score4,9,13 were used in 3 papers each. The Simple Shoulder
Test was used in 2 papers,19,34 and the Penn Shoulder Score4

and the QuickDASH17 were each used in 1 study.

Complications

Complications were reported in 14 of the 15 included stud-
ies (Table 1). A total number of 62 complications occurred in

226 arthroscopically treated DCFs for an overall complica-
tion rate of 27.4%. Eighteen of these complications resulted
in a second surgical procedure, for a reoperation rate of 8%.
Thirteen of the 18 complications (6% of the treated frac-
tures) underwent a second surgical procedure specifically
for hardware-related issues.

Major complications occurred in 27 of the 226 (11.9%)
cases and included nonunion, construct failure or loss of
reduction, infection requiring reoperation, and coracoid
cortical breach requiring conversion of technique (Table 3).

Figure 2. Forest plot of mean Constant score.

Figure 3. Funnel plot of mean Constant score. seCS, stan-
dard error of the mean Constant score.

{References 10, 12, 13, 15, 17, 19, 24, 27, 34.
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Of the 27 major complications, 10 required a second sur-
gical procedure and included 4 revisions for construct fail-
ure, 3 revisions for nonunions, and 3 cases of irrigation and
debridement for infection.

Minor complications occurred in 35 of the 226 (15.5%)
treated fractures (Table 3). Of these, 8 of the 35 required a
second surgical procedure, including 6 hardware removals, 1
excision of the sinus tract, and 1 scar revision. Reported
minor complications included 11 instances of CC ligament
ossification, 9 cases of symptomatic hardware, 5 cases of
adhesive capsulitis, 3 cases of button migration without con-
struct failure, 2 superficial infections, 2 suture abscesses/
wound complications requiring local debridement, and 3 sta-
ble inadvertent cortical breaches of the coracoid that did not
require a revision or conversion of technique.

Concomitant Injuries

Concomitant injuries were reported in 312,16,34 of the 15
studies reviewed (Table 4). Ten of the 28 reported injuries
involved the ipsilateral shoulder joint and included 5 labral
injury variants, 3 rotator cuff tears, 1 glenoid fracture, and
1 scapular body fracture. The remaining injuries included 7
head or face injuries, 4 elbow, wrist or hand injuries, 2
pneumothoraxes, 1 brachial plexus injury, 1 rib fracture,
1 pubis fracture, 1 anterior cruciate ligament injury, and
1 contralateral AC joint injury. According to our study, 44%
of the concomittant injuries could have been addressed
arthroscopically during the index procedure, potentially
reducing the need for secondary procedures.

Comparative Studies

Two of the included studies were comparative papers.9,34

Xiong et al34 compared 3 methods of fixation of Neer type II

fractures and included patients treated with hook plating,
anatomic plating, and arthroscopic cortical suture button.
They reported comparable union rates with a 100% union
rate in the hook and locking plate groups and a 95% union
rate in the arthroscopic cortical suture button group. They
did note, however, smaller incision length and less blood
loss in the anatomic plating and arthroscopic cortical
suture button groups when compared with the hook plate
group.

Flinkkilä et al9 compared arthroscopic cortical suture
button CC stabilization of type II DCFs with hook plating.
They found a similar union rate between the 2 treatment
techniques, with 1 nonunion (5%) in the hook plate group
and 1 nonunion and 1 construct failure (10%) in the arthro-
scopic cortical suture button group. While the overall com-
plication rate was similar, all of the patients with hook
plating underwent a second surgical procedure for hard-
ware removal at an average of 4.8 months after surgery.
Additionally, the arthroscopic cortical suture button group
performed marginally better with respect to the Constant
score, DASH score, and SSV; however, this did not reach a
level of statistical significance.

DISCUSSION

This systematic review provides significant insights into
the clinical outcomes of arthroscopic fixation of unstable
DCFs. Of the fractures in this study, 97% were fixed using
a cortical button CC stabilization–based technique and
resulted in bony union in 94.1% of the fractures. Despite
the heterogeneity of the patient-reported outcome tools uti-
lized in the studies, good to excellent functional outcomes
were achieved at the final follow-up in the majority of

TABLE 3
Major and Minor Complications

Complication Type
No. of
Cases

Major
Nonunion 13
Construct failure or loss of reduction 5
Infection requiring reoperation 4
Coracoid cortical breach requiring conversion of

technique or construct
5

Total major complications (% of total cases) 27 (11.9)
Minor

Coracoclavicular ossification 11
Symptomatic hardware 9
Adhesive capsulitis 5
Button migration (without fixation failure) 3
Superficial infection 2
Suture abscess/wound complication 2
Coracoid cortical breach not requiring conversion of

technique
3

Total minor complications (% of total cases) 35 (15.5)
Total complications (% of total cases) 62 (27.4)

TABLE 4
Concomitant Injuries

Lead Author
(Year)

No. of
Patients

Mean
Age, y

Concomitant Injuries

Injury type n

Kraus (2015)12 20 41 Head and facial trauma 7
Elbow, wrist, and hand

injury
4

Chest trauma 3
Subscapularis tear 2
Pelvis and lower

extremity injury
2

Contralateral
acromioclavicular
injury

1

Lu (2010)16 7 51 Labral tear 3
Glenoid fracture 1
Scapular fracture 1
Brachial plexopathy 1

Xiong (2018)34 28 43.5 Bankart lesion 1
Rotator cuff injury 1
Glenolabral articular

disruption
1

The Orthopaedic Journal of Sports Medicine Outcomes of Arthroscopic Distal Clavicle Fracture Fixation 7



patients. Major complications occurred in 12% of the
patients; however, only 8% of the patients required a sec-
ond surgical procedure for infection, nonunion, failed fixa-
tion, or hardware-related complications.

Operative treatment of unstable DCFs remains challeng-
ing. Traditional techniques include locked or hook plates,
Kirschner wires, CC screws, suture anchors, or suture ten-
sion band wiring.2,3,5,6,20,21,25 Despite satisfactory union
rates, various complications have been associated with
these techniques, including loss of reduction, hardware
migration, AC joint arthritis, coracoid fracture, and hard-
ware irritation.3,5,23,30 Many of these techniques require a
second surgical procedure for hardware removal. A system-
atic review by Oh et al23 demonstrated a 41% complication
rate with hook plate fixation, which has been considered
the gold standard in the treatment of unstable DCFs.

In response to these complications, newer arthroscopic
techniques have been described that incorporate lower-
profile hardware and CC stabilization in an attempt to
treat these fractures with less overall morbidity.23,35-37

There are several advantages to these techniques when
compared with plating. The main advantage is that they
can be used in most DCF patterns, including fractures with
small or comminuted lateral fragments. The low-profile
hardware also requires less soft tissue stripping of the clav-
icle and results in fewer postoperative hardware-related
complications. Finally, diagnostic arthroscopy performed
as part of the index procedure allows for visualization and
treatment of concomitant shoulder pathology.

The strength of this study is that it is the first systematic
review to examine the results of only arthroscopic fixation
of unstable DCFs. While most of the included studies con-
sisted of small case series, the majority utilized a similar
arthroscopic cortical button CC stabilization–based tech-
nique, which enabled us to systematically summarize and
analyze the data. Our study demonstrated a union rate of
94.1%, which is comparable with those reported in other
published systematic reviews that have examined the oper-
ative results of DCF repair.5,23,28 The systematic review by
Oh et al23 demonstrated a 98% union rate in 365 patients
with unstable DCFs treated utilizing a variety of open sur-
gical techniques, including plate osteosynthesis, tension
band fixation, intramedullary fixation, and CC ligament
stabilization. In a meta-analysis by Stegeman et al,30 the
authors reported a 98% union rate in 350 surgically man-
aged DCFs, again using a variety of surgical techniques.

Although union rates are comparable, most DCF fixation
techniques demonstrate an unacceptably high complication
rate. The majority of these are hardware-related complica-
tions and are due to failed or prominent hardware. Stege-
man et al30 found no difference in the overall risk for minor
complications among various fixation techniques; however,
they reported that hook plate fixation was associated with
an 11-fold increase in major complications compared with
intramedullary fixation and a 24-fold increase when com-
pared with coracoid-based fixation techniques. Our study
demonstrated that only 12% of the patients who underwent
arthroscopic fixation experienced a major complication,
which is lower than reported complication rates for plate
osteosynthesis.8,10,28 Most importantly only 6% of the

patients in this review underwent a subsequent reopera-
tion for hardware-related complications. This is in stark
contrast to hook plate fixation, in which a large number
of the patients undergo a second procedure to remove the
plate. A recent systematic review demonstrated a 92.5%
mean probability for hook plate removal versus only a
1.3% mean probability for suture button removal.11 This
is an important consideration when choosing a technique,
as a second surgical procedure increases the overall mor-
bidity and cost. Additionally, a second procedure not only
subjects patients to the inherent risks of an additional
anesthetic but also increases the risks of postoperative
infections, wound complications, or possible refracture
through vacated screw holes in the clavicle.

Although we noted a high degree of heterogeneity in
functional outcome reporting, the included studies demon-
strated good to excellent functional outcomes in the major-
ity of patients at the time of final follow-up. According to
our analysis, the pooled mean Constant score in this study
was 93, which is generally considered a good to excellent
functional outcome score. These results are in concordance
with those reported in other similar systematic reviews
examining the results of DCF repair. Stegeman et al30

found good to excellent functional outcomes in 350 surgi-
cally treated DCFs regardless of surgical technique. Our
meta-regression analysis also demonstrated that year of
the study and mean age of patients were negatively associ-
ated with functional outcomes. Interestingly, nonunions
did not appear to be correlated with poor functional out-
comes; however, larger studies would be needed to identify
true risk factors for poor functional outcomes.

Despite these encouraging results, there are some disad-
vantages to the arthroscopic techniques described in these
studies. Arthroscopic techniques may not be applicable to
all fracture types, including highly comminuted or long
oblique fractures. These procedures can also be technically
challenging and lead to increased operative time and cost.
Most of these techniques relied on coracoid fixation, which
carries inherent risk. Coracoid complications or construct
failure occurred in 5.7% of the fractures treated in this
study, highlighting the risks of coracoid-based fixation
techniques. Additionally, coracoid exposure and instru-
mentation carry a potential risk of serious neurovascular
complication despite the fact that no neurovascular compli-
cations were reported in any of the included studies.

Another disadvantage of this technique is that in many of
these procedures, the fracture site was not fully exposed,
and an indirect reduction of the fracture was instead
obtained. This may have resulted in residual interposed
soft tissue at the fracture site, possibly explaining the
slightly higher nonunion rates found in this review when
compared with those of direct plating. This was highlighted
by the study from Kuner et al,13 in which the authors
employed an indirect reduction technique resulting in a
30% nonunion rate, the highest of the included studies.
Exposure of the fracture site and removal of any interposed
soft tissue should therefore be considered when employing
an arthroscopic approach to these fractures.

A number of limitations should be considered when inter-
preting the results of this systematic review. The level of
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evidence of the included studies was low, and all studies
were either prospective or retrospective case series. The
majority of the studies lacked a control group of either non-
operatively treated fractures or fractures fixed using a dif-
ferent surgical technique. However, the 2 comparative
studies included in the analysis did demonstrate union
rates, functional outcomes, and complication rates similar
to the pooled data. Additionally, while the majority of tech-
niques were conceptually equivalent, there were subtle dif-
ferences among the techniques that may have made pooling
these data less reliable. The criteria for nonunion were
defined in only 3 of the studies, which may have influenced
the overall union rates.4,10,13 Another limitation was the
heterogeneity in the outcome tools used to assess functional
outcomes. Finally, while complications were reported in all
of the studies, they were often poorly described, leading to
possible underreporting of both major and minor complica-
tions. Larger, prospective randomized clinical studies com-
paring arthroscopic techniques with traditional methods of
DCF fixation are needed to determine the optimal manage-
ment for these fractures.

CONCLUSION

The results of this systematic review support arthroscopic
fixation of DCFs as a viable treatment option with union
rates and functional outcomes comparable with those of
traditional open techniques. While the overall complication
profile is similar to other described techniques, there is a
much lower incidence of major complications, including
hardware-related complications and reoperations.
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