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Literature searches of the Cochrane Library, PubMed, EMBASE, Web of Science, LILACS, China National Knowledge
Infrastructure, and Wanfang Data databases were performed from 1966 to September 2014. Only randomized
and quasi-randomized controlled clinical trials comparing operative and nonoperative treatments for displaced
midshaft clavicle fractures were included. Data collection and extraction, quality assessment, and data analyses
were performed according to the Cochrane standards. Thirteen studies were considered in the meta-analysis.
Constant scores and the Disabilities of the Arm, Shoulder and Hand scores were improved in the operative fixation
group at a follow up of one year or more. The nonunion and symptomatic malunion rates were significantly
lower in the operative group. Additionally, the nonoperative group had a higher likelihood of neurological
symptoms compared with the operative group. A significantly higher risk of complications was found in patients
treated conservatively than in those who underwent operative fixation. However, when patients with nonunion
and symptomatic malunion were excluded from the analysis, no significant differences in the complication rate
were found. We concluded that based on the current clinical reports, operative treatment is superior to
nonoperative treatment in the management of displaced midshaft clavicle fractures. However, we do not support
the routine use of primary operative fixation for all displaced midshaft clavicle fractures in adults.
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’ INTRODUCTION

Clavicle fractures, which account for approximately 2.6% of
total body fractures and 34-45% of shoulder girdle injuries in
adults, are among the most common bone injuries in the body
(1,2). Appproximately 69-81% of clavicle fractures are in the
middle one-third of the clavicle, which is the thinnest part and
contains the smallest amount of soft tissue; 17% of clavicle
fractures are in the lateral one-third, and 2% are in the medial
one-third (3). Conventionally, most acute displaced midshaft
clavicles fractures are treated nonoperatively with the expecta-
tionsof a high probability of fracture union, good functional
outcomes and a high level of patient satisfaction (4-8).
However, the outcomes of nonoperative treatment are not

as favorable as once thought, and the trend to surgically treat
these fractures has grown (9,10). Whether surgical treatment
is associated with improved outcomes remains unknown.

A few meta-analyses comparing operative versus non-
operative approaches for the treatment of midshaft clavicle
fractures have been published in recent years (11,12), but the
results were inconclusive due to the relatively small sample
size in each published study. However, because several
relevant studies have been published on this topic in recent
years, the present meta-analysis is more precise.

The purpose of the present systematic review and meta-
analysis was to determine the effectiveness of operative
versus nonoperative treatment for displaced midshaft
clavicle fractures by comparing the clinical results reported
in all of the available related evidence.

’ MATERIALS AND METHODS

Literature search
This study was performed with guidance from the

Cochrane Handbook for Systematic Reviews of Interventions
and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement (13,14). The PubMed,
Cochrane Library, EMBASE, Web of Science, LILACS, China
National Knowledge Infrastructure and Wanfang Data
databases were searched (from 1966 to September 2014).
Keywords combined with MeSH terms, including clavicle,DOI: 10.6061/clinics/2015(08)09
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clavicular, and fractures, were used for searching; the search
was performed without language restrictions but was
limited to human subjects. Additionally, the reference lists
of identified studies were manually checked to include other
potentially eligible trials. This process was performed
iteratively until no additional articles could be identified.

Inclusion and exclusion criteria
The search results were screened based on the following

inclusion criteria: (i) the studies were randomized or quasi-
randomized controlled clinical trials on patients with
displaced midshaft clavicle fractures that had occurred
within less than two weeks; (ii) the studies compared
operative (including plate, intramedullary nail fixation) with
nonoperative treatment (including sling or a figure-eight
bandage), (iii) the patients were at least 16 years of age; and
(iv) the studies included comparisons of the functional
outcomes, measured with Disabilities of the Arm, Shoulder
and Hand (DASH) and Constant scores, nonunion, sympto-
matic malunion, and complications. The exclusion criteria
were as follows: (i) studies including patients with patholo-
gical fractures or preexisting shoulder abnormalities; (ii)
studies concerning adolescent fractures; (iii) studies concern-
ing open fractures; (iv) review literature, repeated reports,
retrospective studies, or case reports; and (v) studies that did
not report outcomes of interest.

Data extraction
Two reviewers independently extracted the following data

from each included study: first author, year of publication,
number of patients, number of patients lost to follow up,
type of interventions, functional outcomes, and rates of
nonunion, symptomatic malunion, neurological symptoms
and total complications.

Outcomes for analysis
The primary outcome was the incidence of nonunion and

symptomatic malunion; the secondary outcomes were
clinical function measured by the DASH and Constant
Shoulder scores, complications and subgroup analyses
(neurological symptoms and complications without non-
union or symptomatic malunion).

Statistical analysis
Estimates of the treatment effect were expressed as risk

ratios (RRs) for dichotomous outcomes and weighted mean
differences (WMDs) for continuous outcomes, both with 95%
confidence intervals (CIs). For studies that did not present
standard deviations, the standard deviations were calculated
from the P-value or CI following the guidance of the
Cochrane Handbook for Systematic Reviews of Interventions
(13). Homogeneity across the studies was assessed with a
chi-square analysis, considering po0.10 significant. A fixed
effects model was used when the heterogeneity was not
significant, and a random effects model was adopted if
significant heterogeneity was present. A sensitivity analysis
was performed by omitting one study each time to explore
potential sources of heterogeneity and to test the stability of
pooled results. Publication bias was observed with the funnel
plot. Review Manager (RevMan) software (Version 5.3.5. The
Nordic Cochrane Centre, Copenhagen, Denmark) (15),
provided by The Cochrane Collaboration, was used for
graphical representation of the pooled data.

Critical Appraisal
All selected articles were critically appraised by two

reviewers independently, using the Jaded score (16). The
score for each article could range from 0 (lowest quality) to 5
(highest quality). Scores of 3 to 5 denote good to excellent
quality, and scores of 0 to 2 denote poor to low quality. All
disagreements between the authors were resolved by
consensus, and a third author was consulted if necessary.

’ RESULTS

Characteristics of the eligible studies
Details of the literature search are presented in a flow

diagram (Figure 1). Thirteen studies with relatively low
quality were included in the final analysis. Among them, the
report by Smith et al. (17) was an abstract that met the
inclusion criteria, and the sample sizes of the studies ranged
from 40 to 178 patients. Information on the general
characteristics, participants, and methodological quality of
the 13 studies is summarized in Table 1. Of a total of 959
included patients, 507 were treated with operative
approaches, and the others were treated with conservative
approaches. Allocation concealment was reported in 8 trials
(18-25) and was not stated in the other trials. Blinding was
rarely used in the included studies; only one study by
Robinson et al. (23) was blinded in the functional assessment.

Nonunion and symptomatic malunion
All 13 studies reported nonunion incidences. The pooled

results of our primary outcome measure, nonunion incidence,
presented a significant difference favoring operative over
nonoperative treatment (RR, 0.16; 95%CI, 0.09-0.30;
po0.00001). Subgroup analysis concerning fixation methods
showed that plate fixation (RR, 0.15; 95%CI, 0.07-0.29;
po0.00001) but not intramedullary nailing fixation (RR, 0.23;
95% CI, 0.06-0.92; p=0.04) was associated with a reduced risk
compared with nonoperative treatment (Figure 2A). One
study reported by Böhme et al. (27), in which fractures were
reduced and fixed with both plates and nails in the operative
groups, was excluded from the subgroup analysis.
Information on the incidence of symptomatic malunion

was provided in 9 studies (17,18,20-22,24-27). Using the fixed
effects model, the rate of symptomatic malunion was
significantly lower in the operative group compared with
that in the nonoperative group (RR 0.13, 95%CI 0.07–0.24,
po0.00001) (Figure 2B). No significant heterogeneity was
detected among these studies (Chi2=10.89, df=12, I2=0%,
p=0.74 and Chi2=2.46, df=8, I2=0%, p=0.96, respectively).

Functional outcomes
Nine studies (18,10-23,25,27-29) reported Constant scores

(eight at a follow up of one year or more and one at a follow
up of 6 months); the Constant scores of the operative group
were higher than those of the nonoperative group. Three
(27-29) of the nine studies were excluded from the analysis
due to a lack of data on the standard deviation or to
insufficient follow-up. The test for heterogeneity was
significant (Chi2=14.13, df=5, I2=65%, p=0.01). Using the
random effects model, the aggregated results suggested that
the Constant score was significantly higher in the operative
group compared with the nonoperative group (WMD 4.74,
95%CI, 2.45–7.03, po0.0001) (Figure 3A). Subsequently, we
performed a sensitivity analysis to explore potential sources
of heterogeneity. Exclusion of the trial conducted by
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Mirzatolooei (21) reduced the heterogeneity (Chi2=2.47, df=4,
I2=0%, p=0.65) but did not materially alter the pooled results
(WMD 3.74, 95%CI, 2.39 – 5.08, po0.00001).
DASH scores were used in eight studies (18, 20-23,25,28,29);

the DASH scores of the operative group were lower than those
of the nonoperative group at a follow up of one year
or more, but the actual standard deviations were only included
in five studies (18,21-23,25). Pooled data showed that the
DASH score in the operative group was significantly lower
than that in the nonoperative group (WMD -6.34,
95%CI -11.28 – -1.39, p=0.01) (Figure 3B). Significant hetero-
geneity was detected among these studies (Chi2=33.93, df=4,
I2=88%, po0.00001). Similarly, exclusion of the trial con-
ducted by Mirzatolooei (21) resolved the heterogeneity
(Chi2=2.77, df=3, I2=0%, p=0.43) without materially altering
the pooled results (WMD -3.64, 95%CI -5.58 – -1.69,
p=0.0002).

Complications
Because the definition of complications varied in all of the

studies, we defined complications as all adverse events that
were reported in those trials: nonunion (usually defined as no
evidence of healing at fifty-two weeks after injury), delayed
union (no evidence of healing at twenty-four weeks after
injury), symptomatic malunion, infection, hardware removal,
neurological symptoms, and refracture, among others.

In an overall analysis of the 13 selected studies, signifi-
cant heterogeneity (Chi2=22.50, df=12, I2=47%, p=0.03) was
detected among these studies. Sensitivity analysis found that
the study reported by Judd et al. (19) was the source of
heterogeneity, probably owing to a high rate of hardware-
related complications associated with the use of Hagie pins
in this study. Thus, the random effects model was applied. A
significantly higher risk of complications was found in
patients treated conservatively than in those who underwent

Figure 1 - Flow chart showing article selection.

Table 1 - Characteristics and methodological quality of the included studies.

Study Design No. of Patients Assessed
(O/N)

Range of Ages
(years)

Follow-up
(months)

Internal
Fixation

Nonoperative
Treatment

Jadad
Score

Smith (2001) RCT 30/35 Adults 12 Plate Sling 3
Jubel (2005) QRCT 26/27 Adults 6 Nail Bandage 1
COTS (2007) RCT 62/49 16–60 12 Plate Sling 3
Figueiredo (2008) RCT 24/16 18-58 12 Plate Sling 3
Judd (2009) RCT 29/28 17–40 12 Nail Sling 3
Smekal (2009) RCT 30/30 18–65 24 Nail Sling 3
Böhme (2011) QRCT 58/38 18-70 8 Plate/Nail Bandage 1
Chen (2011) RCT 30/30 18-63 15 Nail Sling 3
Mirzatolooei (2011) RCT 26/24 18–65 12 Plate Sling 3
Kulshrestha (2011) QRCT 45/28 20-50 18 Plate Sling 1
Virtanen (2012) RCT 26/25 18–70 12 Plate Sling 3
Robinson (2013) RCT 86/92 16–60 12 Plate CollarCuff 4
Mohsen (2014) QRCT 35/30 18-60 6 Plate Bandage 1

O/N: operative group/nonoperative group, RCT: randomized controlled trial, QRCT: quasi-randomized controlled trial.
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operative fixation (RR 0.57, 95%CI 0.46-0.72, po0.00001)
(Figure 4A). Furthermore, we also performed a subgroup
analysis of the complications without nonunion and sympto-
matic malunion. The aggregated results suggested that there
were no significant differences between groups in the rates of
complications (RR 1.30, 95%CI 0.88–1.92, p=0.19) (Figure 4B).
Significant heterogeneity was detected among these studies
(Chi2=25.81, df=12, I2=54%, p=0.01). We then performed
sensitivity analysis and found that the study reported by
Mohsen et al. (29) was source of heterogeneity (Chi2=12.95,
df=11, I2=15%, p=0.30). Although heterogeneity was found,
statistically similar results to those of the overall analysis
were obtained in the sensitivity analysis. The predominant

complications in the nonoperative group were nonunion,
neurological symptoms (including brachial plexus irritation
and compression) and symptomatic malunion. The operative
complications tended to be hardware related (including plate
irritation, pin protrusion and removal).

Neurologic symptoms
Nine studies reported neurological symptoms (17-22,25,

27,28). Pooled data showed that the operative group had a
significantly lower likelihood of developing neurological
symptoms compared with the nonoperative group (RR 0.40,
95%CI 0.23–0.70, p=0.001). No significant heterogeneity was

Figure 2 - Forest plot showing comparison of nonunion rate (A) and symptomatic malunion rate (B) between operative (experimental)
and nonoperative (control) groups.
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detected among these studies (Chi2=8.07, df=8, I2=1%, p=0.43)
(Figure 4C).

Publication bias
Publication bias was assessed by comparing the WMDs of

nonunion; no evidence of publication bias was detected
(Figure 5).

’ DISCUSSION

Our meta-analysis revealed that primary operative fixation
could effectively reduce the rates of nonunion, symptomatic
malunion, neurological symptoms and overall complica-
tions. In addition, DASH and Constant scores were
significantly improved after operative fixation compared
with nonoperative treatment after a follow up of one year or
more. Based on current clinical reports, we conclude that
operative treatment is superior to nonoperative treatment in
the management of displaced midshaft clavicle fractures.
Pooled data showed that 14% of 452 patients in the

nonoperative group developed a nonunion, which is
significantly higher (p=0.00001) than the 1.7% rate of
nonunion in the 507 patients of the operative group.
Symptomatic malunion was also significantly more common
in the nonoperative group (20% in the nonoperative group
versus 1.8% in the operative group, po0.00001). However,
with the data available, we were not able to draw any

specific conclusions as to which patients were most likely to
suffer from one of these significant complications; we also do
not support the routine use of primary operative fixation for
all displaced clavicle fractures in adults because an unac-
ceptably high number of patients would be exposed to the
risks of surgery (23).

Although significant differences were found between the
two treatment groups in terms of functional outcomes, the
reasons for functional outcome differences are probably
multifactorial because most individuals who developed
nonunion or symptomatic malunion had significantly lower
outcome scores (i.e., a mean of sixteen points worse on the
DASH score in nonunion patients in the study by Virtanen
et al. (22)). Additionally, Robinson et al. (23) showed that the
development of nonunion was the only independent
predictor of functional outcomes. When patients with
nonunions were excluded, there was only a trend toward
better functional outcomes in the operative group, with no
significantly different scores at any time. Therefore, we
thought that the improved outcomes may have resulted from
the prevention of nonunion and symptomatic malunion by
operative fixation. Unfortunately, without sufficient original
data, we cannot perform a subgroup analysis of patients
with overall healed fractures.

Overall complication and neurological symptom rates
were higher in the nonoperative group than in the operative
group. The subgroup analysis of the complications without

Figure 3 - Forest plot showing comparison of Constant scores (A) and DASH scores (B) between operative (experimental) and
nonoperative (control) groups.
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nonunion and symptomatic malunion suggested that no
significant between-group differences existed in the com-
plication rates (p=0.23). The most common complications in
the operative group were hardware related (including plate
irritation, pin protrusion and removal). Theoretically, these
complications could be reduced by using less prominent

implants or improved surgical techniques. The predomi-
nant complications in the nonoperative group were non-
union, neurological symptoms (including brachial plexus
irritation and compression) and symptomatic malunion;
however, most of those complications require operative
intervention.

Figure 4 - Forest plot showing comparison of complications rates (A and B) and neurologic symptoms rates (C) between operative
(experimental) and nonoperative (control) groups.
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Although modern plate fixation techniques provide reli-
able healing rates, the optimal plate position and type remain
controversial. The clavicle contour and anatomy are curved
in multiple planes. The reconstruction plate is easier to
contour in all planes than the stiffer dynamic compression
plates (DCP), which allow bending only along the length of
the plate. For superior plating, a reconstruction plate or
precontoured plate can more precisely fit the ‘S’-shaped
anatomy. For anteroinferior plating, DCPs can be bent to
conform to the anatomy very well (39). Regarding stability,
two biomechanical studies have found greater stability with
compression plates compared with reconstruction plates
(31,32). In addition, a finite element study showed that
anteroinferior plating best resists the effects of most daily
living forces that act on the clavicle and can be considered
more mechanically physiological (33).
Will et al. (34) suggested that locked compression plates

(LCPs) provided more stiffness and less deflection than low-
contact dynamic compression plates (LC-DCPs). Using a
simulated segmental clavicle fracture model, another bio-
mechanical study by Iannotti et al. (35) reported that LC-
DCPs offer significantly greater biomechanical stability than
reconstruction plates and DCPs and that clavicles plated at
the superior aspect exhibited significantly greater biomecha-
nical stability than those plated at the anterior aspect.
However, most of the biomechanical studies must be
interpreted with caution because such testing can offer clean
comparisons of instrumentation and technique without
the confounding factors of patient and surgeon variations.
Nine of the 13 studies included in this review used plate
fixation; among them, three studies used reconstruction

plates (21,22,26), two studies used DCPs (24,29), and two
studies used LCPs (17,23). Another two studies that used a
mixture of plate implants (18,27) was not analyzed here. The
rate of nonunion was 6% in the DCP group, which was
higher than that in the reconstruction plate group (1%) and
LCP group (1%). Symptomatic malunion only occurred in the
reconstruction plate group, with a rate of 6%. In addition,
overall complication rates were higher than 20% in all of the
groups, which is consistent with previous literature (30). Recent
clinical studies have shown efficient healing, few complications,
and excellent return to function for anteroinferior plating
(36-38). The advantages of this technique include the avoidance
of potentially dangerous infraclavicular structures and the
reduction of patient complaints due to implant prominence (36).
A retrospective cohort study (39) with 156 midshaft clavicle
fractures concluded that anteroinferior clavicle fracture fixation
with DCPs results in excellent healing rates and lower removal
rates. Moreover, implant failure occurred more often with
reconstruction plates compared with dynamic compression
plates (p=0.029).

Considering these mechanical and clinical findings, the
plate type, precontouring, and position likely affect out-
comes and implant-related complication rates. However,
these effects have yet to be fully examined and more
prospective trials are required to analyze the influence of
various plate types and positions on implant-related com-
plications in the future.

Further subgroup analysis by type of surgery indicated
that plate fixation but not intramedullary nail fixation
was associated with a reduced risk of nonunion, sympto-
matic malunion and total complications compared with

Figure 5 - Funnel plot of detection of publication bias.
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nonoperative treatment. No significant difference in the
functional outcomes between these two techniques was
observed. However, the pooled data showed that the
incidences of nonunion, symptomatic malunion and total
complications were comparable in the two operative groups
(2% versus 1%, 2% versus 0, 27% versus 27%, respectively).
Both the plating and intramedullary nail methods have

advantages and disadvantages. Biomechanically, plate fixa-
tion is superior to intramedullary fixation (40). Patients
treated with plate fixation can achieve full range of motion.
The disadvantages of plate fixation include the necessity for
increased exposure and soft tissue stripping, the increased
risk of damage to the supraclavicular nerve, slightly higher
infection rates, and the risk of refracture after plate removal
(18). A recent randomized clinical trial comparing locked
intramedullary nailing versus plating for displaced midshaft
clavicle fractures performed by Ferran et al. (41) showed no
significant differences between the two operative techniques.
Another two prospective comparative studies concluded that
both plating and intramedullary flexible nailing are equally
effective alternatives for the surgical fixation of displaced
midshaft clavicle fractures but that intramedullary techni-
ques have potential advantages such as less soft tissue injury,
shorter operative times and hospital stays, less blood loss
and higher cosmetic satisfaction (42,43). The subgroup
analysis results of our review are partially consistent with
the results of the three trials; however, due to the limitations
of those studies such as their small sample sizes and single
center designs, we cannot provide any strong conclusions.
Studies with sound rationale and design are required to
accurately and definitively assess the differences in outcomes
between plate fixation and intramedullary fixation (44).
However, with a myriad of options available for both plate

fixation and intramedullary fixation, the question of which
form of fixation is superior remains. According to currently
available data, the superior surgical technique and implant
choice are those that the surgeon was originally trained to
perform and use.
Previous literature has addressed the issue of nails, yet the

difference between locked and unlocked nails has not been
considered. This study may provide additional interesting
clues for future research on this topic.
We identified six systematic reviews that approached the

comparison between surgical versus conservative interventions
to treat middle-third clavicle fracture in adults (11,12,45-48).
The results of our review are consistent with those of the eight
systematic reviews; however, the conclusions of those pub-
lished reviews varied, which was partly in accordance with our
conclusions. The only Cochrane systematic review, reported by
Lenza et al, used more comprehensive statistical methods,
which were lacking in our present study. The most distinguish-
ing characteristic of those published reviews was that analysis
was conducted with incomplete information. With the excep-
tion of one study by Lenza et al, the reviews did not include the
two RCTs (24,25). Additionally, new RCTs have been published
since then. Our review adds consistent information for current
clinical practice. We applied more specific subgroup analysis by
surgery and implant type and then discussed the results in
detail. Furthermore, we performed a broader literature search
that included non-English publications. Bias is inherent in
many analyses focusing on specific populations or geographic
areas. By including all of the available studies, including those
frommultiple countries and reported in multiple languages, we
believe that our conclusions are applicable to most populations.

There are some limitations of this study. First, the recruited
studies were not all randomized controlled trials. The lack of
inadequate allocation concealment and blinding, which can
lead to over-reporting of the treatment effect and selection or
allocation biases, likely affected the study results. Second, the
preoperative fracture pattern was found to be significantly
related to implant failure (49), but our meta-analysis could
not show fracture type–specific effects between operative
and nonoperative treatments because of the limited data of
the studies. Finally, despite our best efforts to use multiple
search methods, we may not have detected all eligible
existing trials with results that are applicable to our meta-
analysis. Therefore, the results should be interpreted with
caution. Further research entailing high-quality randomized
controlled, multicenter trials with long-term functional out-
comes and fracture type–specific designs is required to address
key clinical questions regarding the effects of operative
treatment versus nonoperative treatment in the management
of displaced midshaft clavicle fractures in adults.
In summary, we conclude that operative treatment is

superior to nonoperative treatment in the management of
displaced midshaft clavicle fractures, although we do not
support the routine use of primary operative fixation for all
displaced clavicle fractures in adults. Patients with a
completely displaced midshaft clavicle fracture should be
informed that they will be at a higher risk of sustaining
nonunion, symptomatic malunion and potential neurological
symptoms if the fracture is treated conservatively.
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