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Are two plates better than one?
A systematic review of dual plating for
acute midshaft clavicle fractures

Ujash Sheth1 , Claire E Fernandez2, Allison M Morgan2 ,
Patrick Henry1 and Diane Nam1

Abstract
Background: The rate of operative fixation of acute midshaft clavicle fractures has exponentially increased in recent

years; however, the rate of reoperation for symptomatic hardware removal remains high and the optimal fixation

strategy unknown. This systematic review aimed to summarize available evidence for dual plating of acute displaced

midshaft clavicle fractures.

Methods: EMBASE, MEDLINE, and PubMed searches identified clinical studies evaluating dual plate fixation of acute

midshaft clavicle fractures. Pooled analysis was performed using a random-effects model in RevMan 5.3.

Results: Eleven studies including 672 patients were included. Hardware removal occurred in 4.4% and 12.3% of patients

undergoing dual and single plate fixation, respectively. Compared to single plating, dual plating had significantly lower

odds of hardware removal (P¼ 0.001) with no difference in union rates. There were no significant differences in

reoperation (excluding hardware removal), complications, and patient-reported outcomes between the two groups

(P> 0.05).

Conclusions: This study suggests that dual plating of acute displaced midshaft clavicle fractures may lead to lower rates

of reoperation for symptomatic hardware removal without compromising fracture healing. Ultimately, well-designed

randomized trials are needed to further investigate the findings from this systematic review.
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Introduction

Midshaft clavicle fractures have traditionally been trea-
ted non-operatively with immobilization in a sling or a
figure-of-eight bandage.1,2 Early studies reported a
non-union rate of 1% and negligible functional conse-
quence with conservative management. However, the
inclusion of pediatric fractures and an absence of
modern functional assessments in these studies resulted
in an underestimation of non-union rates and overly
optimistic clinical outcomes.1–3 More recent data have
demonstrated a non-union rate of 15% with approxi-
mately 30% of patients dissatisfied with their outcome
following non-operative treatment.4–8 As a result, there
has been renewed interest in surgical fixation of dis-
placed midshaft clavicle fractures. In fact, the rate of
operative fixation has exponentially increased following

the publication of a landmark randomized controlled
trial by the Canadian Orthopaedic Trauma Society
which was the first of many level I studies to demon-
strate higher union rates, decreased rates of symptom-
atic malunion, earlier return to function, and improved
patient-reported outcomes with plate fixation of dis-
placed midshaft clavicle fractures.6,9–11
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Traditional plating techniques for open reduction
and internal fixation of clavicle fractures involve the
use of a single 3.5-mm plate placed superiorly or anteri-
orly.12 However, these plates are often very prominent
under the skin causing irritation, and in many cases
result in reoperation for hardware removal. The rate
of reoperation for removal of symptomatic hardware
has been reported to range from 8% to 66%.10,13–20

For this reason, there have been a number of different
fixation strategies described to minimize the need to
return to the operating room for implant-related symp-
toms.21 These include intramedullary nailing22,23 and
the use of anatomic precontoured clavicle plates pos-
itioned superiorly24,25 or anteroinferiorly.26–28

More recently, a dual plate construct using two mini-
fragment plates placed orthogonally has been advo-
cated as a means of decreasing the rate of reoperation
for symptomatic hardware removal. In 2015, Prasarn
et al.29 reported on a series of 17 patients undergoing
clavicle fixation using a 2.7-mm plate positioned super-
iorly and a 2.4-mm plate positioned anteriorly and had
no reoperations while noting a 100% union rate. The
idea of dual plating is not new30–31 and is commonly
used in the setting of clavicle fracture non-union fix-
ation.32,33 Its efficacy has also been described in distal
clavicle fractures.34–38 Biomechanical studies investigat-
ing dual plating versus single plating specifically for
midshaft clavicle fracture have mostly found dual plat-
ing to be equivalent to single plating, though this find-
ing is not unanimous. In their cadaveric study, Ziegler
et al. found no significant differences between a single
3.5-mm anteroinferior plate, a single 3.5-mm superior
plate, and dual 2.7-mm plates in axial stiffness, bending
stiffness, torsional stiffness, or bending load to failure.39

Prasarn et al.29 utilized a sawbones model to similarly
conclude that dual plating was biomechanically equiva-
lent to single plating. Furthermore, a recent finite elem-
ent analysis by Zhang et al.40 found no significant
difference in cantilever bending, axial compression,
and axial torsion between single and dual plate con-
structs, while also noting the highest stiffness and
least micromotion with dual plate fixation. However,
a recent study by Boyce et al. cautioned against conclu-
sions of equivalence between dual and single plate con-
structs, finding that dual fixation demonstrated lower
stiffness and strength than single fixation in their saw-
bones model.41 Of note, all such biomechanical studies
are limited by a lack of knowledge on the minimum
strength truly required for clavicle fixation in vivo.
Dual plating may serve as an alternative to a single
precontoured plate with a biomechanically similar or
equivalent profile and the additional benefit of being
a lower profile implant to which may help diminish
the high rate of symptomatic implant removal observed
with single plating.

The objective of this systematic review is to summar-
ize the available clinical evidence for dual plating of
acute displaced midshaft clavicle fractures. An evalu-
ation of the available clinical outcomes including com-
parisons to conventional plating techniques (i.e. single
precontoured plate) will allow for the assessment of the
safety and efficacy of dual plating.

Materials and methods

This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews
(PRISMA) guidelines.42

Literature search

The electronic databases EMBASE, MEDLINE,
PubMed, and Google Scholar were searched for articles
available as of 6 June 2020. A title, abstract, and full-text
screen were performed to identify relevant articles. The
following search terms were used: ‘‘dual’’ or ‘‘double’’ or
‘‘mini-frag*’’ or ‘‘mini plates’’ or ‘‘semi-tubular plates’’ or
‘‘tubular plates’’ and ‘‘clavic*’’ or ‘‘fracture’’ and
‘‘clavic*’’. This search was limited to the English lan-
guage. References of included studies were reviewed for
additional relevant articles that met the inclusion criteria.

Eligibility criteria

Studies were included if they addressed acute, midshaft
clavicle fractures managed with dual plate fixation and
were published in English. Technical and clinical stu-
dies were included. Restrictions for years of publication
were not deemed necessary. Studies were excluded if
they discussed dual plate fixation in the setting of
distal clavicle fracture or non-union. Review articles
and expert opinions were also excluded. Studies with
small sample size (i.e. less than 10) or case reports were
included to increase the pool of data.

Study selection

Two independent reviewers (CEF and AMM) screened
the titles and abstracts of all identified articles for eli-
gibility. Duplicate articles were manually excluded.
Both reviewers evaluated the full text of all potentially
eligible studies identified by title and abstract screening
to determine final eligibility. Disagreements were
resolved by a consensus decision in conjunction with
the senior author.

Data extraction

Data were extracted independently and in duplicate by
both reviewers. Data collected from all relevant studies
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included: author, year of publication, title, journal,
level of evidence, sample size, sex and age of partici-
pants, surgical technique, length of follow-up, union
rate, complications, reoperations, patient-reported out-
comes, and other notable results.

Assessment of performed risk of bias in eligible
studies

Two reviewers (CEF and AMM) performed an inde-
pendent assessment of the methodological quality of
each eligible study using the Methodological Index
for Non-Randomized Studies (MINORS). The
MINORS criteria is a validated 12-item instrument
used to evaluate the methodological quality of non-ran-
domized (non-comparative and comparative) surgical
studies. Items are scored as 0 (not reported), 1 (reported
but inadequate), or 2 (reported and adequate). The
maximum global score for non-comparative and com-
parative studies was 16 and 24, respectively.43

Statistical analysis

Descriptive statistics were calculated with categorical
data presented as frequency with percentages and

continuous data as a mean� standard deviation
(SD). Weighted means were calculated for all
parameters. Mean differences were calculated for con-
tinuous outcomes and odds ratios (ORs) for
dichotomous outcomes. Ninety-five percent confidence
intervals (CIs) were reported for all point estimates.
A random-effects model was used for pooled compari-
sons. Pooled estimates were calculated using Review
Manager 5.3.44

Results

Study characteristics

The initial search yielded 928 articles, of which 650
were duplicates. Following application of inclusion
and exclusion criteria, 11 articles were included in this
systematic review29–31,39,40,45–52 (Figure 1). A summary
of included studies is demonstrated in Table 1. Among
the 11 clinical studies, there were a total of 672 patients,
including 389 who underwent dual plating and 283 who
had single plate fixation of their acute midshaft clavicle
fracture. The majority of patients were male (78.2%)
with a mean age of 37.2 years. The mean follow-up
across all clinical studies was 23.2 months.
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- combined injury (n = 1)
- review ar�cle (n = 1)
- correspondence (n = 1)Studies included in
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(meta-analysis)
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Figure 1. PRISMA flow diagram.
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Quality assessment

An assessment of the methodological quality of eligible
studies was performed using the MINORS criteria
(Supplemental File 1). The mean scores for non-com-
parative and comparative studies were 9.7 (out of 16)
and 19 (out of 24), respectively.

Surgical technique

Plating construct. Various implants were used for dual
and single plate fixation across studies (Table 2).
Implant choice was based on surgeon preference and
construct availability. In most cases, dual plating con-
sisted of a 2.0/2.4/2.7-mm plate superiorly and a
2.0/2.4/2.7-mm plate anteriorly or anteroinfer-
iorly.29,39,45–51 Zhuang et al. used a 3.5-mm locking
compression plate or reconstruction plate superiorly
and a mini-fragment placed anteriorly.52 Two studies
used one-third tubular plates,30,31 while Chen et al. used

a combination of one-third tubular, locking, and recon-
struction plates.46

Clinical outcomes

Non-union. Non-union was reported in 10 stu-
dies.29–31,45–47,49–52 The overall non-union rate was
3.4%, with 0.8% (N¼ 254) of dual plated and 2.9%
(N¼ 339) of single plated clavicles going on to non-
union. Pooled comparison across the five comparative
studies45,46,49,51,52 demonstrated no significant differ-
ence in the odds of fracture non-union with dual and
single plate fixation methods (OR, 0.60; 95% CI, 0.13
to 2.79; P¼ 0.52) (Figure 2(a)).

Delayed union. The incidence of delayed union was
noted in two comparative studies.46,51 The rate of
delayed union among patients with a single plate con-
struct was 3.7% (N¼ 214), while no case of delayed
union was noted among the dual plated group.

Table 1. Summary of clinical studies.

Study

Sample Size, N Mean Age, years (SD) Male Sex, N (%) Mean

follow-up,

months (SD) Outcome measuresSingle Dual Single Dual Single Dual

Allis et al.45 21 23 36 (14.0) 36 (12.0) NR NR 39.2 (16.1) Union rate, reoperation rate,

ASES score

Chen et al.46 125 34 39.7 (15.2) 39.1 (18.1) 96 (76.8) 28 (82.0) 9.6 (4.8) Union rate, complications,

reoperation rate

Chen et al.47 – 36 – 40.6 (15.3) – 24 (66.7) 23.5 (41) Union rate, complications,

reoperation rate, QuickDASH

score

Czajka et al.48 – 81 – 31.3 (8.3) – 63 (77.8) 15.7 (8.5) Reoperation rate, QuickDASH

score

DeBaun et al.49 74 60 44 (14) 44 (16) 60 (81.1) 43 (71.7) 9.0 (7.5) Union rate, complications,

reoperation rate

Giordano et al.50 – 1 – 23 (N/A) – 1 (100) 12 (N/A) Union rate

Lee et al.51 33 89 30.6 (10.3) 28.9 (10.4) 77 (86.5) 28 (85) 24 (NR) Union rate, complications,

reoperation rate, operating

time

Prasarn et al.29 – 17 – 31.3 (12.8) – 15 (88.2) 16.1 (6.5) Union rate, reoperation rate,

DASH score

Qamar et al.30 – 20 – 39.2 (11.0) – 15 (75) 36 (10.5) Union rate, complications,

reoperation rate, DASH score

Shannon et al.31 – 13 – 41.2 (18.1) – 12 (92.3) 22.3 (11.8) Union rate

Zhuang et al.52 30 17 37.0 (12.2) 39.3 (13.6) 17 (56.7) 12 (70.6) 10.3 (3.5) Union rate, Constant-Murley

score

N: count; SD: standard deviation; NR: not reported; ASES: American Shoulder and Elbow Score; DASH: Disabilities of the Arm Shoulder and Hand; N/

A: not applicable.
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Complications. Complications were described in 10 stu-
dies29–31,45–51 and included intraoperative and post-
operative complications such as neurovascular injury
and infection. Complications were defined in a heter-
ogenous manner across studies, as such, we defined a
complication as an unintended negative outcome other
than non-union, delayed union, and reoperation, which
were reported separately in this review.

The overall complication rate was 5.9%. The com-
plication rate in the dual and single plate groups were
3.1% (N¼ 318) and 8.7% (N¼ 309), respectively.
Pooled analyses of the four comparative stu-
dies45,46,49,51 found no significant difference in the
odds of a complication occurring with dual and single
plate constructs (OR, 0.63; 95% CI, 0.23 to 1.75;
P¼ 0.38) (Figure 2(b)).

Reoperation. Reoperation excluding hardware
removal was reported in nine clinical stu-
dies.29–31,45,46,48,49,51,53,54 Indications for reoperation
included non-union, mal-union, and deep infections.
The overall reoperation rate across all studies was

2.4%. The reoperation rate for dual and single plate
fixation was 1.3% (N¼ 237) and 3.2% (N¼ 309),
respectively. Pooling data across the four comparative
studies45,46,49,51 revealed no significant difference in the
odds of reoperation for causes other than symptomatic
hardware removal when comparing dual and single
plate constructs (OR, 0.68; 95% CI, 0.15 to 3.14;
P¼ 0.62) (Figure 2(c)).

Hardware removal. A total of 10 studies provided data
on hardware removal.29–31,45–51 The overall rate of
hardware removal was 8.3%. Hardware removal
occurred in 4.4% (N¼ 318) and 12.3% (N¼ 309) of
patients undergoing dual and single plate fixation,
respectively. Among the four comparative stu-
dies,45,46,49,51 dual plating resulted in a 77% lower
odds of hardware removal compared to single plate
fixation (OR, 0.23; 95% CI, 0.07 to 0.78; P¼ 0.02)
(Figure 2(d)).

Patient-reported outcomes. Patient-reported outcome
measures included Disabilities of the Arm, Shoulder,

Table 2. Summary of plate constructs used.

Study Dual plate construct Single plate construct

Allis et al.45 2.7-mm superior and 2.4-mm anterior mini-fragment plates 3.5-mm precontoured clavicle plate

(superior or anterior)

Chen et al.46 Tubular and locking compression plate OR tubular and

reconstruction plate OR locking compression and

reconstruction plate

Superior/anteroinferior locking com-

pression or reconstruction plate

Chen et al.47 2.4/2.4-mm or 2.0/2.4-mm superior and anterior

mini-fragment plates

–

Czajka et al.48 2.7-mm superior and 2.4-mm anterior mini-fragment plates –

DeBaun et al.49 2.7 -, 2.4 -, or 2.0-mm superior and anterior mini-fragment

plates

3.5-mm precontoured clavicle plate

(superior or anterior)

Giordano et al.50 2.3/2.3-mm superior and anterior mini-fragment plates –

Lee et al.51 2.7/2.7-mm superior and anterior reconstruction plates 3.5-mm locking compression plate

Prasarn et al.29 2.7-mm superior and 2.4-mm antero-inferior mini-fragment

plates

3.5-mm superior or antero-inferior

locking reconstruction plate

Qamar et al.30 Two 3.5-mm one-third semi-tubular plates –

Shannon et al.31 One-third tubular, one-quarter tubular or 2.0-mm superior

or anterior mini-fragment plates with 2.7-mm or 3.5-mm

pelvic reconstruction plates or 3.5-mm superior locking

compression plate

–

Zhuang et al.52 3.5-mm superior locking compression plate or recon-

struction plate and anteroinferior mini-fragment

‘‘aid plate’’

3.5-mm antero-inferior locking

compression plate
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and Hand (DASH), a shortened version of this score
known as the QuickDASH, the American Shoulder and
Elbow Surgeon Score (ASES), and the Constant-
Murley Score. The DASH score was reported in four
studies29,30,47,48 (N¼ 35) with an overall weighted mean
score of 6.5� 6.6 at final follow-up. The QuickDASH
score was collected in two case series48,53 (N¼ 101) and
found to have an overall weighted mean score of
7.8� 11.8. Allis et al.45 reported no difference in
ASES scores between patients undergoing clavicle frac-
ture fixation using a single 3.5-mm precontoured clav-
icle plate versus dual mini-fragment plates (P¼ 0.14).
When comparing the Constant-Murley score between
single and dual plate groups at three and six months,
Zhuang et al.52 noted a significant difference favoring
dual plating at three months postoperatively

(P¼ 0.002); however, the difference did not persist at
six months (P¼ 0.054).

Implant cost

Czajka et al.48 found the mean implant cost in 2016 of a
dual mini-fragment plate construct for midshaft clavicle
fracture fixation to be $1511.38 USD compared to
$1253.08 USD for a single, 3.5-mm precontoured
plate from the same manufacturer (Synthes, Paoli,
PA). However, Qamar et al. in their 2011 publication30

concluded that their dual plate construct (using two
one-third tubular plates) would be less expensive than
a similar construct using a locking compression plate
with locking screws or a precontoured clavicle plate.
The authors note that although the cost of a locking

Figure 2. Clinical outcomes. (a) Non-unions. (b) Complications. (c) Reoperations excluding hardware removal. (d) Hardware

removal.
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compression plate is similar to two one-third semi-tub-
ular plates, the locking screws are eight times more
expensive than conventional cortical screws, while the
precontoured clavicle plate itself is 10 times more
expensive than two one-third tubular plates. Of note,
this study came out of the United Kingdom and further
information beyond relative costs, i.e. exact amounts
and currency referenced, was not discussed.30

Operative time

The mean operative time for dual plating was reported
in two studies48,51 and varied from 97min (SD 12) to
174min (SD 45). Lee et al.51 was the only study to dir-
ectly compare operative times between dual and single
plate constructs and found a significant difference in
mean operative time favoring single plating by nearly
1 h (mean difference 55min; 95% CI, 39 to 71;
P< 0.001).

Discussion

Despite variations in implant choice and plating con-
struct, the current systematic review demonstrates that
the use of dual orthogonal plating of acute displaced
midshaft clavicle fractures may result in lower rates of
reoperation for hardware removal compared to single
plate fixation without compromising union rates.
Moreover, the rate of non-union and complication
was two to three times higher among single plate con-
structs; however, there was no statistically significant
difference between single and dual plating.

Although plate fixation of displaced midshaft clav-
icle fractures has led to lower non-union rates, earlier
return to work, and better function than non-operative
treatment, the high rates of reoperation due to plate
prominence and hardware irritation remain an ongoing
concern. The decision to undergo hardware removal is
a subjective choice made between patient and surgeon.
Although no standardized indications or objective
measurements to guide this decision are currently
described in the literature, symptomatic hardware
removal is frequently reported. The introduction of pre-
contoured clavicle plates has reduced the rate of symp-
tomatic hardware removal, especially when plating
anteroinferiorly.15,20,55 However, even with the use of
precontoured plates, the reported hardware removal
rate varies from 5% to 47%.55,56 This is likely due to
the significant variation in clavicle anatomy (i.e. sig-
moid curve, coronal bow, and length) observed between
individuals which precludes anatomic fitting of precon-
toured plates in all patients. In fact, Malhas et al.57

published a cadaveric study that found further contour-
ing of precontoured plates was necessary in 73% of
cases to optimize plate–bone fit. In contrast, dual

mini-fragment plates are lower profile and offer the
advantage of precisely contouring the plates to fit indi-
vidual patient anatomy.47

The benefits associated with a dual plate construct
extend beyond a reduction in implant-related soft-tissue
irritation. Intraoperatively, dual plating allows for (1)
more points of fixation, (2) buttressing of anterior
butterfly fragments, (3) mini-fragment plates to be
used as washers for multiple lag screws, and (4) the
use of either the superior or anterior plate as a
reduction aid or clamp while the second plate is
applied.29 Based on prior biomechanical data, the abil-
ity of a dual plate construct to withstand multiplanar
bending forces better than a single plate construct may
allow for the theoretical advantage of early weight-
bearing through the affected extremity.29,40 In fact,
Czajka et al.48 allowed immediate unrestricted range
of motion post-operatively and unrestricted weight-
bearing at six weeks in a cohort of patients who under-
went dual plate fixation of displaced midshaft clavicle
fractures.

One of the most significant concerns regarding dual
plating techniques has been the theoretical risk of non-
union due to compromised vascularity from the soft
tissue stripping required to place two orthogonal
plates on the clavicle. However, the use of an extraper-
iosteal exposure results in a minimal increase in soft
tissue stripping for application of a second mini-frag-
ment plate.31,46 Moreover, the non-union rate following
dual plate fixation in the current systematic review was
less than 1%, which suggests that fracture healing is not
compromised with application of dual orthogonal
plates.

A potential barrier to the routine use of a dual plate
construct for fixation of displaced midshaft clavicle
fractures may be the additional operative time required.
Czajka et al.48 hypothesized that dual plating would
require more surgical time due to the increased soft
tissue dissection required for exposure and the time
required for contouring and application of two plates.
However, operative times varied significantly between
and within the two studies that reported these data in
our review.48,51 For instance, four different surgeons
performed dual plating in the study by Lee et al.51

with one surgeon’s operative time averaging 55min
longer than the others. There has also been a wide
range of reported operative times for single plate fix-
ation, with a mean operative time of 65–80min (range
35–179min) noted in the literature.58–60 These differ-
ences make it difficult to discern if operative time is
truly dependent on the plating construct or the individ-
ual surgeon. Moreover, dual plating may be more tech-
nically challenging due to the need to contour plates to
bone with a sinusoidal shape, which has its own learn-
ing curve.
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The costs associated with a dual plate construct
varied greatly between studies secondary to the implant
used. Among the two studies that examined costs,
Qamar et al.30 used two 3.5-mm one-third tubular
plates, which was a significantly cheaper construct
than a precontoured clavicle plate. Meanwhile,
Czajka et al.48 used two mini-fragment plates, which
was approximately $300 more expensive than the pre-
contoured plate. However, the cost of mini-fragment
and precontoured plates has recently been shown to
vary by as much as $1900 based on vendor.61 Despite
this variation in implant cost, it still remains to be seen
whether dual plating is a cost-effective long-term strat-
egy. However, it stands to reason that the potential
cost-savings from decreased reoperation rates of symp-
tomatic hardware removal would also result in greater
benefit to the patient with earlier and uninterrupted
return to baseline activities.

The current review has a number of limitations.
Firstly, there were very few studies directly comparing
single and dual plate constructs, as such, this review
was limited to level III and IV studies. Secondly,
follow-up intervals varied considerably across studies
ranging from 6 to 39 months, which may have an
effect on the development of symptomatic hardware.
However, the majority of studies did have greater
than one year of follow-up. Thirdly, multiple surgeons
often performed dual plate fixation in each study,
which contributed to the wide range of operative
times reported. Despite the use of various dual plating
constructs, all included studies were published after
2011, which indicates that modern plating techniques
were used. Finally, implant removal is typically a sub-
jective decision between the patient and surgeon, as
such, it is subject to multiple biases. There are no stan-
dardized indications for hardware removal nor object-
ive measures reported to elucidate how these decisions
are made, which remains an important limitation of the
existing literature. Despite these limitations, the out-
come measures used were homogenous across the
11 included studies which allowed for pooling of
common outcome measures across comparative
studies.

Conclusion

Based on the current literature, dual plating of acute
displaced midshaft clavicle fractures may lead to lower
rates of reoperation for symptomatic hardware removal
without compromising healing. However, further bio-
mechanical and clinical studies are warranted to deter-
mine the optimal implant choice (e.g. 2.0mm versus
2.7mm), configuration (i.e. plate placement superior/
anterior), and cost-effectiveness of dual plating con-
structs. Ultimately, large, well-designed, randomized

trials are needed to further investigate the findings
from this review.
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