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ABSTRACT
Objective: Tto compare the outcomes of clavicle fracturetforausing anteroinferior versus

superior plate placement.

Methods: We performed a meta-analysis of studies that heperted on outcomes following
superior or anteroinferior plate fixation for acatédshaft clavicle fractures (OTA 15-B). A
computerized literature search in the Pubmed, Scamd Cochrane Library databases was
utilized to identify relevant articles. Only fulxt articles without language restrictions were
evaluated. The inclusion criteria consisted offragture of the midshaft clavicle; 2) surgery for
acute fractures (within one month of the fractuBy)adult patients (16 years of age and older);
and 4) open reduction and internal fixation witatplapplication in either the anteroinferior or
superior position. Studies were excluded if thed/rbt specify plate location, evaluated multi-
trauma patients, investigated minimally invasivegadures, or studied operations for revision,
nonunion, malunion, or infection. The primary measloutcomes were symptomatic hardware
(implant prominence or irritation) and surgery iimplant removal. The secondary outcomes
were time to union, fracture union, nonunion, maanDASH score, Constant score, and
implant failure. Frequencies and proportions okesasere recorded for binary outcomes, while
means and standard deviations were recorded foincons outcomes. Other summary statistics
provided were used to impute means and standardties under the assumption of normality
when these were not reported. Continuous outconses gompared between groups using linear
mixed effects models, while binary outcomes wemagared using mixed effects logistic
regression models, including fixed group effectd emndom study effects. P-values less than

0.05 were considered statistically significant. &dlalyses were performed using SAS v. 9.4
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(SAS Institute Inc., Cary, NC).

Results: A total of 1,428 articles were identified amontjs three databases, of which 897
remained after removing duplicates. From that poolrelevant studies were evaluated. Articles
were excluded due to an inability to specify platation (6), a subject pool not exclusively
consisting of acute fractures (4) or midshaft fuaes (2), a minimally invasive surgical approach
(6), use of non-standard plates (1), poor repominignctional outcomes (2), and a duplicate
group of patients (2). This left 34 articles toused in the meta-analysis. Of these, 8 studies
reported on patients with anteroinferior plating=@90) and 27 studies reported on patients with
superior plating (N=1104). No significant differ&scwere found with respect to the functional
shoulder scores (DASH and Constant) between thegtaugps. There was no significant
difference between each group for the probabilitgaving a union (p=0.41), malunion (p=0.28),
nonunion (0.29), or implant failure (p=0.39). Pai&in the superior plating group had a
significantly higher probability of suffering frosymptomatic hardware (0.17) as compared to
patients in the anteroinferior plating group (0,dgy0.005). Additionally, the superior plating
group had a significantly higher rate of surgenyifoplant removal (0.11 versus 0.05),

(p=0.008).

Conclusion: The findings of this investigation demonstrate ghlating along the superior and
anteroinferior aspects of the clavicle lead to Einpperative outcomes with respect to union,
nonunion, malunion, and implant failure, as welkasilar functional outcomes scores. Plates
applied to the superior aspect of the clavicleassociated with higher rates of symptomatic

hardware and more frequent implant removal.
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prominence; hardware removal

INTRODUCTION

Clavicle fractures are common injuries, occuri@@ rate of approximately 5.8 per
10,000 persons per year in the United StafEise middle third region of the clavicle is thesho
frequently affected area, comprising up to 81.3%hese fracturésin 1960, Neer reported a
nonunion rate of 0.1% in conservatively treatedgoas with middle third fractures as compared
to a nonunion rate of 4.6% in those treated wittrogduction and internal fixatibrBased on
these historical results, clavicle fractures hamditionally been treated conservatively with a
period of brief immobilizatioh

Recent evidence has challenged the notion thah#jerity of clavicle fractures should
be treated conservatively. Hill and colleagues @ai@d 52 consecutive patients treated
nonoperatively for a completely displaced clavicseture and found that 15% of patients had a
nonunion and 31% were not satisfied with their lts3UA systematic review of 2144 midshatft
clavicle fractures found a nonunion rate of 15.1%@8agst conservatively treated displaced
clavicle fractures, and surgical treatment sigaifitty reduced the risk of nonunfortMoreover,
conservative treatment of midshaft fractures mawylten compromised shoulder function. In
2006, McKee et al. evaluated 30 patients treatedewatively after displaced midshaft fractures
and found a mean Constant score of 71 points aneag DASH score of 24.6 points, indicating
substantial disability

In light of this evidence, there has been a rettent towards operative treatment of

displaced midshatft clavicle fractures. Studies rdemonstrated that surgical treatment with
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open reduction and plate fixation is associateti witproved outcomes and a decreased risk of
complications, specifically a faster time to uniéwer nonunions and malunions, and better
shoulder function scorgd There are two common approaches for plate firatidgth the plate
applied either to the superior or anteroinferiqreas of the clavicf. Anteroinferior plate
fixation may be desirable to superior fixation dadess prominence of the plate and, in turn,
fewer subsequent procedures for implant removad. $tudy by Collinge et al., only 2 of 58
patients who underwent anteroinferior plate fixati@ad implant irritation that required
removat’. Conversely, in the 2007 Canadian Orthopaedicmea8ociety (COTS) study, 11 of
62 patients who underwent superior plate fixatiad mplant irritation or prominence, and 5
patients required implant remofal

Despite the potential advantage of utilizing amitgflerior plate fixation, there is minimal
evidence comparing these two techniques. One iigadisin that directly compared these
approaches found that the two groups had a sitiming to union and union rate, however
patient-reported implant prominence was nearly toirbthe superior grodf Implant removal
also occurred more frequently in the superior grduy the difference was not statistically
significant. The purpose of the present investigawas to perform a meta-analysis of studies
that have reported on outcomes following supen@arderoinferior plate fixation for acute
midshatt clavicle fractures. We tested the hypaghmt anteroinferior plate fixation would lead
to less implant prominence and fewer subsequeedwoes for implant removal as compared to

superior plate fixation.
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METHODS
This meta-analysis was performed in accordance thétPreferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) dinde and the Cochrane Handbook for

Systematic Reviews Interventidis?

Search Strategy

An electronic literature search was performedh@mPubmed, Scopus, and Cochrane
Library databases to identify relevant studies leetwJanuary 1960 and November 2015. The
following keywords were used: “clavicle” and “frace” and “plate” or “plating” or “plated.” A
manual search of the references of the selectéikestwas also performed to identify any

additional potential articles that may meet inaustriteria.

Inclusion Criteria

Two reviewers (A.N. and P.S:V.) evaluated thesithnd abstracts to identify relevant
studies. Disagreements were discussed to deteamesolution. Only full text articles without
language restrictions were considered. The inctusrderia consisted of: 1) fracture of the
midshatft clavicle; 2) surgery for an acute fract{wehin one month of the injury); 3) adult-aged
patients (16 years of age and older); and 4) opéuaation and internal fixation with plate
application in either the anteroinferior or supeposition. The exclusion criteria were: 1)
inability to specify plate location; 2) patientstivimulti-system trauma; 3) minimally invasive
procedures; and 4) operations for revision, normymaalunion, and/or infection. Articles with

different study designs such as randomized coetidtials and cohort studies (prospective or
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retrospective) were evaluated. Case studies, nmatlyses, and systematic reviews were not

considered.

Data Extraction

The same two reviewers carefully and independemtisacted data from eligible studies.
The following basic characteristics were recordednfeach study: 1) first author’s name; 2) title
of study; 3) year published; 4) journal; 5) patgrige; 6) number of patients; 7) plate location;
and 8) follow-up period. The primary measured ontes were symptomatic hardware (implant
prominence or irritation) and surgery to remove giogmatic hardware. The secondary outcomes
were time to union, fracture union, nonunion, maanDASH score, Constant score, and
implant failure (defined as plate breakatfe)f. Both primary and secondary outcomes were
extracted from the studies according to their apmlity, as it was common for studies to
examine some but not all of the outcomes. For naotis outcomes, the mean and standard
deviation were also recorded. If the mean or stahdaviation was not available but a substitute
(e.g., median, IQR, range) was available, this igasrded and used to estimate the standard

deviation and /mean.

Statistical Analyses

Frequencies and proportions of cases were recdodéihary outcomes, while means
and standard deviations were recorded for contiswoticomes. Other summary statistics
provided were used to impute means and standardtaes under the assumption of normality
when these were not reported. Continuous outconees gompared between groups using linear

mixed effects models, while binary outcomes wemagared using mixed effects logistic
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regression models, including fixed group effectd eandom study effects. P-values less than
0.05 were considered statistically significant. &dlalyses were performed using SAS version
9.4 (SAS Institute Inc., Cary, NC).
RESULTS
Literature Search

The initial database search yielded 1,428 arti®®3 studies remained after removing
duplicate articles (Figure 1). After screening Hiestracts and titles, 57 relevant studies were
identified. From these, studies were further exetudue to an inability to specify plate location
(6), a subject pool not exclusively consisting otite fractures (4) or midshaft fractures (2), a
minimally invasive surgical approach (6), use oh+standard plates (1), inadequate reporting of
functional outcomes (2), and a duplicate group aifegmts (2). Thirty-four articles were used in
the meta-analysis (Table, Supplemental Digital €ontl). Of these, 8 studies reported on
anteroinferior plate fixation (N=390, Table, Suppkntal Digital Content 2) and 27 studies
reported on superior plate fixation (N=1104, TalMepplemental Digital Content 3). The studies

were all published between the years 2007 and 2015.

Surgical and Functional Outcomes

Eight studies (390 patients) in the anteroinfegmup and 27 studies (1,104 patients)
reported on the clavicle union rate (Table 1). Téte of fracture union was similar in the two
groups: 0.97 for the anteroinferior group and Oi@8the superior group, (p=0.41). Sufficient
data was available from 4 studies (125 patientsnfthe anteroinferior group and 11 studies
(376 patients) from the superior group to performeta-analysis on the average time to union

(Table 2). The anteroinferior group had an avetage to union of 15.82 weeks (95% CI 11.43,



163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

20.20), while the superior group had an averageldfi2 weeks (95% CI 12.73, 21.50),
(p<0.0001).

The DASH and Constant scores were the most conynuseld functional outcome scores
reported. A low DASH score and high Constant saodecate superior shoulder function. In the
present analysis, adequate data was available 3rgtadies (102 patients) in the anteroinferior
group and 6 studies (225 patients) from the sup@rioup to evaluate DASH score. The mean
DASH score for the anteroinferior group was 5.18%9CI -0.60, 10.95), compared to 9.71
(95% CI 5.24, 14.19) for the superior group, (p8).XConstant score data was available in 4
studies (121 patients) in the anteroinferior grang in 17 studies (679 patients) in the superior
group. There was no difference in the mean Consiente between the anteroinferior group
(90.90; 95% CI 86.88, 94.92) as compared to thersupgroup (93.34; 95% CI 91.40, 95.28),

(p=0.27).

Postoperative Complications

Seven studies (351 patients) in the anteroinfepioup and 27 studies (1,104 patients) in
the superior ‘group reported on the rate of nonunidhe superior plating group and
anteroinferior group had similar nonunion rate®20versus 0.03, respectively), (p=0.29). Data
from 5 studies (205 patients) in the anteroinfegooup and 12 studies (489 patients) in the
superior group was available regarding the ratsmalunion. Malunions can occur secondary to
poor plating technique or a loss of reduction pgstratively. The malunion rate was higher in
the superior group (0.01) as compared to the anferor group (0.006), but this difference was
not significant (p=0.28) nor clinically relevantixSstudies (222 patients) in the anteroinferior

group and 15 studies (624 patients) in the supegpioup reported on the incidence of implant
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failure. The superior plating group (0.03) and améeroinferior group (0.02) had similar rates of
patients with implant failure (p=0.39).

Eight studies (390 patients) in the anteroinfergmoup reported on the rate of
symptomatic hardware, as did 22 studies (848 padien the superior group. Meta-analysis
found that the superior plating group had a sigaiftly higher probability of experiencing
symptomatic hardware (0.17) as compared to the@nferior group (0.08), (p=0.005) (Figure
2). Seven studies (371 patients) in the anteraomf@lating group and 19 studies (739 patients)
in the superior plating group reported on surgertemove symptomatic hardware. The superior
plating group had a significantly higher rate ofgary for implant removal (0.11 versus 0.05),

(p=0.008) (Figure 3).

DISCUSSION

There has been a trend towards surgical manageofantdshaft clavicle fractures in
efforts to reduce the incidence of nonunion andumiah and to improve shoulder functidh
Although surgical treatment has the ability to gate poor outcomes, it also has potential
complications. A systematic review performed by dMks and colleagues found that the
majority of complications following plate fixatioaf clavicle fractures were related to implant
irritation or failuré’. Subsequent surgery may be necessary in ordegabthese complications.
Wang et al. performed follow up on 48 patients witldle third clavicle fractures treated with
pre-contoured plates and found that 88% complaioédlocal prominence, pain, and
discomfort®. Ultimately 56% of the initial study group had tidates removed, and post-
operatively 96% of those with plates removed wettsBed and recommended plate removal.

This underscores the potential need for implant osah to achieve patient satisfaction.
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Anteroinferior plate application has drawn moreeiast recently because it is potentially
associated with less frequent implant irritatiord areed for implant removal as compared to
superior plate application.

There are many factors that influence the approaghate fixation for midshaft clavicle
fractures including the fracture pattern, assodiatguries, surgeon preference for patient
positioning, and pre-existing deformity due to pti@uma. Plate fixation in the superior and the
anteroinferior positions are the two most commorgisal approaches. The purpose of the
present investigation was to perform a comprehenkigrature search and identify studies in
which plate fixation was performed in either th@etior or anteroinferior position in order to
compare the complication rates, particularly implarominence and need for implant removal,
between these two groups. This analysis ident@exdudies in the anteroinferior plating group
and 27 studies in the superior plating group. Nmificant differences were found between the
two groups with regards to the probability of haye nonunion or malunion. The anteroinferior
group had an average time to union of 15.82 weekspared to 17.12 weeks for the superior
group. Although this was statistically significaiat,difference of 1.3 weeks is not a clinically
significant difference. Furthermore, this may beaatificial outcome as it is difficult to assess
union with an anteroinferior plate, and there iserent variability as to when patients follow up
for radiographic studies in order to make this sssent. There was no statistically significant
difference between the two groups when examinimgyr tBASH scores and Constant scores.
This result was expected, as both superior andranterior plating methods are effective
techniques for surgical treatment of clavicle fuzes. With regards to implant complications,
there was a significantly higher rate of patientshwsymptomatic hardware and patients

undergoing implant removal when plating was perfanon the superior aspect of the clavicle.
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This finding is consistent with other studies thalve suggested that plating on the superior
aspect may be associated with higher rates of symatc hardware and implant remo%af*2

We were only able to identify one study in therbterre that had directly compared the
two plating methods. In a retrospective review,nka@ni et al. concluded that superior plating
had a significantly higher incidence of symptomaltiardware compared to anteroinferior
plating’?. Their study found a trend towards an increaseiiémce of implant removal in the
superior plating group (19% versus 9%), howeves s not statistically significant. A recent
randomized clinical trial comparing 37 total patgenreated with minimally invasive plating
found no significant differences between superiersus anteroinferior plating with regards to
functional scores, time to union, and complicatfongvhile this study was a randomized trial
that examined plates in both positions, minimaliyasive plating was performed, and this
technique was excluded from the present investigatin another recent study, retrospectively
collected data of 39 patients who underwent amézdpr plating for a displaced midshaft
clavicle fracture were compared with a group ofpdfients treated with superior fixation in a
prior randomized controlled trf2l*. Although the results demonstrated a significahilyher
rate of asymptomatic patients with the plate stilplace in the anteroinferior group (46% vs.
22%), univariate and multivariate regression anglgemonstrated that plate position was not
significantly associated with implant-related mtibn and that patient age under 40 was
associated with irritation. The results of the presmeta-analysis contrast those from previous
studies that suggest that plate position does owelate with symptomatic hardware and plate
removal. Further randomized controlled trials maipho elucidate this question.

The current study does have some limitations. Améerior plate fixation is not as

frequently described in the literature, and there &w studies that directly compare
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complications following anteroinferior versus supeplate fixation. Certain outcomes such as
fracture time to union and shoulder function sc@esinfluenced by follow-up intervals and by
inter-examiner variability. Furthermore, studiesenxning various surgeons using different plate
types can potentially influence outcomes. Pre-aanet plates have become the standard of care,
and several retrospective reviews have suggesétdhibir use may be associated with decreased
implant prominence and need for implant rem&l In the current analysis, the details of the
plate type were reported inconsistently from sttmlystudy, with many studies not specifying
whether pre-contoured plates were utilized. Howg@estudies in our meta-analysis did specify
using pre-contoured plates. Despite the lack adepaecificity, there are many similarities with
respect to the surgical technique. All but one ptwds published after 2010, indicating modern
plating techniques. Also, the plate size was highdpsistent throughout the studies, with the
majority using a 3.5-mm thickness plate. Even thotlge use of different plate types is a
limitation to the current study, we believe theme ather similarities regarding the plating
techniques that can allow us to make a meaningfiparison between plating on the superior
versus the anteroinferior aspects of the clavi¢lee follow-up interval may also affect the
development ‘of symptomatic hardware. Of the studmnetuded in this meta-analysis, the
majority had average follow-up times of over onaryé¢dowever there were a few investigations
that had shorter or significantly longer follow-uginally, meta-analysis does not eliminate or
control for bias in each of the studies, and imptamoval is typically a very subjective decision
between surgeon and patient and subject to mubipkees.

Despite these limitations, the strict inclusion axatlusion criteria of the present-study
made the two study groups as similar as possilile. patients included in the present analysis

were all adults who had open reduction and intefikation performed with standard plates in
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either the superior or anteroinferior position imlated acute midshaft clavicle fractures. Finally
by including data from 34 different studies wit34 patients, this investigation provides a

meaningful comparison due to the large sample size.

CONCLUSION

The current literature suggests that patients afgotreated with superior clavicle plate
fixation may be more likely to experience symptamdtardware and undergo removal of
implants as compared to patients who are treatéld aviteroinferior plate fixation. Surgeons
should take into consideration the potential dgwelent of symptomatic hardware and need for
implant removal when selecting their approach tfatepfixation of midshaft clavicle fractures. A
properly powered, randomized clinical trial of stupeversus anteroinferior fixation using pre-
contoured plates and objective, standardized @iter implant removal would confirm or refute

these findings.
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Anteroinferior Superior
OR (95% CI) p-value | ICC

P (95% ClI) P (95% ClI)
Infections 0.02 (0.003,0.14) | 0.09 (0.06, 0.13) | 4.38(-0.58,33.37) | 0.15 0.007
Implant Failure | 0.02 (0.004,0.06) | 0.03(0.01, 0.06) | 1.83(0.47, 7.18) 0.39 0.20
Malunion 0.006 (0.001, 0.04) 8'82)(0'004’ 2.27(0.51,10.12) | 0.28 0.34
Nonunion 0.03 (0.01, 0.07) 0.02 (0.01, 0.03) | 0.59 (0.22, 1.57) 0.29 0.16
Union 0.97 (0.94, 0.99) 0.98 (0.96, 0.99) | 1.47 (0.59, 3.67) 041 0.15
Complication 0.08 (0.04, 0.13) 0.17 (0.13,0.23) | 2.51(1.32, 4.78) 0.005 0.15
Hardware

0.05 (0.03, 0.08) 0.11 (0.08, 0.14) | 2.36 (1.26,4.42) 0.008 0.05
Removal

Table 1. Meta-analysis results for count variables. ICC is Intraclass Correlation Coefficient.




Anteroinferior Superior Difference p-value ICC
Mean (95% Cl) Mean (95% Cl)
Constant Score 90.90 (86.88, 94.92) | 93.34 (91.40, 95.28) | -2.44 (-6.90, 2.03) | 0.27 0.18
DASH Score 518(-0.60,10.95) | 9.71(5.24, 14.19) | -4.54 (-11.84, 2.77) | 0.18 0.19
(Tv'vrle";ts‘)’ union 15.82 (11.43, 20.20) | 17.12 (12.73, 21.50) | -1.30 (-1.61, -0.99) | <.0.0001 | 0.64

Table 2. Meta-analysis results for continuous variables. ICC is Intraclass Correlation Coefficient.




Removal of
duplicates

Inclusion Criteria:

1. Fracture of the midshaft clavicle
2. Surgery for an acute fracture

3. Adult-aged patient

4. Plate application either in the
anteroinferior or superior position

Exclusion Criteria:

1. Inability to specify plate location

2. Patient with multi-system

trauma injuries

3. Minimally invasive procedures

4. Operations for revision, {
nonunion, malunion, and for

infection
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n=34 Studies
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analysis
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