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Abstract

Background: Humeral shaft fractures are common but debate still occurs as to whether these are best managed
operatively or non-operatively. We sought to undertake a systematic review and meta-analysis of randomised and non-
randomised studies to clarify the optimal treatment.

Methods: We performed a search for all randomised and non-randomised comparative studies on humeral shaft
fracture. We included only those with an operative and non-operative cohort in adult patients. We undertook a
meta-analysis of the following outcome measures: nonunion, malunion, delayed union, iatrogenic nerve injury and
infection. Non-operative management was with a functional brace.

Results: Non-operative management resulted in a significantly higher nonunion rate of 17.6% compared to 6.3% with
fixation. Operative management had a significantly higher iatrogenic nerve injury rate of 3.4% and infection rate of 3.7%.
All nonunions within the included studies went on to union after plate fixation. There was no significant difference in
delayed union or patient reported outcome measures. There was a significantly increased risk of malunion with non-
operative treatment however this did not correlate with the outcome.

Discussion: Our findings suggest that in the majority of cases, humeral shaft fractures can be managed with non-

operative treatment, and any subsequent nonunion should be treated with plate fixation.
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Introduction

Humeral shaft fractures have an incidence of around
13 to 14 per 100,000 and like many injuries there is a
bimodal incidence with a peak in early adulthood and
later life.!> Debate still continues as to the best manage-
ment of these injuries. Non-operative treatment of these
injuries has been described by Sarmiento et al. with good
results, however despite this there has been a progressive
trend towards operative management of these injuries.>*
A large variety of techniques are described in the litera-
ture including plate fixation through anterior, posterior
or minimally invasive approaches, intramedullary (IM)
fixation, both anterograde and retrograde, and external
fixation. Although there is substantial literature present-
ing case series, and comparison of various operative
techniques, there are few directly comparative studies

of operative versus non-operative management. We felt
it is this key decision which treating clinicians must take
when managing these injuries and therefore sought to
further address this.

The outcome of operative versus non-operative man-
agement of these fractures has not been investigated in
the form of a systematic review, and we sought to
address this question looking at both randomised and
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non-randomised studies. Due to the relative infre-
quency of these injuries there are no large comparative
studies and we therefore sought to systematically exam-
ine the evidence available and construct a meta-analysis
of results where possible.

Our objective was to assess the outcome and safety
of humeral shaft fractures managed operatively, when
compared with non-operative methods.

Methods

This systematic review was carried out in accordance
with Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidance for systematic
reviews of non-randomised trials. A protocol was regis-
tered on the international prospective register of sys-
tematic reviews (PROSPERO) prior to
commencement of the study (CRD42017073161).

Eligibility criteria and study inclusion

We included all randomised prospective, non-rando-
mised prospective and non-randomised retrospective
studies directly comparing operative and non-operative
management of humeral shaft fractures in adults. There
were no limitations of study size, location or follow-up.
Non-English language publications without full trans-
lation were excluded.

Search strategy and information sources

The following electronic databases were used: Pubmed,
OVID medline and the Cochrane Register of Controlled
Trials (CENTRAL). The full search terms used in
Pubmed were as follows: (“humerus”’[MeSH Terms]
OR humeral[Title]) AND (Shaft[Title/Abstract] OR
diaphysis[Title/Abstract]) AND (surgical[Title/Abstract]
OR fixation[Title/Abstract] OR osteosynthesis[Title/
Abstract] OR operative[Title/Abstract]) OR plate
[Title/Abstract] OR intramedullary [Title/Abstract]
AND  (conservative[Title/Abstract] OR functional
bracing[Title/Abstract] OR non-operative[Title/
Abstract)]. In the case of published abstracts of proto-
cols, authors were contacted for preliminary results.
Review articles were cross referenced for further relevant
references. A further online search using the Google
search engine was performed to identify any omitted
studies. The electronic search was performed over a
period from 01 August 2017 until 01 September 2017.

Patient inclusion and exclusion criteria

Studies were only included if they recruited patients
with the following: fractures of the humeral shaft,
adult patients (over 16 years), direct comparison of

surgical management to non-operative management.
Any non-operative and operative techniques were
considered and included plate fixation, intramedullary
fixation and external fixation.

Any studies including chronic fractures, pathological
fractures, those with intra-articular extension or estab-
lished nonunions were excluded. Direct comparison of
surgical techniques without a non-operative cohort was
also excluded.

Selection process and data collection

Two authors (HS and LF) carried out the data search
independently. Suitable abstracts were screened for eli-
gibility. The remaining papers were then reviewed in
full text articles independently for final selection.

A standardised data collection form was used to
extract required data from each source. This included
study type, population statistics, fixation and non-
operative treatments used and outcome measures.

Outcome measures

The primary outcome measure was rate of union.
Secondary outcome measures were delayed union, mal-
union, infection, iatrogenic nerve injury and patient
reported outcome measures.

Quality assessment/risk of bias assessment

Individual studies were assessed independently by two
assessors (HS and LF) using the Non-Randomised
Studies — of Interventions (ROBINS-I) tool.” Each
study was assessed across the following domains:
confounding, selection, departure for intended interven-
tions, missing data, outcome measurement and selection
of reported result. An overall judgement on risk of bias
was then reached for each study. Any discrepancy
between reviewers was resolved by discussion or judge-
ment from the supervising authors. Randomised studies
were assessed using the Cochrane Collaboration risk of
bias tool over seven separate domains.°

Data analysis

Following a risk of bias analysis, the studies without
critical risk of bias were deemed appropriate for meta-
analysis. When this was undertaken they were assessed
for statistical heterogeneity using both I and x> for
inconsistency. In studies with appropriate homogeneity
a fixed effects meta-analysis was undertaken. This was
when > was<20% and the x° statistic produced
a p>0.10. The relative risk (RR) was calculated with
a 95% confidence interval (CI). A p value of < 0.05 was
deemed statistically significant. All analyses were
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undertaken using Revman (Review Manager Version
5.3 Edition, Copenhagen, 2014).

Results

The search criteria identified 372 records after the
removal of duplicates (Figure 1). After screening, 22
were selected for full text review. Fourteen of these
were removed leaving eight studies that met the eligi-
bility criteria for qualitative and quantitative synthesis.
Reasons for exclusion were non-comparative studies,
English text unavailable, non-specified surgical treat-
ments and a systematic review. One published protocol
was identified which was subsequently published as a
completed study during the study period and it was
included.”

Study characteristics and quality assessment

One study was a prospective randomised controlled trial
(RCT).” The remaining seven of the studies were retro-
spective cohort studies.® '* The randomised study used
computer generated randomisation and allocation con-
cealment in envelopes. Assessors were blinded to the
intervention using a concealing gown over the arm.
The risk of bias in the non-randomised studies is
shown in Table 1; the risk of bias in the RCT is shown
in Table 2. Following assessment of risk of bias one study
had to be excluded due to critical risk from confounding
bias. This was due to a large discrepancy between injury
mechanism between operative and non-operative groups.
Gunshot wound was 17.5% in the non-operative group
and 5.3% in the operative group and motor vehicle acci-
dent significantly greater in the operative group.®
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Figure I. PRISMA flow diagram.
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measurement

intended

Classification

result bias

Missing data

intervention

of intervention

Selection bias

Confounding

Critical risk

Moderate risk Moderate risk Moderate risk Moderate risk Serious risk Moderate risk

Critical risk

Denard et al.®

Moderate risk Serious risk No information Moderate risk Moderate risk Serious risk

Serious risk

Serious risk

Firat et al.”

Serious risk Serious risk Moderate risk Serious risk Serious risk Moderate risk Moderate risk Serious risk

Harkin and Large'*

Moderate risk Moderate risk Moderate risk Serious risk Moderate risk Serious risk

Serious risk

Serious risk

Jawa et al.'”

Moderate risk Moderate risk No Information No information Serious risk Moderate risk Serious risk

Serious risk

Mahabier et al.'?

Moderate risk

Low risk

Moderate risk

Low risk

Low risk Moderate risk

Low risk

Low risk

Matsunaga et al.”

Moderate risk Moderate risk No information Serious risk Moderate risk Serious risk

Moderate risk

Serious risk

Wallny et al.'?

Moderate risk Moderate risk Serious risk Moderate risk Moderate risk Serious risk

Serious risk

Serious risk

Westrick et al."'

Synthesis of results

A total of 943 patients were included from seven
studies. Totally 55.6% (n=524) were managed with
fixation, and the remaining with non-operative treat-
ment (n=419). Mean age for fixation was 41.6 years
and 59% of participants were male. Patients with non-
operative treatment had a mean age of 50.4 years, and
50% were male. Fixation methods included open reduc-
tion internal fixation (ORIF) with plate and screw fix-
ation through anterior and posterior approaches,
minimally invasive plate fixation, intramedullary fix-
ation, external fixation and in one case cerclage wires.
Non-operative treatment was with a functional brace,
with or without a week or two weeks in a coaptation
splint or Gilchrist bandage. Characteristics and a
summary of included studies are shown in Table 3.
A summary of results of outcome measure is shown
in Table 4.

Primary outcome: Nonunion. Five studies measured non-
union rates and were included for meta-analysis (four
non-randomised and one RCT). The GRADE quality
of evidence was low for the RCT and very low for the
non-randomised studies. Jawa et al., Westrick et al. and
Harkin et al. defined nonunion as no bridging callus on
two radiographs at six months. Matsunaga defined
nonunion as absence of clinical or radiological healing
at six months. Wallny et al. did not define nonunion.
There was a significantly decreased risk of nonunion
with operative treatment, RR 0.28 (0.11, 0.70) 95%
CI. x* for heterogeneity was 3.91, I* 23%, test for over-
all effect Z=2.71 (p <0.007). A forest plot is shown in
Figure 2. There was a total of 629 patients. Twenty-
three nonunions in 363 patients (6.3%) with fixation
were identified, compared to 47 nonunions in 266
patients (17.6%) with non-operative management.

Secondary outcome: Delayed union. Three retrospective
studies measured delayed union and were included.
The GRADE quality of evidence was very low.
Harkin et al. and Mahabier et al. defined delayed
union as no radiological union within 24 weeks (brid-
ging callus on three of four cortices on two radio-
graphs). Firat et al. did not define delayed union.
There was a trend towards increase in delayed union
with operative treatment, however this was not signifi-
cant. Risk ratio 1.83 (0.68, 4.89) 95% CI. x* for hetero-
geneity was 5.75, I 65%, test for overall effect Z=1.21
(p <0.23). A forest plot is shown in Figure 3. There
were a total of 329 patients included. There were 31
delayed wunions in 188 in patients with fixation
(16.5%) and 28 delayed union in 237 patients with con-
servative treatment (11.8%). As Firat et al. did not
provide a definition for delayed union we performed
a separate meta-analysis with this paper removed.
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Table 2. RCT risk of bias assessment.

Random
sequence
generation

Allocation
concealment

Matsunaga et al.” Low risk Low risk

The lack of definition was part of the justification for
the GRADE quality of evidence as very low. This did
not alter the overall findings for delayed union. There
was still a trend towards delayed union which was not
significant (22.1% with fixation and 16.3% with con-
servative treatment).

Secondary outcome: Malunion. Three studies, one RCT
and two retrospective studies measured malunion and
were included. The GRADE quality of evidence was
low for non-randomised studies and high for the
RCT. Malunion was defined as over 20° mal-alignment
on any radiograph by Jawa et al. and as ‘symptomatic
malunion’ by Matsunaga et al. Firat et al. measured
both coronal and sagittal plane alignment radiograph-
ically, and we took the group with over 20° as those
with ‘malunion’. There was a significantly decreased
risk of malunion with operative treatment. RR 0.06
(0.01, 0.30) 95% CI. x* for heterogeneity was 1.83,
P 0%, test for overall effect Z=3.41 (p<0.0007).
A forest plot is shown in Figure 4. There were a total
of 278 patients included, with no malunion in the
fixation group and 23 malunions in 135 patients with
non-operative treatment (17%).

Secondary outcome: latrogenic nerve injury. Six studies, one
RCT and five retrospective studies measured nerve
injury and were included. The GRADE quality of evi-
dence was moderate for non-randomised studies and
high for the RCT. Nerve injuries in all studies were
diagnosed on a clinical basis. There was a significantly
increased risk of iatrogenic nerve injury with operative
treatment. RR 6.07 (1.93, 19.16) 95% CI. x> for het-
erogeneity was 1.51, P 0%, test for overall effect
Z=3.08 (p<0.002). A forest plot is shown in
Figure 5. There were a total of 831 patients with 16
nerve injuries in 474 patients with fixation (3.4%).
There were no iatrogenic injuries in the conservatively
managed group.

Secondary outcome: Infection. Five studies, one RCT and
five retrospective studies measured infection rate and
were included. The GRADE quality of evidence was
low for non-randomised studies and moderate for the
RCT. Infection was diagnosed on a clinical basis in all
studies. There was a significantly increased risk of infec-
tion with operative treatment. RR 4.69 (1.21, 18.24)

Blinding of

participants
/personnel

High risk

Blinding of
outcome
assessment

Incomplete
outcome
data

Other
bias

Selective
reporting

Low risk Low risk Low risk Low risk

95% CI. x* for heterogeneity was 0.23, I* 0%, test for
overall effect Z=2.23 (p <0.03). A forest plot is shown
in Figure 6. There were a total of 650 patients included
with 15 infections in 402 patients with fixation (3.7%)
and no infections in the conservatively managed group.

Secondary outcome: Patient reported outcome
measures. Three studies included various patient
reported outcomes but a meta-analysis was not under-
taken as all reported different outcome measures.””'?
Matsunaga et al. reported disabilities of the arm shoul-
der and hand (DASH), Short Form-36, Constant-
Murley shoulder score and pain on a visual analogue
scale (VAS) at two weeks, one, two and six months and
one year. There was no significant difference in any
score at any time point aside from the DASH score at
six months (p =0.046); however, this was a six-point
difference which is less than what is deemed to be the
clinically relevant difference of 10 points.'” Firat et al.
reported the Constant Shoulder Score, Mayo Elbow
Scores at the time of final review. This time period
was not defined. This demonstrated a significantly
better score with non-operative treatment and also a
significantly greater score with plate fixation over IM
fixation. There was no significant difference between
Mayo elbow score. Both these studies treated all non-
unions with fixation and it is assumed they have been
excluded from the non-operative results. Wallny et al.
reported a subjective analysis described by Wulker
et al., with the results of 85.4 for fixation and 90.8 for
non-operative management.'® No statistical analysis
was performed.

Quality of evidence for outcome

The Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) approach
was used to analyse the quality of evidence for each
outcome measure!’. A summary of this is shown in
Table 5.

Discussion
Primary outcome: Nonunion

This study has demonstrated a significantly increased
risk of nonunion with non-operative treatment with
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Figure 2. Nonunion forest plot.
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Harkin et al 2017 8 27 10 80 423% 2.67[1.21,5.86] il
Mahabier et al 2013 18 a5 18 91 481% 0.96 [0.53,1.72]
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Figure 3. Delayed union forest plot.
Fixation Conservative Risk Ratio Risk Ratio
Study or Subgroup Events Total Evemts Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Firatetal 2012 0 66 19 62 B804% 0.02 [0.00, 0.39]
Jawa et al 2006 0 19 3 21 133% 0.16[0.01, 2.86] +
Matsunaga etal 2017 0 58 1 52 6.3% 0.30[0.01,7.19]
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Figure 4. Malunion forest plot.
Fixation Conservative Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Figure 5. latrogenic nerve injury forest plot.

5.6% in the operative and 17.6% in the non-operative
group. This results in a number needed to treat 8.26
patients. Sarmiento first described a series of 51
patients managed non-operatively with a functional

brace with only one nonunion in a patient with a patho-
logical fracture.'® A further larger study from the same
centre showed a 3% nonunion rate in 620 patients trea-
ted in this fashion.® This low rate has been repeated in
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Fixation Conservative Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Firatetal 2012 3 66 0 62 18.6% 6.58[0.35,124.90] +
Jawa et al 2006 1 19 0 21 171% 3.30[0.14, 76.46)
Matsunaga et al 2017 1 58 1} 52 19.0% 2.68(0.11,64.74]
Wallny et al 1997 2 45 0 44 182% 4.089[0.24,99.08]
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Figure 6. Infection forest plot.

other observational studies of non-operative treatment
using a functional brace with nonunion rates of 2%
and 3%.'"?° Comparative studies have not replicated
this low number, with rates of 27.5% 23.2,% 13.5%
and 4.5% in those in this study. Selection bias in
these non-comparative studies may account for this
difference. More difficult and severe injuries may be
selected away from conservative treatment into opera-
tive treatment, therefore lowering the nonunion rate.
Publication or selection bias may be another cause for
the discrepancy in nonunion rate. Small comparative
studies with neutral or negative findings are less likely
to be published in the literature.?!

Open fracture rates were higher with fixation in some
included studies, one of the justifications for serious risk
of bias. Two studies excluded open fracture, two papers
had no data on this and all others excluded grade III
open fractures. Given this, the rate of union with surgery
may be higher if the rates of open fracture and mechan-
ism of injury were comparable between groups.

Westrick et al. had a high energy mechanism in 76%
of patients and a 33% open fracture rate. This study
accounted for the most variation in rates of open frac-
ture, and had higher rates of polytrauma in the opera-
tive group. A simple fall was the mechanism of injury in
only 11%. Again this was a justification for serious
confounding and selection bias. Nonunion in both
groups were relatively high as expected with such a
highly traumatised patient cohort. Polytrauma and
open fracture are often considered indications for sur-
gery. However, in the series from Sarmiento et al. there
is a high rate of high energy trauma with 34% motor
vehicle accident, 19% gunshot wound and 31% low
energy fall.> Furthermore 25% were open fractures
and managed without fixation.

There may have been a selection bias with younger,
fitter patients treated with fixation who would be less
likely to have surgical complications and be keen to
avoid long periods of immobilisation to return to
work. The average age of the two cohorts in our
meta-analysis was 41.6 and 50.4 in the operative and
non-operative groups, respectively. There was no data

on ASA grade. Some studies had attempted to minimise
selection bias, Wallny et al. excluded all multiply
injured patients and had comparable demographics
between groups. Harkin et al. had similar proportions
of patients who smoked, had Diabetes Mellitus or were
obese. There were more patients with a psychiatric his-
tory in the non-operative group.

Large centres who have specialised in non-operative
treatment of humeral shaft fractures seem to achieve
lower rates of nonunion, however in these comparative
studies this low rate has not been replicated and we see
a significantly increased risk with non-operative man-
agement. Further prospective randomised trials can
only confirm this, however it appears from this study
that nonunion rate with non-operative treatment is sig-
nificantly higher in comparative studies.

Two studies commented on the subsequent manage-
ment of nonunions. Denard et al. treated all with ORIF
and bone grafting; resulting in all 26 patients achieving
union. Matsunaga et al. treated all with ORIF without
grafting and all 10 patients achieved union. The high
success rate of this technique has been replicated in
other literature.?> >*

Secondary outcome: Delayed union

There was a trend towards favouring non-operative
treatment with reduced rate of delayed union, however
the quality of evidence was very low. Absolute fixation
with primary bone healing does not routinely produce
callus and therefore it is logical that this may not
always produce bridging callus after 24 weeks; which
was the definition used by two of the studies. Some
studies used techniques that produce relative stability
which should produce callus. Surgical insult to perios-
teal or intramedullary blood supply during fixation
may also account for this increase in time to union.
One might argue that this is not relevant in operatively
treated patients as they should be using their limb with-
out restriction prior to radiological union, therefore as
long as healing does eventually occur before hardware
failure this is irrelevant.
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Secondary outcome: Malunion

We showed a significantly increased risk of malunion
with non-operative treatment. This was difficult to
define consistently across groups, and the quality of evi-
dence was low. Matusnaga et al. were the only study to
consider whether this malunion was symptomatic.
Twenty degrees was the limit defined by the other studies.
Sarmiento et al. considered less than 25° to be clinically
and functionally acceptable. This is supported by Firat
et al. despite a large number of malunions (>20°) in the
non-operative group (30%), these patients had the best
shoulder and elbow functional scores.

Secondary outcome: Infection and nerve injury

There was a significantly increased risk of infection and
iatrogenic nerve injury with operative management.
Rates were 3% and 3.3% respectively. These rates
would be consistent with those in other non-comparative
studies in the literature.?>%

Secondary outcome: Patient reported outcome
measures

Due to a variation in outcome measures used across the
studies, we were unable to undertake a meta-analysis.
Those that did provide outcome measures do not dem-
onstrate any significant difference at final review. Those
in favour of fixation may argue that earlier mobilisation
after fixation could increase function and outcome in
the shorter term, and Matsunaga et al. did show a sig-
nificant difference in DASH at six months although this
was not greater than the minimum clinically relevant
difference. Furthermore non-operatively managed
patients who undergo surgery for nonunion are
removed from some studies and their outcome measures
are not included. If included these would likely have an
adverse effect on patient reported outcomes within the
non-operative cohort. If successful however, these stu-
dies demonstrate no difference or a trend towards better
function with non-operative management.

Anterograde intramedullary nails have been shown
to have high complication rates in some studies.?’-*
Although small numbers in each cohort Firat et al.

demonstrated a significantly better shoulder score
with both non-operative and plate fixation when com-
pared to anterograde nail fixation. Wallny et al. noted
that 86.4% of patients had free range of movement
with bracing and 48.9% with anterograde nail fixation.
These findings indicate that fixation using anterograde
nails, as in other studies, can cause shoulder pain and
limit function at this joint.

Comparison of fixation

It was not our aim to compare fixation methods in this
study. This was mainly due to the large variation in
technique within one type of fixation method. Plates
were used through various approaches, and in both
bridging and compression modes. When grouped
together as one technique as ‘plate fixation’ it was pos-
sible to perform a subgroup meta-analysis of two
papers which demonstrated a trend towards plate fix-
ation with the outcome of nonunion. RR 2.53 (1.16,
5.55) 95% CI, p<0.02. A forest plot is shown in
Figure 7. There were 13 nonunions in 85 nail fixations
(15.3%) and nine in 154 plate fixation (5.8%) This was
only from the two studies which had both nail and
plates within their operative cohort. Across all studies
there were 13 nonunions in 130 treated with nail fix-
ation (10%) and nine in 231 with plate fixation (3.9%).

Fracture subtypes

Proximal and distal third shaft subtypes were specific-
ally looked at by a number of the studies included.
Matsunaga et al. had seven proximal and six distal
third fractures managed non-operatively. There were
no nonunions within these fracture subtypes. Wallny
did not undertake subgroup analysis with regard to
location; however they had a large proportion of prox-
imal third fractures. They classified 47.7% and 48.9%
of fractures in the non-operative and operative treat-
ment groups respectively as proximal third fractures.
Nonunion rate was 4.5% and 0% respectively in
these groups. Firat et al. also did not undertake sub-
group analysis but did include 26 proximal and 21
distal fractures spread evenly across the three treatment

IM Nail Plate Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Harkin etal 2017 1 8 1] 19 45% 6.67([0.30,148.34]
Westrick et al 2017 12 17 9 135 955%  2.34(1.03,530) -l
Total (95% CI) 85 154 100.0%  2.53[1.16, 5.55] e
Total events 13 9

o e . -l " | . N
?etst!;ogenelwl.l C:I 1-5:\12 ?‘3- 1£PD-UZ.52),1 =0% hot oh 5 100

sstfor overall affect 2= 2.33(F = 0.02) Favours IM nail Favours Plate fixation

Figure 7. Treatment algorithm.
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groups. Jawa et al. focused only on distal third frac-
tures and achieved union in all cases. There was a rela-
tively high rate of iatrogenic nerve injury (3/19) with
fixation. Harkin et al. performed subgroup analysis
between location, but found that when compared to
other fracture locations treated with the same
method, there was no significant difference in non-
union. Westrick et al. only studied AO classification
subgroup not location, but found no statistically signifi-
cant difference between fracture types and nonunion.
Mahabier et al. also only studied AO classification
and found no significant difference between nonunion.
Denard et al. did not classify the fracture type. In one
large cohort of 620 patients, which included 92 prox-
imal third shaft fractures managed non-operatively,
there was no nonunion within this subtype.® There is
however contrasting evidence that there can be an
increased risk of nonunion with proximal third frac-
tures.””** From these comparative studies it does not
appear that proximal or distal fractures differ in rates of
nonunion from middle third fractures and should be
treated similarly.

Limitations

The predominant limitation in this study is the retro-
spectivity of most included studies. We have underta-
ken this analysis in an attempt to combine the body of
evidence available with regard to humeral shaft fracture
management. All studies indicated the same trends

across nonunion, malunion, delayed union, infection
and nerve injury. Risk of bias was serious for all retro-
spective studies, and moderate for the RCT. The level
of evidence has therefore been accordingly judged in
Table 5. There was clinical homogeneity across most
outcome measures.

Future research

It is clear that more prospective RCTs are required to
further clarify the best treatment option for humeral
shaft fractures. Modern surgical techniques and fix-
ation methods should be evaluated in direct compari-
son with non-operative management. The publication
of the first RCT on this topic is encouraging. This
would help clarify why non-operative management
has a higher rate of nonunion in comparative studies
when compared with non-comparative studies. The stu-
dies evaluated here suggest that anterograde nailing of
the humerus can be associated with shoulder pain and
dysfunction and we would lean towards plate fixation
as a first choice of operative treatment. With new devel-
opments in surgical technique and fixation methods
these must be continually re-evaluated in direct com-
parison to non-operative methods.

Suggested treatment algorithm

Based on these findings we can suggest the following
treatment algorithm shown in Figure 8. All patients

Counselled 6.3
vs 17.6%
nonunion

CONSERVATIVE
MANAGEMENT

'Uslab’ then
functional brace
Regular clinical and
radiological
assessment

ASSESS
STABILITY AT
6 WEEKS

TREATMENT ALGORITHM

HUMERAL SHAFT
FRACTURE .

Patient opts for fixation

MOBILISE IF
CLINICALLY
HEALED

Open fracture
Pathological
fracture
Vascular injury
Floating elbow
Intra-articular

FIXATION

Consider bone
graft and ORIF

ESTABILSHED
NONUNION

Figure 8. Subgroup analysis: nail vs. plate.
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should initially be managed conservatively with a coap-
tation splint then a humeral brace; having been coun-
selled on the slightly higher rate of nonunion, but lower
rate of potential complications with this treatment.
Indications for surgical treatment and fixation are
open injury, vascular injury, pathological fractures,
intra-articular extension, ‘floating elbow’, patient pref-
erence, polytrauma, bilateral humeral fractures, intoler-
ance of bracing and failure of conservative treatment.
A brace should be worn until clinical stability is
achieved at the fracture site. There is evidence that
excessive fracture site mobility at six weeks is predictive
of nonunion and patients at this stage should be coun-
selled accordingly.”? Non-operative treatment at six
weeks should be continued after consideration of
patient preference, fracture site mobility and radio-
graphic findings. Painful nonunion is an indication
for surgery, and we would suggest ORIF with iliac
crest bone graft.

Conclusion

In comparative studies we have shown a significantly
higher risk of nonunion with non-operative treatment
for humeral shaft fractures. Operative management is
however associated with a significantly higher risk of
infection and iatrogenic nerve injury. There is a trend
towards increased delayed union with operative man-
agement. There is a significantly increased risk of mal-
union with non-operative management, however
whether this has any impact on function is unclear.
There was no significant difference in functional out-
come or range of movement between treatments;
although there may be a trend towards decreased shoul-
der scores with anterograde nail fixation. Subsequent
nonunion has a high rate of union when treated with
ORIF and bone grafting. Our findings suggest that in
the majority of cases, humeral shaft fractures can be
managed with non-operative treatment, and any result-
ing nonunion should be treated with plate fixation
achieving high rates of union.
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