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Objectives

The objective of this study was to perform a meta-analysis of all randomised controlled tri-
als (RCTs) comparing surgical and non-surgical management of fractures of the proximal
humerus, and to determine whether further analyses based on complexity of fracture, or the
type of surgical intervention, produced disparate findings on patient outcomes.

Methods

A systematic review of the literature was performed identifying all RCTs that compared surgi-
cal and non-surgical management of fractures of the proximal humerus. Meta-analysis of clini-
cal outcomes was performed where possible. Subgroup analysis based on the type of fracture,
and a sensitivity analysis based on the type of surgical intervention, were also performed.

Results

Seven studies including 528 patients were included. The overall meta-analysis found that
there was no difference in clinical outcomes. However, subgroup and sensitivity analy-
ses found improved patient outcomes for more complex fractures managed surgically.
Four-part fractures that underwent surgery had improved long-term health utility scores
(mean difference, MD 95% Cl 0.04 to 0.28; p = 0.007). They were also less likely to result in
osteoarthritis, osteonecrosis and non/malunion (OR 7.38, 95% CI 1.97 to 27.60; p = 0.003).
Another significant subgroup finding was that secondary surgery was more common for
patients that underwent internal fixation compared with conservative management within
the studies with predominantly three-part fractures (OR0.15, 95% C10.04 to 0.63; p = 0.009).

Conclusion

This meta-analysis has demonstrated that differences in the type of fracture and surgical
treatment result in outcomes that are distinct from those generated from analysis of all types
of fracture and surgical treatments grouped together. This has important implications for
clinical decision making and should highlight the need for future trials to adopt more spe-
cific inclusion criteria.
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from analysis of all types of fracture and surgical
treatments grouped together.

Further randomised trials in this field should include
more specific inclusion criteria to increase their clini-
cal application.

Strengths and limitations

This is the first meta-analysis of RCTs comparing sur-
gical and non-surgical management of fractures of
the proximal humerus that has used subgroup analy-
sis based on complexity of fracture to compare patient
outcomes.

There is a need for further research in this field, which
is highlighted by the weakness of estimated effects
based on the Grading of Recommendations
Assessment, Development, and Evaluation assess-
ment of the included studies.

Introduction

Fractures of the proximal humerus account for approxi-
mately 10% of all fractures in patients over the age of 65.!
Epidemiological research indicates that the incidence of
this injury is increasing rapidly, primarily as a result of the
growth of an ageing population.?3 For displaced frac-
tures which represent approximately 50% of these frac-
tures,* there are a myriad of classification systems to
describe the different and complex fracture configura-
tions that occur.> Interestingly, there is a trend towards
increasing surgical management of these fracturesé’
despite a lack of clinical evidence to support surgical
intervention over non-operative management.® Over the
course of the last five years, there has been emerging
Level | evidence® within the field. The most recently pub-
lished clinical study to investigate surgical versus non-
surgical treatment of displaced fractures of the proximal
humerus is the Proximal Fracture of the Humerus
Evaluation by Randomization (PROFHER), a multicentre
randomised controlled trial (RCT).'° In an approach simi-
lar to previously published RCTs that investigated treat-
ment interventions for fractures of the proximal
humerus,'".12 different types of fracture, as classified by
the Neer Classification,'® were included within their study
population.

When clinical heterogeneity between RCTs is associ-
ated with statistical heterogeneity amongst their treat-
ment effects, decision making on how to apply research
findings to clinical practice may be affected by the rele-
vant patient- or disease-related factors.’ In the case of a
meta-analysis, pooling data from such trials may also be
questionable.’ Identifying the clinical characteristics that
underpin statistical differences in treatment effects pro-
vides an opportunity for the design of future RCTs with
less heterogeneity within their included population, and
therefore may potentially have less “noise”, that is, prob-
lematic factors, affecting the desired objective of

identifying a true treatment effect.'> This is particularly
relevant to the management of fractures of the proximal
humerus, where the variability in morphology, as well as
the different surgical treatments available, may be a rea-
son for the lack of clinical implementation of findings
from pragmatically-designed RCTs or meta-analyses,
which report that there is no difference in clinical out-
comes between surgical and non-surgical management.

The aim of this meta-analysis is to provide an up-to-
date summary of outcomes of RCTs comparing surgical
and non-surgical treatment of displaced fractures of the
proximal humerus, and specifically to establish whether
increasing fracture complexity or type of surgical inter-
vention produce treatment effects that are distinct from
those of the overall meta-analysis.

Patients and Methods

Review protocol. This study was performed in accor-
dance with the guidelines from the preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
statement.’¢

Search strategy. A systematic search was performed
in PubMed, EMBASE and Cochrane databases (January
1 1975 to May 1 2015) using the search term “proxi-
mal humerus fracture”. The search query used in
PubMed was ‘Search (proximal humerus fracture) AND
(“1975/01/01”[Date - Publication] : “2015/05/01”[Date
- Publication])’. The search query used in EMBASE was
‘proximal humerus fracture.mp.” and ‘1975:2015.(sa_
year)’. The search query used in the Cochrane Library
was ‘proximal humerus fracture:ti,ab,kw Publication
Year from 1975 to 2015’. All results were combined in an
Endnote library and the ‘find duplicates’ application was
used to identify duplicate studies. Studies were selected
for further analysis after reading the individual abstracts.
Inclusion and exclusion criteria. All randomised con-
trolled trials that compared surgical and non-surgical
management of fractures of the proximal humerus were
included. Study inclusion was not restricted by the type
of surgical repair performed, or the types of fracture
included. Studies that described conservative treatment
that involved a closed reduction under general anaes-
thetic were excluded. Only English language studies
were included within the analysis and studies that did
not include patient follow-up for at least one year were
also excluded. Two reviewers (SS, NKP) independently
selected the relevant articles and reviewed their full texts
to assess their eligibility. Discrepancies were resolved
following assessment by a third reviewer (PR). Inter-
rater agreement was calculated using a Kappa statistical
analysis.

Outcomes of interest and data extraction. The following
information was extracted from each study: authorship,
year of publication, sample size, single/multicentre sta-
tus, mean population age, fracture classification system
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used, types of fracture included, surgical procedure per-
formed, non-operative protocol, rehabilitation protocol,
duration of follow-up and patient outcomes.

Four outcomes of interest were extracted to compare
surgical treatment with conservative management:

— Functional outcome based on the Constant Score;

— Quality of life assessment based on the EuroQol or
15-D instrument;

— Additional surgery (secondary surgery following a
complication of primary treatment);

— Adverse events or complications: avascular necrosis
(AVN), post-traumatic osteoarthritis (OA) and non/
malunion.

Risk of bias in individual studies and grading of the evi-
dence. The Cochrane Collaboration’s tool for assessing
risk of bias in RCTs'” was used by two reviewers who
independently assessed each domain of every study. A
third reviewer was used to resolve potential discrepan-
cies (PR). Sensitivity analysis was performed to investigate
whether risk of bias within the studies affected the results
of the meta-analysis for the pre-determined outcomes of
interest. The confidence in effect estimates was evaluated
using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach.8
Statistical analysis. The meta-analysis was conducted
in line with recommendations from the Cochrane
Collaboration and PRISMA statement.'® Analysis was
performed in Review Manager Version 5.3 (The
Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen). The summary statistics for dichotomous
data (secondary surgery and adverse events) were odds
ratio (OR), whereas the effect measure for continuous
data (Constant Score and quality of life assessment) was
mean difference (MD), both reported with 95% confi-
dence intervals (Cl). The point estimate of the MD was
considered statistically significant at p < 0.05 if the 95% ClI
did not include the value 0. An odds ratio was considered
statistically significant at p < 0.05 if the 95% CI did not
include the value 1. Data were analysed using a random
effects Mantel-Haenszel model. A random effects analy-
sis was chosen over a fixed effects model for subgroup
analysis because the populations included in the different
studies were heterogeneous.

Publication bias was assessed by graphical exploration
with funnel plots. Heterogeneity was assessed using the
12 statistic. This represents the proportion of total varia-
tion between included studies attributable to differences
between studies, rather than sampling error (chance).
The degree of heterogeneity was graded as low (12 < 25%),
moderate (12 = 25% to 75%) or high (12 > 75%).

Three strategies were used to investigate potential
causes of statistical heterogeneity within the included

studies: subgroup analysis of RCTs based on the predom-
inant type of fracture within the study (> 50% have two
parts, > 50% have three parts and > 50% have four parts);
sensitivity analysis by meta-analysis of studies based on
their risk of bias; and sensitivity analysis by meta-analysis
of studies based on whether arthroplasty or internal fixa-
tion was performed for more than 80% of included cases.
For the sensitivity analysis, both fixed and random effects
models were adopted and outcome measures were
reported for each. This was undertaken because in a sen-
sitivity analysis, presentation of both models provides a
more comprehensive evaluation of how differences in
datasets or statistical methods influence the observed
outcomes.’ Meta-regression was not performed due to
the limited number of RCTs identified.

Results

Seven studies'%-12.20-23 published between 1975 and 2015
met the inclusion criteria for comparing surgical and
non-surgical treatment of displaced fractures of the prox-
imal humerus (Fig. 1). The strength of agreement on the
included studies between the reviewers was strong with
a Kappa value of 0.875. These studies included a total of
528 patients; 50% underwent surgical treatment and
50% were managed conservatively. The results from one
study group investigating the same group of patients
were published as three separate studies that reported on
different outcomes, as well as outcomes at different fol-
low-up periods.’2425 For the purpose of the analysis
these are reported as a single study. Six studies adopted
the Neer classification system, with the one study that
used the AO/OTA classification system, stating that only
three or four part fractures were included. Amongst the
seven studies, there were three studies that included only
four-part fractures, two studies that included three- and
four-part fractures, one study that included only three-
part fractures, and one study that included all types of
fracture (Table I).

Assessment of bias. The Cochrane Collaboration’s tool for
assessment of bias was used to assess individual domains
and overall study bias.?¢ Five studies were rated as
‘unclear risk of bias,0:20-22.25 two were rated as ‘high risk’
of bias'223 (Fig. 2). Studies that were rated as unclear risk
all had clearly defined methods of randomisation, how-
ever, across all seven studies, there was a lack of blinding
of participants and clinicians. These were rated as ‘unclear
risk” instead of ‘high risk” because of a perceived impracti-
cality of blinding patients and clinicians when comparing
surgical and non-operative treatment. Selective reporting
was difficult to assess across most of the trials. However,
one study had a published protocol,'® in which the stated
outcomes of interest matched those within the final pub-
lication. This was judged to be at a ‘low risk’ of bias.
None of the studies which had an ‘unclear risk’ of bias
had a single domain rated as ‘high risk’. The evaluation
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Cochrane (n = 96) searching (Total n = 2929)

A 4
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Records excluded:
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A 4

A
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Full-text articles assessed
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A

Studies included in
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(n=7)

A

Studies included in
quantitative synthesis
(meta-analysis)
n=7)

Fig.

1

PRISMA flow diagram showing results of article screening and exclusion

Table 1. Characteristics of studies included in the meta-analysis

Author (yr) Country Single/ Sample Mean age Mean age Surgical Type of fracture
multicentre size surgical conservative procedure (%) (Neer classification) (%)
group group

Rangan et al (2015)° United Kingdom Multicentre 250 66.6 65.4 Plate fixation (82.6) 2 part (51.2)/3 part (37.2)/4
Hemiarthroplasty (9.2) part (4.4%) 1 part (7.2)
Other (8.2)

Fjalestad et al (2012) *11.2425  Norway Single centre 50 72.2 73.1 Plate fixation 3 part (52)/4 part (48)

Zyto et al (1997)12 Sweden Single centre 40 73 75 Tension band fixation 3 part (92.5)/4 part (7.5)

Boons et al (2012)%° The Netherlands  Single centre 50 76.4 79.9 Hemiarthroplasty 4 part

Olreud et al (2011) (H)?? Sweden Single centre 55 75.8 77.5 Hemiarthroplasty 4 part

Olreud et al (2011) (F)?' Sweden Single centre 60 729 74.9 Plate fixation 3 part

Stableforth (1984)23 United Kingdom Single centre 32 65.6 70.1 Hemiarthroplasty 4 part

of confidence in effect estimates using the GRADE tool is
summarised in Table II.

Funnel plots (Fig. 3) based on re-operation and adverse
events as outcomes of interest were created to evaluate
publication bias. For both evaluations, all the studies were
found to lie within a 95% Cl as represented by the inverted
funnel, suggesting an absence of publication bias.

Outcomes of interest: Constant Score. Four studies'!20-22
reported a Constant Score at 12-month follow-up, of
which there were two subgroups; one that included two
studies with > 50% three-part fractures and another that
included two studies with > 50% four-part fractures.
Meta-analysis of these studies showed comparable func-
tional outcomes at 12-month follow-up based on the
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Table Il. Grading of Recommendations Assessment, Development and Evaluation summary for meta-analysis of outcomes of interest comparing operative and

non-operative management of fractures of the proximal humerus

Outcome of interest Participant  Relative effect (95% ClI) Initial Quality Consistency Directness Effect Overall
studies (n) score score score size grade
Constant Score (at 24 mths) 173 (4) MD -1.24(-7.07 to -4.59) 4 -3 0 0 0 Very low
Health utility (at 24 months) 365 (4) MD 0.06 (-0.04 to 0.16) 4 -1 -1 0 0 Low
Secondary surgery 534 (7) OR0.53 (0.26 to 1.08) 4 -3 -1 0 1 Very low
Adverse outcomes 534 (7) OR 1.95 (0.95 to 4.00) 4 -3 -1 0 0 Very low

Cl, confidence interval; MD, mean difference; OR, odds ratio

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

® @ @ @ @ | random sequence generation (s election bias)
® O @ @@ Alocation concealment (selection bias)

-

<

Boons et al?° C

Fjalestad et al' 242> 202 @) 2

Olerud et al* 202 @) 2

Olerud et al*’ 202 @2
Rangan et al' 21727 @@

Stableforth?® D& 22|22

Zyto et al'? 20?21?2121

Fig. 2
Cochrane risk of bias summary for seven included studies
(+ represents low risk, ? represents unclear risk, - represents high risk).

Constant Score (MD 2.82,95% Cl 2.17 to 7.82; p=0.27),
with no overall heterogeneity or heterogeneity between
the subgroups.

Three studies?'?225 reported a Constant Score at
24-month follow-up, of which there were two sub-
groups; one that included two studies with > 50% three-
part fractures and another with one study with > 50%
four-part fractures. Meta-analysis of these studies showed
comparable functional outcomes at 24-month follow-up
based on the Constant Score (MD -0.20, 95% ClI - 6.68 to
6.39; p =0.95), with no overall heterogeneity (1> = 0%) or
heterogeneity between the subgroups (I> = 0%). One
study with > 50% three-part fractures reported a Constant
Score at 50-month follow up and when included in the

meta-analysis of 24-month follow up studies there was
no statistically significant difference in outcome (MD
-1.24, 95% Cl -7.07 to 4.59; p = 0.68).

Outcomes of interest: quality of life assessment. Four
studies0.21.2225 included quality of life outcomes or
health utilities at 12-month follow up. Meta-analysis of
these studies revealed that overall there were compara-
ble health utilities at 12-month follow-up for surgically
and conservatively managed patients (MD 0.02, 95%
C1 0.02 to 0.06; p = 0.38), with low overall heterogene-
ity (12 = 6%) and low heterogeneity between subgroups
(12 = 16.4%). These studies also reported health utilities
at 24-month follow-up and there was also no significant
difference between patients treated surgically or conser-
vatively (MD 0.01, 95% Cl 0.05 to 0.08; p = 0.69), with
moderate overall heterogeneity (12 = 55%) and moderate
heterogeneity between subgroups (12 = 68.2%). There
was an observable trend towards favourable outcomes
for patients treated surgically as complexity of fracture
within the studies increased and the single study that
included four-part fractures had a significantly improved
health utility score for patients managed surgically at
24-month follow-up (Fig. 4).

Outcomes of interest: additional surgery. All seven stud-
ies reported on additional surgery following a failure or
complication of the primary treatment. Overall, meta-
analysis of all the studies (Fig. 5) showed no statistically
significant difference between patients who were ini-
tially managed surgically compared with those managed
conservatively (OR 1.88, 95% Cl 0.92 to 3.85, p = 0.08).
Although there was minor heterogeneity (12 = 4%)
between the seven studies, subgroup analysis between
studies with > 50% two-part fractures, > 50% three-part
fractures and > 50% four-part fractures revealed mod-
erate heterogeneity (12 = 60%). Furthermore, subgroup
analysis of the three studies with > 50% three-part
fractures produced a statistically significant OR favour-
ing conservative management (OR 6.47, 95% CI 1.59 to
26.38; p = 0.009).

Outcomes of interest: adverse events or complications. All
seven studies reported complications or adverse events
occurring as a result of surgical or conservative treatment.
Overall, meta-analysis of the studies (Fig. 6) showed no
statistically significant difference in the incidence of AVN,
post-traumatic OA and mal/nonunion between the two
groups (OR 0.51, 95% Cl 0.25 to 1.05; p = 0.07). There
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Funnel plots demonstrating low risk of publication bias based on a) adverse events as an outcome measure and b) re-operation as an outcome measure.

was moderate overall heterogeneity (I? = 34%), which
was increased when heterogeneity between subgroups
was assessed (12 = 60.80%). Furthermore, only a sub-
group analysis of the three studies with > 50% four-part
fractures demonstrated a statistically significant difference
in treatment outcomes with less adverse events likely in
patients undergoing surgical treatment (OR 0.14, 95% ClI
0.04 to 0.51; p = 0.03).

Sensitivity analysis. This was performed on studies
based on their risk of bias in order to determine whether
methodological heterogeneity influenced statistical het-
erogeneity of outcome measures, and also to evaluate
the effect of type of surgical treatment on outcomes.
Studies at ‘low risk of bias” were subjected to meta-anal-
ysis, as were the two studies where the risk of bias was
‘unclear’/‘high risk’.

When sensitivity analysis was performed on studies
based on the predominant surgical procedure, a signifi-
cant treatment effect in quality of life assessment at 24
months was found for the single study that performed
hemiarthroplasty (MD 0.16, 95% CI 0.04 to 0.28;
p = 0.007). Hemiarthroplasty studies were also less likely
to resultin the pre-defined adverse events (OR 0.14, 95%
Cl 0.04 to 0.51; p = 0.03). Hemiarthroplasty studies
included only four-part fractures. Internal fixation studies
included all fracture types. There was moderate hetero-
geneity within the internal fixation studies when evaluat-
ing re-operation as an outcome of interest (12= 47%).
There was no heterogeneity found in any of the meta-
analysis performed for hemiarthroplasty studies.

Discussion

The findings of our study update a previous meta-
analysis of RCTs comparing surgical and conservative
management of displaced fractures of the proximal

humerus® with the inclusion of two more recent ran-
domised trials'%2° and outcomes reported at 24 months
from a third study.?> Although recently published meta-
analyses have integrated more recent research into their
analysis,?”-?° to the best of our knowledge this is the only
study that has compared treatment interventions in RCTs
based on the complexity of the fracture and the type of
surgical procedure performed. The results of the sub-
group and sensitivity analyses based on these clinical
characteristics offer outcomes based on more specific
clinical scenarios. Furthermore, the differences identified
between the overall analysis and subgroups underlines
the concern that ‘comparing apples and oranges’ in
medical research has its drawbacks.30

Subgroup analysis of health utilities based on the pre-
dominant types of fracture within each study demon-
strated a trend towards improved outcomes as the
complexity of the fracture increased. The single study
that included patients with four-part fractures had signifi-
cantly improved outcomes for patients managed surgi-
cally. Studies where the main type of fracture was of a
three-part nature had a significantly increased risk of
additional surgery for patients who underwent surgical
intervention as a primary treatment. Although not statis-
tically significant, there was also an observable difference
with an increased risk for additional surgery after surgical
management of four-part fractures, compared with two-
part fractures. Moreover, within the subgroups separat-
ing trials by complexity of fracture, there was no statistical
heterogeneity. However, there was moderate statistical
heterogeneity between those subgroups (12 = 60%). This
heterogeneity was not eradicated, or reduced from mod-
erate to low, when sensitivity analysis was performed
based on risk of bias. This suggests that differences
in methodology were not underpinning statistical
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Fig. 4b

Forest plots demonstrating health utilities at 12-month a) and 24-month follow-up b) based on predominant fracture type in randomised controlled trials com-
paring surgery and conservative management for displaced fractures of the proximal humerus (Cl, confidence interval; SD, standard deviation).

heterogeneity of treatment effects when considering
additional surgery as an outcome of interest. The finding
of the subgroup analysis suggest what is intuitive in clini-
cal practice, that is, more complex fractures are more dif-
ficult to manage surgically, hence they are likely to
require additional surgery to manage failure or complica-
tions following the primary surgical procedure. The sta-
tistical significance of a higher rate of re-operation after
surgical management in studies with > 50% three-part
fractures is likely to be confounded by this point.
However, it is important to recognise that surgical man-
agement within these studies involved the use of locking
plates only. There is an evidence-based view that compli-
cations after locking plates are more likely than after
hemiarthroplasty in elderly patients.3' However, more
evidence is needed to understand whether the difference

in rate of re-operation is also influenced by differences in
decision making as surgeons weigh the risks and benefits
of revising both implants.

When evaluating the complications occurring after
surgical and conservative treatment, we selected adverse
events that were plausible with either intervention. Post-
traumatic OA, AVN and mal/nonunion are significant
indicators of future disability, and have been repeatedly
used as markers to compare the incidence of adverse
events between the two intervention groups.*32 Although
our overall analysis suggests there is no statistical differ-
ence between surgical and non-operative treatment in
relation to these events, subgroup analysis of four-part
fractures results in a significant OR that favours surgery
(OR 0.14, 95% Cl 0.04 to 0.51; p = 0.03) and there was
moderate heterogeneity between the subgroups
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Experimental Control Odds Ratio (non-event) Odds Ratio (non-event)
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% Cl
1.14.1 predominantly 2 part
Rangan et al (2015) 11 125 11 125 54.8% 1.00 (0.42 to 2.40)
Subtotal (95% Cl) 125 125 54.8% 1.00 (0.42 to 2.40)
Total events 11 11

Heterogeneity: Not applicable
Test for overall effect: Z =0.00 (p = 1.00)

1.14.2 predominantly 3 part

Fjalestad et al (2014/2012/2010) 4 25 1 25 9.6%
Olreud et al (2011 Fixation) 9 30 1 29 10.7%
Zyto et al (1997) 1 19 0 19  4.7%
Subtotal (95% ClI) 74 73 25.1%

Total events 14 2
Heterogeneity: Tau? = 0.00; Chi? = 0.60, df = 2 (p = 0.74); I> = 0%
Test for overall effect: Z = 2.60 (p = 0.009)

1.14.3 predominantly 4 part

Boons et al (2012) 1 25 1 25 6.3%
Olreud et al (2011 Replacment) 3 27 1 28 9.1%
Stableforth (1984) 1 16 0 16  4.7%
Subtotal (95% Cl) 68 69 20.1%
Total events 5 2

Heterogeneity: Tau? = 0.00; Chi? = 0.48, df = 2 (p = 0.79); I* = 0%
Test for overall effect: Z=1.03 (p = 0.30)

Total (95% Cl) 267 267 100.0%
Total events 30 15

Heterogeneity: Tau? = 0.04; Chi? = 6.23, df = 6 (p = 0.40); 1> = 4%

Test for overall effect: Z =1.74 (p = 0.08)

Test for subgroup differences: Chi? = 5.00, df = 2 (p = 0.08); I? = 60.0%

0.22 (0.02 to 2.11) _
0.08 (0.01 t0 0.71) _
0.32 (0.01 to 8.26)

0.15 (0.04 to 0.63) -

1.00 (0.06 to 16.93) [
0.30 (0.03 to 3.04) _—

0.31 (0.01 to 8.28)
0.44 (0.09 to 2.12) —~atlr—
0.53 (0.26 to 1.08) <
I } t |
0.001 0.1 1 10 1000

Favours (conservative) Favours (surgery)

Fig. 5

Forest plot demonstrating secondary surgery following either initial surgical or non-surgical treatment with subgroup analysis based on predominant fracture

type, (Cl, confidence interval).

Experimental Control Odds Ratio (non-event) Odds Ratio (non-event)
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.20.1 predominantly 2 part
Rangan et al (2015) 8 125 11 125 26.9% 1.41 (0.55 to 3.64)
Subtotal (95% CI) 125 125 26.9% 1.41 (0.55 to 3.64)
Total events 8 11
Heterogeneity: Not applicable
Test for overall effect: Z=0.71 (p = 0.48)
1.20.2 predominantly 3 part
Fjalestad at el (2014/2012/2010) 12 24 17 25 21.8% 2.13 (0.67 to 6.78) —_1
Olreud et al (2011 fixation) 4 30 5 29 16.9% 1.35(0.33 to 5.64) —_—
Zyto et al (1997) 4 19 2 19 11.8% 0.44 (0.07 to 2.76) _
Subtotal (95% Cl) 74 73 50.4% 1.35 (0.60 to 3.05) -l
Total events 24
Heterogeneity: Tau? = 0.00; Chi? = 2.02, df = 2 (p = 0.36); 1> = 1%
Test for overall effect: Z=0.73 (p = 0.47)
1.20.3 predominantly 4 part
Boons et al (2012) 2 25 8 25 13.5% 5.41 (1.02 to 28.79) ——
Olreud et al (2011 Replacment) 1 27 9 28 9.1% 12.32 (1.44 t0 105.62) —_—
Stableforth (1984) 0 16 0 16 Not estimable
Subtotal (95% Cl) 68 69 22.7% 7.38 (1.97 to 27.60) el
Total events 3 17
Heterogeneity: Tau? = 0.00; Chi? = 0.36, df = 2 (p = 0.55); 1> = 0%
Test for overall effect: Z=2.97 (p = 0.003)
Total (95% ClI) 266 267 100.0% 1.95 (0.95 to 4.00) -
Total events 31 52
Heterogeneity: Tau? = 0.26; Chi? = 7.55, df = 5 (p = 0.18); I = 34% } } } }

Test for overall effect: Z=1.83 (p = 0.07)
Test for Subgroup differences: Chi? = 5.11, df = 2 (p = 0.08); I = 60.8%

0.01 0.1 1 10 100
Favours (conservative) Favours (surgery)

Fig. 6

Forest plot demonstrating adverse events following surgical or conservative management with subgroup analysis based on the predominant type of fracture,

(Cl, confidence interval).

(12=60.8%). This result is likely to be entirely confounded
by the fact that four-part fracture studies adopted hemi-
arthroplasty as the surgical intervention, and this is dem-
onstrated in the sensitivity analysis of this outcome of
interest based on the type of surgery performed.

The implications of this meta-analysis for future RCTs
investigating the treatment of fractures of the proximal
humerus are clear: homogeny of fracture complexity and
surgical procedure performed are likely to provide clearer
and more clinically applicable findings that inform
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Table I11. Trials currently registered in the WHO International Clinical Trials Registry Portal investigating surgical versus conservative treatment of fractures of

the proximal humerus

Study name (ID) Country Single centre Sample Fracture type included Interventions
or multicentre size

Proximal Humerus Fracture Randomised ~ Canada Unknown 155 Neer types: 2,3 &4 Locking plate versus
Control Trial (NCT02362100) conservative
Treatment of Proximal Humeral Fractures  Finland Multicentre 290 Neer type: 2,3 &4 (low energy injuries  Hemiarthroplasty versus
(TPHF) (NCT01246167) with other specifications described) plate versus conservative
Treatment of Comminuted Fractures of Finland Unknown 920 Neer type: 3,4 part with > 5 mm Hemiarthroplasty versus
the Proximal Humerus (NCT00999193) dislocation of anatomical neck AO C1to  plate versus conservative

2 for non-luxation fractures and C3 for

luxation fractures
Primary hemiarthroplasty versus Netherlands ~ Multicentre 80 Selected Hertel types: 9 to 12, selected Hemiarthroplasty versus
conservative treatment for comminuted Hertel types 2, or head split fractures conservative
fractures of the proximal humerus in the based on the judgement of the
elderly ( ProCon) (NTR2040) attending surgeon.
Comminuted Proximal Humerus Norway Unknown 50 AO B2 or C2 (with further specification  Locking plate versus
Fractures. A Randomised study of on selected types) conservative
Surgical Versus Conservative Treatment
(NCT00863473)
Effect of Osteosynthesis. Primary Denmark Multicentre 162 Neer type 4 Hemiarthroplasty versus
Hemiarthroplasty, and Non-surgical plate versus conservative
Management for Fractures of the
Proximal Humerus (NCT00835562)
Operative Versus Non Operative Canada Multicentre 120 Neer types 3 &4 Internal fixation versus

Treatment of Proximal Humerus
(Shoulder Joint) Fractures (NCT0818987)

conservative

WHO, World Health Organization

decision making in this field. There is a potential for mis-
guided interpretation of the results of large well-per-
formed trials, with a view that outcomes for surgery and
conservative management are identical for all displaced
fractures of the proximal humerus.33 The diverse range of
fracture patterns that numerous systems have attempted
to classify are known to predict clinical outcome varia-
bly,3* and therefore, the influence of type of fracture on
clinical outcome when hypothesising whether surgical
and conservative treatments are comparable, is impor-
tant. At the time the last search was performed within our
systematic review, there were seven ongoing RCTs that
included 947 patients, registered in the World Health
Organization’s International Clinical Trials Registry
Platform, that were investigating the difference between
surgical and conservative management for fractures of
the proximal humerus (Table IlI).3> Of the five studies that
have used the Neer classification system, two include
two-, three- and four-part fractures, two include three-
and four-part fractures and only one includes four-part
fractures. The other ongoing trials are investigating com-
plex and displaced fractures based on the AO and Hertel’s
classification system. While it has often been suggested
that the reliability of the current classification systems are
poor,’> regardless of the system that is adopted, there is a
need for inclusion of more homogenous fracture patterns
within future trials. Appropriate study design has a large
role to play in the feasibility of such research. Given that
PROFHER was the only study out of the seven within our
meta-analysis that was performed at multiple centres,
and it recruited almost four times as many patients as the
next largest study within the shortest period of time,
there is a clear benefit in collaboration between research

institutions in future RCTs. This will allow appropriate
sample size recruitment over a shorter period of time to
be conducted for specific types of fracture, which repre-
sents smaller cohorts within the general population.
Furthermore, conducting multicentre RCTs such as
PROFHER may increase the external validity of research
findings,3¢ which is particularly important in orthopaedic
surgery where technical expertise and experience is vari-
able and may be a source of performance bias.3’

Functional outcome measures reported within the
seven RCTs evaluating surgical versus conservative treat-
ment for fractures of the proximal humerus were highly
variable. Although the majority of these functional assess-
ment measures are valid,383? interpretation and compari-
son of results between studies that have adopted different
functional outcome measures is challenging. In hip frac-
ture research, key opinion leaders have proposed core
outcome measures for clinical trials in order to improve
synthesis of evidence within their field.*® Consensus and
evidence-based guidance on core outcome measures for
future trials that have been developed by recognised pro-
fessional bodies in upper limb orthopaedics could
improve the reporting of outcomes, as well as the ability
to interpret the overall evidence base.

Our study has five main limitations. Firstly, the num-
ber of studies included was less than ten. As such, our
evaluation of publication bias should be treated with cau-
tion as funnel plot asymmetry is most accurately per-
formed when there are at least ten studies.#! Furthermore,
because the number of trials included was small, the
sample size of certain subgroup analyses was also small,
which probably resulted in large Cls that are seen
throughout the analysis. This suggests less than precise
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point estimates, and underlines the need for further infor-
mation in this field, specifically, larger trials based on
each subgroup of fracture complexity. The need for fur-
ther research is also highlighted by the weakness of esti-
mated effects based on the GRADE assessment performed.
Another problem related to the small number of trials
included is that when they are separated into subgroups,
an 12 of 0% may not represent true homogeny amongst
the trials, rather a lack of power to identify heterogeneity.
Secondly, quantifying heterogeneity using 12 as a metric
that has intervals of severity such as those defined in our
methods has been subject to methodological debate.*2
Despite this, the definition of moderate heterogeneity
that we used when reporting between subgroups of type
of fracture is based on values described in recognised
standards for meta-analysis research.4! Thirdly, for the
three studies selected and included in sensitivity analysis
of internal fixation as a predominant treatment, one
involved tension-band wiring'? and the remaining two
included locking-plate fixation.?.2> Locking plates are a
newer technology that are often considered to be advan-
tageous for internal fixation, and therefore, some caution
is required when considering the results of sensitivity
analysis performed on this group, as there are potential
differences in efficacy of these two variations of internal
fixation. Fourthly, an absence of RCTs that compare
reverse arthroplasty with conservative treatment limits
the clinical application of meta-analysis of the current evi-
dence base, particularly with the growing uptake of this
procedure for fracture management,*3 and some evi-
dence to suggest that it is superior to hemiarthroplasty
for complex fractures of the proximal humerus in the
elderly.# Finally, it is important to state that subgroup
analysis is an observational method that identifies possi-
ble variables that drive heterogeneity in meta-analysis.
The strength of our findings are increased by our selected
subgroup variable having been selected a priori and a
biological plausibility that fracture morphology affects
outcomes. Our results have important implications for
the design of future trials, and add weight to an argu-
ment that more specific inclusion criteria are required so
that their conclusions can better inform clinical decision
making.

In conclusion, although there is no overall difference
in clinical outcomes for RCTs that compare surgical and
conservative treatment of displaced fractures of the prox-
imal humerus, differences in outcomes were detected
when subgroup and sensitivity analyses were performed
based on type of fracture, as well as the type of surgical
intervention performed. Clinical heterogeneity based on
these factors appears to be underpinning statistical het-
erogeneity of treatment effects. Future research within
this field may produce more clinically applicable findings
if study design adopts an inclusion criteria based on a
more homogenous type of fracture, or a single surgical
intervention.

Supplementary material
A table showing sensitivity analysis of included
studies based on risk of bias and the predominant
surgical procedure performed within the trial is available
alongside this article at www.bjr.boneandjoint.org.uk
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