Universiteit

4 Leiden
The Netherlands

Challenges and opportunities in trauma research: study designs and

patient-reported outcome measures
Ochen, Y.

Citation
Ochen, Y. (2021, March 31). Challenges and opportunities in trauma research: study designs
and patient-reported outcome measures. Retrieved from https://hdl.handle.net/1887/3158171

Version: Publisher's Version
License: Licence agreement concerning inclusion of doctoral thesis in the

Institutional Repository of the University of Leiden
Downloaded from: https://hdl.handle.net/1887/3158171

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3158171

Cover Page

¢ Repository

The handle https://hdl.handle.net/1887/3158171 holds various files of this Leiden
University dissertation.

Author: Ochen, Y.

Title: Challenges and opportunities in trauma research: study designs and patient-
reported outcome measures

Issue Date: 2021-03-31


https://openaccess.leidenuniv.nl/handle/1887/1
https://hdl.handle.net/1887/3158171
https://openaccess.leidenuniv.nl/handle/1887/1�

CHAPTER 3

Operative versus nonoperative treatment of proximal humeral
fractures: a systematic review, meta-analysis, and comparison of
observational studies and randomized controlled trials

Reinier B. Beks, Yassine Ochen, Herman Frima, Diederik P.J. Smeeing,
Olivier van der Meijden, Tim K. Timmers, Detlef van der Velde,
Mark van Hejjl, Luke P.H. Leenen, Rolf H.H. Groenwold, R. Marijn Houwert

(Journal of Shoulder and Elbow Surgery)



CHAPTER 3

Abstract

Background

There is no consensus on the choice of treatment for displaced proximal humeral fractures in
older (>065 years) patients. The aim of this systematic review and meta-analysis was (1) to
compare operative with nonoperative management of displaced proximal humeral fractures and
(2) to compare effect estimates obtained from randomized controlled trials (RCTs) and

observational studies.

Methods

The databases of MEDLINE, Embase, CENTRAL, and CINAHL were searched on September
5, 2017 for studies comparing operative versus nonoperative treatment of proximal humeral
fractures; both RCT's and observational studies were included. The MINORS criteria, a validated
instrument for methodological quality assessment, were used to assess study quality. The primary
outcome measure was physical function as measured by the absolute Constant-Murley score after
operative or nonoperative treatment. Secondary outcome measures were major reinterventions,

nonunion, and avascular necrosis.

Results

We included 22 studies comprising 7 RCT's and 15 observational studies, resulting in 1743
patients total: 910 treated operatively and 833 nonoperatively. The average age was 68.3 years,
and 75% were female. There was no difference in functional outcome between operative and
nonoperative treatment with a mean difference of -0.87 (CI, -5.13 — 3.38; P=0.69; ’=69%).
Major reinterventions occurred more often in the operative group. Pooled effects of RCT's were

similar to pooled effects of observational studies for all outcome measures.

Conclusion
We recommend nonoperative treatment for the average elderly (aged >65 years) patient with a
displaced proximal humeral fracture. Pooled effects of observational studies were similar to those

of RCTs, and including observational studies led to more generalizable conclusions.
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Operative versus nonoperative treatment of proximal humeral fractures

Introduction

The proximal humeral fracture is the third most common fracture seen in elderly persons, with
an incidence of 82 per 100,000 person-years, with an annual increase in the rate by 13.7% over
the past 33 years'™ The typical patient is a female aged 65 or older.* Nearly 75% of patients are
treated nonoperatively, and one out of five will undergo surgery depending on fracture type and

displacement.’

Depending on related factors such as patient age, activity, and fracture pattern, operative
treatment options include minimally invasive reduction and intramedullary fixation, open
reduction and internal plate fixation, or arthroplasty of the glenohumeral joint. Nonoperative
treatment usually starts with immobilization followed by passive and active rehabilitation.’
Despite the fact that the available literature is inconclusive regarding the superiority of either
treatment option, it is common practice to attempt joint-saving operative procedures in younger
patients.>® In addition, there is no consensus on whether surgery is beneficial for the older patient

with a displaced proximal humeral fracture.

Increasing scientific evidence has demonstrated that meta-analyses of both high-quality
observational studies and randomized controlled trials (RCTSs) can be similar in value to meta-
analyses of RCTs alone in the field of orthopedic trauma surgery.™” Observational studies may
give better insight into infrequent outcome measures, rare complications, and small effects of
operative treatment while also increasing the generalizability of the results owing to an increase in

patient numbers available for analysis or meta-analysis.

The aims of this systematic review and meta-analysis were (1) to compare operative versus
nonoperative treatment of displaced proximal humeral fractures and (2) to compare effect
estimates obtained from RCT's and observational studies. We hypothesized that (1) operative
treatment of proximal humeral fractures does not improve functional outcomes as compared
with nonoperative treatment and (2) including observational studies in this meta-analysis will lead

to more robust conclusions without decreasing the quality of the results.

Methods

This systematic review and meta-analysis followed guidelines published by PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) and MOOSE (Meta-Analysis of
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CHAPTER 3

Observational Studies in Epidemiology)."""* These checklists aim to improve the reporting of

systematic reviews and meta-analyses for RCTs and observational studies, respectively.

Search strategy and eligibility criteria

Two reviewers (R.B.B. and Y.O.) independently searched the MEDLINE, Embase, CENTRAL,
and CINAHL databases on September 5, 2017, for studies comparing operative and
nonoperative treatment of proximal humeral fractures. The search syntax is provided in
supplementary Table S1. Both RCTs and observational studies were included. After screening of
the titles and abstracts of identified records, studies were independently assessed based on full
text. The eligibility criteria were proximal humeral fracture; operative versus nonoperative
treatment; and reporting of functional outcomes, as well as complications. The exclusion criteria
were language other than English, Dutch, or German; no availability of full text; inclusion of
patients younger than 18 years; letters, meeting proceedings, and case reports; and external
osteosynthesis as operative treatment. Disagreement over eligibility was resolved by discussion
with a third reviewer (R.M.H.). The references of the included studies were screened for
eligibility, and citation tracking was performed by using Web of Science to identify articles not
found in the original search. Authors were approached via ResearchGate when no full-text

version of the article was available.

Data extraction

Data extraction was done independently by two reviewers (R.B.B. and Y.O.) with a data
extraction file. The following data were extracted: first author, journal, year of publication, study
period, study design, country or countries in which the study was performed, fracture
displacement, fracture classification system (Neer classification), follow-up, treatment groups,
operative treatment, nonoperative treatment, number of patients, loss to follow-up, implant
removal, and outcome measures. Definitions of fracture characteristics, such as displacement,
were applied according to the description in the original study. A major reintervention was
defined as an additional, initially unplanned surgical procedure for implant failure, deep infection,
symptomatic nonunion, subacromial impingement, or avascular necrosis. Planned implant

13,14

removal was not considered a major reintervention. Fjalestad et al reported additional follow

up of previously published data that were merged with the original article for this meta-analysis.
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Operative versus nonoperative treatment of proximal humeral fractures

Quality assessment

Two reviewers (R.B.B. and H.F.) independently assessed the methodological quality of all
included studies with the Methodological Index for Non-Randomized Studies (MINORS)."” The
MINORS is a validated instrument for methodological quality assessment and clear reporting of
observational studies of surgical interventions."” Other quality assessment tools focus on a
specific study design, while the MINORS is externally validated on RCTs by comparison with the
CONSORT statement, making it a suitable instrument for meta-analyses of different study
designs. The MINORS score ranges from 0 — 24; a higher score represents better methodological
quality. Further details on the MINORS criteria and scoring system are provided in

supplementary Table S2. Disagreements were resolved by involving a third reviewer (R.M.H.).

Outcome measures

The primary outcome measure was physical function as measured by the absolute Constant-
Murley score'® at least one year after initialization of either treatment. Normalized (sex- and age-
adjusted) Constant-Mutley scores were converted to absolute Constant-Mutley scores using
normal population-based values.'” Secondary outcome measutes were major reinterventions,
nonunion, and avascular necrosis. If available, other functional outcome measutres, such as the
American Shoulder and Elbow Surgeons Shoulder Score™ or the Neer score'’, were extracted as

well.

Statistical analysis

Statistical analyses were performed using Review Manager (RevMan, Version 5.3.5. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). All continuous variables were
converted to means and standard deviations (SD) when sufficient information was available using
methods described in the Cochrane Handbook for Systematic Reviews of Interventions.”

All analyses were performed stratified by study design (i.e. RCTs and observational studies
separately) as well as including both designs. Outcomes reported by two or more studies were
pooled in a meta-analysis. Pooled effects of operative versus nonoperative treatment of
dichotomous outcome measures were presented as risk ratios with confidence intervals (CI) using
the Mantel-Haenszel method.” Pooled effects of continuous outcome measures were presented
as mean differences with CI using the inverse variance weighting method.” Heterogeneity
between studies was assessed by visual inspection of the forest plots and by estimating statistical

measures for heterogeneity, i.e. the I* statistic and the Chi-square test. The main quantitative
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CHAPTER 3

assessment of heterogeneity was the I” statistic where the following interpretation was used: 0%
to 40% might not be important; 30% to 60% may represent moderate heterogeneity; 50% to 90%
may represent substantial heterogeneity; and 75% to 100% considerable heterogeneity.” When
heterogeneity was present a random-effects models was used instead of a fixed-effects model.
Inspection of a funnel plot of the primary outcome measure against its standard error was done

to detect potential publication bias.

Sensitivity analyses

Several sensitivity analyses were performed for study quality, year of publication, osteosynthesis
by (locking) plate fixation and arthroplasty, and Neer classification. For the analysis of study
quality only studies with an arbitrarily chosen MINORS score of 16 or higher were included,
similar to previously published meta-analyses in orthopedic trauma surgery studying both study
designs.*”' To assess the influence of the period in time in which the study was performed (and,
consequently, development of different operative techniques), only studies published after 2005
were included in a separate analysis. Since the locking plate is the most commonly used type of
osteosynthesis, another sensitivity analysis was conducted with studies where at least 80% of
patients were treated with a locking plate. Furthermore, a sensitivity analysis was performed for
all studies in which arthroplasty was the operative intervention. Finally, to explore the impact of
fracture type on the functional outcome, a sensitivity analysis was performed including only Neer

3-part and 4-part fractures.

Different methods of meta-analysis may be differentially sensitive to studies with zero events on
one or both study arms. Therefore, a sensitivity analysis to the choice of method of analysis was
performed by means of the DerSimonian Laird method with correction and the inverse variance

with and without correction for zero event data.?

Results

Figure 1 shows a flowchart of the literature search. In the end, 22 studies were included.*">'****

There were seven RCTs and 15 observational studies, of which nine were retrospective, four

prospective, and two a combination of retrospective and prospective design.
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Records Records Records Records
Pubmed Embase CENTRAL CINAHL
(n=660) (n=866) (n=166) (n=102)
Total records Excluded duplicates
(n=1794) (n=561)

Reference and citation
tracking (n=0)

'

Title and abstract

screening (n= 1233)

Excluded by title and abstract
(n=1187)

A 4

Full-text articles assessed

for eligibility
(n=46)

y

Included full-text articles
(n=23)

A 4

Studies included in
meta-analysis
(n=23)

A4

Full-text excluded (n= 23)

- Osteosynthesis with external
fixation (n=1)

- Language (n= 8)

- No full-text available (n= 14)

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram representing search and

screen process of studies comparing operative versus nonoperative treatment of proximal humeral fractures. Central, Cochrane

Central Register of Controlled Trials; CINAHL, Cumulative Index to Nursing and Allied Health Literature.

Quality assessment

The MINORS score for all included studies ranged from 12 to 22 with a median of 17.5 IQR
14-21). The MINORS score ranged from 16 to 22 with a median of 21 (IQR 21-22) for RCT's
and from 12 to 21 with a median of 16 (IQR 14-18) for observational studies. Study-specific
MINORS scores are provided in supplementary Table S3. The MINORS criteria for unbiased

assessment of study endpoints and prospective calculation of study size were rarely met.

Baseline characteristics of study participants

Details of the included studies and patients are provided in Table 1. The 22 studies included a
total of 1743 patients for meta-analysis: 910 treated operatively and 833 nonoperatively. The
weighted average age was 68.3 years, and 75% were female. Follow-up ranged from 12 to 86

months.

47



CHAPTER 3

21e[d Surdo[ T ‘reu snzowny rewrrxord N {Pueq uorsual ¢, ‘porrodos 10u YN Apnis
130402 2An22ds01d D) e PIOFITOD PazIwopues )Y ‘Apris 170102 29AR22dsonas )Y 130102 Juaned awes 9yl PaqIdsap Y10q St Apnis U0 s pazA[eur a1am 107 Pue 7107 Peasarel L.

cl LS Bur[g :aaneradouoN
/0L IV (0°sD) 6°CS MV 1 LS SFIM-3] ‘pueq UOISU T, ‘T :2Anerdd() +¢7 9N ueI] d 10¢ TeaInoN
(S6°9) L¥'LL 61 Burg :oanesodouoN
cr/semv (10°9) T6'eL 98 MV €T arm-y 2anerado RN e Od €10z nuad0UL]
6/cc (€¢n) 9’59 ) I¢ Surg :anesadouvoN
9¢/L6 @L1) 679 4 €l d'T‘NHd =aperdQ ¢v TV 2dh ov fuewron od €102 PIydsnepy
8L cl ¢ Burg :oanesodouoN
AN ¢L cl 81 Tonexy putq UOTSUA} + NHd PanesRdO 7 7N puepoog Id 100 UM0Ig-13n07)
¢/L1 (L'9) sL 0S 0c Surig :2aneradouoN
7/81 el 0S 0C pueq uoisua T, :aanesad $¢ 109N uopamg 10Y 1661 037
¢/c1 (S8-09) 1°0L 91 Surrg :anesadouoN
/Tl (88-29) 9°59 vP1-81 IV 91 fsedorgie aaperado 39N puv[duy LOY 7861 UHOPIqYIS
0¢/S6 60°C1) €+°S9 ¥ STl 150 SwiSuey 10 Surg :papErdoUoN
82/L6 811) 999 T szl mops “serdoryize ‘q 1, ‘a1 ‘NHd 2anvrdO ¥'¢T N purSuy I0¥ 10z vesuey
S/ve (88-89) 6L T 6T Surg :aanesadouoN
9/¥T @6799) 6°CL vz 0¢ 1 2aped0O EEEIN uapamg Aso)'l 91102 PAIR[O
v/ve (¢609) S°LL T 8T Surg :anesadouvoN
v/€cC (06-89) 8°sL e LT fserdorpreruay panerad( ¥ 399N uopamg 1Y ¥110Z PIO[O
1/¥¢ (88-09) 1°¢L ¥T 6T uonoINPaI Pasop + Jurg :2aneradouoN
s/0T (98-09) T'TL 14 4 d1:2aped0O ¢o-zg2db ov AvaroN IO¥  «P1-C10C peasdpeld
c/eC €D 6'6L 4 sc Suyg aperadovoN
1/%¢ (9°9) ¥9L cl ¢ Liserdoryqure :aanernd ¥ 399N SPUB[RYIPN LOY C10¢ suoog
eI (as/?8uex (sypuour) syuoped UOTIEDISSE[D ugIsop
/3Tewid g ‘syeaf) o8y  dn-moqog  IdqUnN sdnosS yusuneary, ERTRIA% | Anunop Apmag Apmg

juaunearn ®>ﬁNH®&OCOG s U>Udu®&0 MNQCNQEOU $aJn3del) snrowny QEQOH& Jo mﬁm%ﬂmﬁalmuwe © UT popndurl sa1pnis JO SONSLIAIOeIeYd JUIosed [ 9[qe I,

48



Operative versus nonoperative treatment of proximal humeral fractures

21e[d Sunyoo] I ‘reu snzowny [ewrxoid NHJ ‘pueq uorsua g7, (parzodor j0u YN Apms
130702 2An22ds0rd D) e PIOFITOD PazZIwopues )Y ‘Apris 170102 29AR22dsonas )Y 130102 Juaned awes 9yl PaqdsIp Y10q S Apnis U0 st pazA[eur a1am 107 Pue 7107 Peasarel L.

8T (o 8ur[g :2ApeIadouoN
(Sg=w)oma-y
rg/smy (@S €69 v 9z 88 ‘Gr=w)dT (c1=VNHd 2anvr2dO €T 399N epru) o)\ 10T rwiwe ],
9/C1 G +9 4z 81 Sur[g 2apesadouoN
8/6 #1) 8¢ LE L1 dT PaneRdo $°¢°C 39N elERAsny o) 110C s+pues
v/S1 (88-29) 6T 61 Surg :anesadouoN
1/61 1LV €S 0z fsedoryare pasiaaas aperdO $°¢ 19N sn N L10Z BOSIqOY
S1/9% Il Burrg :oanesodouoN
LE/601 6°9L TV oF IV 19 dT Panvado ¥€°C 39N SN o) S10T MO
BurssaIp IMeESSIP
9/5¢ (€62h) 6'89 182 30 3502 SuiBuey panesadovoN
9/s¢ (88-L¢) 169 SV Iy NHd 2anvadO ¥'¢C N Auewron o)\ 910¢ d8uv]
(S11) Les 9L 6 Surg 2apesadouoN
(p=v)omm-y]
AN L1 sTs 8 €1 (L=1)28ep103 4+ M1 “(T=0)d'T 2anv0d() 96 399N fuewson o} €00 3ol
6/%¢ (€S 109 0L ¢¢ Surg 2anesadouoN
(5=u) sma10g ‘(z=U) 27m-3]
1/ce (621 0°6S L 29 “(z=1) d'1‘(€=1) NHd =aperdQ AN A=EIN SPUBIIYION N 910z vewaSery
(#8-69) +69 69 LT Surg 2apesadouoN
AN (L8-L2) 999 91 LT NHd @anedO 96y 39N SPUL[IOIdIN o LO0T ¥203d pA
6/9¢ (0'9) 1°6L s¢ Lg Surg panesadouoN
c1/0c (¢8'L) €L 143 44 M-y :aanerad() v 2dh oy Aeay o) 6002 euuo[g
(z=v)uononpax uad() ‘(H=u)uononpas pasor)
€/¢cl (167€2) 0L 0L 91 ‘(01=u) Surg :2aneradouoN
G/¢1 08-€2) 19 €9 ST pueq uorsua |, :oanerdd() $°¢ 9N SSIMG / Udpamg Dd+DY 8661 UBWYI[]
cl SS Burrg :oanerodouON
(7=1)23e[239 4 sMIOG ‘(F=U)sma10g
02/0S IV (S6-62) 0L IV 4’ S1 ((G=u)d'T “(p=wpma-y panendo D'V 2dh Oy feasoN 0d+0d S00z persarelg
eI (s “8uex (sypuour) syuoped UONEIYISSE[D ugrsap
/3rewd I ‘syeak) 23y dn-moqoy  rOqUINN sdnosS yusuneary, ERIN AN | Anuno?) Apmg Apmg

panunuo) ‘[ Aqe,

49



CHAPTER 3

All studies but one included displaced proximal humeral fractures in their study. The majority of
the included studies excluded patients with pathological fractures, open fractures, fractures of the
skeletally immature, and other sustained injury to the affected side. Most studies (n=18, 82%)
used the Neer classification and included patients with a Neer 2,3 or 4-part proximal humeral
fracture. In seven studies at least 80% of patients were treated with a locking plate,'>'**>*"7>241.4
Four studies investigated arthroplasty; three hemiarthroplasty and one reverse shoulder

29,30,32,34.

arthroplasty ; three studies assessed proximal humeral nails**”’

, and eight studied fixation

by means of Kirschner wires, screws, tension band, or a combination of techniques.

Functional outcome
Fourteen studies (64%, n=817) reported the Constant-Murley score after at least one year of

13,14,37,39,40,42,23,25-28,32-34 Tpy patients with a proximal humeral

follow-up (supplementary Table S4).
fracture, the functional outcome as measured by the Constant-Murley score showed no
difference in operative versus nonoperative treatment with a mean difference of -0.87 (CI, -5.13 —
3.38; P=0.69; I’=69%) (Figure 2). Pooled effects of RCTs were similar to those of observational
studies for all outcome measures (Table 2). Figure 3 shows a funnel plot of the mean difference

and standard error of the included studies using the Constant-Murley score; there was no

important asymmetry observed.

For studies that did not use the Constant-Murley score, we performed additional analysis with the
standardized mean difference of different functional outcome measures which yielded the same
result as the primary analysis (SMD -0.06; CI, -0.25 — 0.12; P=0.52; 1°=53%) (supplementary
Figure S1). Seven studies (n=327) reported functional outcome of patients treated with a Neer 3-
part or 4-part fracture.'****”'* Forty-three percent of patients with Neer 4-part fractures were
initially treated with arthroplasty (Table 1). A subgroup analysis of these studies showed no
difference in standardized mean difference of functional outcome measures between operative
and nonoperative treatment with a mean difference of 0.02 (CIL, -0.20 — 0.24; P=0.86; I’=0%)
(supplementary Figure S2).

Major reinterventions

Fifteen studies (68%, n=938) reported on major reinterventions (supplementary Table S4).">'***

36,39-41,23,25.27-30.3233 Ty studies had no major reintervention in either treatment arm
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Operative versus nonoperative treatment of proximal humeral fractures

Operative Nonoperative Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Observational studies
Blonna 2009 72 254 32 582 254 25 55%  13.80[0.51,27.09]
Broek vd 2007 67.1 11.8 23 814 975 16 9.1% -14.30[-21.09, -7.51]
Hageman 2016 633 35.2 33 875 352 33 4.1% -2420[-4118,-7.22] ¥
Hauschild 2013 742 13 103 743 99 26 10.5% -0.10 [-4.66, 4.46] -1
Innocenti 2013 56.5 524 23 52 9.03 19 10.5% 4.50 [-0.09, 9.09] —
Kollig 2003 721 211 13 82 156 9 47% -9.90[-25.24, 5.44]
Lange 2016 723 18 41 7219 4 8.4% 0.30[-7.71, 8.31] -
QOkike 2015 58 16.9 25 597 175 22 73% -1.70[-11.57,8.17] - 1
Tamimi 2015 651 19 88 572 12.7 25  9.4% 7.90[1.53, 14.27] -
Subtotal (95% CI) 381 216  69.4%  -1.50 [-7.33,4.33] -

Heterogeneity: Tau? = 56.90; Chi? = 40.29, df = 8 (P < 0.00001); I? = 80%
Test for overall effect: Z = 0.50 (P = 0.61)

11.2RCT

Boons 2012 64 15.8 23 60 17.6 24 T7.4% 4.00 [-5.55, 13.55] I
Fjalestad 2012-14 51.8 30.6 23 532 268 19  4.0% -1.40[-18.77,15.97]

Olerud HA 2011 483 16.4 24 496 205 25 7.0% -1.30[-11.67,9.07] - 1T
Qlerud LP 2011 61 19.2 27 584 231 26 6.4% 2.60 [-8.86, 14.06] -

Zyto 1997 60 19 14 65 15 15 59% -5.00[-17.52,7.52] - - L
Subtotal (95% Cl) 111 109  30.6% 0.40 [-4.76, 5.56] -

Heterogeneity: Tau? = 0.00; Chi? = 1.55, df =4 (P = 0.82); P = 0%
Test for overall effect: Z=0.15 (P = 0.88)

4
T

20 10 0 10 20
Favours Nonoperative Favours Operative

Total (95% CI) 492 325 100.0%  -0.87 [-5.13, 3.38] ?
Heterogeneity: Tau® = 39.60; Chi* = 41.84, df = 13 (P < 0.0001); I* = 6% 1
Test for overall effect: Z = 0.40 (P = 0.69)

Test for subaroup differences: Chi* = 0.23. df = 1 (P = 0.63). I = 0%

Figure 2. Functional outcome as measured with Constant-Murley score in systematic review of proximal humeral fractures
comparing operative versus nonoperative treatment. 5D, standard deviation; I1/] inverse variance; CI, confidence interval; RCT,

randomized controlled trial.

at follow-up. Major reinterventions occurred more often in the operative group than the
nonoperative group with a risk ratio (RR) of 2.72 (CI, 1.71 — 4.34; P< 0.0001; I*=0%)
(supplementary Figure S3). Using different methods of incorporating studies in the meta-analysis
with zero event data in one or both arms yielded similar results (supplementary Table S5).
Implant removal was reported in 10 studies (45%). The mean percentage of implant removal
across studies was 21% (range 0—100%). When stratified by study design, observational studies
showed a greater risk for major reinterventions in the operative treatment group compared with
the nonoperative group (RR 5.43; CI 2.51-11.74; P< 0.0001; I’=0%) (Table 2). Five studies
specified their reinterventions for nonoperatively treated patients: four patients received
arthroplasty for displacement and malunion, two patients received ORIF for displacement, and

two patients received acromioplasty for impingement complaints.

Nonunion

A total of thirteen studies (59%) reported on nonunion (supplementary Table S4). Operative
treatment of proximal humeral fractures resulted in fewer nonunion than nonoperative treatment
with a RR of 0.45 (CI, 0.23-0.89; P=0.02; I’=0%) (supplementary Figure S4). When stratified by

study design, both subgroups showed a similar, non-significant, pooled effect (Table 2).
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Figure 3. Funnel plot of studies included in meta-analysis reporting Constant-Murley scores after operative or
nonoperative treatment of proximal humeral fractures. SE, standard error; MD, mean difference; RCT, randomized
controlled trial.

Avascular necrosis

A total of thirteen studies (59%) reported on avascular necrosis (supplementary Table S4). There
was no difference in the rate of avascular necrosis between operative and nonoperative treatment
for proximal humeral fractures with a RR of 1.24 (CI, 0.87-1.77; P=0.24; 1’=24%)
(supplementary Figure S5). When stratified by study design, observational studies showed a

higher risk of avascular necrosis for the operative group compared with the nonoperative group

93; Cl1 1.11-3.37; P=0.02; I’'=9%) (Table 2).
R 1.93; CI 1.11-3.37; P=0.02; I*=9%) (Table 2

Sensitivity analysis
Sensitivity analysis did not significantly alter the primary and secondary outcome measures (Table

2).

Discussion

In this systematic review and meta-analysis of patients with displaced proximal humeral fractures,
there was no difference in physical function as measured with the Constant-Mutley score after

operative or nonoperative treatment. Subgroup analysis for Neer 3-part or 4-part fractures
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neither showed differences in functional outcome. Results of the primary and secondary outcome
measures were similar from the pooled effects of RCTs and observational studies. There was a
higher risk for major reinterventions and a lower risk of nonunion after operative treatment
compared with nonoperative treatment. This the largest meta-analysis in the current literature by

including both RCT's and observational studies.

Compared with nonoperative treatment, there is no improved in functional outcome after
operative treatment for displaced proximal humeral fractures, which confirms findings of
previous meta-analyses.”* A recent systematic review of displaced proximal humeral fractures is
based on only 7 RCTs with just over 500 patients.” With a total of 250 patients, the PROFHER
trial represents the most substantial evidence currently available.” The patient demographic
characteristics of the PROFHER trial are comparable with those of the included studies in this
meta-analysis (Table 1). However, only 4.4% of patients in the PROFHER trial suffered a Neer
4-part fracture compared with 21% of patients in this meta-analysis. Therefore, compared with
previous, smaller magnitude meta-analyses, this review contributes substantially to the current
evidence and enables recommendations for a broader patient population. Furthermore, this is the
first meta-analysis in which subgroup analysis for Neer 3-part and 4-part fractures was possible,

and the results showed no differences in operative versus nonoperative treatment.

This review showed similar pooled effects of observational studies and RCTs for the primary and
secondary outcome measures. This finding is similar to previous meta-analyses in orthopedic
trauma surgery including both study designs.”*** As such, this review speaks to the growing
potential of observational studies in orthopedic trauma surgery and contributes to the expanding

discussion about the value of different study designs.45

In this review, the major reintervention rate included every additional surgery except for implant
removal because of patient preference, implant-related irritation, or a stiff shoulder. Therefore,
the major reintervention rate in this review is a surrogate marker for severe complications (e.g.
implant failure, deep infection, nonunion, impingement, or avascular necrosis) after operative and
nonoperative treatment of displaced proximal humeral fractures. This is the first review to show
significantly more severe complications requiring surgical re-intervention after operative
treatment of displaced proximal humeral fractures. These procedures add up to the additional

surgery for implant removal for 21% of the patients for a less setious indication.
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Another new finding is the higher risk of nonunion for nonoperatively treated patients. RCT's

and observational studies alone were not able to detect a significant difference in this outcome.
This demonstrates the added value of increasing study power by including observational studies
in order to detect rare outcomes. It is important to note that this difference is supported by the

sensitivity analysis including only high-quality RCT's and observational studies (Table 2).

This review found no difference in the rate of avascular necrosis between the nonoperative and
operative management. However, it should be noted that three of the 15 studies reporting on
avascular necrosis had a follow-up of 12 months while avascular necrosis can be detected up to
two years of follow-up. For this outcome measure, the pooled effect of observational studies was
significantly different than the pooled effect of RCTs. However, in the sensitivity analysis with
high quality studies, this contrasting result did not yield, and pooled effects of both study designs
were similar again. This demonstrates the importance of evaluating the quality of the included
studies (Table 2). Therefore, including a study in a meta-analysis should be based on the quality
of the study regardless of the study design.* Generally, RCTs will be of higher quality and thus
included for analysis, however, a high-quality observational study should be chosen over a low-

quality RCT.

The results of this systematic review and meta-analysis should be interpreted in the light of
several limitations. First, the results of the meta-analysis may be influenced by missed studies in
the database search or by publication bias. However, an extensive search was performed using
multiple databases, and the citations and references of included studies were also screened.
Furthermore, a funnel plot of the primary outcome measure did not suggest possible bias due to
selective publication. Second, results of observational studies are more heterogeneous than those
of RCTs in the meta-analysis of the Constant-Murley score. Still, it should be noted despite
heterogeneity in mean differences of the observational studies, the observed effects all are within
a range of the Constant-Mutley score which is clinically nonimportant.* Third, in the analysis of
functional outcome, we did not distinguish between 12 or more than 12 months of follow-up
since prior studies have shown the greatest increase in functional outcome takes place in the first
six months and no significant improvement is to be expected after 12 months™®'**>*>* This is
further supported by an additional sensitivity analysis that showed no differences in functional
outcome at 12 months and at 24 or more months. Fourth, the Neer classification for proximal

humeral fractures is the most frequently used
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classification system in the literature even though it has been considered to have important
limitations. However, no other system for evaluating these fractures is consistently more reliable
than the Neer classification.”” Fifth, The majority of the included studies were European, and
only three studies described patients from Northern America, let alone other continents.
However, subgroup analyses revealed no differences for the primary and secondary outcome
measures between these continents (data not shown). Finally, it should be noted that the majority
of studies in this review excluded patients with pathological fractures, patients with open
fractures, fractures of skeletal immature patients, and patients with other sustained injuries to the

affected arm. As a result, recommendations from this review are not applicable to these patients.

6,43,48,49
>

Although we acknowledge the vast amount of existing systematic reviews on this topic we
believe that the several unique qualities of this meta-analysis contribute to the existing knowledge.
Strengths of this study include the consistent results of the different sensitivity analyses for time
of publication, type of osteosynthesis, and arthroplasty. Furthermore, by including observational
studies in addition to the highly selective patient population of RCTs, the analyzed patients may
be more representative of patients encountered in daily clinical practice and improve the
generalizability of our results. We also demonstrated that the findings were consistent across
study designs with respect to different outcome measures. Although no subgroup analysis of
elderly patients (aged > 65 years) could be performed, the mean age of all patients in this review
was 68 years, with a relatively small standard deviation for the majority of the included studies;
therefore, we feel confident that recommendations from this review apply to the average elderly

patient. Finally, this is the largest meta-analysis in the literature with the highest number of

patients available for analysis of proximal humeral fractures.

Conclusion

We recommend nonoperative treatment for the average elderly patient (aged > 65 years) with a
displaced proximal humeral fracture. Pooled effects of observational studies were similar to those

of RCTs, and the inclusion of observational studies improved the generalizability of findings.
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Supplementary materials to Chapter 3

Table S1. Search syntax performed last on March 30, 2017

Database

Syntax

PubMed/MEDLINE (n= 660)

Embase (n= 866)

CENTRAL (n= 166)
CINAHL (n= 102)

(Humeral Fractures[MeSH Terms| OR Shoulder Fractures|[MeSH Terms] OR
((humetal[Title/Abstract] OR humerus[Title/ Abstract] OR humeri[Title/ Abstract] OR
humot[Title/ Abstract] OR (uppet[Title/ Abstract] AND arm[Title/Abstract] AND
bone[Title/ Abstract]) OR (upperarm[Title/ Abstract] AND bone[Title/ Abstract]))
AND fractur*[Title/ Abstract])) AND (proximal[Title/ Abstract] OR sub-
capital[Title/ Abstract] OR subcapital[Title/ Abstract] OR neck[Title/ Abstract]) AND
(surgery[subheading] OR Fracture Healing[MeSH Terms] OR Fracture Fixation[MeSH
Terms] OR Surgical Procedures, Operative[MeSH Terms] OR orthopedics[MeSH
Terms] OR orthopedics|Title/ Abstract] OR orthopaedics[Title/ Abstract] OR
orthopedic[Title/ Abstract] OR orthopaedic[Title/ Abstract] OR

surgery[Title/ Abstract] OR surgical[Title/ Abstract] OR operative[Title/ Abstract] OR
operate[Title/ Abstract] OR operating[Title/ Abstract] OR operated|[Title/ Abstract] OR
operation[Title/ Abstract]) AND (conservative[Title/ Abstract] OR
conventional[Title/ Abstract] OR non-operative[Title/ Abstract] OR non-
surgical[Title/ Abstract] OR non sutgical[Title/ Abstract] OR

nonoperative[Title/ Abstract] OR Physical Therapy Modalities[]MeSH Terms] OR
sling[Title/ Abstract] OR collar[Title/ Abstract] OR cuff[Title/ Abstract] OR
bandages|Title/ Abstract] OR bandage[Title/ Abstract])

(‘humerus’/exp OR humerus:ti,ab OR humeri:tiab OR humer:tiab OR humor:ti,ab
OR ‘cotpus humeri’:ti,ab OR ‘upper arm bone’:ti,ab OR ‘upperarm bone”ti,ab OR
humeral:ti,ab) AND (‘fracture’/exp OR fracture:tiab OR fractured:ti,ab OR
fractures:tiab) AND (proximal:ti,ab OR ‘sub capital:ti,ab OR ‘subcapital’:tiab OR
neck:ti,ab) AND (‘surgery’/exp OR surgery:tiab OR surgical:tiab OR operative:ti,ab
OR operation:tiab OR ‘Fracture Healing’:ti,ab OR ‘Fracture fixation”tiab OR ‘Surgical
Procedures”:ti,ab OR orthopedics:ti,ab OR orthopedic:ti,ab OR orthopaedics:ti,ab OR
orthopaedic:ti,ab OR operate:ti,ab OR operating:ti,ab OR operated:ti,ab) AND
(‘conservative treatment’/exp OR ‘conservative treatment”:tiab OR conservative:ti,ab
OR conventional:ti,ab OR ‘non-operative’:ti,ab OR nonoperative:ti,ab OR non-
surgical:ti,ab OR ‘non surgical’:ti,ab OR sling:ti,ab OR collar:ti,ab OR cuff:tiab OR
bandages:ti,ab OR bandage:ti,ab)

humerus AND fracture AND (proximal OR neck OR sub capital OR subcapital)

(humerus OR humeri OR humer OR humor OR corpus humeri OR upper arm bone
OR upperarm bone OR humeral) AND (fracture OR fractured OR fractures) AND
(proximal OR sub capital OR neck OR subcapital) AND (surgery OR surgical OR
operative OR operation OR Fracture Healing OR Fracture fixation OR Surgical
Procedures OR orthopedics OR orthopedic OR orthopaedics OR orthopaedic OR
operate OR operating OR operated) AND (conservative treatment OR conservative
OR conventional OR non-operative OR nonoperative OR non-surgical OR non
surgical OR sling OR collar OR cuff OR bandages OR bandage)
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CHAPTER 3
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Operative versus nonoperative treatment of proximal humeral fractures

Operative Nonoperative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Observational studies
Blonna 2009 72 254 32 582 254 25 5.8% 0.54 [0.00, 1.07]
Broek vd 2007 67.1 11.8 23 814 975 16 4.3% -1.27[-1.98,-057]
Court-Brown 2001 711 115 18 736 115 31 5.3% -0.21[-0.80, 0.37] R
Hageman 2016 63.3 35.2 33 875 352 33 6.2% -0.68 [-1.18, -0.18] [ —
Hauschild 2013 742 13 103 743 99 26 7.0% -0.01[-0.44, 0.42] -1
Innocenti 2013 56.5 5.24 23 52 9.03 19  49% 0.61[-0.01, 1.24] -
Kollig 2003 721 211 13 82 15.6 9 32% -0.50 [-1.36, 0.37]
Lange 2016 723 18 4 7219 41 6.9% 0.02 [-0.42, 0.45] -1
Okike 2015 58 16.9 25 597 175 22  54% -0.10 [-0.67, 0.48] I B
Raoberson 2017 72 40 20 72 40 19  4.9% 0.00 [-0.63, 0.63]
Sanders 2011 716 211 18 825 211 18 4.6% -0.51[-1.17, 0.1¢] -
Tamimi 2015 651 19 88 57.2 127 25  6.7% 0.44 [-0.01, 0.89] —
Subtotal (95% Cl) 437 284 65.1% -0.11 [-0.39, 0.18] "."
Heterogeneity: Tau? = 0.17; Chi? = 34.62, df = 11 (P = 0.0003); I* = 68%
Test for overall effect: Z = 0.73 (P = 0.46)
1.5.2RCT
Boons 2012 64 158 23 60 17.6 24  54% 0.23[-0.34, 0.81] -
Fjalestad 2012-14 51.8 30.6 23 532 268 19 51% -0.05 [-0.66, 0.56] —
Olerud HA 2011 48.3 16.4 24 496 205 25 55% -0.07 [-0.63, 0.49] - 1
Olerud LP 2011 61 19.2 27 584 231 26 57% 0.12[-0.42, 0.66] N B
Rangan 2015 40.1 141 114 404 137 117  92% -0.02 [-0.28, 0.24] T
Zyto 1997 60 19 14 65 15 15 4.1% -0.29[-1.02, 0.45] D
Subtotal (95% CI) 225 226 34.9% -0.00 [-0.19, 0.18] L
Heterogeneity: Tau? = 0.00; Chiz = 1.53, df = 5 (P = 0.91); I’ = 0%
Test for overall effect: Z = 0.03 (P = 0.98)
Total (95% Cl) 662 510 100.0% -0.06 [-0.25, 0.12]

Heterogeneity: Tau® = 0.08; Chi* = 36.35, df = 17 (P = 0.004); I* = 53%

Test for overall effect: Z = 0.64 (P = 0.52)

Test for subaroup differences: Chi* = 0.36. df = 1 (P = 0.55). I’ = 0%

Figure S1. Standardized mean difference of functional outcome

comparing operative with nonoperative treatment.
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scores in a systematic review of proximal humerus fractures

Operative Nonoperative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.7.1 Observational studies
Lange 2016 725 195 34 718 207 34 20.9% 0.03 [-0.44, 0.51] i
Roberson 2017 72 40 20 72 40 19 12.0% 0.00 [-0.63, 0.63] -1
Subtotal (95% CI) 54 53 32.8% 0.02 [-0.36, 0.40] —~ai—
Heterogeneity: Chi? = 0.01, df = 1 (P = 0.93); I?= 0%
Test for overall effect: Z=0.11 (P = 0.91)
1.7.2RCT
Boons 2012 64 15.8 23 60 176 24 14.3% 0.23 [-0.34, 0.81] [
Fjalestad 2012-14 51.8 306 23 532 268 19 12.8% -0.05 [-0.66, 0.56] -
Olerud HA 2011 48.3 164 24 496 205 25 15.0% -0.07 [-0.63, 0.49] e
Olerud LP 2011 61 19.2 27 584 231 26 16.2% 0.12[-0.42, 0.66] -1
Zyto 1997 60 19 14 65 15 15 8.8% -0.29[-1.02, 0.45] - - 1
Subtotal (95% CI) 11 109 67.2% 0.02 [-0.25, 0.28] "
Heterogeneity: Chi* = 1.48, df =4 (P = 0.83); I = 0%
Test for overall effect: Z =0.13 (P = 0.90)
Total (95% CI) 165 162 100.0% 0.02 [-0.20, 0.24]

Heterogeneity: Chi? = 1.49, df = 6 (P = 0.96); I?= 0%

Test for overall effect: Z =0.17 (P = 0.86)

Test for subaroup differences: Chi* = 0.00. df = 1 (P = 0.99). I = 0%

N A

Il I

a1 05 05 1
Favours Nonoperative Favours Operative

Figure S2. Subgroup analyses looking at standardized mean difference for functional outcome measures including only studies

reporting on Neer 3-part or 4-part fractures in a systematic review of proximal humerus fractures comparing operative with

nonoperative treatment.
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CHAPTER 3

Operative Nonoperative Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Observational studies
Blonna 2009 0 32 0 25 Not estimable
Broek vd 2007 3 23 0 16  26%  4.96[0.27, 89.87]
Hageman 2016 5 33 2 33 8.8% 2.50[0.52, 11.98] -1
lichman 1998 4 18 1 16 46%  3.56[0.44, 28.61]
Innocenti 2013 0 23 0 19 Not estimable
Lange 2016 13 41 0 41 2.2% 27.00 [1.66, 439.62] *
Okike 2015 8 25 2 22 9.3% 3.52[0.83, 14.85] T
Roberson 2017 3 20 0 19 2.2% 6.67[0.37, 121.07] »
Sanders 2011 3 18 0 18 2.2% 7.00[0.39, 126.48] 4
Subtotal (95% Cl) 233 209 32.0% 5.43[2.51, 11.74] -
Total events 39 5
Heterogeneity: Chi2 = 2.77, df =6 (P = 0.84); I = 0%
Test for overall effect: Z = 4.31 (P < 0.0001)
1.22RCT
Boons 2012 1 25 1 25  4.4% 1.00 [0.07, 15.12]
Fjalestad 2012-14 1 25 1 25  4.4% 1.00 [0.07, 15.12]
Olerud HA 2011 2 27 1 28 43%  2.07[0.20, 21.56]
Olerud LP 2011 6 30 1 29 45%  5.80[0.74, 45.26]
Rangan 2015 11 125 11 125 48.3% 1.00 [0.45, 2.22] _’_
Stableforth 1984 1 16 0 16  22%  3.00[0.13, 68.57]
Subtotal (95% CI) 248 248 68.0% 1.45[0.78, 2.70] b
Total events 22 15

Heterogeneity: Chi? = 3.02, df =5 (P = 0.70); I = 0%
Test for overall effect: Z = 1.16 (P = 0.25)

Total (95% CI) 481 457 100.0% 2.72 [1.71, 4.34] <
Total events 61 20

Heterogeneity: Chi* = 11.40, df = 12 (P = 0.49); I? = 0%

Test for overall effect: Z=4.21 (P < 0.0001)

Test for subaroup differences: Chi* = 6.83, df = 1 (P = 0.009). I* = 85.4%

0.01 0.1 10 100
Favours Operative Favours Nonoperative

Figure S3. Revision surgery in a systematic review of proximal humerus fractures comparing operative with nonoperative treatment.

Table S5. Impact of different methods to handle zero-event data

Method Observational studies RCT Total

OR (95% CI) OR (95% CI) OR (95% CI)
Mantel-Haenzel* 5.46 (2.29, 13.01) 1.37 (0.85, 2.77) 2.32 (1.34, 4.02)
Inverse variance - no correction 3.76 (1.30, 10.91) 1.32 (0.64, 2.71) 1.83 (1.01, 3.33)
Inverse variance - with cotrection 4.64 (2.03, 10.62) 1.37 (0.68, 2.77) 2.29 (1.30, 7.28)
DerSimonian Laird with correction 4.75 (1.43, 15.73) 1.71 (0.57, 5.13) 2.96 (1.26, 7.00)

* Method used in meta-analysis; OR odds-ratio; CI confidence interval. In a model with correction 0.5 is added to every table
of the 2x2 table

64



Operative versus nonoperative treatment of proximal humeral fractures

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Operative Nonoperative
Study or Subgroup  Events Total Events Total Weight
1.3.1 Observational studies
Blonna 2009 0 32 0 25
Broek vd 2007 0 23 1 16  6.9%
Court-Brown 2001 1 18 4 31 11.6%
Fjalestad 2005 1 15 5 55 8.5%
Hauschild 2013 1 103 0 26 3.1%
Okike 2015 0 25 2 22 10.5%
Sanders 2011 0 18 1 18 5.9%
Subtotal (95% CI) 234 193  46.6%
Total events 3 13

Heterogeneity: Chi? = 0.90, df =5 (P = 0.97); I = 0%
Test for overall effect: Z = 1.68 (P = 0.09)

1.3.2RCT

Boons 2012 2 25 3 25
Fjalestad 2012-14 1 25 2 25
Olerud HA 2011 0 27 1 28
Olerud LP 2011 1 30 1 29
Rangan 2015 0 125 5 125
Zyto 1997 1 20 0 20
Subtotal (95% CI) 252 252
Total events 5 12
Heterogeneity: Chi* = 3.02, df =5 (P = 0.70); I’ = 0%
Test for overall effect: Z = 1.57 (P = 0.12)

Total (95% CI) 486 445

Total events 8 25
Heterogeneity: Chi* = 4.03, df = 11 (P = 0.97); I’ = 0%
Test for overall effect: Z = 2.29 (P = 0.02)

Test for subaroup differences: Chi? = 0.05. df =1 (P =0.82). I? = 0%

11.9%
7.9%
5.8%
4.0%

21.8%
2.0%

53.4%

100.0%

Not estimable
0.24 [0.01, 5.45]
0.43 [0.05, 3.56]
0.73[0.09, 5.81]

0.78 [0.03, 18.59]
0.18[0.01, 3.50]
0.33 [0.01, 7.68]
0.41[0.15, 1.16]

0.67 [0.12, 3.65]
0.50 [0.05, 5.17]
0.35[0.01, 8.12]

0.97 [0.06, 14.74]
0.09 [0.01, 1.63]

3.00 [0.13, 69.52]
0.48 [0.19, 1.20]

0.45 [0.23, 0.89]

i

>

0.005

0.1 1 10 200

Favours Operative Favours Nonoperative

Figure S4. Nonunion in a systematic review of proximal humerus fractures comparing operative with nonoperative treatment.

Operative Nonoperative Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.6.1 Observational studies
Broek vd 2007 0 23 0 16 Not estimable
Fjalestad 2005 3 15 2 55  2.3% 5.50 [1.01, 29.98] —
Hageman 2016 1 33 0 33 1.3% 3.00[0.13, 71.07]
Hauschild 2013 1 103 0 26 21%  0.78[0.03, 18.59]
lichman 1998 9 18 7 16  19.9% 1.14 [0.55, 2.35] -
Innocenti 2013 0 23 0 19 Not estimable
Okike 2015 10 25 3 22  8.6% 2.93[0.92, 9.32] T
Subtotal (95% CI) 240 187 34.3% 1.93[1.11, 3.37] <o
Total events 24 12
Heterogeneity: Chi? = 4.38, df = 4 (P = 0.36); I? = 9%
Test for overall effect: Z = 2.33 (P = 0.02)
1.6.2 RCT
Boons 2012 0 25 2 25 6.7% 0.20 [0.01, 3.97]
Fjalestad 2012-14 12 25 15 25 40.3% 0.80 [0.48, 1.34] -
Olerud HA 2011 0o 27 3 28 9.2% 0.15[0.01, 2.74] —
Olerud LP 2011 3 30 2 29 55% 1.45[0.26, 8.06] -1
Rangan 2015 4 125 1 125  2.7%  4.00[0.45, 35.29] -1
Zyto 1997 1 20 0 20 1.3% 3.00[0.13, 69.52]
Subtotal (95% CI) 252 252 65.7% 0.88 [0.55, 1.41] <&
Total events 20 23
Heterogeneity: Chi* = 5.28, df =5 (P = 0.38); I’ = 5%
Test for overall effect: Z = 0.54 (P = 0.59)
Total (95% CI) 492 439 100.0% 1.24[0.87,1.77]
Total events 44 35 ) ) r , )
T 2 = = - ]2 = 0y
Heterogeneity: Chiz = 13.19, df = 10 (P = 0.21); I? = 24% '0‘001 0T1 ‘Il 1'0 1000‘

Test for overall effect: Z=1.19 (P = 0.24)

Test for subaroup differences: Chi* = 4.51. df =1 (P = 0.03). P =77.8%

Favours operative Favours nonoperative

Figure 85. Avascular necrosis in a systematic review of proximal humerus fractures comparing operative with nonoperative

treatment.
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