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Abstract

Purpose This meta-analysis compares open reduction and internal fixation with a plate (ORIF) versus nailing for humeral
shaft fractures with regard to union, complications, general quality of life and shoulder/elbow function.

Methods PubMed/Medline/Embase/CENTRAL/CINAHL was searched for observational studies and randomised clinical
trials (RCT). Effect estimates were pooled across studies using random effects models. Results were presented as weighted
odds ratio (OR) or risk difference (RD) with corresponding 95% confidence interval (95% CI). Subgroup analysis was per-
formed stratified for study design (RCTs and observational studies).

Results Eighteen observational studies (4906 patients) and ten RCT’s (525 patients) were included. The pooled effect
estimates of observational studies were similar to those obtained from RCT’s. More patients treated with nailing required
re-intervention (RD 2%; OR 2.0, 95% CI 1.0-3.8) with shoulder impingement being the most predominant indication (17%).
Temporary radial nerve palsy secondary to operation occurred less frequently in the nailing group (RD 2%; OR 0.4, 95%
CI 0.3-0.6). Notably, all but one of the radial nerve palsies resolved spontaneously in each groups. Nailing leads to a faster
time to union (mean difference — 1.9 weeks, 95% CI — 2.9 to — 0.9), lower infection rate (RD 2%; OR 0.5, 95% CI 0.3-0.7)
and shorter operation duration (mean difference — 26 min, 95% CI — 37 to — 14). No differences were found regarding non-
union, general quality of life, functional shoulder scores, and total upper extremity scores.

Conclusion Nailing carries a lower risk of infection, postoperative radial nerve palsy, has a shorter operation duration and
possibly a shorter time to union. Shoulder impingement requiring re-intervention, however, is an inherent disadvantage of
nail fixation. Notably, absolute differences are small and almost all patients with radial nerve palsy recovered spontaneously.
Satisfactory results can be achieved with both treatment modalities.
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Humeral shaft fractures represent 1-3% of all fractures [1].
A recent meta-analysis has demonstrated considerable rates
of treatment failure among patients managed conservatively
for humeral shaft fractures [2]. Operative treatment reduces
chances of non-union and possibly leads to better functional
results. As such, surgical management is increasingly being
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used to treat these fractures.

The optimal operative technique, however, remains a
point of debate. The most popular treatment options include
nailing and open reduction with plate fixation [3—7]. Nail-
ing is a minimally invasive procedure indirectly stabilising
the fracture by introducing a nail through the shoulder (or
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elbow) joint. The fracture zone and surrounding soft tissue
are left untouched optimising conditions for fracture healing
[6]. The main disadvantage of nailing is the occurrence of
shoulder (and/or elbow) complaints. These complaints occur
to lesser extent in patients treated with open plate fixation.
However, due to extensive dissection, both fracture zone
and soft tissue are violated negatively impacting healing
and chances of infection [3].

Nailing and open plating have been extensively studied.
Several meta-analyses have been published on this topic [3,
6, 7]. However, mostly data from randomised clinical trials
was used, while the majority of published literature is in the
form of observational studies. Multiple studies have shown
that pooled estimates obtained from randomised clinical tri-
als tend to be similar to those from observational studies
[2, 8-10]. Adding observational studies in meta-analyses
increases sample size and could increase the power for
detecting small differences in treatment effects. As ran-
domised clinical trials usually include a highly selective
study population, including observational studies in meta-
analyses might improve generalizability of results.

The aim of the present meta-analysis is to combine the
evidence from both study designs and re-evaluate the com-
parison of nailing versus open plate fixation for humeral
shaft fractures in this context. Primary endpoints are non-
union, re-intervention, radial nerve palsy, infection, time-to-
union, operation duration, general quality of life, shoulder
function, elbow function and total upper extremity function
by including both randomised clinical trials and observa-
tional studies. In addition, sub-group analysis is performed
for study design to see what observational studies and ran-
domised clinical trials have been telling us in these past
decades.

Methods

This meta-analysis and systematic review was performed
according the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) guideline and Meta-
analysis of Observational Studies in Epidemiology checklist
(MOOSE) [11, 12]. No protocol for this review was pub-
lished prior to performing the present study. Ethical com-
mittee approval was not necessary.

Search strategy and selection criteria

The PubMed/Medline, Embase, CENTRAL, and CINAHL
database were searched on 2 December 2020 for comparative
studies on plate fixation (using open reduction) and nailing
for humeral shaft fractures. Supplementary material Table 1
describes the used search syntax. Two reviewers (BJIMvdW,
NvV) screened title/abstract and full text for eligibility. Both
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randomised clinical trials as well as observational studies
were included. Inclusion criteria were humeral shaft frac-
ture, comparison of plate fixation (using open reduction)
with nailing, minimum age of 16 years and reporting on
outcomes of interest. Exclusion criteria were comparison
of minimally invasive plate fixation to nailing, pathological
fractures, treatment for non-union or non-union, studies with
an average follow-up less than 6 months, languages other
than English, German, French or Dutch and no availability
of full text. Disagreements on eligibility was resolved by
discussion with a third co-author (FJPB). Cross-reference
check was performed for all included articles.

Data extraction

All baseline characteristics were independently extracted by
two reviewers (BJIMvdW, NvV) using a predefined data extrac-
tion sheet and included first author, publication year, study
period, country, design of the study (randomised clinical trial or
observational study), study population size. In addition, data on
patient characteristics was also collected and included implant
type, age, gender, whether the fracture was open or closed, AO/
OTA Fracture and Dislocation classification, caused by low- or
high-energy trauma and duration of follow-up [13].

Quality assessment

The same reviewers (BJIMvdW, NvV) assessed the methodo-
logical quality of included studies independently using the
Methodological Index for Non-randomised Studies (MINORS)
[14]. Disagreement was resolved by a third reviewer (FJPB).
The score of this instrument ranges from O (poor quality) to 24
(high quality). Supplementary material Table 2 describes the
details on methodological quality assessment.

Study outcome

Outcomes of interest included non-union, re-intervention,
radial nerve palsy following surgery (secondary radial nerve
palsy), infection (superficial and deep), operation duration
(minutes), time to union (weeks), general quality of life,
shoulder and elbow functional scores measured between 6
and 12 months after plate fixation or nailing [15]. All gen-
eral quality of life scores (Short-Form 36, EuroQol-5D),
scores on upper extremity (Disabilities of Arm, Shoulder
and Hand), elbow function (Oxford elbow, Mayo elbow
performance score, Broberg—Morrey score) and shoulder
function (Constant score, American Shoulder and Elbow
Surgeons shoulder score, University of California at Los
Angeles Shoulder Score, Neer score, Oxford Shoulder score)
were standardised and pooled for each field (general quality
of life, upper extremity function, shoulder function, elbow
function) separately.
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Statistical analysis

Review Manager (RevMan, version 5.3.5) was used for all
statistical analysis. Information about continuous variables
was presented as means with standard deviation (SD) or
range, or information was converted to mean and SD using
the methods described in the Cochrane Handbook for Sys-
tematic Reviews of Interventions [16]. Dichotomous vari-
ables were presented as counts and percentages. Treatment
effects on binary outcomes were pooled using the (random
effects) Mantel-Haenszel method and continuous outcomes
using the (random effects) inverse variance weighting
method. All outcomes were presented as either weighted
odds ratio (OR), risk difference (RD), mean difference (MD)
or standardised mean difference (SMD) with corresponding
95% confidence interval (95% CI). None of the observational
studies corrected for confounding. Therefore, the estimated
relations between treatment and outcome presented for these
studies are unadjusted for possible confounding.

Heterogeneity between studies was judged by visual
inspection of forest plots and quantified by the I* statistic.
All analyses were stratified according to study design (obser-
vational studies, randomised clinical trials). Differences in
pooled estimates between the two designs were tested using
the y*-test. The p value was set at a threshold of 0.05. Pub-
lication bias was assessed by visual inspection of funnel
plots. All forest plots are shown in the added supplemen-
tary material.

Sensitivity analysis

A sensitivity analysis was performed for re-intervention (all
indications versus indications other than non-union), quality
of studies (using MINORS score cut-off point of 16) and
year of publication (cut-off point 2013). The cut-off point
was chosen based on the median publication year of included
studies [8].

Results

Search

The literature search and study selection are shown in Fig. 1.
Full text could not be obtained for two observational ret-
rospective studies [17, 18]. In total 28 articles could be
included—10 randomised clinical trials and 18 observa-
tional studies [19—46].

Baseline study characteristics

The 28 studies included 5490 patients; 3548 were treated
with plate fixation and 1942 with nailing. The overall

median age was 42 (range 16-88) years; 41 years in the plate
fixation group and 42 years in the nail fixation group, respec-
tively. The studies included 2812 (51.2%) males. Overall
mean follow-up ranged from 6 to 48 months. Table 1 shows
the baseline characteristics of all studies per treatment group
and study design. All characteristics were equally distributed
among treatment groups including AO/OTA Fracture and
Dislocation classification, open/closed fractures and energy
of trauma.

The 10 randomised clinical trials included 525 patients
of whom 268 were treated with plate fixation [20, 22, 24,
26, 35, 36, 38, 42, 43, 46]. The median age was 38.5 (range
18-82) years; 38 years in the plate fixation and 39 years in
the nailing group, respectively. In the plate fixation group
either a dynamic compression plate (DCP) or locking com-
pression plate (LCP) was used. Seven studies reported on
type of implant for the nailing group and included Rus-
sel-Taylor nails, unreamed humeral nails (UHN), ILN
(Sanat Metal) and Ender nails. All nails were introduced in
an antegrade fashion.

The 18 observational studies—five prospective and 13
retrospective studies—included 4965 patients, of whom
3280 were treated with plate fixation [19, 21, 23, 25, 27-34,
37, 39-41, 44, 45]. The median age was 45 years (range
16-88); 44 years in the plate fixation and 45 years in the
nailing group, respectively. All studies reported on type
of implant for the plate fixation group and included DCP,
LCP and tibia plate. Six studies reported this for the nailing
group and included UHN, Russel-Taylor, Hackethal, T2 nail,
Kiintscher, Seidel and ST-pro nail. In only one study the nail
was introduced in a retrograde fashion. The other studies
reported using an antegrade approach.

Quality assessment

The methodological quality scores according the MINORS
are described in Table 2. The average score among the
randomised clinical trials was 21 and 14 for observational
studies. The overall average across all studies was 17 (range
1-22).

Non-union rate

Non-union rate was reported in 26 studies—10 randomised
clinical trials and 16 observational studies [19-22, 24-26,
28-46]. The risk of non-union was equal in both groups (OR
1.0, 95% C1 0.7-1.4; P=0%) (Fig. 2). Non-union occurred
in 3.0% of patients treated with plate fixation and 4.3%
treated with nailing (RD 0%, 95% CI 0-0%). There was no
difference in pooled effect estimates between randomised
trials and observational studies (p value 0.97).
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Pubmed Embase
n=2008 n=1869

Total records
n=4500

Excluded duplicates
n=2521

Title and abstract screening
n=1979

Excluded by title and abstract
n=1911

Full text articles assessed for eligibility
n=68

Full text articles excluded
13 No domain of interest

8 systematic review

7 No determinant of interest
7 No outcome of interest

3 Other language

2 No full-text available

Full text articles assessed for eligibility
n=28

Studies excluded or merged as reported on
same patient cohort

Reference and citation tracking
n=0 (n=0)

Studies included in meta-analysis
n=28

Fig. 1 Flow diagram search and selection of studies comparing plate fixation (ORIF) to nail for humeral shaft fractures

@ Springer



2671

Open plate fixation versus nailing for humeral shaft fractures: a meta-analysis and systematic...

oxd-g (opeigojue)
SLy1) NENEN [reu|(4T90) 100T
sfpuowr 7°9 - AN AN TUCHET  0l0TI6T AN AN IS (€D 1% 0TIy 11181 24 6T “Toydsiuny| doa rld —L861 onoy  PuBUL] 00T BRI
(opeigojue)
[1eu|(ATI0) 200t
squow < YN AN AN AN 0 0 (€D Ly ($91) €S 6IST 9110T YT 9¢ AN ddd Areld —1661 onoy uemre],  +00C oeyd
(Lz—1 (ape1sorue)
J3uer) Iojke], arerd 112U (ATIO) €661
sypuowt ¢ 81 AN AN AN S AN AN AN AN S1 4! -[essny BIQLL Aeld 1661 onoy VSN L661 JIMA
(€ (speasonor)
oSuer) [reu|(ATI0) 7661
sqpuowr 6T YN AN AN AN AN AN AN AN AN AN 0¢ 0C  [epeydey ddoa eld 2861 soiy  uredg g6l ZonSLpoy
SOIPNJS [BUONBAIISG()
(2PN (apeigajue)
(s91) Jeueg) ww Gy [1eU|(ATIO) L10T
squowt 7 YN AN - 9l6IST  SITTILT 0 0 Sy (SLD Sy ETILT 6IvC 0¢ €€ NTI do1 aeld —¥10¢ 109 Aewny  0zog ureyy
(opeidojue)
(801 (€on ww Gy [1eu|(ATY0) (41114
sqpuowr g1 YN AN SIPHTT - €ISTITT AN AN £6¢ T6¢e ClI81 1210} 0¢ 0¢ AN do1 eld —-010¢ 109 eumgp o SI10T ueq
(opeidojue)
(9zen Len 12| (A1Y0)
sqpuowr g1 YN AN €991 T9ILT 0 0 8T'LE UL yITT sloc 94 94 AN ddd Aaeld AN LY BIPUT  $710C Tem
(opeidojue)
€1n (6°01) 12| (A1Y0) 800¢
syuowr 7| 6 ¢l €leloT oITTIS 0 0 6'6¢ L'se 9191 LI91 (44 €C AN dO1 eld —L00T 109 'ulgd  110C "I
(yz-o1 (ape1sorue)
oSuer) J10]ke ], [reu|(ATI0) $00T
syuowt 7| 0¢ AN 0 0 9L=C1 818C 0¢ 91 -[essny doa aeld —100¢ 1D¥ 3N 010¢ mesIsurg
(opeigojue)
(s8°¢1) [reu|(4T40) £00T
sypuowt ¢ 8¢ 0ISTI6T I 0 9¢ (SL°0T) 6€ aee 91 81 NHN ddd rld —000¢ 1D¥ BIPUL  600C mnd
(opeigojue)
(¢¢—9 oSuer) Io[Ae], [1eu|(ATI0) 100C
syuowr ¢*4 | L1 91  ¥ILITT 4! 9 ¥ @Dee ($11)se €10T Slel €C YT -[essny ddd Aeld —8661 1D¥ vIpul  $007  TuemSuey)
(opeigajue)
(€€-9 (SLsm Jofheg, [1eU|(ATIO) 9661 e
a3uen) ¢yl AN AN - €I8I0T PITTI8 I S or (S8°SD) 6v 8IET 8IST 1c €C -[essny ddd eld Y661 ID¥ epeued  000C -I0D9N
(epeidojue)
Jofheg, juduEie:(0)) S661
squow ¢ AN AN AN AN SI SI (enege (STonve  TIIT 12IST 8¢ 9% “[ossny ddod deld —1661 ID4  vSn 6661  uewdey)
(rs—¢1 (opeaSonue)
a3uer) [1eU|(ATYO) Y661
squowr z¢ YN AN AN AN 0 0 AN AN AN AN 143 0¢ Jepuyg ddd reld —1661 LOd  BUlUD - L661 ny
S[BLI) [BOIUI[O PISTWIOPUBY
o8 N eld ITeN Aeld N R ITeN aeld "eN Aeld [N 9eld TeN aeld
dsuer
J0/pue uedw) sjuaned jo porrad An
dn-mofoq 1dH Qdlv) ov ammoery uedQ (QS) oSe uBol  O[BWIQJ/O[BW JOPUALD)  IoqUINU [BJO], juerdwy uostedwo) Apmg udiso@  -uno)  Ieax Joymny

SOINJOBIJ JJeyS [RIOWINY JOJ [[BU SNSIAA (J[YO) uonexy je[d Jo MIIARI ON)BWa)SAS UI PIPN[OUT SAIPNIS JO SONSLISJORIRYD Jur[aseq | 3|qel

pringer

a's



F.J. P.Beeres et al.

2672

UBIPIN,

Apms paseq uonendod,

pajtodar Jou YA ‘9[qe[NO[ed 10U DA

(opeigojue)
(€91 691 [reu|(ATI0) 610T
squowr g ¥UN AN OITTIST  CIOTI8T 0 0 LSy 1454 01191 €Ll 9T 0¢ AN dOA/dDT rld —910C omdy  euld  0T0T Suepm
(epeidojue)
(8¢ [1eU|(ATIO) 910T
squuowt 7 YN AN 0I01IFC  019110€ 0 0 gey (@eD Iy Stiel STITE 143 9y AN dO1 arld —110C  omdy  eulyld  (0T0C Sueyz
(pauyapun
[1eU|(ATIO) 910T
sypuowr 7| Se OTILIVE AN AN (S'€D) 20'se IT10% S 6T AN AN reld 10T om_dy  [izeld  8I0T  SOA[BIUOD
(opeidojue)
[1eU|(ATIO) 910T
sqpuow 9 < YN AN €loTiTe asive 14 € (€1) §S°6€ 671E8 124 143 AN AN el 10T on_y eIpul 10T fures s
(opeidojue)
(916 Bur) ULIEIE(0) §10z
SPUoOW ¢ IT - AN AN €OILT sisice 0 0 (L91) €95 STITT LTIST 9T [43 (A dOT Aeld —€10C  onoy Ao L10c BIodRSIgq
(pauyopun)
[1eU|(A140) €10C
squowr 9 YN AN AN AN AN AN AN AN L8¥I€8E  €LTIIL8TI  0L8  09ST AN AN arld 00T 01y vsn  910C  [eyssnoH
(opeigojue)
[1eu|(ATI0) e
squowr 9 YN AN AN AN AN AN AN AN AN AN 201 8 AN dod el AN SOIJ -BWROY  $[0T  NOsInpey
(opeigajue)
€10 (sT1n [1eU|(ATIO) (414
spuowr g < AN AN AN AN S 4! 8y 8’y 9191 €119T C 6¢ AN AN el —L00T  ondy BIPUL  ¥10T fuyseq
(pouyapun)
(€zn JuduEie:(0)) L00T
sqpuowr 71 AN AN AN AN AN AN LyL (8T EL  €ETILL 6SIIcy  0I¢ 102 AN AN reld —€661 onay vsn  €10T uayd
(epeidojue)
(ON) [1eU|(ATIO) cloc
squow 61-91 AN AN 0ISI0T OltiyL AN AN 19y ON) 9% LI8 SI0T Sl SI AN ddd reld —L00T sold BIpUL  TI10T Tewndy
(opeidojue)
[1eU|(ATIO) 010T
squowr [T ¥UN AN TIPT91 OILIST € € D 6€ (SL'ED) 6€ 9IsT 961 53 Y4 AN ddd aeld —800C  onoy eIpul - 210T Turey 3
(opeidojue)
(ON) [1eU|(ATIO) L00T wnig
squowt 7 YN AN PISTIET AN AN gre  (ON) sy 8TIIT LTIST 67 w NHN dDT1ddd areld —000C  on_y -led 010C sameg
(opeidojue)
(SLen [1eU|(A140) 800C
sjpuowr 9 YN AN 8ITIOT  OTITTI6 L 8 (34 (1) 6 6l1¢ 6l1C 0¢ 0¢  ILINOId ddd Aeld —900C soid BIPUT  800T ueysy
(opeidojue)
(€D [1eu|(T40) £00T elp
syyuowr 77 < [ € OILITT 0ITI91 [ € oy (2D €8°0v €IST T1LT 81 81 AN ddd rld —000¢ soid vIpUl  L007  -UdAeySey
e 'eN  9ld I'eN Qi d BN el 'eN Aeld 'eN A BN 2’ I'eN Aeld
dsuer
J0/pue uedwr) sjuaned jo porrad An
dn-mojjoq 194 Qdlv) ov amoery uadQ (QS) Se uBol  O[EWIQJ/O[BW JOPUALD)  IOqUINU [BJO], juerdwy uostedwo)) Apmg udiso@  -uno)  Iedx 1oy

(ponunuoo) | sjqey

pringer

Qs



2673

ic...

a meta-analysis and systemat

Open plate fixation versus nailing for humeral shaft fractures

cl

T

€l

91

ST

81

91

91

€l

4! cl SI €l ST ST o1 LT LT 81 6l (44 (44 0c 61 ¢ TC Tt ¢C

e10],
sisA[eue
[eansnels

arenbopy

sdnoi3 jo
Qoua[eAInb
qurpeseq
sdnoi3
Krerod
Rlelile)

dnoi3
[onuod
arenbopy
az1s Apms
uone[noes
aAndadsoig

%6 >dn
-MOT[O]
-01-8s0]
(1R 1<)
dn-mor[oy
qerdorddy
syutodpua
JUSWISSISS®
poseIqup)
sjutodpuo
qerdorddy
uona9[
-[09 ®1Rp
aAanoadsorg
syuaned
aAT)onb
-9su0d
Jo uorsnyouy
wre pajels
AesD

[17]
ueyo
-IOIN

-zon3

[L£]

[L2]
e[y

[12]

[or]
RIPUD

[rel

[sz]

[v€]

[z€]

[6€] 611 [82l ked| [9¢] [ey] [9¥]
[ez] mosomn [og] [67] [ee]l e soareo  [gp]  [pp] [8¢] [pz] wew  yoew [oz]ruer mes [¢e] [gp] [9z]  un

-LIpoy NN YUl oeyD -AeySey UBYY SOIUQQ Jewny IWey[NY udy) -pey IuyseH Y[BYOSNOO IuIeyny -oesig -uon Sueyz Suepy mng ny) -dey) -10Qo0 -nSuey) -1Sul§ I [BA UR -BYY

SQIPNIS [BUONEAIISGQ S[ELI) [EOTUI[D PISTWOPURY

SOINJORIJ Jjeys [RIOWINY JOJ [TBU SNSIAA (JTYQ) uonexy aje[d JO MIIAI JBWA)SAS UT PIPN[OUT SAIPNIS JO JUSWSSasse Ajifend) ¢ ajqelL

pringer

a's



2674

F.J. P.Beeres et al.

Re-intervention

Re-intervention was reported in 23 studies—10 randomised
clinical trials and 13 observational studies [19-26, 30, 31,
33-38, 40-46]. Re-intervention was performed in 12.6% of
patients after plate fixation and in 9.7% treated with nail-
ing (RD 1%, 95% CI — 2 to 3%). There was no significant
difference in re-intervention risk between treatment groups
(OR 1.2,95% C10.9-1.7; I*=0%) (Fig. 3) and this was also
found when stratifying by design (p value 0.46). Reasons
for re-interventions are listed in supplementary material
Tables 3 and 4.

Time to union

Nine studies reported on mean time to union—six ran-
domised clinical trials and three observational studies [20,
22,24, 26, 33, 43-46]. The time to union was significantly
shorter among patients treated with nail fixation (MD
— 1.9 weeks, 95% CI —2.9 to — 0.9; I> = 58%) (Fig. 4).
Time to union in the plate fixation group was, on average,
14 weeks versus 12 weeks among patients treated with
nailing.

The effect estimates of observational studies and ran-
domised clinical trials were equal (p value 0.79).

Secondary radial nerve palsy

Twenty-six studies reported on secondary radial nerve
palsy—10 randomised clinical trials and 16 observational
studies [19-26, 29-34, 36-46]. The risk was lower among
patients treated with nailing (OR 0.4, 95% CI 0.3-0.6;
I’=0%) (Fig. 5). Radial nerve palsy following surgery
occurred in 6.9% of patients treated with plate fixation ver-
sus 2.5% in the nailing group (RD — 2.0%, 95% CI — 5% to
1%). There was no difference in pooled estimates between
randomised clinical trials and observational studies (p value
0.32).

Nerve function recovered spontaneously in all but one
patient in each treatment group leading to a risk of perma-
nent nerve palsy of 0.03% for plate fixation versus 0.05%
for nailing.

Infection

Twenty-five studies reported on infection—10 randomised
clinical trials and 15 observational studies [19-22, 24-26,
28-36, 38—46]. No distinction could be made between deep
and superficial infection as included studies did not differ-
entiate between the two. Therefore, results represent overall
risks of infection.

@ Springer

The risk of infection was lower among patients treated
with nailing (OR 0.5, 95% CI 0.3-0.7; I? =0%) (Fig. 6) and
occurred in 6.8% of patients after plate fixation and in 1.9%
treated with nailing (RD — 2%, 95% CI — 3 to 1%). There
was no difference in effect estimates between randomised
trials and observational studies (p value 0.44).

Operation duration

Eight studies reported on operation duration—four ran-
domised clinical trials and four observational studies [21,
24,26, 30, 32, 43-46]. Operation duration was significantly
shorter among patients treated with nail fixation (MD
— 26 min, 95% CI — 37 to — 14; I = 97%) (Fig. 7). The
pooled estimates of randomised clinical trials were similar
to those from observational studies (p value 0.31).

General quality of life (6—12 months after surgery)

Only one randomised clinical trial reported on general qual-
ity of life [19]. No difference was found in general quality
of life between both treatment groups with a SF-36 score
of 87.4 (SD 7.7) in the plate fixation group versus 84.7 (SD
7.7) for nailing.

Functional upper extremity scores (6-12 months
after surgery)

Two retrospective studies reported on general upper extrem-
ity function using the DASH score [30, 45]. No differences
were observed with a mean DASH score of 23.9 (SD 17.7)
and 22.4 (SD 15.2) for plate fixation versus 21.7 (SD 19.8)
and 23.7 (SD 16.8) for nailing.

Functional shoulder scores (6-12 months
after surgery)

A total of eight studies reported on functional shoulder
scores—four randomised clinical trials and four observa-
tional studies [26, 27, 30, 32, 35, 36, 38, 44-46]. There was
no difference in scores between plate fixation and nailing
(SMD - 0.2,95% CI — 0.4 to 0.1; I? = 54%) (Fig. 8) and
pooled estimates were similar across study designs (p value
0.57).

Functional elbow scores (6-12 months
after surgery)

No studies reported on functional elbow scores.
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Nail Plate (ORIF) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.1.1 Observational studies
Rodriguez 0 20 0 20 Not estimable 1995
Mullier 3 15 4 12 3.9% 0.50[0.08, 2.86] 1997 —_——
Chao 4 24 4 36 5.3% 1.60[0.36, 7.12] 2004 =
Raghavendra 3 18 0 18 1.3% 8.35 [0.40, 174.50] 2007 >
Khan 0 30 0 30 Not estimable 2008
Denies S 49 3 42 5.3% 1.48 [0.33, 6.59] 2010 —_—
Kulkarni 4 21 2 25 3.7% 1.70[0.28, 10.17] 2012 —_—t
Kumar 1 15 1 15 1.4% 1.00[0.06, 17.62] 2012
Radulescu 3 102 3 82 4.5% 0.80[0.16, 4.06] 2014 —_—
Hashmi 0 22 0 39 Not estimable 2014
Gottschalk 11 870 41 2560 26.6% 0.78[0.40, 1.54] 2016 I
Kulkarni2 10 44 5 34 8.5% 1.71[0.52, 5.56] 2017 —_—t
Bisaccia 1 26 2 32 2.0% 0.60 [0.05, 7.01] 2017
Goncalves 0 5 3 29 1.2% 0.69[0.03, 15.31] 2018
Zhang 2 24 6 46 4.3% 0.42 [0.08, 2.21] 2020 _—
Wang Y 1 26 2 30 2.0% 0.56 [0.05, 6.56] 2020
Subtotal (95% CI) 1331 3050 70.1% 0.96 [0.64, 1.46] <
Total events 48 76
Heterogeneity. Tau? = 0.00; ChiZ = 6.29, df = 12 (P = 0.90); I* = 0%
Test for overall effect: Z = 0.18 (P = 0.86)
1.1.2 Randomised clinical trials
chiu 3 32 S 30 5.1% 0.52 [0.11, 2.38] 1997 = &1 =
Chapman 2 38 3 46 3.5% 0.80[0.13, 5.02] 1999 —_—]
McCormack 2 21 1 23 1.9% 2.32[0.19, 27.59] 2000
Changulani 3 23 3 24 4.1% 1.05 [0.18, 5.83] 2004
Putti 0 16 1 18 1.1% 0.35[0.01, 9.31] 2009 +
Singisetti 1 20 1 16 1.5% 0.79[0.05, 13.69] 2010
Li 1 22 2 23 1.9% 0.50[0.04, 5.94] 2011
Wali 2 25 2 25 2.9% 1.00[0.13, 7.72] 2014
Fan 2 20 1 20 2 0% 2.07 [0.18, 24.15] 2015
Akalin ) 30 4 33 5.9% 1.45 [0.35, 6.00] 2020 e
Subtotal (95% CI) 257 268 29.9% 0.95 [0.50, 1.79] il
Total events 21 23
Heterogeneity. Tau? = 0.00; Chi® = 2.51, df = 9 (P = 0.98); > = 0%
Test for overall effect: Z = 0.16 (P = 0.87)
Total (95% CI) 1588 3318 100.0% 0.96 [0.68, 1.35] -«
Total events 69 99
P 2 _ ‘ S - — 12 = Il Il | 1
Heterogeneity. Tau® = 0.00; Chi® = 8.79, df = 22 (P = 0.99); I = 0% 4oz o 10 sh

Test for overall effect: Z = 0.24 (P = 0.81)

Test for subgroup differences: ChiZ = 0.00, df = 1 (P = 0.97), I = 0%

Favours nail Favours plate (ORIF)

Fig. 2 Forest plot of non-union rate after plate fixation (ORIF) versus nail for humeral shaft fractures

Sensitivity analysis

Re-intervention for indications other than non-union was
reported in 19 studies [19-22, 24-26, 30, 31, 33-38, 40-44].
The pooled analysis showed that significantly more patients
required re-intervention (excluding non-union) after nail-
ing (OR 2.0, 95% CI 1.0-3.8; I*=0%) (Fig. 9). Shoulder
impingement was the most common indication for re-
intervention in the nailing group (supplementary material
Table 4).

Table 3 shows the pooled effects of plate versus nail fixa-
tion on different outcomes stratified by quality of studies
and by period of publication. No relevant differences were
observed between the main analyses and these stratified
analyses.

Discussion

This meta-analysis, including randomised clinical trials as
well as observational studies, compared open reduction and
plate fixation with nailing among patients with humeral
shaft fractures. The risk of non-union was comparable in
both groups. Re-intervention was more frequently required
in patients treated with nail fixation with shoulder impinge-
ment being the most prevalent indication. Nailing, however,
had a smaller risk of infection, lower operation duration and
faster time to union. Radial nerve palsy secondary to surgery
also occurred less often after nailing. Notably, nerve func-
tion recovered spontaneously in almost all patients in both
groups. General quality of life, upper extremity and shoulder
function were comparable in both groups. There appeared to
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Nail Plate (ORIF) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.2.1 Observational studies
Rodriguez 1 20 1 20 1.2% 1.00 [0.06, 17.18] 1995
Mullier 3 15 4 12 3.3% 0.50[0.09, 2.86] 1997 —_—
Chao 6 24 4 36 5.2% 2.67 [0.66, 10.71] 2004 ————
Raghavendra 1 18 1 18 1.2% 1.00 [0.06, 17.33] 2007
Khan 2 30 0 30 1.1% 5.35[0.25, 116.31] 2008 +
Denies 8 439 6 42 7.6% 1.17[0.37, 3.69] 2010 —_—T]—
Kumar 1 15 2 15 1.6% 0.46 [0.04, 5.75] 2012
Chen 43 310 25 201 36.0% 1.13 [0.67, 1.92] 2013 ——
Hashmi 0 22 0 39 Not estimable 2014
Kulkarni2 11 44 7 34 8.7% 1.29(0.44, 3.77] 2017 R
Bisaccia 1 26 2 32 1.7% 0.60[0.05, 7.01] 2017
Wang Y 0 34 1 46 1.0% 0.44[0.02, 11.12] 2020
Zhang 1 26 3 30 1.9% 0.36 [0.04, 3.68] 2020
Subtotal (95% CI) 633 555 70.3% 1.12 [0.76, 1.63] e 3
Total events 78 56

Heterogeneity. Tau? = 0.00; ChiZ = 5.34, df = 11 (P = 0.91); > = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

1.2.2 Randomised clinical trials

chiu 6 32 [ 30 6.3% 0.92 [0.26, 3.26] 1997 —_—
Chapman 5 38 4 46  5.2% 1.59 [0.40, 6.40] 1999 —_—
McCormack 7 21 1 23 2.1% 11.00[1.22, 99.26] 2000 >
Changulani S 23 3 24 4.1% 1.94 [0.41, 9.29] 2004 e
Putti 1 16 1 18 1.2% 1.13 [0.07, 18.74] 2009

Singisetti 2 20 2 16 2.3% 0.78 [0.10, 6.23] 2010

Li 0 22 0 23 Not estimable 2011

wali 3 25 3 25 3.5% 1.00[0.18, 5.51] 2014

Fan 0 30 0 30 Not estimable 2015

Akalin 5 20 4 33 5.0% 1.45 [0.35, 6.00] 2020 —

Subtotal (95% CI) 257 268 29.7% 1.45 [0.81, 2.59] <

Total events 34 24

Heterogeneity. Tau? = 0.00; Chi® = 4.52, df = 7 (P = 0.72); > = 0%
Test for overall effect: Z = 1.25 (P = 0.21)

Total (95% CI) 890 823 100.0% 1.21 [0.88, 1.66] <
Total events 112 80

Heterogeneity. Tau? = 0.00; Chi® = 10.38, df = 19 (P = 0.94); 1> = 0%
Test for overall effect: Z = 1.16 (P = 0.25)

Test for subgroup differences: ChiZ = 0.55, df = 1 (P = 0.46), I = 0%

0.02 0.1 10 50
Favours nail Favours plate (ORIF)

Fig.3 Forest plot of re-intervention rate after plate fixation (ORIF) versus nail for humeral shaft fractures

Nail Plate (ORIF) Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
1.6.1 Observational studies
Kulkarni2 16 6.5 31 17 65 25 6.0% -1.00 [-4.42, 2.42] 2017 ———
Wang Y 14.1 2 24 147 25 46 18.8% -0.60 [-1.58, 0.29] 2020 —-r
Zhang 144 65 26 201 8.9 20 4.1% -5.70([-10.04, -1.26] 2020
Subtotal (95% CI) 91 101 28.8% -1.81 [-4.39, 0.77] . 4

Heterogeneity: Tau? = 3.16; Chi? = 5.06, df = 2 (P = 0.08); I = 60%
Test for overall effect: Z = 1.37 (P = 0.17)

1.6.2 Randomised clinical trials

chiu 9.9 2 32 125 15 30 19.6% -2.60([-3.48, -1.72] 1997 o
Chapman 9.8 63 38 104 63 46 8.3% -0.60([-3.31, 2.11] 1999 —
Changulani 6.3 25 23 89 25 24 15.5% -2.60(-4.03, -1.17] 2004 —

wali 13.6 4.32 25 15.2 5.65 25 8.0% -1.60(-4.39, 1.19] 2014 ——
Fan 6.7 4.4 30 104 4.4 30 10.5% -3.70([-5.93, -1.47] 2015 —
Akalin 17.1 5.4 30 171 43 33 9.5% 0.00 [-2.43, 2.43] 2020 S
Subtotal (95% CI) 178 188 71.2% -2.18[-3.08, -1.29] L g

Heterogeneity. Tau? = 0.38; Chi® = 7.33, df = 5 (P = 0.20); I? = 32%
Test for overall effect: 2 = 4.78 (P < 0.00001)

Total (95% CI) 269 289 100.0% ~-1.88[-2.85, -0.91] ‘
Heterogeneity. Tau? = 1.05; ChiZ = 19.03, df = 8 (P = 0.01); I* = 58% _1'0 _ls ] ;‘ 130
Test for overall effect: Z = 3.80 (P = 0.0001) Favours nail Favours plate (ORIF)
Test for subgroup differences: Chi = 0.07, df = 1 (P = 0.79), I = 0%

Fig.4 Forest plot of time to union (weeks) after plate fixation (ORIF) versus nail for humeral shaft fractures
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Nail Plate (ORIF) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1 Observational studies
Rodriguez 0 20 0 20 Not estimable
Mullier 0 15 2 12 1.1% 0.14 [0.01, 3.12] ¢
Chao 1 24 2 36 1.8% 0.74 [0.06, 8.63]
Raghavendra 0 18 1 18 1.0% 0.22 [0.01, 8.27] ¢
Khan 3 30 4 30 4.3% 0.72 [0.15, 3.54] ———
Denies 2 49 4 42 3.6% 0.40 [0.07, 2.33] —_———r——
Kulkarni 0 321 3 25 1.2% 0.10[0.01, 2.07] +
Kumar 0 15 2 15 1.1% 0.17 [0.01, 3.96] +
Chen 0 310 0 201 Not estimable
Hashmi 2 22 1 39 1.8% 3.80[0.32, 44.51)
Radulescu 1 102 2 82 1.9% 0.40 [0.04, 4.45]
Gottschalk 27 870 201 2560 65.6% 0.38[0.25, 0.57] —
Bisaccia 1 26 0 32 1.0% 3.82 [0.15, 97.86) >
Kulkarni2 0 44 0 34 Not estimable
Wang Y 1 34 1 46 1.4% 1.36 [0.08, 22.60]
Zhang ¢} 26 2 20 1.2% 0.22 [0.01, 4.69] +
Subtotal (95% CI) 1636 3222 87.1% 0.41 [0.29, 0.59] >
Total events 38 225
Heterogeneity. Tau? = 0.00; Chi’ = 8.34, df = 12 (P = 0.76); I’ =
Test for overall effect: 2 = 4.86 (P < 0.00001)
1.4.2 Randomised clinical trials
chiu 0 32 3 30 1.2% 0.12 [0.01, 2.44) +
Chapman 2 38 1 46 1.8% 2.50[0.22, 28.69]
McCormack 2 21 0 23 1.2% 8.89[0.43, 183.15] >
Changulani 0 23 1 24 1.0% 0.33[0.01, 8.61) +
Putti 2 16 0 18 1.1% 6.38 [0.28, 143.49] *
Singisetti 0 20 i 16 1.0% 0.25 [0.01, 6.62] ¢
Li 1§ 22 3 23 2.0% 0.32[0.03, 3.31)
Wali 0 25 2 25 1.2% 0.18 [0.01, 4.04] +
Fan 0 20 3 30 1.2% 0.13 [0.01, 2.61] +
Akalin 1 30 0 33 1.0% 3.41[0.13, 86.87] >
Subtotal (95% ClI) 257 268 12.9% 0.72 [0.26, 2.01] i
Total events 9 14
Heterogeneity. Tau® = 0.46; Chi’ = 10.87, df = 9 (P = 0.29); I = 17%
Test for overall effect: Z = 0.62 (P = 0.53)
Total (95% CI) 1893 3490 100.0% 0.44 [0.32, 0.62] &
Total events 47 239
Heterogeneity. Tau? = 0.00; Chi? = 20.42, df = 22 (P = 0.56); I° = 0% 502 051 1:0 5(5

Test for overall effect: 2 = 4.79 (P < 0.00001)

Test for subgroup differences: Chi? = 1.02, df = 1 (P = 0.31), 1> = 2.3%

Favours nail Favours plate (ORIF)

Fig.5 Forest plot of secondary radial nerve palsy after plate fixation (ORIF) versus nail for humeral shaft fractures

be no difference in effect estimates from randomised clinical
trials and observational studies in all outcomes.

Comparison with previous findings

To date several meta-analyses have been published compar-
ing open plate fixation to nailing [3—7, 47]. The most recent
one has been published in 2019 by Wen et al. and analysed
a total of 839 patients. This present meta-analysis sets itself
apart by also including observational studies thereby increas-
ing the total sample size to 5431. In addition, the present
study compares the two treatment regimens directly with
each other instead of indirectly through sensitivity analysis
or network analyses as frequently was the case in previous
meta-analyses. This creates the opportunity to study both

treatment regimes in more detail and increases reliability
of results. We can confirm that non-union rates are equal in
both groups and that nailing carries a lower risk for infection
at the expense of having a higher risk for shoulder impinge-
ment. In contrast to previous meta-analyses we detected a
significant difference in secondary radial nerve palsy, time
to union, operation duration, all in favour of nailing.

The fact that we found differences in outcomes not previ-
ously detected in other meta-analyses, underlines the benefit
of adding observational studies. It increases sample size,
yielding more power to detect small differences or deter-
mine, with greater certainty, where established differences
truly lie.

The fact that the present meta-analysis found no dif-
ference in effect estimates between the two study designs
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Nail Plate (ORIF) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.7.1 Obervational studies
Rodriguez 0 20 1 20 1.7% 0.32 [0.01, 8.26] 1995 +
Chao 0 24 1 36 1.7% 0.48 [0.02, 12.35] 2004
Raghavendra 0 18 0 18 Not estimable 2007
Khan 2 30 3 30 5.3% 0.64 [0.10, 4.15] 2008 —_—
Denies 1 49 0 42 1.8% 2.63 [0.10, 66.26] 2010 >
Kumar 2 15 1 15 2.9% 2.15 [0.17, 26.67] 2012
Kulkarni 0 31 1 25 1.7% 0.26 [0.01, 6.65] 2012 +
Hashmi 1 22 2 39 3.0% 0.88 [0.08, 10.31] 2014
Radulescu 0 102 3 82 2.1% 0.11 [0.01, 2.18] 2014 +
Gottschalk 3 870 78 2560 52.1% 0.48 [0.27, 0.87] 2016 —i—
Kulkarni2 2 44 3 34 5.4% 0.49 [0.08, 3.12] 2017 —_—
Bisaccia 0 26 0 32 Not estimable 2017
Goncalves 0 5 0 29 Not estimable 2018
Zhang 0 26 0 30 Not estimable 2020
Wang Y 0 34 2 46 1.9% 0.26 [0.01, 5.55] 2020 +
Subtotal (95% CI) 1316 3038 79.6% 0.51 [0.32, 0.83] g 3
Total events 21 95
Heterogeneity. Tau? = 0.00; Chi2 = 3.99, df = 10 (P = 0.95); > = 0%
Test for overall effect: 2 = 2.74 (P = 0.006)
1.7.2 Randomised clinical trials
chiu 1 32 2 30 3.0% 0.45 [0.04, 5.26] 1997
Chapman 0 38 3 46 2.0% 0.16 [0.01, 3.23] 1999 +
McCormack 1 21 0 23 1.7% 3.44 [0.13, 89.13] 2000 +
Changulani 1 23 D) 24 3.7% 0.17 [0.02, 1.61] 2004
Putti 0 16 1 18 1.7% 0.35[0.01, 8.31] 2008 +
Singisetti 1 20 2 16 2.9% 0.37 [0.03, 4.48] 2010
Li 0 22 0 23 Not estimable 2011
Wali 1 25 3 25 3.4% 0.21[0.03, 3.16] 2014
Fan 0 30 0 30 Not estimable 2015
Akalin 0 30 2 33 1.9% 0.21[0.01, 4.48] 2020 +
Subtotal (95% CI) 257 268 20.4% 0.34 [0.13, 0.87] sl
Total events 5 18
Heterogeneity. Tau? = 0.00; Chi?2 = 2.70, df = 7 (P = 0.91); > = 0%
Test for overall effect: Z = 2.25 (P = 0.02)
Total (95% CI) 1573 3306 100.0% 0.47 [0.31, 0.72] B
Total events 26 113
P 2 _ . 2 - - 12 = Il Il Il 1
Heterogeneity. Tau® = 0.00; Chi® = 7.28, df = 18 (P = 0.99); I° = 0% o0z o 1 o s

Test for overall effect: Z = 3.46 (P = 0.0005)
Test for subgroup differences: Chi2 = 0.59, df = 1 (P = 0.44), I’ = 0%

Favours nail Favours plate

Fig.6 Forest plot of infection after plate fixation (ORIF) versus nail for humeral shaft fractures

underlines that these study designs can be seen as equals
in meta-analyses on this topic and serves as justification
for combining them. In addition, given the large degree of
(baseline) comparability between treatment groups, we con-
sider the potential for confounding acceptably low to allow
for including observational data in this meta-analysis.

Interpretation of results

This study found a reduced risk of wound infection, radial
nerve palsy and shorter operation duration for nailing. The
absolute differences, however, are relatively small. Infec-
tion occurred in 6.8% in the plate fixation group and 1.9%
in patients treated with nailing; mean operation duration
was on average 26 min shorter for nailing; Radial nerve
palsy was seen in 6.9% after plate fixation and 2.5% after
nailing. Notably, all, except one radial nerve palsy in each
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treatment group were temporary, leading to a permanent
radial nerve palsy incidence of 0.03% for plate and 0.05%
for nail fixation.

Only the absolute difference in time to union was con-
siderable. Patients treated with nail fixation attained union
2.5 weeks earlier than patients treated with plate fixation.
One should, however, consider two issues. First, defin-
ing the exact point in time when a fracture is considered
healed, is a subjective matter and also related to the inter-
vals between outpatient clinic visits. This most likely caused
the large amount of heterogeneity on this outcome between
included studies. Second, it is still unclear how this differ-
ence translates into a clinical setting. None of the included
studies investigated time-to-return-to-work/full-function
or pain relief measured on regular basis throughout time.
As there is frequently a discrepancy between radiological
and clinical signs of healing, it is difficult to ascertain how
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Nail Plate (ORIF) Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
1.8.1 Observational studies
Chao 102 29.25 24 110 26.5 36 10.6% -8.00[-22.56, 6.56] 2004 —
Kulkarni 65 50.2 31 112 50.2 25 7.6% -47.00[-73.45, -20.55] 2012 —m
Hashmi 121 32 22 104 38 39 9.7% 17.00 [-0.92, 34.92] 2014 )
Zhang 118 2838 26 129 27.9 30 10.5% -10.00 [-24.94, 4.94] 2020 —_—
Wang Y 68 4.8 34 121 11.8 46  12.6% -53.00[-56.77, -49.23] 2020 *
Subtotal (95% CI) 137 176 50.9% -20.16 [-50.35, 10.03]) -
Heterogeneity. Tau? = 1112.53; ChiZ = 109.14, df = 4 (P < 0.00001); I> = 96%
Test for overall effect: Z = 1.31 (P = 0.19)
1.8.2 Randomised clinical trials
chiu 54 125 32 92 125 30 12.3% -38.00[-44.23, -31.77] 1997
Wali 50.8 6.87 25 66.2 8.07 25 12.6% -15.40[-19.55, -11.25] 2014 -
Fan 59.53 6.25 30 90.93 456 30 12.7% -31.40[-34.17, -28.63] 2015 -
Akalin 70 20 20 110 225 33  11.5% -40.00[-50.50, -29.50] 2020 ———
Subtotal (95% CI) 117 118 49.1% -30.70 (-41.33, -20.08] e
Heterogeneity. Tau? = 107.13; Chi? = 55.95, df = 2 (P < 0.00001); I? = 95%
Test for overall effect: Z = 5.66 (P < 0.00001)
Total (95% CI) 254 294 100.0% -25.68 [-37.07, -14.29] B
Heterogeneity. Tau? = 264.43; Chi? = 233.82, df = 8 (P < 0.00001); I = 97% _g‘)no -.515 S 2;5 S=0
Test for overall effect; Z = 4.42 (P < 0.00001) Favours nail Favours plate (ORIF)
Test for subgroup differences: Chi? = 0.42, df = 1 (P = 0.52), I’ = 0%
Fig. 7 Forest plot of operation duration (minutes) after plate fixation (ORIF) versus nail for humeral shaft fractures
Nail Plate (ORIF) Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% ClI
1.9.1 Observational studies
Flinkkila 71 14 44 82 9.5 29 13.6% -0.88[-1.37, -0.39] 2004
Kulkarni 31.4 115 31 29.04 11.5 25 12.8% 0.20[-0.33, 0.73] 2012 O
Hashmi 78.3 198 22 76.1 17.7 39 12.9% 0.12 [-0.41, 0.64] 2014 —
Wang Y 845 55 34 865 5.9 46  14.7% -0.35[-0.79, 0.10] 2020 —
Subtotal (95% CI) 131 139 54.0% -0.23 [-0.71, 0.24] et
Heterogeneity. Tau? = 0.17; Chi® = 11.13, df = 3 (P = 0.01); I = 73%
Test for overall effect: Z = 0.96 (P = 0.34)
1.9.2 Randomised clinical trials
McCormack 47 89 21 48 8.9 23 11.4% -0.11[-0.70, 0.48] 2000 S E—
Putti 45.2 0.7 16 451 0.7 18 9.9% 0.14 [-0.53, 0.81] 2009 ——
Li 936 64 22 966 55 23 11.4% -0.49[-1.08, 0.10] 2011 —_—
Fan 90.53 1.07 20 80.37 1.13 30 13.3% 0.14 [-0.36, 0.65] 2015 e
Subtotal (95% CI) 89 94 46.0% -0.07[-0.37,0.22] <l
Heterogeneity. Tau? = 0.00; Chi = 2.03, df = 3 (P = 0.39); I’ = 1%
Test for overall effect: 2 = 0.48 (P = 0.63)
Total (95% CI) 220 233 100.0% -0.17 [-0.44,0.11) q
Heterogeneity: Tau? = 0.09; Chi2 = 15.06, df = 7 (P = 0.04); I = 54% _32 —=1 ) Ii i

Test for overall effect: 2 = 1.16 (P = 0.25)
Test for subgroup differences: Chi2 = 0.32, df = 1 (P = 0.57), 1> = 0%

Favours plate (ORIF) Favours nail

Fig. 8 Forest plot of standardised mean difference in functional shoulder scores after plate fixation (ORIF) versus nail for humeral shaft fractures

patients experience this 2.5 week difference [48]. All in all,
statistically we quantified the difference; how this difference
behaves in a clinical setting cannot be defined.

The disadvantage of nailing is its inherent risk of caus-
ing shoulder complaints when introduced in an antegrade
fashion. This meta-analysis found a twofold higher risk of
re-intervention among patients treated with nailing with
shoulder complaints being the most prevalent indication.
Comparable to its advantages, it must, however, be acknowl-
edged that the absolute difference is relatively small (2.6%
for plate fixation versus 6.4% for nailing). This small dif-
ference is also reflected in the functional shoulder scores.
Although we found a trend towards better shoulder score

in the plate fixation group, it did not reach statistical sig-
nificance. This underlines the fact that differences are most
likely small with regard to shoulder complaints in both
groups in contrast to what is often postulated about ante-
grade nail fixation [5].

Implications for future research

To date there is sufficient evidence to demonstrate that the
absolute differences in clinical and functional outcomes
between plate fixation and nailing are relatively small.
Evidence with regard to rate of pain relief, time-to-return-
to work/full-function and cost-effectiveness (including
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Nail Plate (ORIF) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.3.1 Observational studies
Rodriguez 1 20 1 20 5.2% 1.00 [0.06, 17.18] 1995
Mullier 0 15 0 12 Not estimable 1997
Chao 2 24 1 36 7.7% 5.00[0.49, 51.23] 2004
Raghavendra 1 18 1 18 5.2% 1.00 [0.06, 17.32] 2007
Khan 2 30 0 30 4.4% 5.35[0.25, 116.31] 2008 >
Denies 4 49 3 42 17.3% 1.16 [0.24, 5.48] 2010 S o E—
Kumar o} 15 0 15 Not estimable 2012
Hashmi [} 22 0 39 Mot estimable 2014
Bisaccia 0 26 1 32 4.0% 0.40 [0.02, 10.14] 2017
Kulkarni2 3 44 2 34 12.3% 1.17 [0.18, 7.43] 2017 —
Wang Y 0 26 1 30 4.0% 0.37 [0.01, 8.51] 2020 +
Subtotal (95% CI) 289 308 60.0% 1.32 [0.57, 3.04] .
Total events 14 10
Heterogeneity. Tau? = 0.00; ChiZ = 3.29, df = 7 (P = 0.86); I = 0%
Test for overall effect: Z = 0.65 (P = 0.51)
1.3.2 Randomised clinical trials
chiu 3 32 1 30 7.8% 3.00[0.29, 30.56] 1997
Chapman 4 38 1 46 8.4% 5.29[0.57, 49.54] 1999
McCormack 5 21 0 23 4.8% 15.67 [0.81, 303.16] 2000 +
Changulani 4 23 0 24 4.7% 11.31[0.57, 222.00] 2004 *
Putti 1 16 0 18 3.9% 3.58[0.14, 94.30] 2009 >
Singisetti 1 20 1 16 5.1% 0.79[0.05, 13.69] 2010
Li 0 22 0 23 Not estimable 2011
Wali 1 25 1 25 5.2% 1.00 [0.06, 16.93] 2014
Fan 0 30 0 30 Not estimable 2015
Subtotal (95% CI) 227 235 40.0% 3.57 [1.28, 9.95] —anifffiin—
Total events 19 4
Heterogeneity. Tau? = 0.00; Chi® = 3.61, df = 6 (P = 0.73); > = 0%
Test for overall effect: Z = 2.44 (P = 0.01)
Total (95% CI) 516 543 100.0% 1.96 [1.03, 3.75] ’
Total events 33 14
2 2 _ . 2 _ _ _ 12 il i 1
Heterogeneity. Tau® = 0.00; Chi¢ = 9.15, df = 14 (P = 0.82); I = 0% o 0 33

Test for overall effect: Z = 2.04 (P = 0.04)
Test for subgroup differences: Chi2 = 2.18, df = 1 (P = 0.14), I? = 54.1%

Favours nail Favours plate (ORIF)

Fig.9 Forest plot of re-intervention rate (other indications than non-union) after plate fixation (ORIF) versus nail for humeral shaft fractures

Table 3 Effects of plate fixation (ORIF) versus nail for humeral shaft fractures stratified by study quality and study period

Non-union

Secondary radial
nerve palsy

Time to union

(weeks)

Infection

Operation duration  Functional shoulder

scores

All studies

High quality stud-
ies

Low quality studies

Studies after 2013

Studies before
2013

OR 1.0 [0.7-1.4)

OR 1.0 [0.6-1.2]

OR 1.0 [0.6-1.6]

OR 0.9 [0.6-1.6]

OR 1.0 [0.6-1.8]

OR 0.4 [0.3-0.6]

OR 0.6 [0.3-1.2]

OR 0.4 [0.2-0.8]

OR 0.5 [0.2-1.0]

OR 0.6 [0.3-1.1]

MD -19[-44

OR 0.5 [0.3-0.8]

to — 0.8]
MD - 1.9 [- 3.2
to — 1.9]

NC

MD — 2.0 [- 4.1
to — 0.8]

MD - 2.5[- 3.2
to — 1.7]

OR 0.5 [0.3-0.7]

OR 0.5 [0.3-1.2]

OR 0.5 [0.3-0.8]

OR 0.5 [0.3-1.2]

(minutes)

—-26[-37to—
14]

—25[-29.7t0 —
5.9]

- 142 [-76.9 to
48.5]

—-13.0[-29.3t0
—3.3]

—27[-523t0—
7.5]

SMD - 0.2 [- 04
to 0.1]

SMD -0.1[-04
t0 0.2]

SMD - 0.2 [- 0.9
to 0.5]

SMD 0.1 [- 0.2 to
0.5]

SMD - 0.2 [-0.7
t0 0.2]

OR odds ratio, MD mean difference, SMD standardised mean difference, [...] 95% confidence interval, NC not calculable (only one study avail-

able)

in-hospital and out-hospital costs) are lacking. To our opin-
ion, investigating these outcome parameters would be of
great importance in determining superiority or non-inferi-

ority of one treatment over the other.

@ Springer

In addition, only one study included in this meta-analysis
compared plate fixation to retrograde nail fixation [41]. As ret-
rograde nailing has the advantage of avoiding an entry point

through the shoulder joint, it is known to cause less shoulder
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complaints, however, at the expense of causing more iatro-
genic fractures during introduction [49]. It would be interest-
ing to have more studies elaborating on this comparison.

Implications for clinical practice

We would like to acknowledge that plate fixation is the pre-
ferred treatment modality for humeral shaft fractures in our
hospital. As this meta-analysis showed that the absolute differ-
ences between plate fixation and nailing are small, we do not
intend to change our local protocols. Likewise, we do not rec-
ommend hospitals which employ nailing as standard treatment,
to switch to plate fixation for the same reasons. In our opinion,
both treatment modalities are viable and hospitals should use
the technique in which they have the most experience.

Limitations of this study

Some limitations should be considered when interpreting the
results of this study. First, there is heterogeneity in the pooled
analysis on operation duration (I*=97%) and time-to-union
(P =58%), limiting the value of that analysis. Second, as in
any meta-analysis, there is a risk of publication bias. How-
ever, given the patterns observed in the various funnel plots,
we consider this risk to be low. Third, this meta-analysis also
included observational studies. Although other meta-analyses
support this concept, it has yet to be proven in other fields of
orthopaedic research and, with it, its validity.

Conclusion

The risk of non-union is comparable for both plate fixation
and nailing in patients with humeral shaft fractures. Nailing
carries a lower risk of infection, secondary radial nerve palsy,
shorter operation duration and possibly time to union. Abso-
lute differences, however, are small and all patients, except
one in each group, with radial nerve palsy recovered spontane-
ously. Although shoulder complaints requiring re-intervention
is more common in patients treated with nail fixation, func-
tional shoulder score are comparable in both groups. No dif-
ference was detected in general quality of life and total upper
extremity function; however, this was based on only one study
for the first and two for the latter. All in all, satisfactory results
can be achieved with both treatment modalities. This review
emphasizes the potential benefit of adding observational stud-
ies in a meta-analysis of surgical treatment options.
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