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Abstract

Purpose Displaced distal radius fractures in children are common and often reduced if necessary and immobilized in cast.
Still, fracture redisplacement frequently occurs. This can be prevented by fixation of fracture fragments with K-wires, but
until now, there are no clear guidelines for treatment with primary K-wire fixation. This meta-analysis aimed to identify
risk factors for redisplacement after reduction and cast immobilization of displaced distal radius fractures in children, and
thereby determine which children will benefit most of primary additional K-wire fixation.

Methods Eight databases were searched to identify studies and extract data on the incidence of and risk factors for redis-
placement of distal radius fractures after initial reduction and cast immobilization in children.

Results Twelve studies, including 1256 patients, showed that initial complete displacement (odds ratio [OR] 4.69, 95%
confidence interval [CI] 2.98-7.39) and presence of a both-bone fracture (OR 1.95, 95% CI 1.34-2.85) were independent
risk factors for redisplacement. Anatomical reduction reduced the redisplacement risk (OR 0.14, 95% CI 0.05-0.40). No
significant influence on redisplacement risk could be established for female sex, experience level of the attending surgeon,
Cast Index < 0.8, Three-Point Index < 0.8 and patient’s age.

Conclusions For children with a displaced distal radius fracture, the presence of a both-bone fracture, complete displace-
ment of the distal radius and non-anatomical reduction are risk factors for redisplacement after reduction of their initially
displaced distal radius fracture. Children with one or more of these risk factors probably benefit most of reduction combined
with primary K-wire fixation.

Keywords Radius fracture - Paediatrics - Displacement - Redisplacement - Risk factors - Cast immobilization - Cast index -
Three-point index

Introduction

Distal radius fractures account for up to 35% of all paediatric
fractures and are mostly caused by a fall on the outstretched
hand or direct blow to the arm [1-4]. For substantially dis-
placed paediatric distal radius fractures, fracture reduction
and cast immobilization is often the treatment of choice.
Recent studies showed, however, that redisplacement rates
are considerable and range from 21 to 39% after conservative
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treatment [5-9]. To prevent redisplacement after reduction,
the fracture can be fixated with K-wires. However, this
treatment also has disadvantages as it can lead to complica-
tions such as pin-tract infection, neuropraxia and premature
closure of the physis [10—14]. Therefore, it is important to
balance advantages and disadvantages of non-operative and
operative treatment in relation to the risk of redisplacement
and its effect on final outcome. Many studies have been per-
formed to identify risk factors for redisplacement showing
varying results. Several studies recommended additional
K-wire fixation for not optimally reduced distal radius frac-
tures, while others recommended additional K-wire fixation
for all completely displaced fractures, even after an accept-
able closed reduction [7, 9, 15, 16]. More recently, the qual-
ity of cast moulding was evaluated as a potential risk factor
for redisplacement, however, without univocal results [5,
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17-19]. The aim of this meta-analysis was to evaluate the
available literature on risk factors for redisplacement of dis-
tal radius fractures in children treated with reduction and
cast immobilization, and thereby determine which children
will benefit the most of primary K-wire fixation additional to
cast immobilization. This will aid in establishing guidelines
for the treatment of displaced distal radius fractures with
primary K-wire fixation.

Materials and methods

This meta-analysis was performed according to the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines [20].

Search strategy

A literature search was performed in PubMed, Embase, Web
of Science, Cochrane, CENTRAL, CINAHL, Academic
Search Premier and Science Direct on April 12th, 2019. The
search strategy was composed by an experienced medical
librarian. It included different synonyms of the keywords
Radius Fractures, Child, Displaced, Casts and Risk Factors.

Study selection

Articles were selected if they (1) included skeletally imma-
ture patients, (2) that had a displaced distal radius fracture
(with or without a concomitant distal ulnar fracture) requir-
ing fracture reduction, (3) and were treated with above- or
below-elbow cast immobilization. Articles had to be writ-
ten in English and describe risk factors for redisplacement.
Because definitions for displacement and redisplacement
vary amongst studies, no predefined definition was applied
for study selection, but only studies with commonly used
and comparable definitions for (re)displacement (Table 1)
were included in the meta-analysis. An additional criterion
was that the articles reported odds ratios (ORs) of the risk
factors for redisplacement, or provided sufficient informa-
tion to calculate the ORs. Articles were excluded if these
(1) concerned Salter Harris 3 and/or 4 fractures (as these
usually require surgical treatment), (2) were case reports,
reviews, conference abstracts, letters to the editor or cadaver
studies, (3) also analysed other forearm fractures or treat-
ment options, and the results for the displaced distal radius
fractures treated with cast immobilization could not be
extracted separately, or (4) reported only on potential risk
factors that were not reported in one of the other included
articles. Reference lists of the potentially relevant full-text
articles were searched for additional eligible studies, which
were included if the above-mentioned inclusion criteria
applied. Study selection, data extraction and assessment of
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risk of bias were performed by two reviewers (AS and PK).
Disagreement was resolved by discussion.

Data extraction

From the included articles, data were extracted on study
characteristics (author, publication year, type of study), num-
ber of included patients, mean age, fracture characteristics
(isolated distal radius or both-bone fracture), definition of
indications for fracture reduction and redisplacement, type
of anaesthesia and treatment (conscious sedation or gen-
eral anaesthesia, closed reduction and cast immobilization
or additional K-wire fixation, above- or below-elbow cast),
outcome (redisplacement rate), and risk factors (age, gen-
der, isolated radius fracture or both-bone fracture, complete
displacement, quality of reduction, Cast Index, Three-Point
Index, surgeon’s level of experience). The definitions for
redisplacement and indications for reduction are reported
in Table 1. The calculation of the Cast Index and the Three-
Point Index is illustrated in Fig. 1. Optimal values for both
indexes are considered below 0.8 [5, 18, 19]. A previous
meta-analysis, published by Hendrickx et al. and Van den
Bekerom et al., showed no significant difference in redis-
placement rate after treatment with either above- or below-
elbow cast immobilization [21, 22]. Therefore, the type of
cast (above or below elbow) was not included in the risk
factor analysis.

Statistical analysis

A meta-analysis using Review Manager 5.3 was performed
for the selected studies that applied similar data definitions
and had comparable study groups. When available, results
from multivariate analysis were used instead of univariate
analysis. ORs were pooled using the generic inverse vari-
ance. The random-effects model was used for all meta-anal-
ysis. Statistical heterogeneity between studies was assumed
if p <0.10 for the Cochran’s Chi-square test or >>50% [23].

Risk of bias

Risk of bias in the included studies was assessed accord-
ing to the ‘Quality in Prognosis Studies’ (QUIPS) tool as
low, moderate or high in six domains including study par-
ticipation, study attrition, prognostic factor measurement,
outcome measurement, study confounding and statistical
analysis and reporting [24]. Bias due to prognostic factor
measurement was scored as moderate if it was not clear
who performed the risk factor measurements. Bias due to
confounding was scored as low if multivariate analysis was
performed and as moderate in case of univariate analysis
only (Table 2).



791

Risk factors for fracture redisplacement after reduction and cast immobilization of displaced...

querd
[eIUOI} 9y} UI

s92139p G1 03 dn

uone[n3ue ‘Jur
-UTeWaI YIMOI3
JO IeoK SS9
[oed 10§ s9213ap
G Aq paonpax
uone[nsue 9[qe
-1doooe ‘(3ur
-UTeWaI YIMOI3
Jo s1edk G <)
qued eniSes ur
$92139p ()¢ O3

dn vonensue (T€F) S06
‘(s1eak > 3e) QInjoely :paoerdsip 10N
wo [ >uon Ieu[n ¥ sniper oLT#H (8102)
-1sodde 10uokeg 912 LE/S v ‘1 [eosAydeisjy  96'g :paoerdsipay L€ aAnpoadsolg [0Z] v101Y
uorne[sueRn
wwl ¢ < ‘UOTBIAJD
[BIpRI .G < ‘Uon) uon
-e[ngue [esiop -e[n3ue, G < pue
501 < :3urmor[oy uorne[suen
U} JO 7 Ise9 Je wuw g < Jo uon
JO uoneuIqUIOd -euIquod ® (4)
10 ‘uone[suen 10 ‘uone[suer)
wu 4 < ‘uon wuw ¢ < (¢) Io
-BIAQD [BIPBI  ‘UOTJRIAQD [BIPEI
-01 < ‘uone[n3ue 6 < () 10 ‘uon saImoely
[esIop,0g< :3ur -e[nSue ILJOA Ieu[n pue snipel (8002)
-MO[[0F ) Jo dUQ  /[esIop ,0T (1) (LT SLILT o4 ‘1 [easAydeloy 901 GL  oandadsord [61] niSorepuory
(uon
-IuLop) Uornonpax (uonruyap) (%) paoerdsipar (s ¥) 10 (a3uer)

J10J uonedIpu|

JUOWIOR[dSIPOY  SeINIORI) JO "ON

4JUQUIBAI], adA) axmyoe1y sreak ur oFe ueopy

samjoely jo oN  Apms Jo adAT, oyiny

SOIPN}S POPN[OUT JO SONSLIAOBIRYD) | d|geL

pringer

a's



A.Sengab et al.

792

uorne[suern

Jo ww g<pue
ouerd eniSes

ur uone[n3ue
o0l <jouon
-BuIqUOd 10
ouerd [euoI0d UI
o§ <uolelAop
Aue 10 ouerd
renides ur

00T <uone[nsue pajoderjoN (I1°¢¥) 89°01
‘ouerd Aue 300[q [e1yo :paoerdsip 10N
ur wuwr ¢ <jo -BlIq I0 320[q WT e ol (9100)
uonejsuel], (S'¥¢) 85/0T S)29m 9 pIOJRWAY ‘7 ‘] SOIPRI Py [RISI :pade[dsipay 8¢ aandadsoid [og] srruuryn
syder3orpex
JI9YII9 UO UONIS
-odde 9,0¢ ueyy
Q10w JO SSO[
pue ydei3orper
JoLejue-o1)sod
uo uone[n3ue (8'91-9)
Aue ‘sydei3orper 21 paoedsip 10N
[BI27€] UO uon payrodar s1sAyd snrpex (8°91—+) (1102)
-esue,Qr < ('S0 SS/pT @STeyosp Mup), Jouised Joodhy g [EISIp Jound > Q[ Pade[dsIpay 65 aandadsoney [92] erreasq
K)TuLI0Jop JUdp
Ayrur1oyop Jusp -1AQ A[[eoruI mjoely
-1A AJ[eotur[d pue pue ;g <uon Teu[n + snIpex (1100)
00T < UONE[NSUE-0Y -em3ue-oy  (7'61) 9ST/0€ Sjeam 9 DaVv ‘T pap eista (€1-0) 8'6 96T eAndadsonay [cT] yreugeg
Sur[epowar
K10108]SmIES JO
uorneoadxa oy
ynm paydoooe
sem uonisod jo uorne[nsue
SSO[ QWIOS "JuUSW »S < pue uone|
-3pnl [eorurpjue  -suen ww g < jo
-)[nsuood Suneorn uoneuIqUIOD (})
pue ‘Kjruriojop 10 ‘uone[suer)
[BO1UI[D JO QOUD ww €< (¢) 1o
-so1d ‘OImoeI} JO  ‘UONBIAJD [RIPEI QInjoely
uonedo[ ‘Injdery 6 < () 1o ‘uon Ieu[n ¥ snipex
Jo a3e quoned oy -e[n3ue IeJOA (paoerd [easAyderow (S102)
Jo o3e a1y Uo paseq /TesIop,01< (1) (8'87) SET/6€ -SIpaI) syoom § odd ‘c /measkyd rersiq (L1-€) 6'6 Sel aandadsoid [¢] yeriopesy
(uon
-[uyap) uononpax (uonmuyap) (%) paoedsipal dn-morjoy (@s ¥) 10 (o3uer)
I0J UOTIROIPU]  JUSWIQOR[ASIPaY — SOINJORI) JO 'ON Jo uoneIn( 4JUQUIBAI], adA) axmyoe1] sreok ur oFe ueSpy SoINORIf Jo 'ON  Apmis jo adAJ, oyiny

(ponunuoo) | sjqey

pringer

Qs



793

Risk factors for fracture redisplacement after reduction and cast immobilization of displaced...

BISOUISOBUE [2IoUAT (7) 10 (JH Y3} UO UONEPIs SNOIOSUOD () I9pUn UONBZI[IGOWI ISBD PUB UOTIONPAI PISO[)y

JSBD MOQ[o-M0[oq DFJ ‘ISBd MOq[e-9A0qe DTV

sangeA uon
-onpar-jsod oy
s paredwod

juowaoe[dsp
%0¢C <pue odd
UOTJRIAQD IO 10 DAV ‘(7 uoypy ey,
uorne[nsue (11-5’¢)  uonisodar 9[qe AINjoRIj UWLIR pajonuo) (9002)
001 <JO asealduf (L'6) €11/11 sypuowr £/ -idoooe jou y1) [ -e10§ paIy) [eISI 1) 86 (281 poziwopuey [zl agom
UQIP[IYD QInjoely
Iop[o ur uon Jeun F snipelr
-e[n3ue Aue pue [eosAydeyow
pIo s1eak 01 > Jt “(¢/THS) (L00D)
uone[n3ue ,0g< (€2 SOT/LY syuowr ¢ DdV ‘zio | reasAydidg 91-€) 01 G0z  2anoadsonay [62] 19prouyog
sjuowigey ay)
Jo uonisodde
%06 uey) ssof 10 Odd pue DIV (€661)
‘uonen3ue (g < €) 89/€C pariodar JoN ‘parrodar 0N sniper [eIsIq 91-1) 89  2andadsonoy [L] 1010014
QAL URY) SSI[
Teak yoea 10§
SS9 .G pue 3ur
-UTRWAI [IMOIT
Jo s1eak g uey)
alow JI ,0¢ O3
dn suerd &1
-)13es oy ur
uone[n3ue 10
/pue sade [[e I0f eUN F Snipel
oued [eu0I0d UT (SH1-L'0) Tesstp [easKyd (Z100)
uone3ue .61 < () 191/LS syuowr 8¢ papodar jou ‘g “ejoul [eIsIq 01 191  eanoadsonoy [82] 11014
uonrsod
[eoTwojeuR
[eWLIOU 9} WOIJ
108)U0d Auoq
JO %06 > 1o BU[N + SnIpex (S102)
pozIpIEpuUEls JON,  uonE[n3ue,Og < (LD LOT/6T SYoom 9— papodar joN pIIYy3 TeISIq 001 LOT  eAnoadsonoy [LZ] uepiof
QIN}oRIJ WLILQIOf
qoom T Je [eISIp Je[none (S661)
0T <uone[nsuy (127) 98/81 papiodar joN papiodar jou ‘g “BIIX9 PIso[) 011 6 98  eanoadsoney [1€] peppeH
(uon
-IUlop) UonoNpax (uonwuyap) (%) paoedsipal dn-morjoy (S F) 10 (d8ueI)
JI0J UOTJBIIPUT JuowaoR[dSIpay  SeINIoRIJ JO "ON Jo uoneIn( 4JUQUIBAI], adA) axmyoe1y sIeok ur oFe ueSpN SoIMORIf Jo 'ON  Apmis jo adAJ, Joyiny

(ponunuoo) | sjqey

pringer

a's



794

A.Sengab et al.

Fig. 1 Calculation of the Cast Index and Three-Point Index on the
anteroposterior (on the left) and lateral (on the right) radiographs.
The Cast Index is defined as the inner cast width at the fracture site
on the lateral radiograph (G) divided by the inner cast width on the
anteroposterior radiograph (H). The Three-Point Index is defined as
[(A+B+C)/X]+[D+E+F)/Y] with on the anteroposterior radio-
graph: A the narrowest radial-side gap between cast and skin around

Table 2 Quality of included studies according to the QUIPS tool

radiocarpal joint or scaphoid; B the narrowest ulnar side gap between
cast and skin within 1 cm of the fracture; C the narrowest radial-side
gap, 3-5 cm proximal to the fracture side. On the lateral radiograph,
D the narrowest dorsal-side gap between skin and cast at radiocarpal
joint or proximal carpal row; E and F similar to B and C, however, at
the volar- and dorsal-side gap, respectively, on the lateral radiograph
[5, 18, 19]

Author Risk of bias due to Risk of bias due Risk of bias due to Risk of bias due to Risk of bias due to  Risk of
study participation to study attrition prognostic factor meas- outcome measure- study confounding bias due to
urement ment analysis
Alemdaroglu [19] Low Low Low Low Low Low
Arora [20] Low Low Moderate Low Moderate Low
Asadollahi [5] Low Low Low Low Low Low
Debnath [25] Low Low Low Low. Moderate Low
Devalia [26] Low Low Low Low Moderate Low
Ghimire [30] Low Low Moderate Low Moderate Low
Haddad [31] Low Low Moderate Low Moderate Moderate
Jordan [27] Low Low Low Low Moderate Low
Pretell Mazzini [28] Low Moderate Low Low Low Low
Proctor [7] Low Low Low Low Low Low
Schneider [29] Low Low Low Low Moderate Low
Webb [32] Low Low Low Low Low Low
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Results
Literature search

The electronic search identified a total of 706 potentially
eligible articles. After removal of duplicates, 285 arti-
cles remained and were screened for eligibility based on
title and abstract. Fifty-seven articles were eligible and
selected to read the full text. After screening the refer-
ence lists of these 57 articles, nine more potentially rel-
evant studies were identified. Twelve articles that met
the inclusion criteria and reported on similar age groups
and definitions for redisplacement were included in this
meta-analysis (Fig. 2) [5, 7, 18, 19, 25-32].

Study characteristics

Table 1 shows the characteristics of the twelve included
studies. The studies were published between 1993 and
2018 and included a total of 1256 patients who received
cast immobilization after reduction of a displaced distal
radius fracture. Seven studies had a retrospective design,
four a prospective design and one RCT was included.

Treatment consisted of reduction of the displaced frac-
ture under conscious sedation on the ED, hematoma or
brachial block, or general anaesthesia. Immobilization
consisted of either an above- or below-elbow cast. The
follow-up ranged between 1 and 7.7 months. Definitions
for displacement and redisplacement are reported in
Table 1 [5, 7, 18, 19, 25-32].

Outcome

The mean follow-up ranged between 1 and 7.7 months. The
overall redisplacement rate after initial reduction ranged
from 9.7 to 35% [5, 7, 18, 19, 25-32]. Of all redisplaced
fractures, 61% (191/313) received secondary treatment.

Risk factors

Odds ratios were extracted or calculated from the 12
included studies. If insufficient data were available, cor-
responding authors were contacted. Asadollahi et al. sup-
plied supplementary data [5]. The ORs were pooled for
eight predictors (age, gender, isolated radius of a both-
bone fracture, complete displacement, quality of reduc-
tion, Cast Index, Three-Point Index and surgeon’s level of
experience) for redisplacement in children after reduction

Articles identified in database search (n=706)

Exclusion of duplicates (n=421)

Articles screened on title and abstract (n=285)

Exclusion (n=228):
Included adults (15)
Case report (7)
Review (16)

Articles selected for full text analysis (n=57)

Distal radius fractures, other research question (133)
Other fractures (42)
Other (14)

Articles identified after additional search

Full text analysis (n=66)

of reference list (n=9)

Excluded after full-text analysis (n=54)
Results distal radius and cast not extracted (21)
No full-text available (7)

Adults (4)

Included articles for meta-analyses and review (n=12)

Fig.2 Flowchart of included articles

Language (2)
No clear/similar definitions (7)
No patient data (1)
Insufficient data (6)
Risk factor not analysed in other articles (6)
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of a displaced distal radius fracture. Age < 10 years
vs > 10 years (OR 1.11, 95% CI 0.79-1.55) and female
sex (OR 1.28, 95% CI 0.83-1.97) were not significant risk
factors for redisplacement (Figs. 3, 4). Complete displace-
ment (mostly defined as one shaft width), when compared
to incomplete displacement (OR 4.69, 95% CI 2.98-7.39)
and a both-bone fracture, when compared to an isolated
radius fracture (OR 1.95, 95% CI 1.34-2.85) were sig-
nificant risk factors for redisplacement (Figs. 5, 6). Ana-
tomic reduction significantly reduced the risk of redis-
placement (OR 0.14, 95% CI 0.05-0.40) when compared

to non-anatomic reduction (Fig. 7). The Cast Index and
Three-Point Index, both with optimal values considered
below 0.8, were not predictive for redisplacement (respec-
tively, OR 0.45, 95% CI 0.13-1.58 and OR 0.33, 95% CI
0.01-16) (Figs. 8, 9) [5, 17-19, 27]. However, it should
be noted that the results of the studies for both indexes
were statistically heterogeneous (I > 50%). The experi-
ence of the trainee/house officer compared to that of a
senior registrar/consultant as the treating physician was
also not a risk factor for redisplacement (OR 1.79, 95%
CI10.68-4.72) (Fig. 10).

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Asadollahi 00128 0381 204% 1.01[0.48, 2.14]
Debnath -0.3737 04131 17.4% 0.69[0.31, 1.55]
Pretell Mazzini 01934 03364 26.2% 1.21 [0.63, 2.38] B i A
Proctar 0.0362 0.5554 9.6% 1.04 [0.35, 3.08]
Schneider 04213 03344 2645% 1.52[0.79, 2.94] I . E—
Total (95% CI) 100.0% 1.11 [0.79, 1.55] -’

Heterogeneity: Tau®=0.00; Chi*= 238, df=4 {(P=067), F=0%
Test for overall effect: Z= 0.60 (P = 0.55)

0.2 05 1 2 5
= 10years =10years

Fig. 3 Risk of redisplacement in patients of below 10 years of age versus above 10 years

Odds Ratio
Weight IV, Random, 95% CI

Study or Subgroup  log[Odds Ratio] SE

Odds Ratio
IV, Random, 95% ClI

Alemdaroglu 1 04935 56% 2.72[0.43,16.99]

Arara 07503 08993 6.1% 212[0.36,12.34]

Asadollahi 06419 04219 277% 1.90([0.83, 4.34] I
Dehnath 0.0162 0.4591 23.4% 1.02 [0.41, 2.50] .
Devalia -0.5008 0.7108 9.8% 0.61[0.15, 2.44] — 1
Ghimire -0.2877 07144 97% 0.75[0.18, 3.04] —

Jordan 02106 05289 17.6% 1.23[0.44, 3.48] I
Total (95% CI) 100.0% 1.28 [0.83,1.97]

Heterogeneity: Tau®=0.00; ChiF=3.76,df =6 {(F=0.71), F=0%

o+
=
o
i .
[l
=4

nz
Test for overall effect Z=110(P=0.27) Male Female
Fig.4 Risk of redisplacement in male versus female patients
Odds Ratio Odds Ratio
Study or Subgroup _ log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Alemdaroglu 2.4587 07273 8.8% 11.69[2.81, 48.63]
Asadollahi 1.9373 05955 12.4% 6.94 [2.16, 22.30]
Devalia -0.026 1.1986 3.5% 0.97 [0.09,10.21]
Ghimire 1.4481 0.7532 8.3% 4.26[0.97,18.62]
Haddad 22001 06281 11.4% 9.03 [2.64, 30.91] —
Jordan 06281 0511 158% 1.87 [0.69,5.10] I e —
Proctar 1.274 0539 146% 3.58[1.24,10.28] —
Schneider 1.7272 0.3688 251% 5.62[2.73,11.59] e —
Total (95% CI) 100.0% 4.69 [2.98,7.39] B
Heterogeneity: Tau®=0.08; Chi*=8.55, df=7 {(P=0.29); F=18% 0oz 0 10 0

Test for overall effect: Z= 6.68 (P < 0.00001)

Incomplete displacement Complete displacement

Fig.5 Risk of redisplacement after incomplete versus complete displacement
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Alemdaroglu 0.8754  4.9% 3.50 [0.63, 19.48)
Arora 1.2961 2.2% 1.93 [0.15, 24 46) >
Asadollahi 0.3828 25.4% 1.44 [0.68, 3.05) -1T
Devalia 06195 9.7% 0.86 [0.26, 2.91] e
Ghimire 0.6473  8.9% 4.94 [1.39, 17.57) - =
Jordan 04733 16.6% 2.91[1.15, 7.35] . —
Schneider 0.3398 32.3% 1.83 [0.94, 3.56) T
Total (95% CI) 100.0% 1.95 [1.34, 2.85] 3
Heterogeneity: Tau® = 0.00; Chi* = 5.62, df = 6 (P = 0.47); I = 0% 5 = 0¢ = 5 > 6

Test for overall effect: Z = 3.46 (P = 0.0005)

Isolated radius fracture  Both bone fracture

Fig.6 Risk of redisplacement after isolated radius versus a both-bone fracture

Odds Ratio Odds Ratio
Study or Subgroup SE Weight IV, Random, 95% CI IV, Random, 95% CI
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Fig.7 Risk of redisplacement after anatomic reduction versus non-anatomic reduction

Odds Ratio Odds Ratio
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Test for overall effect: Z = 1.25 (P = 0.21)

Fig.8 Risk of redisplacement after Cast Index < 0.8 versus Cast Index
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Fig.9 Risk of redisplacement after Three-Point Index < 0.8 versus Three-Point Index > 0.8 on post-reduction radiograph

Risk of bias

The risk of bias of the included studies was low for almost
all six domains (Table 2). Arora et al., Haddad et al. and

Ghimire et al. scored moderate on the risk of bias in the
domain of prognostic factor measurement, because it was
not reported who performed the measurements of the
potential risk factors for redisplacement [19, 30, 31]. Many
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Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI

Arora 0.5798 0.8194 24.8% 1.79 [0.36, 8.90) =

Asadollahi 0.01 0424 49.2% 1.01 [0.44, 2.32) —a—

Haddad 1.6617 0.7899 26.0% 5.27 [1.12, 24.78) -_—

Total (95% CI) 100.0% 1.79 [0.68, 4.72] L

e 2 . 2 - = T o } 1 Il I }
Heterogeneity: Tau® = 0.32; Chi* = 3.44, df =2 (P = 0.18); P =42% 005 02 ¥ : 20

Test for overall effect: Z=1.17 (P = 0.24)

House Officer Reaqistrar

Fig. 10 Risk of redisplacement after treatment by a house officer versus registrar

of the included studies also scored moderate on biases in
the domain of study confounding. This is because only
univariate analysis was performed and no multivariate
analysis [19, 25, 26, 29-31, 33].

Discussion

The aim of this meta-analysis was to identify the possible
risk factors for redisplacement of distal radius fractures in
children after reduction and cast immobilization and thereby
determine which children benefit the most from additional
K-wire fixation after fracture reduction.

The results show that the presence of a both-bone frac-
ture, initial complete displacement of the distal radius frag-
ment and non-anatomical reduction are significant risk fac-
tors for redisplacement and, therefore, present as indications
for reduction and additional primary K-wire fixation of pae-
diatric displaced distal radius fractures.

Fracture-related factors are often studied as potential
risk factors for redisplacement. Our results showed that it
is important to achieve anatomic reduction to diminish the
risk of redisplacement (OR 0.14, 95% CI 0.05-0.40) (Fig. 7).
One can imagine that achieving anatomical reduction is
dependent on multiple other factors such as the experience
of the treating physician and available resources (e.g. type
of analgesics/sedatives, C-arm fluoroscopy) at the time of
reduction. Nevertheless, the experience of the treating phy-
sician was not found to influence the risk of redisplacement
(Fig. 10). This result is based on only three studies and could
potentially be biased, as the trainee is often supervised by
the attending senior/consultant. Furthermore, no difference
was made between trainees with relatively little experience
or multiple years of experience and between (orthopaedic)
surgeons and emergency physicians. Despite this potential
bias, Proctor et al. and Monga et al. found similar results
[7, 34]. One can also imagine that achieving anatomical
reduction is more likely to be successful when there is a
good understanding of the fracture mechanism; reduction
takes place at the operating room, under conscious sedation
or general anaesthesia and with the use of C-arm fluoros-
copy. Unfortunately, there was insufficient information in
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the included articles to analyse whether or not these fac-
tors (i.e. type of anaesthesia, C-arm fluoroscopy) are of any
influence on the risk of redisplacement. Three studies, not
included in this meta-analysis, did report on these issues.
Bear et al. compared haematoma block analgesia to proce-
dural sedation and found no significant difference in radio-
graphic alignment between groups. Moreover, haematoma
block analgesia resulted in similar pain control, shorter
duration of stay at the emergency department and compa-
rable patient satisfaction as procedural sedation [35]. Luh-
mann et al. confirm these results in their study [36]. Lee
et al. retrospectively analysed the use of C-arm fluoroscopy
and showed that patients undergoing closed reduction with
assistance of the mini C-arm fluoroscopy had significant
improvement in quality of the reduction (average angulation
in degrees + standard deviation; 6 +4 vs. 8 +6; p=0.02),
less second reduction attempts and less need for operative
treatment (2/113 vs. 14/166, p <0.0001) compared to reduc-
tion without the use of the C-arm fluoroscopy [37].

In 1994, Chess et al. introduced the Cast Index as an indi-
cator for the quality of cast moulding. They described the
quality of cast moulding as a risk factor for redisplacement
after reduction of a paediatric displaced distal radius fracture
[17]. Since then, more studies have been published about
the quality of cast moulding and several other cast-related
indices such as the Three-Point Index, Gap Index and Pad-
ding Index were analysed [5, 18, 19, 26, 38]. Unfortunately,
the studies reporting the risk of redisplacement for all the
different cast-related indices could not be combined in this
meta-analysis since these indices provide heterogeneous out-
comes. Based on the results of the three included papers that
address this topic, the Cast Index and Three-Point Index do
not seem to predict redisplacement after the first reduction
in displaced distal radius fractures in children (Figs. 8, 9) [5,
15, 19]. More homogeneous studies are needed, however,
to draw firm conclusions regarding the predictive value of
cast-related indices since this potential risk factor can be
positively influenced with little effort. After reduction and
application of the cast, measurements on plain radiographs
can be made and if needed, and the cast can be adjusted
to reduce the risk of redisplacement. Even though the Cast
Index is easier to measure, the Three-Point Index was found
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to be superior in predicting redisplacement when compared
to the Cast Index (sensitivity 94.7%, specificity 95.2%,
NPV 98.4%, PPV 85.7% for Three-Point Index and sensi-
tivity 63.2%, specificity 52.4%, NPV 82.5%, PPV 28.6% for
Cast Index) with high inter- and intra-observer reliability
(intra class correlation coefficient 0.99) [18, 19]. The studies
included in the present meta-analysis reported redisplace-
ment rates between 9.7% and 35% after reduction and cast
immobilization of displaced distal radius fractures in chil-
dren. Only 61% of the 313 redisplaced fractures received
secondary treatment: 38 received repeat reduction and cast
immobilization, 128 had additional K-wire fixation after
repeat reduction, 10 received ORIF, 1 received plate fixation
and 3 patients received external fixation. Eighteen patients
were reported to have had ‘surgery, CRIF or ORIF’ and for
three patients, the cast was wedged as a secondary treatment.
Fifty-eight (19.0%) patients were considered to have enough
potential for remodelling and received no further treatment
after redisplacement. For the remaining 20.0% with a redis-
placed fracture, it was not explicitly reported why secondary
treatment was not deemed necessary. A reason might be that
the definitions for redisplacement and the indications for
secondary treatment were not similar in all studies. Also,
wait and see policies are probably also based on the expec-
tation that there is sufficient growth and the remodelling
potential in the injured bone in children. Finally, the fact that
an association of repeat reduction with growth disturbances
and worse functional outcome has been described may have
contributed to a reserved attitude towards repetitive reduc-
tion [39, 40].

This meta-analysis has several limitations. Although
many studies have reported on the risk factors for redisplace-
ment, only a few used similar indications for fracture reduc-
tion. This is partly due to the absence of globally accepted
criteria for when to reduce a paediatric distal radius frac-
ture. For all of the included articles, the criteria for redis-
placement were angulation of at least 10 degrees, more than
2 mm translation or more than 20% of displacement when
compared to post-reduction values. Furthermore, in current
decision-making on fracture reduction in children, the poten-
tial for remodelling in relation to the acceptable amount of
displacement is not adequately incorporated. This is also
shown in the included articles, as only three out of twelve
reported on criteria for reduction that were specified by the
age of the patient and thereby the expected remodelling
potential (Table 1). Younger children have a greater sponta-
neous remodelling potential and, therefore, for them, larger
amounts of displacement can be accepted without reduction
and immobilization (cast and/or K-wire fixation). In practice,
this should be considered not only before primary reduction
but also if redisplacement occurs. However, including this
information in our analysis would be difficult since remodel-
ling not only depends on age but also, for example, on race

and sex. Despite helpful AO guidelines, the definitions for
redisplacement, indications for fracture reduction and inad-
equate incorporation of the potential for remodelling differed
between the studies. This could potentially lead to over- or
underestimation of the true redisplacement risk when apply-
ing our results to future patients.

No statistical heterogeneity in study results for the risk
factors was found, except for analysis of the Cast Index,
Three-Point Index and quality of reduction (I*> 50%).

A third limitation is the heterogeneous presentation of
other potential predictors for redisplacement. This includes
several cast-related indices, comminution of the fracture and
distance of the fracture to the physis that could be related to
redisplacement after reduction of a fracture. Unfortunately,
due to the heterogeneous data, these potential predictors
could not be included in this meta-analysis.

This meta-analysis shows that for children with a dis-
placed distal radius fracture, the presence of a both-bone
fracture, complete displacement of the distal radius and
non-anatomical fracture reduction are risk factors for redis-
placement of their initially displaced distal radius fracture.
Children with one or more of these risk factors will prob-
ably benefit most of the reduction combined with primary
K-wire fixation.
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