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K-wire versus screws in the fixation of lateral ==

condyle fracture of humerus in pediatrics:
a systematic review and meta-analysis

Yoon Joo Cho'", Se Hyun Kang' and Mu Hyun Kang'

Abstract

Background Lateral condyle fracture of the humerus is the second most common elbow fracture in children. Non-
displaced lateral condyle fractures can often be managed with cast and conservative care, while reduction and fixa-
tion are often used to treat displaced lateral condyle fractures. Traditionally, K-wire fixation has been used for dis-
placed lateral condyle fractures, but recently fixation using screws has been advocated in some studies. Therefore, we
performed a meta-analysis to determine the difference in outcomes and complications between the two different
fixation methods for the treatment of displaced lateral condyle fractures of the humerus in pediatric patients.

Methods Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were used

for this review. PubMed, Embase, and Cochrane Library were used for study selection. Studies comparing K-wires

and screw fixation in displaced lateral condyle fractures in pediatric patients were included. Clinical outcomes using
the Hardacre criteria, infection, limitation of range of motion of the elbow, lateral condyle overgrowth, delayed union,
nonunion, and avascular necrosis were compared. Data were analyzed using the meta package in R version 4.2.2,
and random-effects or fixed-effects models were used according to heterogeneity.

Results One randomized controlled study and three retrospective cohort studies were included, with a total

of 240 patients (K-wire:118, screw:122). The clinical outcome using the Hardacre criteria was not different

between the groups (P=0.54), but the risk of infection (risk ratio [RR]=5.52, 95% Cl: 1.42-21.48, P=0.01) and limita-
tion of range of motion (RR=3.75, 95% Cl: 1.54-9.18, P<0.01) were significantly higher in the K-wire fixation group
than in screw fixation group.

Conclusions The use of screws for fixation after reduction in the treatment of lateral condyle fracture of the humerus
in children decreases the risk of superficial infection and elbow stiffness compared with the use of K-wire. Although
removal of the implant under general anesthesia is necessary, screw fixation can be considered in displaced lateral
condyle fractures of the humerus in children.

Trial registration PROSPERO (CRD42023415643).
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displacement tend to displace further and have a high
incidence of nonunion, necessitating reduction and fixa-
tion [8]. Traditionally, in these fractures, open reduction
and internal fixation were preferred; however, in recent
studies, closed reduction and percutaneous pinning
has been reported to produce similar outcomes to open
reduction and fixation [9-13]. However, studies showed
different methods of fixation: K-wires were traditionally
used, but fixation using screws also showed tolerable
results [14—16]. There is a systematic review concluding
that there is no difference between the outcomes between
the K-wire fixation and screw fixation [17]. However, it
was only qualitatively compared, and currently, there is
no meta-analysis which synthesizing the results with
quantitative analysis comparing K-wire fixation with
screw fixation for displaced lateral condyle fractures
of the humerus in pediatrics. Therefore, we designed a
meta-analysis to determine the outcome of two different
fixation methods for the treatment of displaced lateral
condyle fractures of the humerus in pediatric patients to
provide evidence for deciding the fixation method.

Methods

The protocol of this study was registered in PROSPERO
(ID: CRD42023415643). We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines for reporting this systematic
review and meta-analysis.

Search Strategy

The PubMed, Embase, and Cochrane Library databases
were searched for articles published before April 10,
2023, that combined the terms “lateral condyle fracture
of humerus” or “lateral condylar fractures of humerus” or
“lateral condyle fracture of humerus” or “lateral condyle
fractures of humerus” and “pediatric” or “children”

PICO (Population, intervention, comparison, and outcome)
PICO was defined as following; P: Displaced lateral con-
dyle fracture in children under the age of 16, I: Screw
fixation, C: K-wire fixation, O: Postoperative clinical
outcome and complications including infection, delayed
union, nonunion, lateral overgrowth, limitation of range
of motion, and avascular necrosis.

Study selection and data extraction

Two reviewers performed a literature search for studies
comparing K-wire fixation and screw fixation in lateral
condyle fractures in pediatric patients independently.
Searches were conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines. Disagreements were resolved
with the third researcher through discussion.
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The inclusion criteria were articles with the preopera-
tive diagnosis of displaced lateral condyle fracture in chil-
dren under the age of 16 and including clinical outcomes
of the K-wire and screw fixation groups. Studies that
included combined screw and pin fixation were excluded.
Only English language articles were included. Case
reports, case series, reviews, systematic reviews, editorial
letters, and articles without full text were excluded.

This study aimed to assess the primary clinical outcome
with Hardacre criteria [18] and complications including
infection, delayed union, nonunion, lateral overgrowth,
limitation of range of motion, and avascular necrosis.
Each outcome was defined if the studies indicated it as
infection, delayed union, nonunion, lateral overgrowth,
limitation of range of motion, and avascular necrosis, and
specific definition of outcomes which were mentioned in
each study are shown in supplement table II [19-22].

Bias assessment

The risk of bias was assessed using the revised Cochrane
risk of bias tool for randomized studies (ROB2) [23] and
the Methodological Index for Non-Randomized Studies
(MINORS) score for non-randomized studies [24]. Two
independent reviewers assessed bias, and disagreements
were resolved with the third author through discussion.
Publication bias was assessed for the primary clinical
outcome using funnel plot and Egger’s test.

Statistical analyses

Data were analyzed using the “meta” package in R (ver-
sion 4.2.2; R Foundation for Statistical Computing,
Vienna, Austria). For binary data, risk ratio (RR) was
used for the effect size. Heterogeneity was determined
using I? for each model; I* < 25% was considered low het-
erogeneity. For low heterogeneity, fixed-effects model
was used; otherwise, a random-effects model was used.
In analyzing the nonunion and avascular necrosis results,
only one study in each outcome showed more than one
event in the K-wire fixation group but zero event in the
screw fixation group, so the relative risk was analyzed by
imputing the zero events in the screw fixation group with
0.5. Statistical significance was set at 2 <0.05.

Results

Search results

Initially, a total of 1381 studies were identified, and 1068
studies remained after duplicate removal. Nine stud-
ies were reviewed with full text, one study was removed
due to suspect of plagiarism, two were removed because
of screw-wire usage or combined screw-pin usage,
and two were removed because they included nondis-
placed fractures. Finally, four articles were selected for
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Records identified through
database searching Records identified
(n=1381) through other sources
(905 PubMed, 458 Embase, 18 (n=1)
Cochrane)
Records after duplicates removed Excluded after title/abstract screening
_ (n=1059)
(n=1068) . .
- Case reports, reviews and systematic
reviews, editorial letters (n=255)
- Not comparing K-wire fixation and screw
fixation in lateral condyle fracture of
- — humerus in children (n=804)
Full-text articles assessed for eligibility
(n=9)
Excluded after full test assessment
(n=5)
Studies included in qualitative synthesis - Study suspicious of pla.glarlsm (n=1)
(n=4) - Screw-wire fixation (n=1)
- Screw-pin fixation (n=1)
- Nondisplaced fracture (n=2)
Studies included in quantitative synthesis
(meta-analysis)
(n=4)
Fig. 1 Preferred reporting items for Systematic Reviews and Meta-Analyses (PRISMA) diagram on study selection process
Table 1 MINORS score for nonrandomized comparative studies
Quality assessment for nonrandomized trials Li [20] Gilbert [19] Stein [22]
A clearly stated aim 2 2 2
Inclusion of consecutive patients 2 2 1
Prospective data collection 0 0 0
Endpoints appropriate to the aim of the study 2 2 2
Unbiased assessment of the study endpoint 2 2 2
A follow-up period appropriate to the aims of study 1 1 1
Less than 5% loss to follow up 2 2 0
Prospective calculation of the sample size 0 0 0
An adequate control group 2 2 2
Contemporary groups 2 2 2
Baseline equivalence of groups 2 2 1
Adequate statistical analyses 2 2 2

the meta-analysis. A flowchart of the study selection is

shown in Fig. 1.

Risk of bias assessment

The average MINORS score for non-randomized stud-
ies was 17.7 (range, 15 to 19) (Table 1), and the assess-
ment of risk-of-bias for the randomized controlled trial is
shown in Table 2. The funnel plot of primary clinical out-
come with Hardacre criteria is shown in supplementary
Figure I, and Egger’s test showed P-value of 0.34, mean-

ing there was no publication bias.

Table 2 Revised cochrane risk-of-bias assessment (ROB2)

Thapa [21]
Randomization process Low risk
Deviations from intended interventions Low risk
Missing outcome data High risk

Measurement of the outcome
Selection of the reported result
Overall bias

Some concerns
Low risk
High risk
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Study characteristics

One randomized controlled trial [21] and three retro-
spective cohort studies [19, 20, 22] were included, with a
total of 240 patients (K-wire:118, screw:122). The demo-
graphic characteristics and details of the included studies
are summarized in Table 3 and supplementary table II.

Outcomes of meta-analysis

Clinical outcome (Criteria of Hardacre)

Four studies [19-22] reported clinical outcomes using
the Hardacre criteria. Excellent and good results were
considered satisfactory, while poor results were consid-
ered unsatisfactory. A fixed model was used, and no het-
erogeneity was found (I*=0%, P=0.45). There was no
difference between the clinical outcome using the Harda-
cre criteria between the groups (Fig. 2).

Table 3 Study characteristics
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Infection

Four studies [19-22] reported infection. A fixed
model was used owing to small heterogeneity (I*=0%,
P=0.74). The risk of infection was significantly higher
in the K-wire fixation group (RR=5.52, 95% CI: 1.42—
21.48, P=0.01) (Fig. 3).

Limitation of range of motion

Three studies [19, 20, 22] reported limitations in the
range of motion. The fixed model was used due to no
heterogeneity (I>=0%, P=0.91). The risk of limita-
tion of range of motion was significantly higher in the
K-wire fixation group (RR=3.75, 95% CI: 1.54-9.18,
P<0.01) (Fig. 4).

Studies Country Sample Size (K/S) Mean Age Gender (M/F) Laterality (R/L)
Li [20] China 30/32 6.9 years 42/20 37/25
Gilbert [19] USA 43/41 5.6 years 59/25 Not reported
Stein [22] USA 22/26 5.1/5.9 years 33/15 14/34
Thapa [21] Nepal 23/23 6.6 years 34/12 24/22
K-wire Screw
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
2012 Li[19] 30 30 32 32 . 1.00 [0.94; 1.06] 46.6%
2016 Gilbert [18] 26 29 32 32 4'—:1» 0.90 [0.80;1.01] 12.5%
2017 Stein [21] 14 14 26 26 —i—;—— 1.00 [0.90; 1.12] 15.0%
2019 Thapa [20] 23 23 23 23 — 1.00 [0.92;1.09] 25.9%
Common effect model 96 113 <'ZL 0.99 [0.95; 1.03] 100.0%
Heterogeneity: /7 = 0%, t°> < 0.0001, p = 0.45 ' ! '
Test for overall effect: z =-0.61 (p = 0.54) 0.8 1 1.25
Fig. 2 Forest plot of clinical outcome using Hardacre criteria
K-wire Screw
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
2012 Li [19] 5 30 0 32 ——:v—°— 11.72 [0.68; 203.16] 22.7%
2016 Gilbert [18] 2 43 1 41 — e 1.91 [0.18; 20.24] 33.1%
2017 Stein [21] 4 22 0 26 ——f—*— 10.60 [0.60; 186.43] 22.5%
2019 Thapa [20] 3 26 0 24 —T—+—— 6.47 [0.35; 119.02] 21.8%
Common effect model 121 123 —— 5.52 [1.42; 21.48] 100.0%
Heterogeneity: 12=0%, =0, p =074 ! '
Test for overall effect: z = 2.46 (p = 0.01) 0.01 01 1 10 100

Fig. 3 Forest plot of superficial infection
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Lateral overgrowth

Four studies [19-22] reported lateral overgrowth as an
outcome. The fixed model was used due to low hetero-
geneity (I*=6%, P=0.37). The risk of lateral overgrowth
seemed to be higher in the K-wire fixation group, but this
was not statistically significant (RR=2.36, 95% CI: 1.00—
5.57, P=0.05) (Fig. 5).

Delayed union

Two studies [19, 22] reported delayed union as an out-
come. The fixed model was used due to no heterogeneity
(I’=0%, P=0.51). The risk ratio between the groups was
not significantly different (RR=2.43, 95% CI: 0.45-13.09,
P=0.30) (Fig. 6).
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Nonunion

Four studies [19-22] reported nonunion; however, only
one study reported nonunion in the K-wire group. The
risk ratio was not significantly different (RR=5.72, 95%
CI: 0.30-110.8, P=0.25) (Fig. 7).

Avascular necrosis (Fishtail deformity and avascular necrosis
of capitellum)

Three studies reported the outcome of avascular necro-
sis (AVN), but only one study reported nonunion in the
K-wire group. The risk ratio was not significantly differ-
ent (RR=1.91, 95% CI: 0.07-55.3, P=0.71) (Fig. 8).

K-wire Screw
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
2012 Li [19] 9 30 2 32 4.80 [1.13; 20.44] 38.1%
2016 Gilbert [18] 1 43 0o 41 ' 2.86 [0.12;68.29] 7.9%
2017 Stein [21] 6 14 3 23 S — 3.29 [0.97; 11.09] 54.0%
Common effect model 87 96 —— 3.75 [1.54; 9.18] 100.0%
Heterogeneity: 12=0%, =0, p =091
Test for overall effect: z =2.90 (p < 0.01) 01 051 2 10
Fig. 4 Forest plot of limitation of motion

K-wire Screw
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
2012 Li [19] 11 30 4 32 ; 293 [1.05; 8.22] 69.2%
2016 Gilbert [18] 3 43 0o 4 0 6.68 [0.36; 125.38] 8.5%
2017 Stein [21] 0 14 3 23 : 0.23 [0.01; 4.17] 8.8%
2019 Thapa [20] 2 26 1 24 B 1.85 [0.18; 19.08] 13.5%
Common effect model 113 120 — 2.36 [1.00; 5.57] 100.0%
Heterogeneity: 1> = 6%, t° < 0.0001, p = 0.37 ' ' ' |
Test for overall effect: z = 1.97 (p = 0.05) 0.01 0.1 1 10 100
Fig. 5 Forest plot of lateral overgrowth

K-wire Screw
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
2016 Gilbert [18] 4 43 1 41 I : 3.81 [0.44;32.71] 61.4%
2017 Stein [21] 1 22 1 26 1 1.18 [0.08; 17.82] 38.6%
Common effect model 65 67 -J,Ia 2.43 [0.45; 13.09] 100.0%
Heterogeneity: 1 = 0%, 1 = 0, p = 0.51 ! o !
Test for overall effect: z = 1.03 (p = 0.30) 0.1 051 2 10

Fig. 6 Forest plot of delayed union
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Risk Ratio RR 95%-Cl Weight
| 0.0%

5.72 [0.30; 110.75] 100.0%

0.0%

0.0%
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K-wire Screw
Study Events Total Events Total
2012 Li [19] 0 30 0 32
2016 Gilbert [18] 3 43 0 41
2017 Stein [21] 0 22 0 26
2019 Thapa [20] 0 26 0 24
Common effect model 121 123
Heterogeneity: 1= NA%, = NA, p = NA '
Test for overall effect: z=1.15 (p = 0.25) 0.01
Fig. 7 Forest plot of nonunion

K-wire Screw
Study Events Total Events Total
2012 Li [19] 0 30 0 32
2016 Gilbert [18] 1 43 0 41
2017 Stein [21] 0 14 0 23
Common effect model 87 96

Heterogeneity: 1= NA%, %= NA, p =NA
Test for overall effect: z=0.38 (p = 0.71)
Fig. 8 Forest plot of avascular necrosis

Discussion

The treatment of lateral condyle fractures of the humerus
in children has been a topic of interest to researchers for
decades. At present, minimal or nondisplaced lateral con-
dyle fractures are usually treated with casting and short-
term follow-up, due to the possibility of displacement
[2-7]. Displaced lateral condyle fractures were treated
surgically. Traditionally, open reduction and fixation
were used, but some studies started advocating closed
reduction and fixation, leading to a consensus of trying
closed reduction first even though the displacement is
more than 4 mm, and if the post-reduction displacement
is more than 2 mm, open reduction, and fixation are used
[9-13]. However, controversy still exists regarding the
method of fixation.

Traditionally, K-wires have been used for the fixa-
tion of lateral condyle fractures of the humerus in chil-
dren [9, 10, 25, 26]. Before screws were advocated as a
fixation material, most studies did not focus on the fixa-
tion material. They were more oriented to open reduc-
tion versus closed reduction in displaced lateral condyle
fractures or the outcomes and complications after lat-
eral condyle fractures. However, fixation material beside
K-wires began to emerge as a topic of lateral condyle
fracture research due to the concern of pin infection, loss
of fixation, and longer duration time of casting, result-
ing in a limited range of motion. Biodegradable materials

5.72 [0.30; 110.75] 100.0%
| | | |

0.1 1 10 100
Risk Ratio RR 95%-Cl Weight

i 0.0%

. 1.91 [0.07; 55.32] 100.0%

! 0.0%

—|-<|i?— 1.91 [0.07; 55.32] 100.0%
01 051 2 10

[27-30], screw-wire [31], and screws [14—16, 32, 33] were
studied as fixation materials. Screw fixation showed sat-
isfactory outcomes, and the studies showed that the con-
cern of screw-related growth plate complications was not
true [14—16].

Comparative studies on K-wire fixation and screw fixa-
tion have been published [19-22, 34-38]. An abstract
was reported as the first study to compare K-wire and
screw fixation in lateral condyle fractures, and the results
showed no difference between the groups [38]. However,
two biomechanical studies showed significant mechani-
cal advantages of screw fixation using a bone model, the-
oretically leading to improved healing, decreased casting
duration, and faster return of range of motion [35, 37]. In
clinical comparative studies, Li et al. [20] reported similar
outcomes using the Hardacre criteria, but lower rates of
infection, limitation of range of motion, and lateral con-
dyle overgrowth in the screw fixation group than in the
K-wire fixation group. They did not use casting or brac-
ing period as an outcome, but uniformly applied above-
elbow plaster splint for 5 to 6 weeks in the K-wire group
and 1 to 2 weeks for the screw fixation group, resulting in
a shorter duration of the brace, resulting in faster start-
ing time in exercising range of motion, which might have
resulted in the difference of limitation of range of motion
in the two groups. Gilbert et al. [19] reported similar
results. The screw fixation group had shorter time to
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union and days of casting, and lower overall complica-
tion rates than the K-wire fixation group. Stein et al. [22]
also reported a shorter casting time, an earlier range of
motion, and lower infection rates in the screw fixation
group. They also emphasized that closed reduction can
be accomplished more frequently with screw fixation
than with K-wire fixation. Thapa et al. [21] reported a
lower superficial infection rate and lateral condyle over-
growth in the screw fixation group. They did not use the
cast fixation period as the outcome but treated the K-wire
fixation group with a splint for 4 weeks after which the
range of motion was started. The screw fixation group
was treated for 2 weeks, which was much faster.

To our knowledge, this is the first meta-analysis to com-
pare K-wire and screw fixation in displaced lateral con-
dyle fractures of the humerus in children. As reported
in previous studies, the risk of superficial infection and
elbow stiffness was lower in the screw fixation group
than in the K-wire fixation group. Patients who under-
went screw fixation, the screw was deep inside the skin,
which may explain the lower infection rate. Although we
could not quantitatively synthesize the time to union or
the time of cast due to limited reports of the outcome,
as we discussed earlier, the screw fixation group usually
had a shorter time of cast, leading to a faster start in the
range of motion, which might have led to a lower risk of
elbow stiffness. The risk of lateral condyle overgrowth was
reported to be higher in the K-wire fixation group in some
studies, and our meta-analysis also showed a higher risk
ratio, but it was not statistically significant. The nonunion
rate was not different between the groups. This implies
that the K-wire is sufficiently strong for the fracture to be
fixated in the reduction state if it is properly fixated.

Two studies [34, 36] also compared the outcomes between
K-wire and screw fixation in lateral condyle fractures in chil-
dren, but they were excluded from the quantitative analy-
sis because they included patients with nondisplaced and
minimally displaced fractures. These studies also reported
improved outcomes in the screw-fixation group. A study
by Ganeshalingam et al. [36] included 336 patients; 235
patients underwent K-wire fixation, and 101 patients under-
went screw fixation. Lower rates of nonunion and superficial
infection were reported in the screw fixation group. Cum-
mings et al. [34] included 762 patients from six different
institutions; 553 patients were in the K-wire fixation group,
and 209 patients were in the screw fixation group. The non-
union rate did not differ between the groups, but superficial
infection and elbow stiffness were statistically higher in the
K-wire fixation group. Even though they included nondis-
placed and minimally displaced fractures, the results corre-
lated with those of our study.

This study has some limitations. First, only four stud-
ies were included, leading to a relatively small effect
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size. Second, the method of reduction and the pro-
portion of types of classification were different, and
this may have led to heterogeneity in outcomes. Third,
the mean follow-up period in these studies were rela-
tively short. Fourth, only articles published in English
was included. Fifth, cost difference between the treat-
ments, including removal of screws after screw fixation,
were not identified due to lack of information from the
articles, which might be one of the factors that could
affect the decision on which fixation method to choose.
Lastly, most of the studies included in the quantitative
synthesis were retrospective studies. Further prospec-
tive studies with a long follow-up period and a large
number of patients are warranted.

Conclusions

The use of screws for fixation after reduction in the
treatment of lateral condyle fracture of the humerus
in children decreases the risk of superficial infection
and elbow stiffness compared with the use of K-wire.
Although removal of the implant under general anes-
thesia is necessary, screw fixation can be considered for
better outcomes in displaced lateral condyle fractures
of the humerus in children.
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