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Objective: Lateral humeral condyle fractures are the second most common elbow fractures

in children. Both K-wire fixation and screw fixation have been advocated as suitable

treatment options for displaced fractures. This study aimed to identify which fixation method

was associated with the best functional outcomes.

Methods: A systematic review was conducted. Studies reporting functional outcomes

following surgical fixation of lateral condyle fractures were included for review. The primary

outcome measure was functional outcome. The secondary outcome measure was major

complications. A narrative analysis was undertaken, as meta-analysis was felt to be inap-

propriate due to the differences between included studies.

Results: Ten retrospective non-randomised, comparative studies were eligible and included.

No randomised-controlled trials were identified. The highest rate of excellent functional

outcomes was seen with screw fixation (120/126 [95%]), compared with K-wire fixation

(135/162 [86%]). The incidence of major complications was comparable, with complications

in 6/95 (6%) of screw fixations and 6/141 (4%) K-wire fixations. A small sample of data on

closed reduction demonstrated excellent functional results in 73 of 76 (96%) of patients.

Closed reduction of displaced fractures is associated with a significant learning curve however.

Conclusion: The evidence was of poor quality and comprised of retrospective case series.

This prevented meta-analysis and any firm conclusions being drawn from the available data.

Screw fixation may be associated with improved functional outcomes. Complication rates

between the two methods are comparable. Further prospective studies are recommended.

Keywords: lateral condyle fracture, paediatric, functional outcome, systematic review,

K-wire fixation, screw fixation

Introduction
Fractures of the lateral condyle are the second most frequent elbow fracture in

children after supracondylar fracture, comprising 10–20% of all paediatric elbow

fractures.1,2 Despite this, the injury remains relatively rare, with a reported incidence

of 1.6/10,000.3,4 The mechanism of injury is either through an avulsion of the condyle

due to a varus force on a supinated forearm or through radial head impaction on the

capitellum following a fall onto an outstretched hand.5,6

Multiple treatment options are available for these fractures, ranging from immo-

bilisation for non-displaced or minimally displaced fractures to open reduction and

fixation for displaced fractures. There is broad consensus that displaced fractures

require surgical fixation, with most studies using >2 mm of articular displacement as
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indication for fixation.7,8 This consensus derives from the

high-reported rates of secondary displacement and non-

union following conservative treatment of displaced

fractures.9,10

The most commonly used classification system is that

developed by Milch.11 The author divided lateral condyle

fractures into two subtypes. Type 1 fractures are lateral to

the trochlear groove and are considered more mechanically

stable. Type 2 fractures run through the trochlea and are

considered less stable.

There is no clinical consensus regarding the best method

of fixation, and many studies lack sufficient power to draw

firm conclusions regarding functional outcomes of what is

a relatively rare injury. Traditionally, fixation is achieved

either using K-wires or through screw fixation. Reduction

is traditionally achieved with an open approach, although

closed reduction has been reported, and is discussed in this

study. K-wire fixation has the advantages of a minimal risk of

physeal damage and the opportunity for wire removal in an

outpatient setting. Complications include pin site infection

and loss of fixation.6,12 Screw fixation is thought to provide

superior fixation through compression of the fracture site and

to have a lower risk of infection.13 Damage to the physis and

the long-term effects of this are not well understood however.

Furthermore, the screws must be removed at a later date

under general anaesthetic.

This study aims to systematically analyse the available

literature to determine what the functional outcomes are

and whether they differ based on method of fixation.

Materials and Methods
A PRISMA compliant systematic review was conducted to

determine which surgical fixation method resulted in the

best functional outcome and the fewest complications.14

The Embase and MEDLINE databases were searched,

along with the Cochrane Library.

Search Strategy
A systematic literature search was performed on April 21st

2018. The Embase and MEDLINE databases, along with

the Cochrane library were searched. The resulting papers

were then manually searched to determine whether they

met the inclusion criteria stated below (Table 1). This was

performed independently by 2 authors (NB and KA-T). In

the case of only one author including a paper, it was

included in the review nonetheless. The search strategies

and results are presented in Tables 2 and 3.

Study Selection
Study Designs

Unpublished studies, guidelines, protocols, and editorials

were not considered. All other study designs were considered.

Table 1 Full Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

● Age range 0–18 years

● Isolated lateral condyle elbow

fractures

● English language studies

● Human Studies

● Surgical fixation methods

● Treatment methods clearly

reported

● Functional outcomes data clearly

reported and discussed

● All study designs

● Full-text studies only

● Duplicate Studies

● Complex fractures (bicondylar frac-

tures, associated supracondylar

fractures)

● Pathological fractures

● Only conservative treatment studied

● Adults (age > 18)

● Cadaveric or animal studies

● Abstract only available

● Unpublished studies, guidelines, and

protocols, editorials

Table 2 MEDLINE and Embase Search Strategy and Results

Search Terms MEDLINE Embase

1 Exp Humeral Fractures/ 6963 10,504

2 Infant/or Child/or Adolescent/or

Paediatrics/

2,870,140 2,744,350

3 Fractures, Bone/ 59,885 19,658

4 Elbow/or Elbow Joint/ 16,502 18,032

5 1 or 3 or 4 79,848 46,951

6 2 and 5 20,463 9278

7 Limit 6 to English Language 14,130 6110

8 Limit 7 to Humans 14,110 5842

9 Lateral condyle.mp. 617 907

10 8 and 9 123 101

Table 3 Cochrane Search Strategy and Results

Search Terms Cochrane

1 MeSH descriptor: [Humerus] explode all trees 86

2 MeSH descriptor: [Child] explode all trees 284

3 MeSH descriptor: [Adolescent] explode all trees 94,698

4 MeSH descriptor: [Infant] explode all trees 15,772

5 5. #2 or #3 or #4 108,960

6 MeSH descriptor: [Fractures, Bone] explode all trees 5194

7 MeSH descriptor: [Elbow] explode all trees 175

8 #1 or #6 or #7 5420

9 #5 and #8 719

10 “Lateral condyle”:ti,ab,kw (Word variations have been

searched)

25

11 #9 and #10 2
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Types of Participants
Children who have sustained a lateral condyle fracture of

the elbow.

Exclusion criteria include complex fractures (bicondy-

lar fractures, associated supracondylar fractures) and

pathological fractures. Studies involving animal or cada-

veric models were not considered.

Interventions

Interventions eligible for consideration were children who

have undergone surgical fixation of their fractures.

The full inclusion and exclusion criteria are sum-

marised below:

Outcomes of Interest
The primary outcome measure of interest was functional

outcome as measured through an established scoring system.

Examples of these include the Mayo Elbow Performance

Score (MEPS) and that developed by Hardacre et al.15,16

Secondary outcomes were major complications (non-

union, deep infection, metalwork failure, re-fracture, re-

operation, malunion, delayed union, neurovascular injury,

compartment syndrome).

Literature Appraisal
The critical appraisal checklist for cohort studies devel-

oped by the Critical Appraisal Skills Programme (CASP)

was used to evaluate the studies’ methodology and deter-

mine the value of the research, as this was the study design

of all included papers.17

Data Collection and Results
The methodologies and data extracted were reviewed.

Meta-analysis was felt to be inappropriate due to the

heterogeneity in both treatment modalities and outcome

measurements. A narrative review was conducted in order

to best answer the research question.

Results
Search Results
A total of 226 studies were identified from the literature

search (123 MEDLINE, 101 Embase, 2 Cochrane).

Twenty-five studies were selected for full-text review fol-

lowing assessment of their abstracts. Of these 25, 10 met

the inclusion criteria and were deemed eligible for this

review. Many studies did not meet the inclusion criteria

as their only outcome measurement was range of motion.

Functional scoring systems can more accurately assess the

impact of any reduced range of motion or clinical defor-

mity on the patient themselves and are reliable and

accurate.18 The full results of the literature search are

presented in Tables 2 and 3, and in Figure 1.

Critical Appraisal Results
Table 4 summarises the critical appraisal, assessed using

the CASP critical appraisal tool. The tool comprises 12

questions to help systematically review a cohort study and

determine any bias. Questions 7–9 “What are the Results”

relate to the results of the individual study so are excluded

(individual study findings can be seen in Table 5). All

studies were retrospective comparative studies of level

IV evidence. Many of the studies share the same limita-

tions. They have small sample sizes with retrospectively

collected data, which raises the risk of other variables

impacting on the results and limits their power.

Findings
Of the ten studies, eight reported outcomes of K-wire

fixation,19–28 four reported the outcomes of screw

fixation,21,27,20,24 one reported outcomes of fixation with

bioabsorbable materials19 and one of screw-wire fixation.28

In addition, three studies looked exclusively at closed

reduction.23–26 The findings of the studies are summarised in

Table 5.

Primary Outcome – Functional Outcomes

K-wire fixation had excellent functional outcomes in

52%28 to 100%19 of patients. Screw fixation had excellent

functional outcomes in 89%27 to 100%20 of patients.

Fixation with bioabsorbable materials had excellent func-

tional outcomes in 100% of the five patients treated with

this method. Screw-wire fixation was associated with an

excellent functional outcome in 48% of patients.

Secondary Outcome – Complications

K-wire fixation was associated with a 0–9% risk of major

complications. Screw fixation was associated with a 3–8%

risk of major complications. The five patients treated with

bioabsorbable materials suffered no major complications.

The rate of complications following screw-wire fixation

was not reported.

Discussion
The findings of this review demonstrate low-quality evi-

dence from which it is hard to draw firm results as to

whether K-wire fixation or screw fixation is associated
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with better functional outcomes. The sample size regard-

ing other fixation methods is simply too small to draw any

meaningful conclusions.

The studies were all of Level IV evidence, with

a variety of methodologies that could lead to bias.

Included studies did show similar basic demographics

that are in keeping with existing epidemiological data on

this injury.3,4 Therefore, the findings could be applicable to

the wider population.

K-Wire vs Screw Fixation
Combining the available data shows excellent outcomes in

135 (83%) of 162 k-wire fixations and 120 (95%) of 126

screw fixations. Poor outcomes are reported in 6 (4%) of

Table 4 Results of the CASP Questionnaire for Cohort Studies for Each Included Paper

Study 1 2 3 4 5a 5b 6a 6b 10 11 12

Andrey et al19 Y Y Y Y Y Y Y Y Y Y Y

Frongia et al20 Y N Y Y N N Y Y Y Y Y

Gilbert et al21 Y Y Y Y Y Y Y N Y Y Y

Marcheix et al22 Y Y Y Y Y N Y Y Y Y Y

Mintzer et al23 Y N Y Y N N Y Y Y Y Y

Sharma et al24 Y Y Y Y Y Y Y Y Y Y Y

Song et al (2008)25 Y N Y Y N N Y Y Y Y Y

Song et al (2010)26 Y N Y Y N N Y Y Y Y Y

Stein et al27 Y Y Y Y N N N N Y Y Y

Wirmer et al28 Y Y N Y Y N Y Y Y Y N

Records identified through 
database searching

(n = 226)

Additional records identified 
through other sources

(n =  0)

Records after duplicates removed
(n = 135)

Records screened
(n =135)

Records excluded
(n = 110)

Full-text articles 
assessed for eligibility

(n =  25)

Full-text articles 
excluded
(n = 15)

Studies included in 
qualitative synthesis

(n = 10)

Figure 1 PRISMA flow diagram illustrating literature search.
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Table 5 Summary of Included Studies

Study Fixation Method Total

Number

Mean

Age

(Years)

Mean Follow Up

Time (Months)

Functional Outcomes +

Scoring System Used

Major Complications

Andrey

et al19

K-wire Fixation 7 9.2 12 7 (100%) excellent (MEPS) None

Bioabsorbable Materials 5 7.7 12 5 (100%) excellent (MEPS) None

Frongia

et al20

Screw fixation 31 5.8 43.5 31 (100%) excellent (MEPS) Complications not

accurately reported

Gilbert

et al21

K-Wire Fixation 29 5.2 7.2 25 (86%) excellent

(Hardacre)

1 (1%) good

3 (10%) poor

4(9%) major

1 non-union

1 delayed union

1 deep infection

1 wound dehiscence

Screw Fixation 32 6.2 6.4 30 (94%) excellent

(Hardacre)

2 (6%) good

3 (7%) major

1 delayed union

1 infection

1 metalwork failure

Marcheix

et al22

K-wire fixation 15 4.6 15.7 11 (67%) excellent

(Hardacre)

2 (13%) good

2 (13%) bad

None

Conservative Management 7 6 (83%) excellent (Hardacre)

1 (17%) good

None

Mintzer

et al23

Closed Reduction with

arthrogram and K-wire fixation

12 5.8 27 12 (100% excellent

(Hardacre)

None

Sharma

et al24

Screw Fixation 37 5.2 4.8 36 (97%) excellent

(Hardacre)

1 (3%) good

1 (3%) major

1 delayed union related

to poor fixation

Song et al

(2008)25

Closed reduction + K-wire

fixation

46 6.3 25 44 (96%) excellent

(Hardacre)

2 (4%) good

No major complications

Song et al

(2010)26

Closed reduction + K-wire

fixation

18 5.5 30 17 (94%) excellent

(Hardacre)

1 (6%) good

No major complications

Stein

et al27

K-wire fixation 22 5.1 4.3 8 (57%) excellent (Hardacre)

6 (43%) good

2 (9%) major

1 delayed union

1 deep infection

Screw Fixation 26 5.9 10.3 23 (89%) excellent

(Hardacre)

3 (11%) good

2 (8%) major

1 delayed union

1 loss of reduction

requiring revision

surgery

Wirmer

et al28

K-wire fixation 21 7.1 66.45 11 (52%) excellent (Dhillon)

9 (43%) good

1 (5%) fair

Complications not

accurately reported

Screw-wire fixation 21 7.1 24.75 10 (48%) excellent (Dhillon)

11 (52%) good
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162 k-wire fixations. No poor functional outcomes are

reported following screw fixation. These results must be

interpreted with caution; however, as the follow-up period

varies greatly between studies (range 4.3–66.45 months,

mean 20.7 months). There was no correlation between

shorter follow up time and worse outcomes.

The worst functional outcomes for k-wiring were

reported by Wirmer et al, with only 52% of their 21

participants having an excellent outcome.28 The authors

used the scoring system developed by Dhillon et al, which

grades even a 1° loss of range of motion from the con-

tralateral side as “good” and not “excellent”.29 This will

lead to patients with no true functional deficit being down-

graded and could lead to poorer results than if they had

used a scoring system such as MEPS, which gives any

range of motion above 100° the highest functional score.

The two studies that directly compare k-wire fixation to

screw fixation both report improved functional outcomes

with screw fixation compared with k-wire fixation.21,27

Gilbert et al reported excellent functional outcomes of

94% in their screw group, compared with 86% in their

k-wire group.21 Their study is limited however by the

short follow up period (7.2 and 6.4 months). Their screw

group was also treated at an earlier stage post-injury than

the k-wire group, which may have influenced the results.

Stein et al reported excellent functional outcomes in

89% of their screw group, compared with 57% in their

k-wire group.27 The study is again limited by the short

follow up period (4.3 months for k-wiring) and the small

sample size. As per Gilbert et al, the screw cohort was

treated more recently than the k-wire cohort. Improved

experience of the individual surgeons and improved ortho-

paedic knowledge could account for the improved results.

Furthermore, the time post procedure at which patients

were examined varied, which makes comparison of indi-

vidual cases difficult, and limits the power of the study.

Complications were not reported as accurately as func-

tional outcomes throughout the literature. Frongia et al and

Wirmer et al did not accurately report their complications.28,20

Combining the available data on complications shows a major

complication rate of 6 (4%) in 141K-wirefixations and 6 (6%)

in 95 screw fixations. From the available data, the complica-

tion rates of the two procedures appear to be comparable. No

study found a statistically significant difference in the rate of

major complications between the two methods.

Gilbert et al reported a significant difference in compli-

cations between k-wire and screw (13 to 3 – p=0.0074).21

They included asymptomatic lateral condylar overgrowth

and capitellar irregularity as complications, however, unlike

other studies.

One potential benefit of screw fixation is that it provides

more stable fixation than with k-wires. It is a common

practice to immobilise patients for 6–8 weeks in plaster

following k-wire fixation,12,30 which will inevitably lead

to stiffness. Patients treated with screw fixation do not

require such a long period in plaster. This in turn permits

earlier physiotherapy, which could account for the

improved functional outcomes seen in the included studies.

Screw-Wire Fixation
Results were only reported by Wirmer et al, who suggest

that screw-wires are used in favour of k-wires following

their retrospective cohort study.28 Their functional results

between the two methods were comparable; 48% excellent

for screw-wire and 52% excellent for k-wire. One major

drawback of the study is that the screw wires were inserted

in a different configuration to the k-wires, a possible con-

tributing factor not acknowledged by the authors. The

small sample size and potential for bias in the study

means that no firm conclusions can be drawn regarding

screw-wire fixation.

Bioabsorbable Materials
The perceived benefit of using bioabsorbable materials for

fixation is that no further procedure for metalwork removal

is required. Previous studies have shown nonspecific

inflammatory reactions such as seroma formation with this

type of fixation.31 The study by Andrey et al showed no

such effect, and excellent functional outcomes in all 5 of

their patients.19 The small sample limits the power of the

study. The authors also note that “using bioabsorbable pins

and screws requires fine technical skills and good knowl-

edge of the material”, highlighting a potential learning

curve to the procedure. If similar results were reproduced

independently by other authors in larger samples, then using

bioabsorbable materials may become a treatment option in

future.

The Role of Closed Reduction
Closed reduction and percutaneous k-wire fixation have

often been proposed for minimally displaced fractures. In

the three studies included in this review,23–26 the technique

was attempted for all fracture types, even those that would

be hard to reduce under direct vision following open expo-

sure. The authors reported excellent results in 100%, 96%,

and 94% of patients with this technique, albeit in small
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cohorts. Combining the data shows excellent results in 73 of

76 (96%) of patients. Song et al note in their paper the

“learning curve” required – one of their surgeons did not

even attempt closed reduction due to “lack of experience”.

It appears that significant technical skill is a prerequisite

for this technique. Given the rarity of the injury, it is unlikely

that surgeons outside of specialist centres will gain sufficient

confidence and exposure to this technique for it to become

commonplace. If other studies are performed by other inves-

tigators that reproduces the excellent results of Song et al, then

closed reduction may become a standard of care in the future.

Study Limitations
Other factors may have influenced the findings of this sys-

tematic review. Unpublished studies, editorials, guidelines,

and protocols were excluded. This was in an attempt to

identify high-quality studies only, although this may have

led to selection bias. Selecting English-only studies (due to

translation difficulties) may also have limited the scope of

the review. Our computer search process, despite being the

most efficient technique, may have excluded some articles.

Conclusion
Two comparative studies appear to show that screw fixation

is associated with better long-term functional outcomes

without an increased risk of complications. However,

these studies lack power. Pooling all the available data

also appears to show a slight benefit of screw fixation, but

the evidence is not strong enough to guide a complete

change in practice.

Adequate comparison between k-wiring and screw fixa-

tion could probably only be achieved by a prospective,

randomised study comparing the two. This would help

eliminate selection bias and other confounding factors

such a surgeon choice.
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The authors report no conflicts of interest in this work.
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