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Less common than expected: late displacement after 
minimally displaced pediatric lateral condyle fractures of the 
elbow
Robert J. Burkharta, David A. Kolinb, Peter D. Fabricantb, Raymond W. Liua and 
R. Justin Mistovicha,c

The incidence of late displacement among pediatric 

lateral condyle fractures has been described as 1.3–26%. 

However, prior studies are limited by small cohort sizes. 

The aim of this study was to determine the rate of late 

displacement and delayed union among lateral condyle 

fractures following immobilization in a large cohort 

and to establish additional radiographic criteria to help 

surgeons choose between immobilization and operative 

fixation for minimally displaced fractures. We performed 

a dual-center retrospective study of patients with lateral 

condyle fractures between 1999 and 2020. Patient 

demographics, injury mechanism, time to orthopedic 

presentation, duration of cast immobilization, and 

complications following casting were recorded. There 

were 290 patients with lateral condyle fractures included. 

The initial management in 61% of patients (178/290) was 

nonoperative, of which four had delayed displacement 

at follow-up and two developed delayed union requiring 

surgery (failure in 6/178, 3.4%). The mean displacement 

on the anteroposterior view was 1.3 ± 1.1 mm and the 

lateral view was 0.50 ± 1.0 mm in the nonoperative cohort. 

In the operative cohort, the mean displacement on AP was 

6.6 ± 5.4 mm and the lateral view was 5.3 ± 4.1 mm. Our 

analysis found the rate of late displacement in patients 

treated with immobilization was lower than previously 

reported (2.5%; 4/178). The mean displacement on the 

lateral film in the cast immobilization cohort was 0.5 mm, 

suggesting that necessitating near anatomic alignment 

on the lateral film to consider nonoperative management 

may lead to a lower incidence of late displacement 

than previously reported. Level of evidence: Level III, 

retrospective comparative study. J Pediatr Orthop B XXX: 
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Introduction
Lateral condyle fractures (LCFs) of the humerus are 

common among the pediatric population and account for 

10–20% of all pediatric upper extremity fractures [1–3]. 

They most commonly occur in children 4–10 years of 

age and often result from direct trauma or a fall onto an 

outstretched hand [4,5]. The optimal treatment for lat-

eral humeral condyle fractures varies based on stability 

and extent of fracture displacement. There is a consen-

sus that fractures with signi�cant displacement require 

surgical intervention [6–8]. However, the treatment for 

minimally displaced fractures remains less well de�ned.

Several classi�cation systems have been proposed for 

LCF in an attempt to guide treatment [4,9–11]. The 

Milch classi�cation was an early anatomical classi�cation 

that describes the location of the fracture line in relation 

to the capitellar ossi�cation center [4]. However, this sys-

tem has been shown to have limited clinical utility [11]. 

Later classi�cations such as Jakob et al. [10], Rutherford 

[12], and Finnbogason et al. [13] have been suggested but 

were not adapted toward recommending surgical versus 

nonsurgical treatment. The Song [9] and Weiss [11] clas-

si�cations address these issues by utilizing the amount 

of fracture displacement and stability to determine treat-

ment recommendations. There is general agreement that 

nondisplaced and minimally displaced (≤2 mm) lateral 

condyle fractures (Weiss type 1; Song 1–2) can be success-

fully treated with cast immobilization. However, report-

edly up to 26% of minimally displaced lateral condyle 

fractures further displace despite immobilization [14–20].

Despite the high incidence of late displacement in the 

reported literature, treating surgeons at our institution 

did not �nd this re�ected the rates they were experi-

encing in practice. Therefore, the aim of this study was 

study was to (1) determine the rate of late displacement 

among LCF following immobilization at our institution 

and (2) if different than previously reported, examine our 

radiographic criteria for operative versus nonoperative 

management to allow others to potentially replicate our 

results and improve treatment outcomes.
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Materials and methods
After institutional review board approval, we retro-

spectively reviewed all children presenting with a lat-

eral humeral condyle fracture at two academic trauma 

centers between 1999 and 2020. We included all patients 

who were skeletally immature with a diagnosed LCF. 

Patients were excluded if they had a history of prior 

elbow trauma, were lost to follow-up before radiographic 

or clinical evidence of union, had incomplete records, or 

had complex elbow polytrauma involving more than an 

isolated LCF at the time of injury.

Patient demographics were recorded from the elec-

tronic medical record including age, sex, time from 

injury to orthopedic presentation, duration of immo-

bilization, and total follow-up duration. Duration of 

immobilization was de�ned as time from the initial 

orthopedic visit to cast removal. Injury characteris-

tics were extracted from the electronic medical record 

using operative reports, radiographs, and follow-up 

of�ce visit notes. Injury variables assessed included 

the mechanism of injury and fracture displacement on 

the best anteroposterior (AP) and lateral radiographs 

obtained on initial �lms when available.

As our treating surgeons have not universally adopted 

previously proposed classi�cations to guide prior treat-

ment, we sought to quantify treatment decisions uti-

lizing available radiographs and simple measurements 

of displacement. The maximum distance between the 

humerus and the fracture fragment on each radiographic 

view was recorded (Fig. 1). We also noted if the maximal 

displacement was on the intraarticular or extraarticular 

aspect of the fracture.

Following the initial orthopedic visit, patients were cat-

egorized into nonoperative and operative cohorts and 

were followed until radiographic union, with any poten-

tial complications recorded, including late displacement 

requiring conversion to operative treatment and delayed 

union. Delayed union was de�ned at the discretion of 

the treating surgeon who determined that the initial 

intended treatment was failing and required a change 

in treatment method. Similar to previous methodology, 

a nonunion was de�ned as a lack of callus with fragment 

migration by 8 weeks after initiation of treatment [21].

Statistical analysis

Baseline characteristics of the patients were calculated 

using means and standard deviations for continuous var-

iables and frequencies and percentages for categorical 

variables. Comparisons between nonoperatively man-

aged and operative patients were performed using inde-

pendent t-tests for continuous variables and chi-square 

tests for categorical variables.

Inter- and intra-rater reliability intraclass correlation 

(ICC) tests were performed for AP and lateral dis-

tance measurements to ensure reliability among the 

two reviewers. Based on an absolute-agreement, two-

way mixed effects model, the ICC was calculated as 

0.955 [95% con�dence interval (CI): 0.875–0.983] and 

0.903 (95% CI: 0.817–0.948), respectively. This indi-

cated excellent reliability between reviewers [22]. SPSS 

Statistics Version 28.0.0.0 (IBM, Armonk, New York, 

USA) and R software, version 4.0 (Vienna, Austria) were 

utilized for all statistical analyses. A P-value of <0.05 was 

determined to be signi�cant.

Fig. 1

Anteroposterior and lateral radiographs of the elbow demonstrating fracture displacement measurements.
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Results
Demographics

Four hundred thirty-nine children were identi�ed with 

a LCF between 1999 and 2020. A total of 149 children 

were excluded due to no follow up visit (74 patients), 

incomplete records (53 patients), complex elbow fracture 

(not isolated LCF) (18 patients), and prior elbow trauma 

(4 patients). The �nal cohort included 290 patients, 

with 178 (61.4%) in the nonoperative cohort and 112 

(38.6%) in the operative cohort (Table  1). The mean 

(±SD) time from fracture to orthopedic presentation 

was 4.5 ± 4.0 days. At the time of injury, patients had a 

mean age of 5.9 ± 3.3 years. The majority of patients were 

male (204/290; 70.3%). The most common mechanisms 

of injury were fall from height (72/290, 24.8%), fall off 

the monkey bars (21/290, 7.2%), and fall off of a bicycle 

(16/290, 5.5%). Overall, the majority of patients sustained 

a LCF due to a fall (181/290, 62.4%). The mean dura-

tion of cast immobilization in the nonoperative cohort 

was 3.8 ± 1.2 weeks. The mean follow-up time for overall 

cohort was 6.1 ± 3.6 weeks.

Nonoperative versus operative management

Patients in the nonoperative and operative groups had 

similar age distributions (P = 0.53), but operative patients 

were more likely to be male than nonoperative patients 

(70.3% vs. 63.0%, P = 0.001). Time to clinical presentation 

was signi�cantly shorter for operatively treated patients 

than nonoperatively managed patients (3.5 vs. 5.0 days, 

P = 0.01). Both AP and lateral displacement were greater 

in the operatively managed patients (P < 0.001 for both 

comparisons) (Fig.  2). The mean displacement on AP 

view was 1.3 ± 1.1 mm and lateral view was 0.50 ± 1.0 mm 

in the nonoperative cohort. In the operative cohort, the 

mean displacement on AP was 6.6 ± 5.4 mm and lateral 

view was 5.3 ± 4.1 mm. All patients in the surgical cohort 

healed with no reported postoperative complications.

Complications of nonoperative management

There were four (4/178, 2.2%) instances of late displace-

ment amongst nonoperatively treated patients. The �rst 

patient, who fell while trampolining, had displacement 

of 1.6 mm on AP radiographs and 2.1 mm of displace-

ment on lateral radiographs (Fig. 3). The second patient, 

who fell off a slide, had displacement of 2.1 mm on AP 

radiographs and 0.65 mm of displacement on lateral 

radiographs. The remaining two patients did not have 

radiographs available. In all four cases, the late displace-

ment was documented at the �rst follow up visit with an 

average of 1.8 weeks from initial presentation.

There were two events of delayed union (2/178, 1.1%) 

amongst patients treated with casting. The initial injury 

�lms of the �rst patient revealed no displacement on lat-

eral radiographs and 2.6 mm of displacement on AP radio-

graphs. The patient was identi�ed at 10 weeks follow-up 

visit with limited range of motion and incomplete radio-

graphic healing and was ultimately converted to an open 

surgical approach. A second patient was identi�ed as a 

delayed union at 8.6 weeks. He had no displacement on 

the lateral and 1.8 mm displacement on AP radiographs. 

This patient was scheduled to return to clinic 2 weeks 

later for surgical evaluation but was lost to follow up.

Discussion
The optimal treatment and outcomes for pediatric lat-

eral condyle fractures have been extensively discussed in 

the literature. When conservative treatment is indicated, 

current literature recommendations necessitate close fol-

low-up due to the potential for complications such as late 

displacement and nonunion. Our study sought to evalu-

ate the incidence of late displacement and delayed union 

among lateral condyle fractures following immobilization 

in a large patient cohort. We found the rate of late displace-

ment and delayed union in patients treated with immo-

bilization was 2.2 and 1.1%, respectively. Additionally, 

we found a mean displacement on AP view was 1.3 mm 

and lateral view of 0.50 mm was associated with the low 

incidence of late displacement among the nonoperative 

cohort. These simple measurements of maximal AP and 

lateral displacement had a high inter-rater reliability, and 

can be integrated into treatment decision making for sur-

geons facing fractures that border between operative and 

nonoperative management.

There has been variable reporting on the rate of late 

displacement in the literature. A systematic review 

by Knapik et al. found the incidence of late displace-

ment among minimally displaced fractures treated 

with immobilization was 14.9% [18]. Other studies 

have reported rates of displacement ranging from 1.3% 

to 26% [14–17,19,20]. Among 114 LCF treated with 

casting, Greenhill and colleagues identi�ed a displace-

ment rate of 5 and 18% among Song 1 and 2 fractures, 

respectively. The authors found fracture extension into 

Table 1  Patient demographics and injury characteristics

 All patients (n = 290) Nonoperatively managed (n = 178) Operatively managed (n = 112) P-value 

Age, years (SD) 5.9 (3.3) 5.8 (3.2) 6.0 (3.0) 0.53
Sex, male (%) 204 (70.3) 113 (63.0) 91 (81.0) 0.001
Time from injury to clinical presentation, days (SD) 4.5 (4.0) 5.0 (4.0) 3.5 (4.3) 0.01
Radiographic measuresa

  AP view displacement, mm (SD) 3.1 (4.2) 1.3 (1.1) 6.6 (5.4) <0.001
  Lateral view displacement, mm (SD) 2.2 (3.4) 0.5 (1.0) 5.3 (4.1) <0.001

aRadiographic measurements unavailable for 51 patients.
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the epiphyseal cartilage and presence of a lateral gap 

(resembling Song stage 2) was associated with higher 

rates of displacement. Studies by Finnbogason et al. and 

Thonell et al. had similar �ndings with a displacement 

rate of 20.7 and 24.1% among minimally displaced Song 

2 fractures [13,23]. However, both studies noted a much 

lower displacement rate of 2.6 and 0% for Song type 

1 fractures. The results of our study, which is among 

the largest on this subject, fall in the lower range of 

the reported literature with only 2.2% (4/178) patients 

undergoing late displacement following immobilization. 

Our analysis found displacement on the lateral �lm in 

the cast immobilization cohort was 0.5 mm, suggesting 

near anatomic alignment on the lateral �lm (similar to 

Song 1) may lead to a lower incidence of late displace-

ment than previously reported. Basts et al. reported 

a near equal rate of late displacement of 2.1% (2/95 

patients) among LCF with <2 mm maximal displace-

ment reported on AP, lateral, or internal oblique [15].

The average time until late displacement (1.8 weeks) 

among our immobilization cohort was similar to previous 

�ndings in the literature. Piker et al. and Greenhill et al. 

identi�ed late displacement among patients at 1 week 

follow up [5,14]. Our late displacement patients were 

identi�ed around 2 weeks, suggesting a single additional 

follow-up at 2 weeks may be suf�cient to capture the 

majority of cases of late displacement. However, in set-

tings with limited or �nite resources, consideration may 

be given to follow up for all patients at 1 month after 

casting given the low incidence of late displacement and 

high number of follow up visits and radiographs neces-

sary to detect a single late displacement, accepting that 

about 2 patients per 100 may require late open reduction 

and internal �xation.

Complications other than late displacement are relatively 

rare after acute treatment of minimally displaced LCF 

[18,21]. In a systematic review of the literature, Knapik 

et al. identi�ed only two studies reporting on complica-

tions and found a nonunion rate of 7/45 patients (14.5%). 

In contrast, our study identi�ed two cases of delayed 

union (2/178, 1.1%) following immobilization and zero 

cases of nonunion (0/290) reported among operative and 

nonoperative cohorts. These low complication rates are 

supported by similarly powered studies in the current 

literature. Greenhill et al. found zero cases of delayed 

union or nonunion among 94 patients with casting and 45 

patients treated with in situ pinning or closed reduction 

and percutaneous pinning (CRPP). Likewise, a large ret-

rospective study performed by Pace et al. identi�ed 1.4% 

(7/500) patients went on to develop nonunion [21].

Fig. 2

Nonoperative and operative management based on fracture displacement on radiographs.
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Several classi�cation systems have been used to describe 

LCFs and guide treatment. Song [9] and Weiss [11] are 

two popular classi�cations that utilize the amount of 

fracture displacement and stability to determine treat-

ment recommendations. Song et al. created a �ve-stage 

system that classi�es fractures by stability, pattern, and 

fracture displacement utilizing a cutoff of 2 mm. Under 

this treatment algorithm, any fracture with >2 mm of dis-

placement on internal oblique or AP radiographs (stage 

4–5) should be treated operatively (i.e. CRPP or ORIF). 

Similarly, Weiss et al. created a three-type classi�cation 

system that sorts fractures by displacement and stability. 

There is general agreement that nondisplaced and mini-

mally displaced (≤2 mm) LCFs (Weiss type 1; Song 1–2) 

can be successfully treated with cast immobilization.

While we do not argue the potential utility of these exist-

ing classi�cation schema, they have not been regularly 

applied in our clinical practices (though we do under-

stand that some surgeons may use them). To better 

quantify our approach, we simply measured the maximal 

displacement on AP and lateral radiographs. The mean 

displacement on AP view was 1.3 ± 1.1 mm and lateral 

view was 0.50 ± 1.0 mm in the nonoperative cohort. In 

the operative cohort, the mean displacement on AP was 

6.6 ± 5.4 mm and lateral view was 5.3 ± 4.1 mm. In light 

of the previous studies examining late displacement, 

we suggest that near anatomic alignment on the lateral 

(<0.5 mm displacement) for nonoperative management 

may be associated with our lower incidence of late dis-

placement. Utilizing these displacement measurements 

alongside the established Weiss and Song classi�cation 

may allow for additional treatment guidance for mini-

mally displaced LCF.

Our study does have several limitations. First, biases 

related to the retrospective study design should be con-

sidered. Uncontrolled confounding exists due to the 

non-randomized nature of our study design. Second,  

the variation in practice among the orthopedic team over 

Fig. 3

(a) Anteroposterior and lateral radiographs of the elbow at initial office visit. (b) Anteroposterior and lateral radiographs demonstrating late displace-
ment at 1.5 week follow-up visit following nonoperative treatment.
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the 20-year study period should be considered. Guidelines 

for nonoperative and operative management may have 

subtly evolved over the years, both collectively and by 

individual surgeons. Lastly, our analysis was limited by 

the radiographs available. A signi�cant number of patients 

had no available AP or lateral radiographs. Follow-up radi-

ographs were often taken while patients were still in their 

cast, which may compromise the accuracy of measuring 

fracture displacement [24]. Internal oblique �lms were 

also rarely available for any injury �lms, which Song et al. 

demonstrated can be an important data point in deciding 

between nonoperative and operative management. The 

absence of internal oblique radiographs may underesti-

mate the displacement [9]. Despite these limitations, our 

study represents one of the largest in the literature inves-

tigating treatment outcomes following LCFs.

Conclusion

The rate of complications for nonoperative treatment 

of minimally displaced fractures is variable in the litera-

ture. Our analysis found the rate of subsequent displace-

ment in patients treated with immobilization was lower 

than previously reported (4/178, 2.2%). Additionally, we 

identi�ed two delayed unions among the nonoperative 

cohort (2/178, 1.1%) and found zero cases of nonunion 

among operative and nonoperative cohorts. In addition 

to current classi�cation systems, we found that a mean 

displacement on AP view of 1.3 mm and lateral view of 

0.50 mm in the nonoperative cohort was associated with a 

low incidence of late displacement and is a simple param-

eter to measure with high inter-rater reliability.
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