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Abstract 

Objective:  The incidence of open reduction and internal fixation (ORIF) in flexion-type supracondylar humerus frac-
tures (SCHF) in children is significantly higher than that of extension-type fractures. This study aimed to identify risk 
factors for ORIF in flexion-type SCHF.

Methods:  One hundred seventy-one patients with Wilkins type III flexion-type SCHF from January 2012 to December 
2021 were retrospectively enrolled in a tertiary paediatric hospital. Patients were divided into ORIF group versus closed 
reduction and internal fixation (CRIF) group. Then, patients data of age, sex, injury side, obesity, deviation of displace-
ment, fracture level, rotation, nerve injury, and delay from injury to surgery were reviewed. Univariate analysis and 
multivariate logistic regression were used to identify independent risk factors and odds ratios (OR) of ORIF.

Results:  Overall, 171 children with type III flexion-type SCHF were analyzed (average aged 7.9 ± 2.8 years). Displacement 
was lateral in 151 cases, medial in 20. 20 cases had combined ulnar nerve injury. The failed closed reduction rate was 
20%. Univariate analysis indicated age, distal fracture fragment rotation, and ulnar nerve injury were significantly associ-
ated with ORIF. (P = 0.047, P = 0.009, and P = 0.001, respectively). Multivariate logistic regression analysis showed that dis-
tal fracture fragment rotation (OR, 3.3; 95%CI:1.1–9.5; P = 0.028) and ulnar nerve injury (OR, 6.4; 95%CI:2.3–18.3; P = 0.001) 
were independent risk factors; however, the age was not an independent one (OR, 1.5; 95%CI:0.6–3.5; P = 0.397) for ORIF 
in the Wilkins type III flexion-type SCHF.

Conclusion:  Distal fracture fragment malrotation on initial x-rays and ulnar nerve injury were significant risk factors 
for ORIF in Wilkins type III flexion-type SCHF. Surgeons should prepare tourniquets or other open reduction instru-
ments when treating these types of fractures.

Level of evidence:  Level IV
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Introduction
Flexion-type supracondylar humerus fractures (SCHF) 
in children are rare in clinical practice, accounting for 
2–4% of all SCHF [1–3]. The classification of flexion-type 
SCHF proposed by Wilkins in 1990 defines the degree of 

displacement as: Type I, minimally displaced with both 
anterior and posterior cortex integrity; Type II, simple 
anterior displacement with some anterior cortex integrity; 
and Type III, displaced without cortex integrity [4]. Treat-
ment algorithm for flexion-type SCHF is similar to that 
of extension-type SCHF: closed reduction is attempted 
firstly, followed by open reduction in cases of failed closed 
reduction [5, 6]. The definition of failure of closed reduc-
tion and internal fixation (CRIF) includes mal-alignment 

Open Access

*Correspondence:  jgqdor@126.com

1 Children’s Hospital of Fudan University Anhui Hospital, Hefei, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05798-5&domain=pdf


Page 2 of 6Sun et al. BMC Musculoskeletal Disorders          (2022) 23:859 

radiographic parameters, such as the Baumann angle out 
of range (64–81) degree and the humerocondylar angle 
out of (35–45) degree, and the anterior humeral line does 
not pass through the middle or posterior third of the 
humerus capitellum [7–9].

The classical techniques for flexion-type SCHF includes 
’joystick’ and ’push–pull’ [10–12]. However, CRIF often 
fails in flexion-type, and the associated risk factors are 
unclear [13–15]. There is few relevant research con-
ducted to evaluate the independent risk factors for ORIF 
of flexion-type SCHF. Furthermore, the independent pre-
dictors, used to customize the surgical management for 
limiting the risk of ORIF individually, still remain unclear. 
Thus, this study aimed to retrospectively analyze medical 
records to identify independent risk factors for ORIF in 
patients with severe displacement Wilkins type III flex-
ion-type SCHF.

Methods
Subjects
Data from patients with SCHF aged 1–16  years treated 
in one tertiary, paediatric, and academic hospital in 
Anhui province, which is located in Eastern China with 
a 62-million population, from January 2012 to December 
2021 were retrospectively collected. In total, 4301 cases, 
including 185 flexion-type cases, were recorded.

The inclusion criteria were (1) Wilkins type III frac-
tures; (2) original preoperative anteroposterior and lat-
eral radiographs (with/without preoperative 3D CT); and 
(3) complete medical records, including height, weight, 
and operation records. The exclusion criteria were (1) 
open fracture or vascular injury requiring exploration; 

(2) manipulation before the original anteroposterior and 
lateral X-ray films; and (3) combination with fractures in 
other parts of the ipsilateral limb such as humeral shaft 
fracture, radial neck fracture, and olecranon fracture.

Overall, 171 patients with an average of 7.86 ± 2.82 years 
(range 2–15 years) were analyzed. For all patients, CRIF 
was the first treatment choice, then ORIF was performed 
if the closed reduction failed. All the procedures were per-
formed by fellowship level surgeons.

Classification of groups
Patient data included age, sex, injury side, obesity, frac-
ture deviation, fracture level, rotation, ulnar nerve injury, 
and delay time from injury to surgery. Based on surgical 
records, patients were divided into ORIF group and CRIF 
group. The definition of fracture level was the anatomical 
fracture line below (the low) or above the isthmus of the 
distal humerus (the high). Patients were divided into two 
groups (Fig. 1) [16]; age ≥ 10 years represented the ado-
lescent group, and < 10  years were assigned to the child 
group; patients were classified into four body mass index 
(BMI) percentile classes: underweight (< 5th percentile), 
normal (5th–85th percentile), overweight (> 85th–95th 
percentile), and obese (> 95th percentile). Patients were 
stratified into medial or lateral deviation based on the 
displacement direction of the distal fragment. The con-
dition of the distal fracture fragment with/without rota-
tional displacement referent to the longitudinal axis of 
the proximal humerus, was used to divide patients into 
the rotation and non-rotation groups (Fig.  2). Patients 
were also stratified according to presence/absence 
of ulnar nerve injury, while the time from injury to 

Fig. 1  A In the anteroposterior view, the fracture level below the isthmus of the distal humerus defined a low-level fracture; and B the fracture level 
above the isthmus of the distal humerus defined a high-level fracture
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operation divided patients into < 36 h and ≥ 36 h groups. 
Data relative to the CRIF and ORIF groups were shown 
in Table 1.

Statistical analysis
Descriptive statistics and rates were used to describe the 
population using means, SD, and percentages. Statistical 
analysis was conducted using SPSS (version 24.0; IBM, 
Armonk, New York, United States). The chi-square test 
or Fisher’s exact test was used to identify associations 
between different factors and ORIF. A multivariate logis-
tic regression model was used to define the odds of ORIF 
for each identified risk factor in the univariate analyses. 
The odds ratios (OR) along with 95% confidence intervals 
(95% CIs) and respective P-values, were calculated. Sta-
tistical significance was set at P < 0.05.

Results
Thirty-five cases (20.4%) belonged to the ORIF group and 
136 to the CRIF group. There were 151 cases (88.3%) of 
lateral deviation and 20 cases of medial deviation; 120 
cases (71.2%) were high-level fractures and 51 cases were 
low-level fractures; 20 cases (11.6%) showed combined 
ulnar nerve injury and 115 cases (67.3%) were in the rota-
tion group.

Univariate analysis revealed sex, injury side, obesity, 
fracture level, delayed time to operation, and deviation of 
displacement did not significantly differ between the two 
groups (P > 0.05) (Table  1). Ulnar nerve injury and dis-
tal fracture fragment rotation were significant different 
between the two groups (P < 0.05).

Three variables in the univariate analysis satisfied the 
criteria for inclusion in the multivariate logistic regres-
sion model (Table 2). In the multivariate model, two fac-
tors were identified as indicators for risk of ORIF. The 

Fig. 2  A In the lateral view, the distal fragment combined with minimal rotation; B In the lateral view, the distal fragment combined with obvious 
rotation

Table 1  Univariate analysis of risk factors for the failure of closed 
reduction

†  Significant difference, ORIF Indicates open reduction and internal fixation, CRIF 
Indicates closed reduction and internal fixation

ORIF
(35)

CRIF
(136)

χ2 P

Sex 0.622 0.430

  Female 17 56

  Male 18 80

Injury side 0.267 0.606

  Left 14 48

  Right 21 88

Age 3.974 0.047†

   ≥ 10 yrs 15 35

   < 10 yrs 20 101

Obesity 0.785 0.376

  Yes 7 19

  No 28 117

Delayed time to operation 1.943 0.163

   ≥ 36 hours 19 56

   < 36 hours 16 80

Fracture deviation 3.329 0.068

  Medial 1 19

  Lateral 34 117

Ulnar never injury 21.744 0.001†

  Yes 13 7

  No 22 129

Fracture level 2.030 0.154

  High 28 92

  Low 7 44

Rotation 6.811 0.009†

  Yes 30 85

  No 5 51
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predicted odds of failure were 3.3 fold higher for the 
rotation of the distal fragment compared with that of 
non-rotation group. Furthermore, the OR of ORIF was 
estimated to be 6.4 fold higher for a patient with ulnar 
nerve injury.

Discussion
The ORIF rate in flexion-type SCHF was significantly 
higher than the classic extension-type [10–12]. In previ-
ous studies from other hospitals, the ORIF rate of flex-
ion-type SCHF ranged from 14 to 28% [10–15]. In this 
study, the overall closed reduction failure rate was 20%. 
The failure of closed reduction was combined with some 
risk factors.

This study retrospectively analyzed the data of children 
with Wilkins type III flexion-type SCHF in our hospital 
over the past 10 years, and drew meaningful conclusions 
for surgeons. The ulnar nerve injury and rotation of the 
distal humeral fragment were identified as two independ-
ent risk factors, which could be used to customize the 
surgical management for limiting the risk of failure on 
individual.

Flexion-type SCHF are prone to damage the ulnar 
nerve, and the ORIF rate is significantly higher [10, 13, 
17–19]. When the distal fracture fragment had severe 
rotation displacement, the patient showed subcutaneous 
ecchymoses on the posterior-medial side of the elbow 
joint, often accompanied by a medial metaphysis spike 
of the proximal humerus on the radiograph. The rotated 
medial spike may injure the ulnar nerve, puncture the 
nerve sheath, or increase the risk of ulnar nerve entrap-
ment during closed reduction. In addition, the spread of 
the periosteum and the penetration of the triceps mus-
cle of the medial spike increases the difficulty of CRIF 
[20, 21]. Furthermore, the medial periosteum disruption 
aggravates instability and the medial column rotational 
displacement always occurs during closed reduction. 
Intraoperative maintenance of medial column stabil-
ity is the key to CRIF. Although some patients showed 
stable fractures on initial X-ray films, the fractures were 
actually found to be unstable during the operation due 
to the complete disruption of the medial periosteum. 

Altogether, this results in a significant increase in the 
ORIF rate.

Previous studies of Gartland extension-type III supra-
condylar humerus fractures, confirmed that fracture type, 
injury mechanism, time from injury to operation, medial 
spike, obesity, and lateral deviation were risk factors for 
ORIF, and showed that flexion-type was much tougher to 
maintain closed reduction [22–30]. In our study, indica-
tors such as obesity, time from injury to operation, dis-
placement deviation, and fracture level were tested as 
binary variables, none of which influenced the treatment 
plans. Obesity significantly increases the difficulty of 
closed reduction in the extension type, which is different 
from the results of our study in the flexion type [23, 24]. 
Although the results showed no significance difference 
between lateral and medial displacement of flexion-type 
SCHF, there is a tendency and our personal opinion and 
experience suggests that is more difficult to achieve CRIF. 
Although the lateral side is more stable during the reduc-
tion process, it often combines with irreducible medial 
side rotation and medial column periosteum disruption, 
leading to the failure of closed reduction [25]. Regard-
ing to the fracture level, the high-level fracture is more 
unstable because the proximal bone contact area above 
the olecranon fossa isthmus is smaller than the distal 
part, so it is commonly difficult to be succeeded in CRIF. 
However, our findings indicated that the fracture level 
did not influence the treatment method [30].

It is difficult for older children to achieve a success-
ful CRIF in clinical practice, which may be associated 
with the stronger muscles of the patients. In our study, 
the age was a risk factor for ORIF by univariate analysis; 
however, there were no significant difference when ana-
lysed by multivariate regression in this study. Similarly, 
older age did not increase the risk of ORIF by a study of 
Bekmez [26]. Different studies have drawn conflicting 
conclusions regarding delayed time-to-operation. One 
indicated that delayed treatment after 24 h will lead to an 
increased probability of ORIF [27, 28]. Instead, Yang et al. 
using the same ethnic origin population as ours also con-
firmed that delayed treatment for 8 h to 5 days increased 
the ORIF rate [29]. Conversely, delayed treatment may 
not influence the risk of ORIF and emergency surgery 
at night is not recommended [31, 32]. The delayed time 
to operation was defined as 36 h as many patients spend 
over 24  h when they came into the emergency room in 
developing countries, and additional hours for preopera-
tive preparation should be considered. Our findings sug-
gested that a delay ranging from 36 h to 7 days did not 
increase the risk of ORIF.

In this study, there are some limitations. Firstly, as a ret-
rospective study, the surgical records may not have been 
sufficiently detailed, which may have caused information 

Table 2  Multivariate analysis of risk factors for the ORIF

†  Significant difference, OR Odds ratio, CI Confidence interval

ORIF

Risk Factors OR 95% CI P

Age 1.5 0.6–3.5 0.397

Direction of displacement 4.7 0.6–39.6 0.156

Rotation 3.3 1.1–9.5 0.028†

Ulnar never injury 6.4 2.3–18.3 0.001†
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bias. Secondly, only 1/10 medial deviations in displacement 
patients were included in this study; therefore, the result of 
deviation may come with a bias. Thirdly, all the surgeons 
were at fellowship level that it may present a bias on expe-
rience. Finally, we converted continuous variables into cat-
egorical variables, which may have affected the results.

In conclusion, combined ulnar nerve injury and malrota-
tion on initial x-rays of the distal fragment were two risk 
factors for ORIF in flexed Wilkins type III supracondylar 
humerus fractures. These new findings will facilitate preop-
erative decision-making by surgeons.
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