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Abstract

Background: Fractures of the middle and distal diaphysis of the forearm are common in children. Conservative treatment is effec-
tive in this regard. Some studies have discussed the risk factors and predictive indicators of re-displacement; however, the objects
of the study are all fixed with tubular plaster or double sugar splint.

Objectives: This study was performed to determine the risk factors of re-displacement after closed reduction and double splint
plaster fixation of unstable pediatric fractures of the middle and distal diaphysis of the forearm.

Methods: This retrospective study was conducted on 57 patients undergoing closed reduction and plaster fixation after unstable
diaphyseal fractures of the middle and distal forearm in Wuxi Children’s Hospital of Nanjing Medical University within May 2014 to
May 2020. A total of 35 male and 22 female subjects aged 6 - 9 years (average: 7.3 years) participated in this study. They were followed
up for more than 6 weeks after fracture healing. According to whether experiencing a secondary displacement within 2 weeks after
the fracture, the subjects were divided into two groups, namely displacement, and non-displacement. Gender, age, double fracture,
reduction quality, and plaster fixation type were analyzed as relevant, effective factors.

Results: All 57 patients were followed up, and all fractures reached clinical healing standards at the last follow-up. Moreover, 20 and
37 cases were in the shift and non-shift groups, respectively. No statistically significant difference was reported in gender (¢* = 0.168;
P=0.780),age (t =1.003; P = 0.217), double fracture (c* = 0.021; P=1), and plaster fixation type (¢’ = 0.416; P = 0.699) between the two
groups. The reduction quality (¢’ =7.480; P = 0.025) showed a statistically significant difference. Binary logistic regression analysis

showed that reduction quality was a risk factor for fracture relocation providing a predictive value.
Conclusions: Good reduction quality can reduce the risk of fracture displacement.
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1. Background

Forearm fractures are among the most common frac-
tures in children (1-8). Since forearm fractures exhibit
strong self-shaping, closed reduction and external fixation
are commonly used and effective treatments (9, 10). How-
ever, this surgical method shows a higher incidence of re-
location (9, 11, 12). At present, there have been studies ex-
ploring the risk factors of relocation. The summarized
high-risk factors include complete fracture displacement
(9), fractures with large initial displacement (12,13) and im-
proper initial reduction (9, 12), poor plaster shaping and
fixation (14), distance from the fracture line to the epiphy-
seal plate, and double fracture with an ulnar fracture (13).
The subjects of these studies are fixed with cast or dou-
ble sugar splints. The Wuxi Children’s Hospital of Nanjing
Medical University that conducted this study has been us-

ing traditional double-splint plaster fixation for the past
10 years and has achieved good clinical results. For provid-
ing a better summary of the treatment experience, the au-
thors conducted a retrospective analysis and summarized
the factorsrelated to the displacement of the plaster splint
after fixation.

2. Objectives

This study collected the data of patients with unsta-
ble diaphyseal fractures of the middle and distal forearm
treated by Pediatric orthopaedic outpatient department
from May 2014 to May 2020. Five indicators of gender,
age, double fracture, reduction quality, and plaster fixa-
tion type were analyzed, and the related risk factors for re-
displacement were summarized.
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3. Methods

This study was carried out on patients aged 6 - 9 years
undergoing manual reduction and plaster splinting in Pe-
diatric orthopaedic outpatient department due to unsta-
ble diaphyseal fractures of the middle and distal forearm
from May 2014 to May 2020. If the fracture line was blurred,
the patient’s fracture line was determined to be healed,
and the plaster was removed immediately. Patients with a
follow-up duration under 6 weeks were excluded. Patients
with pathological fractures, open fractures, multiple frac-
tures, or combined vascular and nerve damage were also
excluded. The middle and distal forearm fracture was de-
fined as the position of the fracture line above the metaph-
ysis to the middle 1/3 of the forearm (Figure 1A). Unstable
fractures were defined as angles > 10° in either the sagittal
or coronal plane, and/or malrotation > 30°, and/or overlap
and shortening displacement (angle measurement in Fig-
ure 1B). The re-displacement of the fracture was defined as
an angle > 15° or an angle of 10 - 15° and a secondary dis-
placement > 30%.

All patients underwent manual traction reduction and
cast in traction state by two or more attending physicians
in the emergency room. The fracture was fixed with a plas-
ter splint in a flexed or extended position over the elbow.
X-rays were taken to confirm the fracture reduction shortly
after plaster fixation. The fracture reduction standards
were evaluated according to the preset fracture reduction
standards, and the next treatment measures were judged.
The reduction quality was defined as an anatomical reduc-
tion with an angle < 5° and a displacement < 10%, good re-
duction with an angle of 5 - 10° or a displacement of 10 -
30%, and normal reduction with an angle of 5-10° and a
displacement > 30%.

X-rays were taken immediately after the reduction.
Within 2 weeks after plaster fixation, the re-displaced pa-
tients were classified into the displacement group, and
the patients without displacement were classified into the
non-displacement group. The samples were divided into
two groups according to secondary displacement, and the
five indicators of gender, age, double fracture, reduction
quality, and plaster fixation type were analyzed in the two
groups. The angle of the fracture was measured by three or-
thopedic surgeons. Concerning the radial arch and ulnar
arch, correction on the coronal plane was performed with
ananatomical angle of 3.7°. The authors finallyadopted the
average of the results of the three surveyors.

The fracture angle was measured by picture archiving
and communication system (PACS). Statistical analysis was
carried out by SPSS statistical analysis software (version
20.0; SPSS Inc., Chicago, IL, USA). The measurement data
that did not conform to the normal distribution are ex-
pressed by the median (interquartile range). The count
data are expressed by the rate or composition ratio. The

non-parametric Mann-Whitney U test was used to compare
the two groups of measurement data that did not conform
to the normal distribution. A t-test was used to conform to
the normal distribution. The Chi-square test was used for
enumeration data (Table 1). The respective variables were
analyzed by binary logistic regression. The odds ratio was
used to express the strength of association, and the 95%
confidence interval was determined. A p-value less than
0.05 was considered statistically significant.

4. Results

This study was conducted on a total of 57 patients, in-
cluding 36 male and 21female subjects, with an average age
of 7.3 years (range: 6 - 9 years). The anatomical reduction
was performed in 28 cases. In addition, 11 and 18 cases had
good and general reductions, respectively. Furthermore,
49 cases were fixed with a gypsum splint in the extended
position, and 8 cases were fixed with gypsum in the flexion
position. There were 37 cases with no secondary displace-
ment and 20 cases with displacement. Gender (c* = 0.168;
P = 0.780), age (t = 1.003; P = 0.217), double fracture (¢* =
0.021; P=1), and plaster fixation type (c* = 0.416; P = 0.699)
in the two groups showed no significant difference. The re-
duction quality (¢ =7.480; P=0.025) showed a statistically
significant difference (Table 1). Binary logistic regression
analysis showed that reduction quality was a risk factor for
fracture relocation (Table 2). As the reduction treatment
became worse, the re-displacement became easier.

5. Discussion

The definition of unstable fractures in the distal fore-
arm is unknown. Khaled et al. defined unstable diaphyseal
fractures as diaphyseal fractures between the distal and
proximal metaphysis, with an angle > 10°, and/or malro-
tation > 30°, and|or a displacement > 10 mm after an at-
tempted closed reduction (15). Kay et al. defined that the
closed reduction of fractures of the middle ulna and radius
over10 years with an angle of more than10°is unstable (16).

This study referred to the descriptions of Cheng et al.
(2), Bae (3), Haddad and Williams (7) integrated with the
present clinical experience to define unstable fractures of
the middle and distal forearm as the fracture line above
the metaphysis to the middle 1/3 of the forearm, angle >
10°, and/or poor rotation > 30°, and/or overlap shortening
displacement. Treatment options for ulna and radius frac-
tures in children are controversial. In most cases, consid-
ering that young patients have excellent remodeling po-
tential, numerous angulated fractures can be accepted (17,
18). Because the sculpting ability decreases with the age of
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Figure 1. A, white box illustrating metaphysis; from radial tuberosity to metaphysis, backbone regarded as backbone; backbone divided into three equal parts, followed by
proximal, middle, and distal segments; B, in lateral radiograph, CD considered perpendicular to the epiphyseal plate of distal radius; angle between AB and CD considered the
angle of radius fracture; angle between EF and GH considered the angle of ulna fracture; in the orthographic film, KL considered perpendicular to the epiphyseal plate of the
distal radius, and angle between IJ and KL considered -3.7° (i.e., the angle of radius fracture).

Table 1. Data from Patients with Unstable Fracture of the Middle-distal Forearm

Variables Non-displacement Group; n =37 Displacement Group; n =20 At P-Value
Gender 0.168 0.780
Male 22 14
Female 15 7
Age (y) 7.90 £ 1.210 7.35 £1.348 1.003 0.217
Double fracture 0.021 1
Single 8 5
Double 29 15
Reduction quality 11.892 0.003
General 8 10
Good 6 5
Anatomic 23 5
Plaster fixation method 0.416 0.699
Extension 31 18
Flexion 6 2

children, there have still been debates aboutacceptable an-
gles and displacements (19-21). Rang deems that closed re-
duction can treat most forearm fractures. The authors of
the present study accept the opinions of scholars, such as
Khaled et al., Price et al., Bowman et al., and Kutsikovich et
al. (15, 22-24), and consider that the failure rate of closed
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reduction in children over 10 years is high and the accept-
able angle range is small. Finally, this study limited the age
of children to 6 - 9 years, thereby reducing the effect of age
on fracture shaping.

The treatment plan adopted by the authors was thatall
mid-distal fractures were first manually reduced and fixed



XuDetal.

Table 2. Logistic Regression Analysis Results of Two Categories of Factors Related to
Displacement of Middle-distal Forearm Fractures

Univariate

Variables
0dds Radio (95% P-Value
Confidence Interval)
Age (y) 1203 (0.659 - 2.196) 0.547
Gender 0348
Male 1
Female 0.537(0.147-1.968)
Double fracture 0.817
Single 1
Double 1.205 (0.248 - 5.868)
Reduction quality
General 1 0.033
Good 9.221(1.589 - 53.506) 0.013
Anatomic 4.215(0.830 - 21.401) 0.043
Plaster fixation method 0388
Extension 1
Flexion 2319(0.343-15.683)
Constant 0.026 0.206

with plaster splints. If the initial reduction was satisfac-
tory, patient follow-up continued. If re-displacement oc-
curred within 2 weeks, the reduction was re-manipulated.
The reduction quality was referred to a literature report of
Yang etal. (9) and defined as an anatomical reduction with
an angle < 5° and a displacement < 10%, good reduction
with an angle of 5 -10° or a displacement of 10 - 30%, and
normal reduction with an angle of 5 - 10° and a displace-
ment > 30%. Considering that the patients in this study
had a small age range and a clear fracture location, inte-
grated with the acceptable angle of fracture proposed by
Price et al. (22), this is a reliable classification scheme.

The authors’ hospital is still using gypsum splints to
treat children’s fractures for several reasons. Firstly, the
price of gypsum splints is low, and the shaping effect is
good. Secondly, there are numerous migrant workers in
the area where the authors are located, and the population
is highly mobile. After the children go back to their home
city, there is a lack of pediatric orthopedics physicians, and
it is inconvenient to remove the plaster. Thirdly, when the
cast is fixed, the forearm will move to the proximal end
in the cast during the swelling process (25); however, the
traditional cast can be used to directly tighten the exter-
nal fixation. In summary, the research on the fixed and
re-displaced factors of gypsum splint has practical signif-
icance to the current situation.

The fracture angle was corrected considering that ev-
ery backbone stage has a certain curvature on average for

the forearm arch (26). Roberts showed an anatomical an-
gle of 3.7° in the middle of the forearm (27). The data of the
study by Roberts were used in the present study to make
corrections. Three physicians used the PACS system to mea-
sure the angle and then calculated the average of their
measurements.

In this study, the cases were divided into displaced and
non-displaced groups. Before reduction, there were no sig-
nificant differences in age, gender, and fracture angle (P >
0.05). The factor of fracture angulation before the reduc-
tion was not a risk factor for re-displacement, which is dif-
ferent from the re-displacement of distal radius fractures
(24, 28,29). The authors are skeptical about this conclusion
due to several reasons. Firstly, children’s first-time radio-
graphs were often not standard due to pain and fear. Sec-
ondly, the quality of imaging in different levels of hospitals
was different. Thirdly, in the X-rays obtained before reduc-
tion, the film’s fracture angulation and displacement data
were biased, which is a possible reason for this conclusion.

The traditional view is that due to the swelling of the
affected limb and the gravity of the plaster, the flexion po-
sition of the plaster slides to the distal end to generate lon-
gitudinal shear force and fracture displacement (25). The
data in this study showed that the type of plaster fixation
was not an effective factor in fracture relocation. Some
scholars have conducted studies on distal radius fractures,
and the results showed that combined ulnar fractures are
a factor for re-displacement (13, 30). The present study’s
data came to the opposite conclusion that double fractures
were not a risk factor for re-displacement. The reduction
quality was a risk factor for the re-displacement of the frac-
ture. As reduction quality became worse, re-displacement
riskbecame higher. This conclusion is less controversial (9,
13,30).

There were several limitations in this study. The au-
thors only analyzed the factors of re-displacement and
did not study the treatment and prognosis after re-
displacement. The follow-up time set was short. The
fractures with the anatomical reduction in the sample
had a large buffer space during the progress to the re-
displacement process. A sample with a general reduction
quality had a large fracture angle, and even a slight dis-
placement was judged to be displaced again. The small
sample size in this study limited the need to increase the
sample size and perform in-depth analyses on fracture an-
gles, such as the coronal and sagittal angles before fracture
reduction, body mass index, and subcutaneous fat thick-
ness. Propensity score matching analyzed confounding
factors.

5.1. Conclusion

The results of this study showed that the quality of re-
duction is a risk factor affecting the re-displacement of un-
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stable fractures in the middle and distal forearm of chil-
dren. The selection of a good fracture reduction is an effec-
tive measure to reduce the re-displacement of fractures.
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