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Article info:
01 Jan 2022 :
15 Feb 2022 Background and The tibial shaft fracture is the most common long bone fracture in children.
07 Mar 2022 This type of fracture has a high capacity for deformity correction, a process known as remodeling.

01 May 2022 :  In many circumstances, casting is the choice of treatment.

Objectives: This study aims to investigate the rate of tibial fracture remodeling after 6 months
of non-rigid fixation.

Methods: This research was a retrospective study conducted from March 2017 to March 2018.
The study population included 74 children with tibial shaft fracture, treated with a long leg plaster
under general anesthesia. Patients were evaluated by obtaining anteroposterior (AP) and lateral
view x-rays in the first week, second week, 2 months, and 6 months after casting.

Results: Seventy-four individuals were admitted with a diagnosis of tibial shaft fracture. A
total number of 39 patients (52%)-13 girls and 26 boys- were treated with the long-leg casting
+ under general anesthesia. The patients’ average age was 7.9442.69 years (2-14 years). In the
Keywords: ¢ second week, four cases were excluded. Remodeling in the fracture site was significant in AP
Tibial fracture. Children . radiography at the end of the second month (P=0.044). Six-month follow-up showed that the
7 > remodeling in AP was significant (P=0.017) while in lateral was partially significant (P=0.05).
Non-surgical treatment,

Remodeling, Casting, *  Conclusion: Due to the presence of the growth plate and a dense periosteum, remodeling of the
Fracture healing :  tibial shaft fracture is extremely likely, and the remaining deformity is corrected over time by
. casting, and no surgical intervention is required. Level of evidence: IV
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1. Introduction

ibial shaft fracture is the most common long

bone fracture in children, accounting for

about 15% of all pediatric fractures. The

usual age of onset is between 2 and 8 years

old, and it is more common in boys [1, 2]. In
70% of the cases, these fractures are isolated and caused
by a low-energy rotational deformity force [3]. Various
treatment options exist for tibial shaft fracture, ranging
from closed reduction and casting to open reduction and
internal fixation. In older children, flexible intramedul-
lary fixation is frequently used [4, 5] despite some severe
consequences, including, compartment syndrome [6, 7],
malunion, nonunion, and nail migration [8, 9]. The main
advantage of casting is that, it is a non-invasive proce-
dure, and because no internal device is being used, no
wound exists and hence no chance of infection. Also,
this procedure is cost economical. Disadvantages in-
clude a long period of immobilization that can last up
to 12 weeks, during which it should be clinically and ra-
diologically monitored [10]. Due to its thick periosteum
and strong circulation, the vast majority of tibial frac-
tures in children have an intense propensity to union. As
aresult of bone development, closed tibial shaft fractures
in youngsters heal quickly [11]. Therefore, casting is an
efficient treatment option for tibial shaft fractures [12].
Natural stressors, such as body weight, muscle function,
reaction forces, and joint and inherent factors, such as
the periosteum promote bone reconstruction in children
[13]. Younger age and proximity of the fracture to the
growth plate are factors connected to the high capacity of
spontaneous repair of the fractured bone. In theory, the
ideal remodeling conditions are flexion and varus, while
recurvatum is the worst position [14, 15]. According to
the points described above, this study was conducted to
investigate the rate of remodeling in tibial shaft fractures
casting, over six months.

2. Methods

The Ethics Committee of Shahid Beheshti University
of Medical Sciences approved this retrospective inves-
tigation. Between March 2017 and March 2018, our pe-
diatric trauma center treated 74 children younger than
14 years old with tibial shaft fractures. Informed consent
was obtained from all patients’ parents about the course
of treatment, which allows the children to remain im-
mobile for 3 months, and also the possible complica-
tions The exclusion criteria included open fracture, age
over 14 years and obese children who have casting dif-
ficulties and are at risk for compartment syndrome [8],
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severe swelling with a high probability of compartment
syndrome, segmental fracture, multiple-trauma patients,
floating knee, fracture pattern that cannot be controlled
with plaster, such as Varus greater than 10” with intact
fibula [16], and irregular follow-up. Finally, 35 children
were enrolled according to our criteria. After entering the
emergency room, a physical examination was performed
in terms of soft tissue health, nerve damage, and com-
partment syndrome. Routine radiographs of the tibia,
including the anteroposterior (AP) and lateral views, as
well as neighboring joints, such as the knee and ankle,
were taken for all patients. Table 1 presents acceptable
criteria for non-surgical therapy [10].

All patients were treated in the operating room under
general anesthesia, with the knee bent between 20 and
40" and the ankle in 20° of plantar flexion to inhibit walk-
ing, relax the gastrocnemius muscle, and provide rota-
tional stability [17]. Patient information, such as age and
gender, was taken from the electronic data set Patients
were placed in long-leg casts for 4-6 weeks before being
transitioned to brief walking casts, if all parameters were
completed and no evidence of union was found. The
remodeling rate of the fracture site in the coronal and
sagittal planes was examined using control radiographs
taken in the first, second, and sixth months following the
initial casting.

Patient data were expressed based on percentage and
frequency. The chi-square test was used for qualitative
variables and t-test and analysis of variance (ANOVA)
were used for quantitative variables. Statistical software
SPSS software, version 16.0 (SPSS Inc., Chicago, IL)
was used, which has a statistically significant P<0.05.

3. Results

A total of 74 individuals with tibial fractures were ad-
mitted, of which 39 patients (52%) were treated with
a long leg cast. The average age of these patients was
7.9442.69 years, with a range of 2-14 years. In terms of
gender distribution, 13 women and 26 men were includ-
ed. Nine of 39 cases (23.1%). Initial radiographic results
had 8.97+3.33" and 8.66+2.61° angulation on AP and lat-
eral view and 2.84+1.06 mm shortening. After casting,
angulation was decreased to 3.83+2.01" and 4.27+1.68"
on AP and lateral, respectively. Four cases (one boy and
three girls) were eliminated from the study because their
tibial angular deformity was more than 10° control x-rays
which was not acceptable, therefore they underwent a
secondary closed reduction procedure and titanium elas-
tic nail fixation, after one week. Thirty-five patients had
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Table 1. Acceptable criteria for non-surgical treatment of pediatric tibial fractures

Age (y) Coronal Angle Sagittal Angle Shortness Contact Cox Rotation
<8 years <10’ <10° <lcm >50% 0
>8 years >5° >10° The least <50% 0

Table 2. Demographic information of the patients

Orthopedic Science

Variables Mean1SD/No

Age (y) 7.94+2.69

Male 13
Gender

Female 26

Initial AP angle 8.6612.61°

Initial lateral angle 8.9743.33

Initial shortening 2.84+1.06°
Isolated tibial fracture 30
Fibula simultaneous fracture 9
Follow up 35
Excluded from study 4

AP: Anteroposterior

acceptable eligibility and all of their fractures healed at
the end of the sixth week (Table 2).

Radiographic changes in 6 months follow-up (Figure
1, Table 3) showed that tibial angulation increased in
the first two weeks after reduction. However, after the
first two weeks, tibial angulation gradually decreased
in the control radiographic, these changes showed that
tibial bone remodeling was started after the fracture’s
displacement occurring in the first 2 weeks after reduc-
tion. Also, it showed that the fracture alignment on AP
view at the end of the second month was significantly
changed compared to the radiographic results of the sec-
ond week (P=0.044) (Table 4) but no significant corre-
lation is observed with the initial x-ray in lateral view
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(P=0.429). During the six-month follow-up period, the
results demonstrated that remodeling in AP and lateral
radiography is nearly complete and tibial angulation was
decreased to 1.67+0.87" and 1.35+0.56°, respectively
(P=0.017) (Figure 1).

4. Discussion

Although tibial shaft fracture is the most common long
bone fracture in children, due to the existence of a thick
periosteum and rich blood arteries that supply the bone
and soft tissue, children’s bones exhibit a unique frac-
ture pattern. Children have a greater ability to regenerate
bone than adults; therefore, anatomical reduction is less
necessary in young patients. This means that youngsters

Table 3. Tibial shaft angulation in anteroposterior and lateral view after reduction, the first week, the second week, the second

month and the sixth month

Variables Post Reduction One Week Two Week Two Month Six Month
AP view 3.83 4.72 4.11 2.05 1.67
Lat. view 4.27 3.97 4.47 3.76 1.35
AP: Anteroposterior; Lat.: Lateral Orthopedic Science
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Table 4. Tibial shaft angulation change (P) between different control radiographic periods

Variables Post Reduction-the 1* Week  The 1 Week-the 2" Week  The 2" Week-the 2" Month  The 2" Month-the 6" Month
AP C(f;?nge 0.214 0.779 0.044 0.017
Lat. %Fr:)ange 0.563 0.991 0.429 0.000
AP: Anteroposterior Orthopedic Science

can smooth out and correct residual deformities [18].
The required degree of correction is determined by the
child’s age, the position of the bone injury, its distance
from the growth plate, and the presence of a bone injury
in the adjacent joint [14, 15].

On the other hand, obtaining the best reduction in the
early stages of treatment promotes the regeneration
process. According to the tibial anatomy, overgrowth
of the tibial bone is caused by stimulation of the proxi-
mal growth plate. Deformity of the tibial metaphyseal
bone develops as a result of excessive development of
the fibula during the tibial fracture [19]. According to
the results, the remodeling process was satisfactory and
statistically significant throughout the six-month follow-
up. Related investigations also supported our results. Ac-
cording to Sarmiento’s [20] study on adult tibial shaft
fractures treated by casting, 11% of patients had angula-
tion in the coronal plane greater than 7°, 5% had angula-
tion in the sagittal plane greater than 10°, and 1.4%had
limb shortening greater than 2 cm. In addition accord-
ing to a study conducted by Ho et al. [21] on 75 ado-
lescents with tibial shaft fracture treated with long-leg
casts, 4% of patients failed conservative treatment and
needed surgery. According to the study of Gordon and
O'Donnell [22] on the treatment of tibial fractures, non-
surgical treatments (casting by Sarmiento technique) are
an effective treatment for individuals without compart-

ment syndrome, open wounds, or fractures of the shaft
of the femur. In 2018, Stenroos et al. [23] discovered
that treating patients with tibial shaft fracture, by long-
leg casting (143 (47.3%) of 296) was the safest choice
possible, and had the fewest complications. Goodwin 4
found that surgical therapy resulted in 10% of patients
with a deformity of more than 10°, and Sankar 7 found
that 12% of the malalignments were higher than 10°
Swaan et al. [24] found that in 86 children (girls aged 1
to 8 years and boys aged 1 to 10 years) treated for tibial
shaft fracture, some residual angular deformity sponta-
neously corrected. According to several studies, around
50% of the angular deformity is corrected in girls aged 9
to 12 years, and boys aged 11 to 12 years. Hansen et al.
[25] observed that out of the 102 tibia fractures, 25 pa-
tients experienced malunion ranging from 4° to 19°. This
ranged from 3° to 19° in pursuit of this feature. Steinert
et al. [26] demonstrated that 26 of 28 infants had varus
or valgus deformity in the coronal plane after the union,
indicating a considerable residual deformity. Our study
detected that angular deformity may increase one week
after primary reduction, but the angular deformities were
gradually corrected over 6 months.

angulation

45 T
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Figure 1. Radiographic changes during 6 months after reduction
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1. The number of study samples is limited.

2. Gender may affect remodeling; therefore, further re-
search on gender segregation is advised.

3. In the current study, tibial fractures were not clas-
sified (transverse, spiral, short oblique, long oblique,
comminuted) and the relationship between the type of
fractures and results were not assessed.
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