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ABSTRACT
Objective Currently, individualized navigation templates 
are rarely applied in pediatric orthopedic surgery. This 
study aimed to explore the potential of navigation 
templates obtained using computer- aided design and 
three- dimensional (3D) printing to correct lower limb 
deformities in children by the guided growth technique.
Methods We prospectively studied 45 children with leg 
length discrepancy (LLD) or lower limb angular deformities, 
who underwent guided growth surgery involving 8- plate. 
In total, 21 and 24 children were included in the navigation 
template (group A) group and in the traditional surgery 
(group B) group, respectively. Mimics software was used 
for designing and printing navigation templates. The 
operation time, X- ray radiation exposure, damage to 
cartilage, and postoperative complications were recorded.
Results The mean operation time in groups A and B were 
20.78 and 28.39 min, respectively, and the difference 
was statistically significant. Compared with group B, the 
intraoperative exposure of X- rays in group A was reduced 
by 25% on average. After 9–24 months of follow- up, the 
deformities were corrected in both groups. No significant 
differences in the treatment effect were noted between the 
groups, and no complications occurred.
Conclusions Using the individualized navigation template 
in the guided growth technique made the surgical 
procedure convenient and simple to perform. In addition, 
the operation time and intraoperative exposure to X- rays 
were reduced. We consider that 3D printed navigation 
templates can facilitate the accurate completion of 
corrective surgeries for lower limb deformities in children, 
which is worthy of promotion and application.

INTRODUCTION
Leg length discrepancy (LLD) and angular 
deformities (including pathologic genu varus 
or genu valgum) are common lower limb 
deformities in children.1 2 If such patients are 
not promptly treated, multiple complications 
may occur, such as standing imbalance, lame-
ness, stress fractures, and arthritis.3–10 The 
guided growth technique is a commonly used 
surgical technique for correcting lower limb 
deformities in children.11 In 2007, Stevens et 

al reported the use of tension band plates for 
guided growth for angular correction; since 
then, several studies have confirmed the safety 
of treatment with tension band plates.12–15 
Considering that the tension band plate in 
temporary epiphysiodesis has the advantages 
of not creating a permanent physeal tether 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Leg length discrepancy (LLD) and angular deformi-
ties are common lower limb deformities in children.

 ⇒ The tension band plate is commonly used to correct 
angular deformities and LLD.

 ⇒ Accurate placement of 8- plate and screws can re-
duce the risk of epiphysial plate injury while ensur-
ing the corrective effect.

WHAT THIS STUDY ADDS
 ⇒ This study applied three- dimensional (3D) printed 
individualized navigation templates to treat lower 
limb deformities in children by the guided growth 
technique.

 ⇒ In 90% of patients with individualized navigation 
template, 8- plate could be successfully located at 
once, avoiding repeated adjustments.

 ⇒ Using the individualized navigation template in the 
guided growth technique had a good corrective ef-
fect and reduced the operation time and intraopera-
tive X- ray exposure.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ The use of individualized navigation template in the 
guided growth technique made the surgical proce-
dure simple to perform and reduced the incidence 
of complications.

 ⇒ The medical cost was low because no specific 
equipment was involved, such as the computer- 
assisted navigation system.

 ⇒ The individualized navigation templates prepared 
using computer- aided design and 3D printing tech-
nologies have great potential for application in pe-
diatric orthopedic surgery, such as guided growth 
surgery.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://w

jps.bm
j.com

/
W

orld Jnl P
ed S

urgery: first published as 10.1136/w
jps-2021-000349 on 16 M

ay 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8647-4818
http://crossmark.crossref.org/dialog/?doi=10.1136/wjps-2021-000349&domain=pdf&date_stamp=2022-05-16
http://wjps.bmj.com/


2 Fan M, et al. World Jnl Ped Surgery 2022;5:e000349. doi:10.1136/wjps-2021-000349

Open access

through excessive and prolonged compression across the 
physis, it differs from staple and screw that exert compres-
sion on the physis, so it is commonly used to correct 
angular deformities and LLD.16 The actual corrective 
effect is related to the 8- plate and accurate placement 
and orientation of its screws. The accurate insertion of 
screws is pivotal for the orthopedic surgeons due to large 
individual differences and small bone size in children.17 
If the position of the 8- plate deviates in the direction 
of the sagittal or coronal plane, it may lead to implant 
loosening or even secondary deformities such as rotation 
deformity.18 Accordingly, X- ray fluoroscopy needs to be 
performed at each step to constantly verify the position 
intraoperatively. The epiphysial plate in children cannot 
withstand repeated penetrating damages, so successful 
insertion of guided Kirschner wire into the 8- plate for the 
first time is essential.19 Therefore, how to insert 8- plate 
screws safely and efficiently is a critical issue that needs 
to be addressed.

In recent years, with the development of digital medi-
cine, individualized navigation templates prepared using 
computer- aided design (CAD) and three- dimensional 
printing (3DP) technologies have been widely employed, 
for example, in spine surgery, joint surgery, and trauma 
orthopedics.20–22 However, the application of this tech-
nique in pediatric orthopedic surgery has rarely been 
reported. In our previous study, we used individualized 
navigation templates for treating pediatric developmental 
dysplasia of the hip, femoral neck fracture, and cubitus 
varus.23 The application of surgical navigation templates 
in guided growth surgery to treat lower limb deformities 
in children remains rare. The aim of this study was to 
determine whether navigation templates obtained using 
a combination of CAD and 3DP could be used to treat 
lower limb deformities in children by the guided growth 
technique.

METHODS
Patients
From January 2014 to July 2017, all children with LLD or 
lower limb angular deformities, who underwent guided 
growth surgery involving 8- plate were selected for the 
study. Finally, 45 children (27 males and 18 females) with 
lower limb deformities were included. The mean age was 
9.5 years (range 3–13 years; table 1). All patients were 
randomly divided into the 3D printed combined navi-
gation template group (n=21, group A) and traditional 
surgery group (n=24, group B). CT was performed on 
the knees of all patients. All patients had to undergo a 
comprehensive preoperative examination. In this study, 
the cause of deformity had been identified preoperatively 
in all patients (ie, idiopathic or post- trauma deformity). 
Surgical treatment was performed only for children who 
had angular deformities of >10° or LLD of between 2.5 
and 5 cm. Skeletal development of the wrist was assessed 
to determine skeletal maturity24; it can be ensured that 
the skeletal maturation still had an estimated growth Ta
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period of at least 12 months.25 We excluded children with 
physiological genu varum or genu valgum, bone meta-
bolic diseases, and lower limb deformities due to infec-
tions or tumors.

Preoperative designing and printing individualized navigation 
templates
Preoperative CT images were acquired on a 64- MSCT 
scanner (Philips, Netherlands), with parameters of 
120 kV, 160 mA, and 1 mm section thickness. Imaging 
data were stored in DICOM format. The Mimics soft-
ware (Materialise, Belgium) was used for designing and 
printing the skin surface template (assisting in percu-
taneous puncture the guided pin through 8- plate) and 
bone surface template (assisting in the accurate insertion 
of two 8- plate screws). According to the radiographs, 
differences in the femoral and tibial length, mechanical 
lateral distal femoral angle (mLDFA), and mechanical 
medial proximal tibial angle (mMPTA) were measured 
to determine the placement of 8- plate. When correcting 
femoral or tibial valgus, the 8- plate was placed on the 
medial aspect of knee, and the varus deformity was 
corrected on the lateral aspect correspondingly. When 
correcting LLD, the 8- plate was placed on both the medial 
and the lateral sides of the femur and/or tibia. CT data 
were used to generate the 3D reconstructed knee joint 
model by using Mimics 17.0 (Materialise NV, Leuven, 
Belgium). Anatomical data pertaining to the skeletal 
surface of the knee joint, such as the patella, tibial tuber-
osity, and fibular head, were extracted. A wing- shaped 
substrate with the same shape was then established, and 
the thickness was reversed by 5 mm. The image of the 
knee joint was rotated (figure 1A) and the navigation 
hole data for the Kirschner wire were calculated; the 

Kirschner wire was to be inserted into the middle region 
of the corresponding growth plate cartilage based on 
the side view (figure 1B) of the knee. Then, combined 
the navigation hole data into a skin surface navigation 
template (figure 1C). After simulating the precise inser-
tion of 8- plate, navigation holes were designed to match 
the Kirschner wire guide pin and those suitable for two 
screws at appropriate distances (based on the distance 
between two holes of 8- plate) from the upper and lower 
ends of guide pin (figure 1D). The angle between the 
extension lines of the upper and lower navigation holes 
was 30°. After the Boolean operation, according to screw 
length and diameter, cross the Kirschner wire navigation 
hole, and then trim the boundary to complete the design 
of bone surface template (figure 1E). The computer 
measured and recorded the projected screw length and 
exported data pertaining to the model. Data were then 
imported into the 3DP device (Fusion Tech, China) in 
Standard Triangle Language format, and 3D printed 
combined navigation templates made of medical poly-
lactic acid were eventually obtained and plasma sterilized 
without causing deformation of navigation templates.

Preoperative preparation, surgical process, and postoperative 
treatment
Before the operation, a general appearance picture 
(figure 2A) and anteroposterior full- length radiographs 
of the legs (figure 2B) were obtained from all patients 
in the standing position. To keep the pelvis horizontal, 
blocks of appropriate sizes were inserted under the 
shorter limb, depending on the degree of LLD. During 
the surgery, damage to the growth plate cartilage and 
articular cartilage was avoided as much as possible. 
Patients in traditional surgery group were scanned using 
C- arm X- ray intraoperatively. According to the standard 
operative protocol, a longitudinal incision of approxi-
mately 2–3 cm in length was made on the outer side of 
the femoral condyle, and the skin, subcutaneous tissue, 
and fascia were then sequentially incised.12 26 Under 
C- arm X- ray monitoring, the growth plate region was 
punctured with a thin Kirschner wire. The Kirschner wire 
was used as a positioning pin, and the positioning hole at 
the center of the 8- plate was then inserted into it. Drilling 
the Kirschner wires as the guide pin on the upper and 
lower navigation holes of the 8- plate. After confirming 
the position of 8- plate and Kirschner wire using X- ray 
imaging, the 8- plate was fixed using a hollow bit to insert 
cannulated screws in the direction of the upper and lower 
Kirschner wires. The anterior and lateral knee X- rays 
were then reviewed to confirm accurate positioning 
of the 8- plate and screws; the guiding and positioning 
Kirschner wires were removed.

In group A, the positioning area of the skin surface 
navigation template fitted with the bony landmarks (the 
patella, tibial tuberosity, and fibular head) (figure 2C,D). 
While maneuver holding an electric drill with the 
Kirschner wire according to the direction of the preoper-
ative design navigation hole, the surgeon used their left 

Figure 1 Designing and printing individualized navigation 
templates. The skin surface template part of 3DP navigation 
templates: a front view (A), a side view (B), and a dorsal view 
(C). The skin surface template part: the main view (D) and 
front view (E). Figure 1 was illustrated by all authors and its 
use gained the permission of all authors.
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hand to fix and maintain the stability of the skin surface 
navigation template (figure 2E). C- arm X- ray subse-
quently was used to verify whether the Kirschner wire was 
in place (figure 2F). A longitudinal incision of approxi-
mately 2–3 cm in length was made around the Kirschner 
wire navigation hole, followed by blunt separation to fully 
expose the surgical field. The bone surface template was 
used outside the periosteum (figure 2G); the previously 
used Kirschner wire was employed to position the growth 
plate into the middle navigation hole of the bone surface 
navigation template. The Kirschner wires were then 
drilled according to the navigation holes on both sides 
of the template. According to preoperative computer 
measurement results, a hollow screw of an appropriate 
length was selected and placed along the direction of the 
upper and lower navigation holes.

The operation time, number of X- rays, damage to 
growth plate cartilage and articular cartilage, and post-
operative complications were recorded. No external 
fixation was required for the affected limb postopera-
tively. Patients were encouraged to start walking after the 
surgery, and they gradually resumed normal activities, 
while avoiding strenuous exercise and trauma. Follow- ups 
were performed every 3 months postoperatively, and the 
degree of deformity correction was evaluated by radio-
logical and clinical examinations (Figure 2H–I). After 
achieving the correction, a second surgery was planned 
for implant removal.

Statistical analysis
Statistical analyses were performed using SPSS V.23.0 
(SPSS, USA). P values <0.05 were considered statistically 
significant. Data were expressed as mean ± SD. Inde-
pendent sample t- test was applied in the difference anal-
ysis. Differences between two groups were analyzed by 
the Student’s t- test and the χ2 test.

RESULTS
Preoperative design and navigation template preparation
The skin surface navigation template was successfully 
designed based on the knee bony landmarks, and the 
direction and length of the navigation holes were effec-
tively calculated. According to the different widths of the 
distal femur and/or proximal tibia in each patient, the 
appropriate size of the 8- plate and screws was selected. 
The preoperative design duration for group A was 37–63 
min (average, 45.6 min), and all 3D printed combined 
navigation templates were successfully designed and 
printed.

Surgical outcomes
In group A, two patients with genu valgum were obese, 
and it was difficult to accurately locate the skin surface 
navigation template; so, body surface templates were not 
used intraoperatively. However, in these two patients, 
after adjusting the guide pins inserted into the 8- plate, 
the bone surface navigation template could still be used, 
and the surgery continued to be simple and accurate to 
assist the placement of the two screws. In the remaining 
patients in group B, individualized navigation templates 
prepared using a combination of CAD and 3DP 
completely matched the knee bony landmarks intraoper-
atively. The mean operation times of each 8- plate in the 
navigation template group and the traditional operation 
group were 20.78±2.36 and 28.39±2.35 min, respectively. 
The operation time between two groups showed signifi-
cant differences (p<0.001).

In comparison with the average of 4.70 times in group 
B, the number of X- rays in group A was 3.50 times, 
which was statistically significant (p<0.001, table 2). After 
9–24 months (average, 17.1 months) of postoperative 
follow- up, lower limb deformities were corrected in both 
groups. If the correction was achieved, another surgery 
would be planned to remove the 8- plate and screws. 

Figure 2 Application of three- dimensional printed navigation template to treat a 6- year- old boy with leg length discrepancy. 
(A) A 6- year- old boy deformed leg length discrepancy (LLD) after trauma, and his left lower limb is overgrown by 2.5 cm. (B) 
Standing anteroposterior (AP) preoperative full- length leg radiographs. (C, D) The skin surface navigation template’s positioning 
area fitted with the bony landmarks (the patella, tibial tuberosity, and fibular head). (E) Drill with Kirschner wires according 
to the direction of the preoperative design navigation hole. (F) The previously used Kirschner wire was employed to position 
the growth plate into the middle navigation hole of the bone surface navigation template. (G) Use C- arm X- ray to verify the 
Kirschner wire’s place. (H) Full- length leg radiographs after 1 month of follow- up. (I) Full- length leg radiographs after 2 years of 
follow- up. (J) General appearance after 2 years of follow- up. L, left.
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There was no significant difference in the treatment 
effect between two groups, and no complications that 
include incision infection, loosening of internal fixation, 
and neurovascular injury occurred.

DISCUSSION
LLD and angular deformities are common lower limb 
deformities in children.2 Using the tension band plate in 
temporary epiphysiodesis is a commonly used treatment 
method for patients who still show growth potential. 
This surgical intervention can effectively correct angular 
deformities or limit excessive growth of the limbs.27 The 
8- plate method, which can provide a tension band, is 
effective in correcting deformities and has a low inci-
dence of postoperative complications; moreover, oste-
otomy can be avoided.28 29 However, owing to large indi-
vidual differences and to complex anatomical structures 
in children, intraoperative errors can easily damage the 
articular surface and even the growth plate, which poses a 
challenge to surgeons. Stevens et al found that the tension 
band plate in temporary epiphysiodesis might cause 
various complications in clinical applications, such as 
incision infection, loosening or breakage of the internal 
fixation, recurrence of deformity, damage of the growth 
plate, and early fusion of the epiphysial growth plate.12 25 
Therefore, to correctly position the guided Kirschner wire 
into growth plate during the surgery, skillful and experi-
enced surgeons are needed. Due to the complex anatom-
ical structure of growth plate in the distal femur and 
proximal tibia of children and considering the different 
degrees of deformity, it is difficult to locate a growth plate 
by directly using the Kirschner wire as a guided pin intra-
operatively.30 During previous surgery, it is necessary to 
use X- rays repeatedly to adjust the position and angle of 
the guide pin, particularly when the proximal tibia growth 
plate is small in size and narrow in height, and its outer 
edge needs to avoid the fibula. Inserting and withdrawing 
pins repeatedly can easily damage the surrounding 
nerves, puncture blood vessels, and cause incision infec-
tion; moreover, the pins may penetrate into joints and 
damage the articular surface, and even cause irrevers-
ible damage to the growth plates. In addition, repeated 

use of X- rays intraoperatively can increase the radiation 
exposure to patients and surgeons, and excessive expo-
sure during childhood has been reported to increase the 
risk of tumor incidence. Therefore, there is a need for 
an auxiliary positioning method that is low cost and easy 
to popularize, along with strong practicability. The 3D 
printed combined navigation template produced in this 
study matched the patients well. The patella, tibial tuber-
osity, and fibular head are easily accessible surface bony 
landmarks. Herein with the guidance of the body surface 
navigation template, first, the most critical step was the 
accurate insertion of the guided Kirschner wire in the 
middle hole of the 8- plate, followed by using the guided 
Kirschner wire as the center to incise the soft tissue. After 
the guide pin was inserted into the middle hole of the 
bone surface navigation template and matched with the 
bone surface, two cannulated screw guide pins were accu-
rately inserted according to the upper and lower holes, 
and the screw length was precisely controlled. Using the 
3DP printed combined navigation template can avoid 
frequent positioning correction and repeated X- rays; 
moreover, the template can help control the length of 
the screw being implanted. Compared with group A, the 
operation time and number of X- rays in group B were 
significantly reduced. Another interesting thing is that 
by comparing the operation time of two groups, it was 
found that the operation time on the lateral aspect of the 
proximal tibia was longer than that on the medial aspect 
of the proximal tibia. In addition, the operation time of 
the proximal tibia is longer than that of the distal femur. 
It is because the anatomical structure of proximal tibia is 
very small, and the thickness of growth plate is thinner 
than that of the distal femur, so it takes longer to posi-
tion the Kirschner wire in the growth plate with than at 
the distal femur. The fibula is located on the outer side 
of proximal tibia, and it is vital to avoid the obscured 
fibular head. Therefore, it is tricky to use the Kirschner 
wire to locate the growth plate on the outer side of prox-
imal tibia. It is often necessary to penetrate the Kirschner 
wire multiple times to find the best position, which takes 
a long time. In traditional surgery, to ensure that correct 
positioning of the 8- plate, avoiding anterior or posterior 

Table 2 Comparison of surgery- related information and results between the three- dimensional printed combined navigation 
template group (group A) and traditional surgery group (group B)

Operation time X- ray exposure
Growth plate cartilage or 
articular cartilage injury

Achieve the treatment 
goals at the last follow- up

(min) (time)* Yes Yes No

Group A 20.78±2.36 3.50±0.65 0 18 3

Group B 28.39±2.35 4.70±0.88 3 20 4

P value 0.00 0.00 0.094 0.826

Data were presented with mean±SD.
P values were obtain by analysis of variance for quantitative data and by χ2 test for qualitative data.
* Times means the exposure numbers of X- ray.
SD, standard deviation.
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position, and avoiding secondary torsional deformities, 
it is pivotal to repeatedly change the patients’ position 
or turn the C- arm; these steps prolong the operation 
time and increase the risk of infections. The 3D printed 
combined navigation template designed in this study as a 
part of the preoperative design process ensured the accu-
rate positioning of 8- plate without the need for X- rays, 
making the surgery quite convenient.

As one of the objectives of using the 8- plate by guided 
growth technique is to slow down, rather than to stunt, 
the growth of the part, a lag period is unavoidable. 
Burghardt et al considered that the slower growth rate 
with 8- plate might be due to the fact that it takes a certain 
time for the screws to diverge with growth until they are 
fully engaged with the plate.31 Faster correction may be 
achieved by using prepositioned screws in an open angle 
in the 8- plate during implantation. Eltayeby et al found 
that the opening angle of between 0° and 30° had no 
effect on the correction rate.32 Take the skeletal age and 
needs of remaining growth into account, the implant 
should not be placed in the body for >2 years.33 And based 
on our clinical experience, the interscrew angle should 
be 30°. It was difficult to accurately control the angle in 
group A, so X- rays should be repeatedly performed. On 
the other hand, using the navigation template could help 
accurately regulate the angle to 30°. Zhang et al designed 
an in vivo assisted navigation template for the 8- plate 
screws with three parallel guided holes34; however, such 
screws tend to gradually open in the first few months. The 
hysteretic effect may delay the time for the correction to 
show an effect, which may cause older children to lose the 
best correction period. More importantly, they could not 
overcome the difficulty of inserting the guided Kirschner 
wire and controlling its position34; thus, X- rays needed to 
be acquired repeatedly. They only used the bone surface 
navigation template, and it is difficult to achieve a perfect 
match on the bone surface because of its small surface 
contact area.34 Therefore, this navigation template was 
challenging to achieve precise control of screw placement 
and thus required repeated puncture positioning, which 
may increase the risk of radiation exposure and growth 
plate cartilage or articular cartilage injury. Recently, our 
research group has conducted extensive research in the 
field of digital medicine, particularly surgical navigation 
templates designed using 3DP. In the present study, in 
group B, an individualized 3D printed combined naviga-
tion template was obtained on designing on a computer. 
The template showed a high degree of matching with 
surface bony landmarks and fitted tightly. Herein, in 90% 
patients with the navigation template, the 8- plate could 
be successfully located at once, avoiding repeated adjust-
ments. The use of navigation template made the surgery 
more convenient, markedly shortened the operation 
time and subjectively, was associated with less blood loss. 
More importantly, accurate positioning of the Kirschner 
wire considerably improved the surgical results.

The 3DP printed combined navigation template 
designed in this study had many advantages. The 

individualized data obtained by computer measurements 
could determine the insertion position of the guide pin, 
8- plate, and screws. This ensured that the 8- plate is located 
in the middle of the coronal position, reducing the correc-
tion of anterior and posterior deformities and ensuring 
that the screw length does not exceed the midline of the 
coronal position of the affected limb. Therefore, the 
possibility of iatrogenic injury to articular cartilage and 
growth plate cartilage is reduced, the correction results 
are better, and the incidence of complications is further 
reduced. Moving on, the navigation template used 
multiple surface bony landmarks. As long as this template 
is closely fitted to the corresponding anatomical structure 
of the bone, precise positioning and orientation can be 
completed without special experience requirements; this 
is particularly valuable for young doctors. In addition, the 
size of the navigation template is small, which eliminates 
the need of large surgical incision. No specific equip-
ment was involved such as a computer- assisted navigation 
system, so the medical cost is low. However, this study 
still has some limitations. First, the skin surface template 
designed in this study relies on the positioning of surface 
bony landmarks, and more points and 3D selection of 
these landmarks should be used to enhance the degree 
of navigation template fitment and stability. Considering 
that its use was limited in special cases, such as severely 
obese patients, we aim to further optimize the design in 
our future studies. Second, the sample size was small and 
the follow- up was not long enough. There was no investi-
gation on the correction of the sagittal deformity of the 
knee joint in children. Finally, although using the naviga-
tion template made the surgical process convenient and 
reduced intraoperative injuries in children, the preoper-
ative time required to design the template is long. With 
proficiency in technical operations, the time could grad-
ually decrease. And we believe that artificial intelligence 
can also be used to expedite template designing.

For children with LLD or lower limb angular deformi-
ties, CT has high diagnostic value that was required to 
determine whether there were deformities due to growth 
plate lesions. Although the radiation dose of performing 
a single CT is usually higher than that from X- ray, 
preoperative CT could provide additional advantages, 
including significantly reducing the number of intra-
operative X- rays, making the surgery more convenient, 
markedly shortening the operation time and improving 
the surgical results. Therefore, the risk of CT- related 
radiation dose can be considered small compared with 
the benefits that accurate diagnosis and treatment can 
provide. Of course, despite the fact that the benefits of 
CT exceed the harmful effects of radiation exposure, we 
should still avoid unnecessary radiation exposure during 
medical procedures. Moreover, we expect to make indi-
vidualized navigation templates by using MRI instead of 
CT, which is also our research direction in future.

To conclude, we successfully used the 3D printed 
combined navigation template to correct lower limb 
deformities in children by the guided growth technique. 
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This method was convenient, simplified the surgical 
process, reduced the operation time, and even reduced 
the intraoperative X- ray radiation exposure, which is 
worthy of promotion and application for the children 
with LLD or lower limb angular deformities.
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