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Abstract
Objective  To investigate the clinical efficacy and safety of 3D printing template in the fixation of distal tibial 
epiphyseal fractures in children.

Methods  A retrospective analysis was conducted on 57 cases of distal tibial epiphyseal fracture admitted to our 
hospital between January 2017 and January 2023. 27 patients underwent the conventional operative technique 
(conventional group), while the remaining 30 patients underwent the 3D printing template (3D printing template 
group). Exclusions comprised patients presenting with pathological fracture, neuromuscular disorder, metabolic 
disease, prior tibial fracture or instrumentation, and polytrauma. Additionally, individuals with a follow-up duration 
of less than 12 months or incomplete medical records were excluded. The reduction effect was evaluated using 
radiographs, and the times of fluoroscopy, operation time, time to union, and complications (such as infection or loss 
of reduction) were documented. Ankle joint function was assessed by the AOFAS score.

Results  A total of 57 patients were divided into two groups: the conventional group, comprising 27 patients (14 
males, 13 females), and the 3D printing template group, consisting of 30 patients (19 males, 11 females). Patients in 
both groups were followed up for at least one year, with an average of 2.3 years (1–3 years). The two groups exhibited 
no statistically significant differences in terms of sex, age, body weight, mechanism of injury, time from injury to 
surgery, Salter-Harris classification, or concomitant injuries. There was no significant difference in length of hospital 
stay, time to union, and limb length discrepancy between the two groups (P > 0.05). However, there was significantly 
less operative time in the 3D template group compared with the conventional group (P < 0.05). Higher intraoperative 
fluoroscopy frequency was observed in the conventional group than in the 3D template group (P < 0.001). However, 
the hospitalization expenses were higher in the 3D template group (3784 ± 315.7 $) than in the conventional group 
(3449 ± 550.6 $). No infection, nonunion, delayed union, malunion, loss of reduction, or premature epiphyseal closure 
between the two groups. Tendon adhesions were observed in 10 cases in the conventional group, contrasting with 
12 cases in the 3D template group. In the final follow-up, AOFAS scores reflected excellence in 26 cases and goodness 
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Introduction
Distal tibial epiphyseal fractures are common injuries in 
the pediatric population [1–3]. If not properly addressed 
with active anatomical reduction, this can lead to trau-
matic arthritis, premature epiphyseal closure, ankle 
deformity, and other complications. The type of injury, its 
severity, and the treatment all have a direct effect on the 
function and shape of the ankle joint [4]. Salter-Harris 
classification is the most commonly used anatomic sys-
tem used to categorize fractures that occur in the growth 
plate of pediatric patients [5]. It is simple, and each injury 
type has prognostic significance.

For cases involving salter-Harris type I/II distal tibial 
epiphyseal fractures, conservative treatment is recom-
mended and close monitoring of patients is essential. If 
salter-Harris type II fractures of the distal tibia exhibit 
displacement equal to or greater than 3  mm, closed 
reduction with casting is the preferred treatment. In cases 
where closed reduction is unsuccessful, open reduction 
becomes necessary [6]. Surgery should be considered 
for individuals with Salter-Harris type III/IV distal tibial 
epiphyseal fractures to achieve an anatomically precise 
reduction and secure rigid internal fixation, thus decreas-
ing the likelihood of premature epiphyseal closure. Lag 
screw fixation is advantageous in that it results in a lower 
rate of premature epiphyseal closure, whereas Kirschner 
wire fixation offers the advantage of reducing the need 
for additional anesthesia and surgery [7]. Despite the 
treatment method selected, it remains challenging to 
accurately place the screw, cause minimal trauma, and 
limit the operation time and fluoroscopy exposure. The 
utilization of 3D printing technology, a relatively recent 
advancement, is progressively growing within the field 
of orthopedics for the production of customized guide 
plates for diverse surgical procedures [8–12].

The objective of this study was to assess the compara-
tive efficacy and safety of screw placement as well as 
functional outcomes among pediatric patients with dis-
tal tibial epiphyseal fractures undergoing either conven-
tional technique or utilizing a 3D printing template.

Patients and methods
Exclusion criteria and inclusion criteria
Inclusion criteria was as follows: those under 16 years 
of age at the time of injury and fracture confirmed by a 
radiograph, history of trauma, acute fracture, Salter-
Harris II and IV (triplane) fractures. Patients aged sixteen 
and above at the time of the surgery, those with open 
fractures, pathologic fractures, polytrauma, preopera-
tive radiographs showing distal tibial epiphyseal closure, 
and neurological, metabolic, or endocrine disorders were 
excluded from the criteria. Additionally, individuals with 
a follow-up duration of less than 12 months or incom-
plete medical records were excluded.

From January 2017 to January 2023, 57 consecutive 
patients, including 33 males and 24 females were retro-
spectively reviewed. The patients were divided into two 
groups, (1) conventional operative technique (conven-
tional group) and (2) 3D printing template (3D print-
ing template group), as per the surgery they underwent. 
Out of 57 patients, 27 patients were included in the 
conventional group, and the remaining 30 patients were 
included in the 3D printing template group. Preopera-
tive data were retrieved from the hospital database, while 
postoperative data were obtained during follow-up visits. 
To mitigate potential bias, all clinical evaluations were 
conducted by a Ph.D. scholar uninvolved in the surgical 
procedures.

This study was approved by the Ethical Committee of 
our hospital. All methods adhered to pertinent guide-
lines and regulations. Written informed consent was 
obtained from the legal guardians of the patients subse-
quent to thorough explanation of the study’s purpose and 
procedures.

Preoperative planning and simulation
In lateral X-rays of the ankle, the coronal fracture line of 
the tibial metaphysis is often obscured by the fibula. Due 
to its high resolution, CT can detect fracture lines that 
are difficult to identify on conventional X-rays. Moreover, 
CT provides a clear visualization of the fracture line’s ori-
entation in cross-sectional images, which is crucial for 
preoperative planning and predicting the direction of nail 

in one in the conventional group, while excellence was noted in 28 cases and goodness in two in the 3D template 
group, culminating in an outstanding rate of 100% for both excellence and goodness.

Conclusion  The conventional technique and 3D printing template technique both met the treatment requirements 
of distal tibial epiphyseal fractures. 3D printing guide plate provides a new method for distal tibial epiphyseal fractures 
with high accuracy and safety compared with traditional method by reducing the times of fluoroscopy and operating 
time.

Clinical trial number  Not applicable.

Keywords  3D printing technology, Template, Distal tibial epihyseal fracture, Position, Cost-effectiveness
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insertion. Therefore, both groups underwent preopera-
tive CT examinations.

The 3D template was generated as follows: CT DICOM 
data were imported into FirePlus3D V1.0 software 
(Shanghai Black Flame Medical Company, China) for 
fracture segmentation and virtual reduction. A patient-
specific guide plate (1.0 mm thickness) was designed to 
match the distal tibial anatomy, with puncture trajec-
tories preplanned to avoid the physis. The model was 
printed using photosensitive resin and sterilized with 
ethylene oxide prior to surgery (It only took 1  day for 
the whole process, including the design, printing and 
sterilization).

Surgical technique
The surgical procedures were carried out by the same 
surgeon.

Under general anesthesia, the patient was positioned 
on the operating table. After the lower limb was disin-
fected and draped, the tourniquet was secured. A straight 
incision about 5  cm long was made on the anterolat-
eral surface of the medial malleolus. The soft tissue was 

incised to expose the fracture fragment. All soft tissue in 
this area was cleared, but the periosteum was preserved 
as much as possible. The fragment of the fracture was 
gently exposed and the soft tissue embedded in the frag-
ment was removed, especially the periosteum. The front 
of the ankle joint was exposed and the fracture was ana-
tomically reduced after continuous traction. Fluoroscopy 
confirmed the fracture was well-reduced.

3D printing template group: 3D printing guide plate 
was attached to the surface of the distal tibial accord-
ing to the reference. 1.0–1.2  mm Kirschner wires were 
inserted into the hole in the guide plate to fix the seg-
ment. Fluoroscopy verification revealed that the fracture 
had been properly reduced and the Kirschner wires were 
in the correct position. If the reduction was anatomi-
cally accurate, Kirschner wires were replaced with the 
lag screws (3.5–4.0 mm) (Fig. 1). A Diagram is shown in 
Figs. 2 and 3.

Conventional group: The fracture was reduced under 
direct visualization with confirmation of radiographic 
reduction with c-arm image intensification intraopera-
tively. Initially, the fractured end was immobilized into a 

Fig. 1  Case example: a girl, fell from her bike. A and B, Anteroposterior and lateral radiographs demonstrating a tibial epiphyseal fracture on the right 
side (Salter–Harris IV). C, Construction and application of a 3D printing template intraoperatively. D and E, Radiographs taken postoperatively. F, G and H, 
Radiographs taken after 12 months of follow-up. I and J, Radiographs taken after removal of hardware
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Fig. 2  Puncture simulation with 3D printing template and the process of fixation of Salter-Harris Type IV fracture. Anterior (A1), lateral (A2) and posterior 
view (A3) without reduction. Anterior (B1), lateral (B2) and posterior view (B3) after reduction. Equilateral triangle fixation of anterior (C1), lateral (C2) 
and posterior view (C3) with 3D printing template
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Fig. 3  Puncture simulation with 3D printing template and the process of fixation of Salter-Harris Type II fracture. Anterior (A1), lateral (A2) and posterior 
view (A3) without reduction. Anterior (B1), lateral (B2) and posterior view (B3) after reduction. Equilateral triangle fixation of anterior (C1), lateral (C2) 
and posterior view (C3) with 3D printing template
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finalized configuration utilizing 3 vertical fracture lines of 
Kirschner wires (1.0–1.2  mm). Fluoroscopy verification 
confirmed the proper reduction of the fracture and the 
correct positioning of the Kirschner wires. In cases where 
the reduction was anatomically precise, Kirschner wires 
were exchanged for lag screws (3.5–4.0 mm).

Observation parameters
The evaluation index was selected as the times of fluoros-
copy, operation time, time to union, hospitalization time, 
hospitalization expenses, limb length discrepancy, pre-
mature epiphyseal closure rate by X-ray at the last follow-
up and complications. The AOFAS ankle function score 
was recorded at the last follow-up.

Statistical analysis
We did a power analysis to justify the sample size through 
PASS software, as this is vital to assess the study’s poten-
tial for reliable findings and avoid Type II errors. All 
statistical analysis was performed using an α of 0.05. 
Statistical analysis was performed using SPSS software 
(version 23.0; SPSS Inc., Chicago, Illinois, USA). Cat-
egorical data were evaluated employing the Chi-square 
(χ2) test, whereas continuous data underwent analysis 
via Student’s t-test. In instances involving smaller subject 
groups of interest, the Fisher exact test was utilized. Data 
were presented as mean ± SD (range), median (range), or 
n (%).

Postoperative care
A short-leg plaster cast was used to immobilize the ankle 
in a neutral position for 6–8 weeks. It is advised to ele-
vate the injured limb. X-ray examination is conducted to 
evaluate the healing process of the fracture. if the healing 
is successful, walking with crutches and weight-bearing 

exercises may commence. The screws can be extracted 
6–12 months post-surgery.

2 Results
As shown in Tables  1 and 27 patients, including 14 
males and 13 females, were included in the conventional 
group, whereas 30 patients, including 19 males and 11 
females, were included in the 3D printing template group 
(P = 0.381). The average age of patients in the conven-
tional group was 12.1 ± 1.8 years, and that of 3D printing 
template group was 12.4 ± 1.5 years (P = 0.414). Patients 
in both groups were followed up for at least one year, 
with an average of 2.3 years (1–3 years). There was no 
significant difference between the two groups concerning 
sex, age, body mass index, duration from injury to sur-
gery, injury mechanism, and Salter-Harris classification.

As shown in Table 2, the times of fluoroscopy signifi-
cantly differed between the conventional group (10.7 ± 2.2 
times) and the 3D printing template group (6.4 ± 1.3 
times) (P < 0.001). The mean duration of the operative 
procedure was faster in the 3D printing template group 
(62.1 ± 21.8  min) than those in the conventional group 
(80.1 ± 45.4 min) (P < 0.05). A difference (P < 0.05) in hos-
pitalization costs was observed between the conventional 
group (3449 ± 550.6 $) and the 3D printing template 
group (3784 ± 315.7 $). There was no significant differ-
ence in length of hospital stay, time to union, and limb 
length discrepancy between the two groups (P > 0.05). 
The higher hospitalization costs in the 3D printing group 
were attributed to expenses associated with 3D model 
printing materials (photosensitive resin), and specialized 
software licensing.

As shown in Table  3, no infection, nonunion, delayed 
union, malunion, loss of reduction, or premature epiph-
yseal closure were observed between the two groups. 
Tendon adhesions were observed in 10 cases in the con-
ventional group, contrasting with 12 cases in the 3D tem-
plate group.

According to the AOFAS ankle function score, no sig-
nificant differences were found between the two groups. 
All patients had excellent or good outcomes in the both 
groups. The mean AOFAS score improvement in both 

Table 1  Parameters of patients in the conventional and the 3D 
template group
Variables Conven-

tional 
(n = 27)

3D 
Template 
(n = 30)

p-
val-
ue

Age (year) 12.1±1.8 12.4±1.5 0.414
Sex
Female 13 11 0.381
Male 14 19
BMI (Kg/m2) 20.8±2.9 22.6±4.3 0.088
Time from injury to surgery 4.2±1.3 3.8±1.1 0.191
Mechanism of injury
Falling 20 26 0.229
Sprain 7 4
Salter-Harris classification
II 11 12 0.955
IV 16 18
*p value < 0.05

BMI = Body mass index

Table 2  Clinical parameters of the conventional and the 3D 
template group
Variables Conventional 

(n = 27)
3D Template 
(n = 30)

p-
value

Operating time (min) 80.1 ± 45.4 62.1 ± 21.8 < 0.05
Length of stay (day) 10.5 ± 4.4 9.5 ± 6.0 0.448
Hospitalization expenses ($) 3449 ± 550.6 3784 ± 315.7 < 0.05
Fluoroscopy (times) 10.7 ± 2.2 6.4 ± 1.3 < 0.001
Time to union (week) 9.6 ± 4.4 9.6 ± 5.7 0.999
Limb length discrepancy 
(cm)

0.1±0.2 0.1±0.2 0.980

*p value < 0.05
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groups exceeded the established minimal clinically 
important difference (MCID) threshold of 10 points for 
ankle fractures, indicating clinically meaningful out-
comes [13].

Discussion
Following distal radius epiphyseal injury, distal tibial 
epiphyseal injury is the second most common injury [14]. 
Treatment options for distal tibial epiphyseal fractures 
include both surgical and non-surgical approaches [15]. 
The surgical procedure involved both closed and open 
reduction, with internal fixation being either percutane-
ous Kirschner wire or lag screws [16]. Jie Wen et al. deter-
mined that both lag screw and Kirschner wire fixation 
techniques can achieve successful clinical outcomes for 
triplane distal tibial epiphyseal fracture. While lag screw 
fixation has a lower rate of premature epiphyseal closure, 
Kirschner wire fixation has the advantage of requiring 
only one anesthesia and surgery. If closed reduction does 
not result in the maintenance of the fracture fragment 
or if a satisfactory result of less than 2  mm is still not 
achieved, open reduction should be considered to deter-
mine if there is any soft tissue or periosteum entrapment 
preventing reduction [17]. As suggested by Schnetzler et 
al. [18], the reduction of distal tibial epiphyseal fractures 
should be kept to a minimum of 2  mm, as the fracture 
gap larger than 3 mm puts the individual at a greater risk 
of closure before the expected time.

The key to the successful fixation of fracture fragments 
is the establishment of a secure position; for this purpose, 
3D printing guide plates have been designed to enhance 
the accuracy and safety of puncture positioning. By con-
trast, the traditional method relies on the physician’s 
experience and multiple X-rays, but these can cause radi-
ation damage to the patient and the surgeon, and require 
the surgeon to have a high level of skill and a lengthy 
period of training. Use of CT scan with or without 3D 
reconstruction is beneficial in understanding the fracture 
anatomy and improving the accuracy of screw placement 
for displaced distal tibial fractures previously [19–25].

A 3D guide plate was developed and applied in this 
study to enhance the accuracy of screw placement and 

guide the direction and angle of the positioning needle 
during puncture for optimal stability. This improved the 
accuracy of fracture fragments and simplified the pro-
cess of positioning. Furthermore, the 3D reconstruc-
tion model theoretically gave patients and their families 
a more accurate grasp of the surgical techniques and 
potential risks, which is beneficial for the planning of 
clinical and surgical plans, thus enhancing patients’ 
faith in doctors and creating a more harmonious doc-
tor-patient relationship [26]. In our study, the times of 
intraoperative fluoroscopy in the 3D printing group was 
significantly less than those in the conventional group, 
which directly shortened the operation time. However, 
the implementation of 3D printing technology involved 
material and the use of 3D printing required trained 
personnel, increasing labor costs, the patients in the 3D 
printing template group had higher hospitalization costs.

This research project employed 3D printing to create 
a personalized guide plate. The growth plate was cho-
sen as a bone marker, and the puncture guide plate was 
reconstructed based on the CT DICOM data, which 
was imported into FirePlus3D V1.0 software (Shang-
hai Black flame medical company in China) to simulate 
the fracture. The base of the guide plate was designed to 
be approximately 1  mm thick. Taking into account the 
three-dimensional reconstruction of the fracture frag-
ment, the angle, and depth of the puncture hole of the 
guide plate were determined with a substantial safety 
gap, and the internal diameter of the puncture hole was 
designed to be 1.2 mm following the type of the puncture 
needle. The enlarged internal diameter of the puncture 
hole would result in an increased instability of the punc-
ture needle, potentially resulting in an alteration of the 
puncture angle. The number and distribution of screws 
are primarily determined by the size of the fracture frag-
ment. The screws should be arranged in an equilateral 
triangle to maximize stress distribution. However, this 
arrangement needs to be verified through biomechanical 
studies in the future.

All patients underwent X-ray verification during the 
operation, with successful needle puncture achieved in 
every case (100.00%) using a guide plate. The preopera-
tive design was followed in terms of entry point, depth, 
and puncture angle, enabling a shorter puncture time and 
reduced intraoperative bleeding. Upon the last follow-
up visit, all patients in this study had successful results 
from the surgical treatment of distal tibial epiphyseal 
fractures, with no restrictions to ankle joint mobility, 
and the AOFAS scores were excellent. The Salter-Harris 
classification does not affect the results of pediatric dis-
tal tibial epiphyseal fractures. Compare with the Salter-
Harris Type II fractures, Salter-Harris Type IV fractures 
often require more operating time, higher hospitaliza-
tion expenses, more times of fluoroscopy and higher 

Table 3  Complications after surgery
Complication Conventional 

(n = 27)
3D Template 
(n = 30)

p-
value

Loss of reduction 0 0 > 0.999
Non-union 0 0 > 0.999
Delayed union 0 0 > 0.999
Malunion 0 0 > 0.999
Infection 0 0 > 0.999
Adhesion of tendon 10 12 0.819
Premature epiphyseal closure 0 0 > 0.999
*p value < 0.05
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complication rates, however, there is no statistically sig-
nificant difference in terms of Salter-Harris classification 
between two groups. Tendon adhesions were attributed 
to perioperative soft tissue handling rather than implant 
position. All cases resolved with physiotherapy; no revi-
sion surgeries were required. Implants (3.5–4.0  mm lag 
screws) were electively removed at 6–12 months post-op, 
with no growth disturbances observed at final follow-up. 
In our study, although tendon adhesions were observed 
in both groups, the extensor hallucis longus showed mild 
adhesions. Tendinolysis was frequently performed con-
currently with hardware removal.

In sum, the research conducted to investigate the utili-
zation of 3D printing plates in the stabilization of pediat-
ric distal tibial epiphyseal fractures has yielded promising 
outcomes in terms of efficacy and safety. The 3D printing 
guide plates can increase the accuracy of lag screw place-
ment and reduce fluoroscopy and operating time, which 
render it an attractive choice for pediatric orthopedics.

To further validate these findings, however, it is imper-
ative to conduct additional studies to assess long-term 
consequences, perfect the design and materials, and cre-
ate standardized procedures for its utilization. Compara-
tive studies evaluating the biomechanical characteristics 
of 3D printing plates versus traditional surgical tech-
niques can provide valuable information in this regard.

The study was limited by its short duration, and fur-
ther clinical results with longer follow-ups are necessary. 
Further investigation is necessary to assess the long-term 
effects of 3D printing guide plates used in the fixation of 
pediatric distal tibial epiphyseal fractures. Longitudinal 
studies can offer insight into the stability of the fixation, 
any potential issues such as malunion or growth issues, 
and the patient’s functional outcomes. While this ret-
rospective study provides preliminary evidence for 3D 
printing applications in pediatric fractures, we acknowl-
edge that the sample size (n = 57) may limit generaliz-
ability. Future prospective randomized trials with larger 
cohorts are warranted to validate these findings. Such 
studies could further assess long-term growth outcomes 
and cost-effectiveness.

Conclusion
3D printing guide plate provides a new method for distal 
tibial epiphyseal fractures with high accuracy and safety 
compared with traditional method by reducing the times 
of fluoroscopy and operating time. Hence, further inves-
tigation in a clinical setting is warranted. However, com-
pared to conventional treatments, the use of 3D printing 
may entail higher costs for patients.
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