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Abstract
Background  Anatomical reduction and stable fixation of complex tibial plateau fractures remain challenging in 
clinical practice. This study examines the efficacy of using 3D printing technology combined with customized plates 
for treating these fractures.

Methods  We retrospectively analyzed 22 patients treated with 3D printing and customized plates at the Orthopedic 
Department of the Central Hospital affiliated with Shenyang Medical College from September 2020 to January 2023. 
These patients were matched with 22 patients treated with traditional plates with similar baseline characteristics. 
Patients were divided into an experimental group (3D-printed models and customized plates) and a control group 
(traditional plates). The control group underwent traditional surgical methods, while the experimental group had 
a preoperative 3D model and customized plates for surgical planning. We compared baseline characteristics and 
recorded various indicators, including preoperative preparation time, surgical time, intraoperative blood loss, number 
of intraoperative fluoroscopies, hospital stay duration, fracture healing time, complications, knee joint range of motion 
(ROM), Rasmussen anatomical and functional scores, and HSS scores.

Results  All surgeries were successful with effective follow-up. The experimental group had shorter surgical time, less 
intraoperative blood loss, and fewer intraoperative fluoroscopies (P < 0.05). At 6 months and 1 year postoperatively, 
the experimental group had better knee joint HSS scores than the control group. Preoperative preparation time 
and total hospital stay were shorter in the control group (P < 0.05). There were no significant differences in fracture 
healing time and follow-up duration between groups. The experimental group showed better knee joint flexion 
angles (P < 0.05). Rasmussen scores showed no statistical difference between groups (P > 0.05). The incidence of 
complications was slightly lower in the experimental group but not significantly different.
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Introduction
Tibial plateau fractures, as a common type of intra-artic-
ular knee fractures, account for approximately 1.66% of 
all fractures, often caused by high-energy trauma and 
more prevalent among patients with osteoporosis [1–3]. 
The knee joint, as one of the primary weight-bearing 
joints in the human body, is significantly affected by tib-
ial plateau fractures, resulting in serious impairment of 
knee joint function [4]. The anatomical structure at the 
tibial plateau is complex, and high-energy trauma often 
leads to displacement of the tibial plateau fracture frag-
ments, articular surface depression, resulting in bone 
defects, and involving surrounding soft tissues. Cur-
rently, the most commonly used classification for tibial 
plateau fractures in clinical practice is the Schatzker clas-
sification, proposed in 1979 by Canadian surgeon Marvin 
Schatzker. This classification is based on the anatomical 
location and severity of the fracture, providing a founda-
tion for guiding treatment plans [5]. However, tibial pla-
teau fractures present individualized differences, making 
comprehensive assessment of each patient’s personalized 
characteristics crucial for fracture treatment.

The primary goal of treating tibial plateau fractures 
is to restore the anatomical relationship of the articular 
surface, maintain stability of the knee joint, and reduce 
the occurrence of complications associated with articu-
lar surface fractures [6, 7]. However, fracture reduction at 
this site demands precision, and the surgical procedure is 
challenging. Therefore, preoperative fracture assessment 
is crucial for a thorough understanding of the fracture 
pattern and for selecting the optimal treatment approach. 
Clinical decision-making and preoperative planning pri-
marily rely on conventional imaging modalities. How-
ever, due to the frequent multi-directional displacement 
and rotation of fracture fragments, traditional X-rays and 
CT three-dimensional reconstructions cannot provide 
comprehensive and intuitive visualization of the fracture 
situation. Therefore, using these methods makes it diffi-
cult to accurately assess the true extent of the fracture, 
posing significant challenges to surgical treatment [8–
10]. If treated improperly, it may lead to dysfunction of 
the knee joint and the development of traumatic arthritis 
[11]. For complex tibial plateau fractures, open reduction 
and internal fixation surgery is the fundamental treat-
ment method, requiring surgical procedures to meet 
anatomical reduction requirements. However, traditional 
implants such as plates and screws often have issues 
with poor fit and inadequate restoration of joint surface 

height, which can significantly impact the postoperative 
fracture recovery. Sassoon et al. [12] reported that the use 
of anterior lateral plates may not adequately protect the 
effective support of the posterior lateral plateau articular 
surface. Due to the complexity of tibial plateau fractures 
and individualized differences, the surgical objectives 
may not always be achieved. Research indicates that up 
to 30% of tibial plateau fracture patients undergoing sur-
gical treatment do not achieve optimal reduction status 
[13]. Therefore, preoperative clarification of fracture 
fragment displacement and articular surface collapse, as 
well as selecting plates and screws with good compatibil-
ity with the fracture surface, are crucial for the treatment 
of tibial plateau fractures [14].

In recent years, with the rapid development of medical 
technology, the application of 3D printing technology in 
the field of orthopedics has been increasing, providing 
crucial support for the treatment of various orthopedic 
conditions [15, 16]. 3D printing technology, equipped 
with specialized software systems, can convert three-
dimensional CT imaging data into model data and real-
ize the printing of 1:1 solid models of the target area. 
Surgeons can observe the morphological information of 
the fracture site from any angle, better understanding 
the fracture pattern. Especially for complex fractures, 
personalized plates can be customized according to the 
specific situation of the patient, achieving precise, effi-
cient, and safe treatment during surgery. This study aims 
to investigate the clinical efficacy of utilizing 3D printing 
models combined with personalized customized plates in 
the treatment of complex tibial plateau fractures.

Materials and methods
Inclusion and exclusion
Criteria From September 2020 to January 2023, a total 
of 22 patients who underwent 3D-printed personalized 
steel plate implantation at the Department of Orthope-
dics, affiliated with Shenyang Medical College Center 
Hospital, were included in the study. Simultaneously, 22 
patients who received traditional steel plate treatment 
with matching baseline characteristics were included, 
totaling 44 patients in the study. Inclusion Criteria: 
1.Age between 25 and 60 years old, with unilateral tibial 
plateau fracture combined with joint surface depres-
sion.2. Closed fracture, with normal limb function before 
injury.3. Time from fracture to surgery less than 2 weeks. 
Exclusion criteria:1. Open fractures.2. Severe concomi-
tant injuries on the same limb.3. Patients with severe 

Conclusion  3D printing technology combined with customized plates for complex tibial plateau fractures enables 
precise articular surface reduction, significantly shortens surgical time, and reduces intraoperative blood loss. This 
method improves knee joint function, offering a more effective treatment option.
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hepatic or renal dysfunction, cardiovascular or cerebro-
vascular diseases, and those lost to follow-up. Control 
group (traditional steel plate internal fixation treatment) 
consisting of 22 cases and experimental group (3D 
printed model combined with individualized customized 
steel plate internal fixation treatment) consisting of 22 
cases. The control group adopted the conventional steel 
plate internal fixation method, while the experimental 
group underwent preoperative 3D printing of solid mod-
els and customization of individualized steel plates. The 
surgical procedures, radiographic evaluations, and physi-
cal examinations were performed by the same orthopedic 
surgical team. All patients provided informed consent for 
treatment and signed written informed consent forms. 
This trial was approved by the Ethics Committee of the 
Affiliated Central Hospital of Shenyang Medical College 
(Ethics No.2020018).

Preoperative preparation
After admission, all patients underwent comprehensive 
physical examinations and routine preoperative assess-
ments. Preoperative X-rays (Netherlands, Philips digital 
radiography DR system) and three-dimensional CT scans 
(Netherlands, Philips 256-slice spiral CT machine, with 
a scanning layer thickness of 0.6  mm) were performed 
to assess the injuries. The injured lower limbs of the 
patients were temporarily immobilized in the extended 
position at 0° using plaster splints, with limb elevation 
and ice packs applied to reduce swelling. Routine pre-
operative pain relief and anticoagulant medications were 
administered. For the individualized steel plate group, 

fracture data were virtually simulated, 3D models were 
printed, and individualized steel plates were customized. 
All patients received one dose of antibiotic prophylaxis 
30 min before surgery.

3D model and individualized steel plate production
The CT data of the patient’s fracture site (Fig.  1) was 
imported into Mimics 20.0 software (Materialise, Bel-
gium) workstation in DICOM format. Three-dimensional 
modeling of the tibial plateau fracture data was per-
formed (Fig. 2A). The fracture fragments were separated 
and color-coded (Fig.  2B), followed by anatomical vir-
tual reduction of the fracture fragments (Fig.  2C). Sub-
sequently, the three-dimensional modeling and virtually 
reduced fracture data were exported as STL format and 
imported into FashPrint 5 software (FlashForge, China) 
to print out the three-dimensional physical models of the 
fracture after modeling and virtual reduction (Figs. 4 and 
5). Through a collaboration between medical profession-
als and engineers, a customized individualized steel plate 
solution was designed (Fig. 3).

Engineers use Unigraphics NX software (Siemens PLM 
Software, USA) for detailed design of steel plates in the 
subsequent project. They utilize FashPrint 5 software 
to print a physical model of the steel plate (Fig.  5). The 
physical model of the steel plate is then imported into 
Mimics software through reverse scanning to confirm 
the placement, length, direction, and diameter of the 
screws (Fig.  3). Transparency processing is applied to 
the fracture model to ensure that the implanted screws 
do not enter the ankle joint cavity. Additionally, the 

Fig. 1  Preoperative CT coronal, sagittal, and axial data of the patient
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recommended length of the screws is marked beside each 
screw hole on the steel plate (Fig. 3). Individualized cus-
tom steel plates are fabricated using pure titanium TA3 
as the raw material at the manufacturing facility. Further-
more, detailed inspection and sterilization are required 
for the steel plates.

Surgical procedure
Experimental Group: General anesthesia or lumbar epi-
dural anesthesia is administered. After the anesthesia 
takes effect, the patient lies supine on the operating table, 
with a tourniquet placed at the root of the thigh of the 
affected limb. The surgical area is routinely disinfected, 
and sterile drapes are applied. Different surgical incisions 
are selected according to the type of fracture, and sub-
cutaneous tissues and fascia are dissected layer by layer 
to expose the fracture ends. The fracture fragments are 
realigned according to the pre-printed 3D model, and 
bone grafting is performed at the bone defect site to fill in 
the gap. The collapsed fracture fragments are supported 

to restore the smoothness of the joint surface. Kirschner 
wires are temporarily used to fix the fracture fragments 
to maintain alignment. After the joint surface is restored 
to smoothness under C-arm fluoroscopy, individually 
customized steel plates are selected and placed in appro-
priate positions. Screws are then sequentially inserted. 
C-arm fluoroscopy is performed again to ensure the 
smoothness of the joint surface, good alignment of frac-
ture lines, appropriate screw lengths, ensuring they do 
not penetrate the joint surface. The knee joint is flexed 
and extended, confirming firm fixation at the fracture site 
before suturing.

Control Group: Patients in this group undergo the same 
surgical procedure as the experimental group. However, 
the placement of steel plates and screws is based on the 
surgeon’s experience rather than predetermined by the 
3D model.

Fig. 3  Based on the virtually reduced fracture model, a personalized plate scheme was customized, confirming the optimal placement of the plate and 
screws. The fracture model was made transparent to ensure that the implanted screws did not enter the joint cavity. The length of the fixation screws was 
measured, and the recommended length was marked next to the screw holes

 

Fig. 2  (A) 3D modeling of the fracture data using Mimics software. (B) Separation of the fracture fragments using the threshold selection function and 
labeling them with different colors. (C) Virtual anatomical reduction of the fracture fragments using the move and rotate functions
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Fig. 5  3D printed model of the fracture after virtual reduction and the customized personalized plate

 

Fig. 4  3D printing of the physical model of the fracture after encoding the fracture fragments
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Postoperative care
After surgery, the patient’s plaster fixation is removed. 
Within 24 h, a single dose of antibiotics is administered 
to prevent postoperative wound infection. Cold com-
presses are applied to the patient’s knee joint, and routine 
treatments for reducing swelling, relieving pain, and pre-
venting lower limb deep vein thrombosis are performed. 
On the first day postoperatively, after reviewing the knee 
joint’s anteroposterior and lateral X-rays, exercises such 
as quadriceps isometric contractions, straight leg raises, 
and ankle pump exercises are initiated. The surgical inci-
sion dressing is changed every 2–3 days to observe the 
wound healing progress. Sutures are removed at 2 weeks 
postoperatively. At 4 weeks postoperatively, patients are 
allowed to bear light weight with the aid of crutches for 
protection and gradually perform knee flexion exercises. 
At 8 weeks postoperatively, patients begin full range of 
motion and partial weight-bearing exercises on the knee 
joint until full flexion is achieved. At 12 weeks postopera-
tively, based on the results of follow-up X-rays, gradual 
full weight-bearing training is initiated. For older patients 
or those with severe comminuted fractures or significant 
osteoporosis, the use of crutches may be extended as 
necessary.

Observation indicators
Comparison of the following parameters between the 
two groups of patients: preoperative preparation time, 
surgical time, intraoperative blood loss, number of intra-
operative fluoroscopy sessions, fracture healing time, 
length of hospital stay, incidence of complications, knee 
joint range of motion (ROM), Rasmussen anatomical and 
functional scores, and Knee joint function HSS score. 

Postoperatively, knee joint anteroposterior and lateral 
X-rays are taken at day 1, 1 month, and 2 months post-
operatively every two weeks to assess bone healing until 
fracture union. At 1 month, 2 months, 6 months, and 12 
months postoperatively, knee joint function is evaluated 
according to the HSS scoring criteria.

Statistical methods
Analysis is conducted using SPSS 27.0 statistical soft-
ware. Count data is represented by the number of cases, 
and analysis is performed using the chi-square test. Con-
tinuous data is presented as mean ± standard deviation. 
Continuous data is first assessed for normality using the 
Shapiro-Wilk test. For continuous variables that follow 
a normal distribution, independent samples t-test is uti-
lized for analysis. For continuous variables that do not 
adhere to a normal distribution, Mann-Whitney U test 
is employed for analysis. In these analyses, a p-value less 
than 0.05 is considered statistically significant.

Results
Comparison of baseline data between two groups
A total of 44 patients were included in this study, with 22 
cases in the experimental group and 22 cases in the con-
trol group. There were no significant differences between 
the two groups in baseline characteristics (age, gender, 
injured side, BMI, cause of injury) (Table 1).

Clinical data
The surgical time in the experimental group was signifi-
cantly shorter than that in the control group, measuring 
75.27 ± 15.98  min and 102.82 ± 21.11  min, respectively 
(p < 0.05). The intraoperative blood loss in the experi-
mental group was also significantly less than that in 
the control group, measuring 129.32 ± 25.32  ml and 
158.18 ± 33.61  ml, respectively (p < 0.05). The number of 
intraoperative fluoroscopy sessions in the experimen-
tal group was significantly lower than that in the control 
group, measuring 6.5 ± 2.09 and 11.32 ± 3.50, respectively 
(p < 0.001). Additionally, the accuracy of steel plate place-
ment in the experimental group was higher than that in 
the control group. However, the preoperative prepara-
tion time and total length of hospital stay were superior 
in the control group compared to the experimental group 
(p < 0.05). Both groups also recorded fracture healing 
time and follow-up duration, with no statistical differ-
ences (Table 2).

Functional outcomes
The knee flexion angle in the control group was 
125.68 ± 6.78, while in the experimental group it was 
130.45 ± 4.86 (p<0.05). The knee extension motion in the 
control group was 1.59 ± 4.47°, and in the experimental 
group, it was − 0.45 ± 4.06° (p>0.05). There was statistical 

Table 1  Baseline data
Experimental group Control group p

n 22 22
Age 42.95 ± 10.97 43.50 ± 10.48 0.867
Gender 0.761
Male 13 12
Female 9 10
Injured side 0.763
Left 10 11
Right 12 11
BMI 24.44 ± 2.09 24.03 ± 2.49 0.559
Schatzker classification
Type II 4 5 0.968
Type IV 8 8
Type V 6 6
Type VI 4 3
Cause of injury 0.789
Traffic accident 8 6
Fall injury 11 12
Direct impact 3 4



Page 7 of 11Duan et al. Journal of Orthopaedic Surgery and Research          (2024) 19:562 

significance in the knee flexion angle between the two 
groups (p<0.05). The experimental group showed higher 
rates of excellent scores in Rasmussen’s anatomical and 
functional evaluations compared to the control group, 
but the difference between the two groups was not statis-
tically significant. Additionally, there were no significant 
differences in the HSS scores between the two groups 
at the first and second months postoperatively (p>0.05). 
However, at 6 and 12 months postoperatively, there were 
statistically significant differences in the HSS scores 
between the two groups, with the experimental group 
performing better than the control group (Tables  3 and 
4).

Complications
The overall incidence of complications was 19.0% in the 
control group and 9.1% in the experimental group, with 
no statistically significant difference between the groups 

(p = 0.473). In each group, one patient experienced a 
superficial infection, which was successfully treated with 
antibiotics and wound care. In the control group, one 
patient showed signs of post-traumatic osteoarthritis. 
After conservative treatment, the knee pain was allevi-
ated, but there were still limitations during squatting. In 
the experimental group, one patient experienced joint 
stiffness, while in the control group, two patients expe-
rienced joint stiffness. After rehabilitation exercises, 
the joint function of these patients gradually recovered 
(Table 5).

Typical case
Case 1  A 49-year-old male was admitted to the hospital 
due to left knee pain, swelling, and restricted movement 
caused by a traffic accident. Figure 1 shows the preopera-
tive CT scan of the fracture. Using Mimics 20.0 software 
editing technology, the characteristics of the damaged 
tibial plateau were clearly displayed (Fig.  2). Design-
ing personalized steel plates and recommending screw 
lengths based on the specific model (Fig. 3). Subsequently, 
a precise 1:1 model of the injured tibial plateau was 3D 
printed, and a personalized plate was fabricated (Figs. 4 
and 5). Postoperative follow-up X-rays showed satisfac-
tory fracture reduction and fixation (Fig. 6).

Discussion
Characteristics of complex tibial plateau fractures include 
comminuted fracture fragments, joint surface compres-
sion, collapse, often accompanied by varying degrees of 
soft tissue damage such as cartilage and ligament injuries, 
which can easily lead to complications such as inade-
quate fixation and post-traumatic arthritis [17]. This type 
of collapse fracture is prone to occur at the posterior part 
of the lateral tibial plateau, which is not easily detected 
on anteroposterior and lateral X-rays, often leading to 
misdiagnosis [18]. As a weight-bearing joint, knee joint 
open reduction and internal fixation (ORIF) is a common 
treatment method aimed at restoring knee joint function. 
The surgical goal is to achieve anatomical reduction of 
the fracture, provide bone grafting and sturdy fixation, 
restore lower limb alignment, and allow early knee joint 
mobilization. However, surgical treatment is highly chal-
lenging, and improper management can lead to serious 
complications [10, 19, 20]. Goetz et al. [21] study indi-
cated that accurate intra-articular reduction significantly 

Table 2  Clinical data
Experimental 
group

Control 
group

p

Surgical time(min) 75.27 ± 15.98 102.82 ± 21.11 <0.001
Intraoperative blood loss(ml) 129.32 ± 25.32 158.18 ± 33.61 0.002
Fluoroscopy sessions 6.50 ± 2.09 11.32 ± 3.50 <0.001
Placement accuracy 90.9%(20/22) 71.4% (15/22) 0.132
Preoperative preparation 
time(days)

5.36 ± 0.79 3.82 ± 0.85 <0.001

Length of hospital stay(days) 9.95 ± 2.48 7.64 ± 2.28 <0.001
Fracture healing time(weeks) 13.45 ± 1.44 13.86 ± 1.64 0.388
Follow-up duration(months) 15.27 ± 2.39 15.36 ± 2.44 0.901

Table 3  Functional outcomes
Experimental group Control group p

ROM °
Extension -0.45 ± 4.06 1.59 ± 4.47 0.094
Flexion 130.45 ± 4.86 125.68 ± 6.78 0.009
Anatomical score 0.102
Excellent 20 16
Good 2 5
Fair 0 1
Functional score 0.343
Excellent 19 15
Good 2 5
Fair 1 2

Table 4  HSS scores
one month 
after 
surgery

two 
months 
after 
surgery

six months 
after 
surgery

one year 
after 
surgery

Experimental 
group

34.68 ± 2.46 60.05 ± 2.65 82.59 ± 3.19 90.50 ± 2.24

Control group 34.45 ± 3.11 59.14 ± 2.70 78.95 ± 3.68 87.86 ± 2.87
P 0.789 0.265 0.001 0.001

Table 5  Complications
Experimental group Control group

Superficial infection 1 1
Joint stiffness 1 2
Traumatic arthritis 0 1
Delayed union 0 0
Total 2 4 P = 0.41
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improves postoperative knee joint function. For complex 
tibial plateau fractures, the quality of fracture reduc-
tion and the choice of surgical approach directly impact 
the recovery of knee joint function. To improve surgical 
outcomes and reduce postoperative complications, it is 

crucial to fully understand the fracture morphology pre-
operatively, clarify the sequence of fracture reduction, 
and select well-matched plate implants for fracture treat-
ment [10]. Therefore, it is worthwhile to explore a safe 
and effective treatment approach.

In traditional surgery, achieving precise reduction 
markers for comminuted tibial plateau fractures is often 
challenging. Surgeons commonly rely on their experience 
for manipulation. Due to individual anatomical variations 
among patients, difficulties may arise during surgery, 
such as poor plate adaptation to bone surfaces and time-
consuming plate molding. These drawbacks can prolong 
surgical duration and increase risks of wound infection 
and flap necrosis. Ultimately, achieving satisfactory ana-
tomical reduction remains elusive [9]. These issues pose 
numerous challenges for traditional surgical approaches 
in the treatment of complex tibial plateau fractures, high-
lighting the urgent need for a more precise and efficient 
treatment strategy to address them.

In recent years, the application of 3D printing tech-
nology in surgical procedures has become increasingly 
widespread, particularly in the field of orthopedics [22]. 
3D printing technology has numerous advantages in the 
production of fracture models, preoperative surgical 
planning, and the customization of personalized inter-
nal fixation devices [23]. For complex intra-articular 
fractures, it is often challenging to expose and fix the 
fracture fragments during surgery. Utilizing 3D printing 
technology, a life-sized 1:1 scale model can be created, 
allowing the surgeon to directly observe the morphol-
ogy and displacement of the fracture. This also aids in 
accurately determining the fracture classification [24]. 
Preoperatively, individualized internal fixation plates are 
custom-made based on the specific fracture location of 
the patient. These plates are pre-shaped to better fit the 
fracture morphology and bone quality of the patient. 
This approach can effectively reduce the risk of instabil-
ity during fracture reduction and fixation, ensure that 
the screws are placed in the optimal position and direc-
tion, enhance the precision of intraoperative reduction 
and fixation, reduce the number of intraoperative fluo-
roscopies, shorten the surgery time, consequently reduce 
blood loss, and lower surgical risks [25, 26]. Additionally, 
using 3D-printed fracture models to explain the fracture 
morphology, surgical objectives, and procedures to the 
patient and their family can enhance communication 
and understanding between medical staff and patients, 
thereby improving patient compliance [27].

Our research results indicate that in the surgical treat-
ment of complex tibial plateau fractures, patients in the 
experimental group demonstrated significant advantages 
compared to the control group. Compared to traditional 
surgery, the experimental group had notably shorter 
operation times, significantly reduced intraoperative 

Fig. 7  Preoperative anteroposterior and lateral X-rays of the knee joint 
and axial CT scan

 

Fig. 6  (A) Postoperative first-day follow-up knee anteroposterior and 
lateral X-ray images. (B, C) X-ray images taken at the postoperative 2nd 
and 3rd months follow-up. (D) X-ray image taken at the postoperative 8th 
month follow-up Case 2 A 56-year-old male patient was admitted to the 
hospital due to left knee pain, swelling, and restricted movement follow-
ing a fall injury
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blood loss, and fewer fluoroscopy instances. These 
advantages have also been confirmed in other types of 
fractures, especially in complex periarticular fractures, 
such as pelvic fractures [28]and complex trimalleolar 
fractures [29]. Preoperative virtual surgical planning 

combined with fracture model simulation allows for min-
imizing excessive soft tissue dissection during surgery. 
Pre-designed customized individual plates and screw 
placements better match the patient’s fracture condi-
tion, ensuring smooth fracture reduction and fixation 

Fig. 10  1:1 printed 3D model of tibial plateau fracture

 

Fig. 9  Designing personalized steel plates and recommending screw lengths based on the specific model

 

Fig. 8  Three-dimensional modeling of the fracture data using Mimics software editing technology, clearly displaying the characteristics of the damaged 
tibial plateau and the fracture situation after virtual reduction
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intraoperatively. In this study, the experimental group 
exhibited a higher anatomical reduction rate compared to 
the control group, indicating that the use of 3D-printed 
models combined with customized individual plates 
assists in achieving anatomical reduction of fractures. 
During the 1-month and 2-month follow-ups postop-
eratively, there was no statistically significant difference 
in Knee Society Score (HSS) between the two groups, 
which may be attributed to the fractures still being in 
the healing phase, and knee joint function not yet being 
fully restored. However, during the 6-month and 1-year 
follow-up postoperatively, patients in the experimental 
group exhibited significantly better knee joint function 
than those in the control group, with a lower incidence 

of complications. This indicates that patients in the 
experimental group had superior recovery of knee joint 
function in the late stage of fracture healing compared 
to the control group. This study introduces personalized 
plate customization for different types of fractures, over-
coming the limitations of solely relying on 3D-printed 
models for fracture reduction and fixation. Through the 
collaboration of medical and engineering disciplines, 
personalized plates can be designed according to the 
actual fracture condition of the patient, facilitating more 
effective individualized treatment. Sterilized models can 
be referenced intraoperatively, aiding surgeons in com-
prehensively understanding various fracture details and 
avoiding the limitations of traditional two-dimensional 
images [30]. Therefore, the combination of 3D print-
ing technology with personalized plate fabrication has 
to some extent improved the success rate of surgery and 
reduced the incidence of surgical complications.

The limited number of cases in this study necessitates 
the expansion of sample size in future research. Prospec-
tive randomized controlled trials are needed to further 
validate the reliability and generalizability of the research 
results. It is worth noting that the process of 3D printing 
involves software processing and printing out bone mod-
els without soft tissue, which may introduce some errors. 
Additionally, 3D printing technology requires specialized 
software, personnel, and dedicated equipment, which 
can increase the cost for patients in routine medical care.

Conclusions
In summary, the combination of 3D printing technology 
with customized individualized plates holds promising 
potential for the treatment of tibial plateau fractures. This 
technology can reduce surgical time, improve the accu-
racy of implant placement and matching to the fracture 
surface, and facilitate postoperative knee joint function 
recovery. It provides better understanding and communi-
cation between doctors and patients, offering significant 

Fig. 12  (A, B) Postoperative day 1 anteroposterior and lateral X-rays of 
the knee joint. (C, D) Follow-up X-rays at 2 months postoperatively. (E, F) 
Follow-up X-rays at 6 months postoperatively

 

Fig. 11  Model after fracture reduction and customized personalized plate
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convenience to orthopedic surgeons. Therefore, it is wor-
thy of clinical application and promotion.
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