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To evaluate the effect of 3D printing in treating trimalleolar fractures and its roles in physician-patient communication, thirty
patients with trimalleolar fractures were randomly divided into the 3D printing assisted-design operation group (Group A) and
the no-3D printing assisted-design group (Group B). In Group A, 3D printing was used by the surgeons to produce a prototype of
the actual fracture to guide the surgical treatment. All patients underwent open reduction and internal fixation. A questionnaire
was designed for doctors and patients to verify the verisimilitude and effectiveness of the 3D-printed prototype. Meanwhile, the
operation time and the intraoperative blood loss were compared between the two groups. The fracture prototypes were accurately
printed, and the average overall score of the verisimilitude and effectiveness of the 3D-printed prototypes was relatively high. Both
the operation time and the intraoperative blood loss in Group A were less than those in Group B (𝑃 < 0.05). Patient satisfaction
using the 3D-printed prototype and the communication score were 9.3±0.6 points. A 3D-printed prototype can faithfully reflect the
anatomy of the fracture site; it can effectively help the doctors plan the operation and represent an effective tool for physician-patient
communication.

1. Introduction

Three-dimensional (3D) printing (also known as rapid proto-
typing technology), through layered processing and additive
manufacturing, can output computerized data by “printing”
the form of a solid object with complex geometry. In recent
years, the rapid development of 3D printing technology
combined with digital orthopedics technology has allowed
its scope of applications to be extended from the industrial
field to orthopedic research [1, 2]. The 3D-printed skele-
ton prototype has gradually overcome the two-dimensional
limitation of CT and MRI data, and it three-dimensionally
presents a real anatomical structure [3], moving from a
virtual simulation to a realistic simulation, which can assist in
accurate preoperative planning [4], as well as surgical strategy
simulation, and enhance communication with patients.

A trimalleolar fracture is a type of complex ankle fracture
that mostly consists of high-energy comminuted fractures.
If a complete reduction is not achieved, poor alignment

of the articular surface and widening or narrowing of the
ankle mortise will result in traumatic arthritis and severe
dysfunction. If a complete 3D replica of the fracture type can
be generated before the operation, most of the details like
bone fragments, medial malleolus, lateral malleolus, trochlea
of astragalus, and distal tibia can be determined, which could
play an important role in producing a precise strategy for the
operation and will facilitate communication between doctors
and patients.

In the present study, we used 3D printing technology to
reconstruct the details of trimalleolar fractures in patients
and evaluated its effectiveness in the surgical planning for the
fracture repair and in the communication between doctors
and patients.

2. Materials and Methods

2.1. General Information. The present study consisted of 30
patients, including 16 males and 14 females between the age
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of 31 and 42 years, with an average age of 36.5 years. The
patients were classified as follows: 18 cases of traffic accident
injuries, four cases of smashing injuries by heavy objects, and
eight cases of sprain injuries and 16 cases of left side injury
and eight cases of right side injury. Fractures were categorized
according to the Lauge-Hansen classification and included 18
patients with supination-external rotation type-IV fractures
and six patients with pronation-external rotation type-IV
fractures.The duration between injury and the operation was
4 to 12 days, with an average of 5.4 days. The 30 patients were
average randomly divided into 3D printing assisted-design
group (Group A) and no-3D printing assisted-design group
(Group B). Group B operation was planned and executed
according to the 3D reconstruction image results from CT
scan, without 3D printing fracture prototype. All patients
underwent a CT scan.

2.2. 3D Prototype Design. Each patient was scanned by 64-
slice spiral CT in the supine position. The scan settings were
as follows: a voltage of 120 kV, a current of 180–220mA, and
a slice thickness of 1mm. The scan ranged from the distal
tibia and fibula area to the metatarsals, using the ankle joint
space as the center to select an appropriate scan range, and
included the proximal tibia and fibula. The CT scan data of
the ankle joint fractures were saved as DICOM files, which
were input into Mimics l0.01 software to perform region
growing for threshold-based 3D image segmentation. The
masked original layerwas carefully patched, and each contour
line was accurately selected to compute a 3D digital model
of the ankle joint. The optimal quality for performing model
computation was selected, and 3D imaging data of the ankle
joint was obtained. The computed imaging data were saved
in STL format using Mimics software and were output to a
3D printer (FlashForge Ltd., ZhengJiang, China). Polylactic
acid (PLA) was used as the printing material (FlashForge
Ltd., 1.75mm in diameter); several parameters were used to
section the prototype of the ankle joint fracture (see Table 1),
and a 1 : 1 ratio ankle joint fracture prototype (same size as
the actual fracture) was produced. Each fracture prototype
total process takes approximately 5–7 hours, almost all of
which is unsupervised (preprocessing = 1-2 h; printing = 4-
5 h; postprocessing < 0.5 h).

2.3. Verification of the Validity of the 3D-Printed Prototype.
Questionnaire 1 for doctors was designed according to the
literature to evaluate the 3D-printed prototype [5, 6]. The
questionnaire included five aspects: (1) overall satisfaction
with the 3D prototype; (2) degree of verisimilitude of the
3D prototype to the actual fracture; (3) detailed demonstra-
tion of the anatomical structure of the ankle joint by the
3D prototype; (4) detailed demonstration of the fracture-
fragment-displacement direction and fracture-injury degree
by the 3D prototype; and (5) usefulness of the 3D prototype
as a preoperative planning tool. The scores ranged from 1 to
10 points; one point indicated that themodel was useless/very
poor/not realistic at all, and 10 points indicated that themodel
was very useful/very good/very realistic.

Table 1: Process parameters used for 3D additive manufacturing of
PLA plastic.

Parameter Process setting for PLA
Object infill 20%
Layer height 50 𝜇m
Shell number 2
Plastic feed rate 55mm s−1

Plastic filament diameter 1.65mm
Extruder nozzle diameter 200𝜇m
Plastic extrusion temperature 200∘C
Build plate temperature 60∘C

General information about 3D printing and the basic
process of printing the fracture prototype were presented to
the four joint surgeons and they completed questionnaire
1 to evaluate the usefulness of the prototype of the actual
fracture generated by 3D printing for preoperative planning
and its verisimilitude to the actual fracture. Two surgeons
designed an individualized surgical strategy according to a
preoperative 3D-printed prototype of patient’s fracture and
a surgery simulation. Then, they performed the surgery and
compared the surgical approach, the position of the internal
fixation plate, with the preoperatively designed strategy.
Meanwhile, the operation time and intraoperative blood loss
(a tourniquet was used) of Group A and Group B were com-
pared.The operation time was recorded from incision skin to
suture, and the amount of intraoperative blood loss included
the amount of blood in the gauze and the suction device.
After the operation, the surgeons completed questionnaire 1
to evaluate the verisimilitude of the prototype to the actual
fracture and its effectiveness for surgical planning.

Open questionnaire 2 for patients and nonmedical pro-
fessionals was designed to evaluate the preoperative conver-
sation. The questionnaire included four questions: (1) How
would you rank your overall satisfaction of the conversation?
(2) Is the 3D prototype useful for helping you to understand
the surgical plan? (3) Is the 3D prototype useful to you to
obtain a clear understanding of your condition? (4) Would
you like the doctor to use a 3D prototype to communicate
with you about your condition? The scores ranged from 1 to
10 points; one point indicated that themodel was useless/very
poor/very unrealistic, and 10 points suggested that the model
was very useful/very good/very realistic.

The surgeons used the 3D-printed fracture prototype to
inform the patient or the family members about the patient’s
conditions so that they could understand the fracture charac-
teristics, the fracture segment location, the surgical treatment
strategy, and the possible postoperative complications. After
the conversation, the patients and their family members
completed open questionnaire 2 to evaluate the effective-
ness of the conversation and indicate their preference for
communicating with the doctor using a 3D-printed fracture
prototype.

2.4. Statistical Analysis. SPSS 17.0 was used for statistical
analysis. Data are expressed as mean ± standard deviation
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Table 2: Comparison of the operation time and the intraoperative
blood loss of both groups.

Group Operation
time (min)

Intraoperative
blood loss
(mL)

Pearson
correlation

Group A 71 ± 23∗ 65 ± 26∗ 0.587
Group B 98 ± 20 90 ± 38 0.709
∗

𝑃
< 0.05 versus Group B.

(𝑋 ± 𝑆), and the data comparison between groups was
conducted using Student’s 𝑡-test. By correlation analysis,
Pearson correlation test was used to assess the correlations
between the operation time and intraoperative blood loss,
𝑃 < 0.05 was considered as significant.

3. Results

Ankle joint fracture prototypes in Group A were successfully
printed, and all 15 fracture prototypes clearly showed the
anatomical structure of the ankle joint, which can help the
surgeon to determine the specific type of fracture, the dis-
placement direction of the fractured fragment, the location
of bone fragments, and the injury degree of the articular
surface. Through the analysis and study of the 3D-printed
fracture prototypes (1 : 1 ratio), intraoperatively designed
surgical plans were successfully achieved. The surgical entry
point, position of the internal fixation plate, and direction
and length of the implanted screws were all the same as those
in the preoperative plan. The correlation between operation
time and intraoperative blood loss was carried out in both
Group A (𝑟 = 0.587, 𝑃 = 0.022) and Group B (𝑟 = 0.709,
𝑃 = 0.003), which revealed a positive correlation between
the two indexes. Furthermore, the operation time and the
intraoperative blood loss in Group A were less than those
in Group B (Table 2), and the differences were statistically
significant (𝑃 < 0.05). Postoperative X-ray films showed
that the reduction and fixation of the ankle joint fracture
were satisfactory, and the plate and the screws were in good
positions. Images of a typical case are shown in Figure 1.

The results from questionnaire 1 showed that overall
satisfaction and usefulness with the 3D prototype were high
to the doctors (Table 3). The two surgeons who performed
the surgery thought that a 3D-printed prototype could
reproduce the original structure of the fracture, and it could
help surgeons determine the fracture type and the displace-
ment direction of fracture fragments, as well as evaluating
the severity of the fracture through multiple angular and
directional observations of the prototype, thereby producing
a better overall understanding of the patient’s condition.
Meanwhile, an individualized preoperative strategy design
and a practice operation using the prototype could shorten
the operation time, lower the surgery risk, and increase the
surgical accuracy and safety. The patients and family mem-
bers exhibited a high degree of satisfaction regarding the use
of a 3D-printed fracture prototype by the doctors to explain
the details of fracture and for preoperative communication
(Table 4).

4. Discussion

The type, size, and shape of a fracture are different in each
patient, and the use of 3D printing technology can produce
an individualized 1 : 1 solid prototype of the fracture. Prior
to a complex fracture surgery, junior surgeons can observe
the anatomical structure of the fracture using a 3D-printed
prototype, and they can simulate the surgical operation to
determine the size of the implants for internal fixation. The
prototype can help reduce operational difficulty and shorten
the learning curve [7]. Therefore, 3D printing technology
can make the diagnosis as well as the surgical operation
more directly visible, realistic, and specific by assisting in
the clinical diagnosis, helping to plan the complex operation
strategy, and allowing a simulation of the operation to be
performed.

Through the analysis of the scoring results for question-
naires 1 and 2, the present study suggests that 3D printing
has the following advantages: (1) A 3D-printed fracture
prototype allows imaging data output to be transformed
from a two-dimensional image to a three-dimensional form
(from planar to three-dimensional) and from a static to a
dynamicmodel, which gives a realistic impression to doctors.
Using the 3D-prototype, the fracture can be viewed in any
direction (0–360∘) to allow an accurate description of fracture
properties; therefore, it allows the doctor to more effectively
and comprehensively understand the specific details of the
patient’s fracture [8, 9], verify the type of fracture, determine
the movement of the fracture line and the number of fracture
fragments, examine the collapse and comminuting condition
of the articular surface, check for the possible presence of
bone defects, and determine whether bone implantation is
needed. (2) Based on a physical prototype of the actual frac-
ture, the surgeon can design an operation strategy, analyze
internal fixation methods, and choose the internal fixation
type as well as the necessary exposure position. Meanwhile,
surgeons can simulate the placement of the fixture on the
prototype, determine the size of the internal fixation plate
and screws, mark the reset point that may be used in the
operation, clarify the placement position of the plate and
screws, and prebend them, which can increase the accuracy
of reduction and the stability of the fixation.Thepresent study
concludes that both the operation time and intraoperative
blood loss in Group A were lower than those in Group B,
confirming that the fracture prototype can not only help to
design a scientific and rational individualized treatment strat-
egy but also increase the surgery efficiency and reduce the
operation time. (3)Theuse of a 3D-printed physical prototype
of the actual fracture to explain the injury conditions and
treatment strategy to the patient and their family members
received an overall satisfaction score greater than nine points,
and it helped patients and family members better understand
their conditions, allowing a more effective communication.
Patients and family members were satisfied with the result
of this communication method, which increased patient
compliance during the treatment [10].

3D printing technology can be a powerful tool for ortho-
pedists, and it has received much attention in orthopedic
applications. It has advantages for the application of surgical
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Figure 1: A 37-year-old female had a left trimalleolar fracture and underwent open reduction and internal fixation. 3D prototypewas designed
and printed by the authors; it was used for preoperative planning: (a) preoperative X-ray film; (b) postoperative X-ray film; (c) preoperative
three-dimensional reconstruction byMimics software; (d, e) digital fracture prototype and the corresponding 3D-printed 1 : 1 solid prototype.

Table 3: Questionnaire for medical professionals.

Question Subjective field Average points
(1) Overall satisfaction with the 3D prototype 8.8 ± 0.4
(2) Degree of verisimilitude of the 3D prototype to the actual fracture 9.1 ± 0.5

(3) Detailed demonstration of the anatomical structure of the ankle joint by the
3D prototype 9.3 ± 0.4

(4) Detailed demonstration of the fracture-fragment-displacement direction and
fracture-injury degree by the 3D prototype 9.2 ± 0.6

(5) Usefulness of the 3D prototype for preoperative planning 8.9 ± 0.7
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Table 4: Questionnaire for patients and nonmedical professionals.

Question Subjective field Average points
(1) How would you rank your overall satisfaction of the conversation? 9.3 ± 0.6

(2) Is the 3D prototype useful for helping you to understand the surgical
plan? 8.7 ± 0.5

(3) Is the 3D prototype useful for you to obtain a clear understanding of
your condition? 9.4 ± 0.2

(4) Would you like the doctor to use a 3D prototype to communicate with
you about your condition? 9.3 ± 0.6

planning and surgery training; however, some obstacles need
to be overcome. Although CT scans are made in very thin
slices, the imaging modality can only provide the accumula-
tion of the multiple slices; error can often occur between the
slices.Other restrictions include system error rate and relative
long learning curve. At the same time, its current applications
mainly include stomatology and orthopedics. We hope that
future 3Dprinting technology can be developed for soft tissue
modeling to produce prototypes that can accurately mimic
the shape and texture of human organs [11, 12], which will
allow surgeons to perform simulation surgery directly on
the prototype, allowing the surgeons to be more confident
during operations due to sufficient preoperative practice.
This technology will play an important role in increasing
operation efficiency, lowering operation risk, and ensuring
patient safety.

5. Conclusion

Our study revealed that 3D printing can reflect the anatomy
of the fracture accurately; it effectively helps the doctors plan
the operation and provide more effective communication
between doctors and patients.
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