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Purpose: To examine the perceptions and opinions of orthopedic surgeons on hew medica technology for
patient-specific three-dimensiona (3D) bone modelsin the diagnosis and treatment of orthopedic diseases relat-
edtothehipjoint.

Materialsand Methods: A tota of 75 doctors who were trained in orthopedic surgery or were current residents
in the Republic of Korea were surveyed via questionnaires. Eight questions were included regarding the utility
and current issues in the diagnosis and treatment of orthopedic disease using a customized 3D bone model made
from s patient’s computed tomography (CT) image. In addition to the questionnaire, the smple plain radiogra:
phy and 3D CT image of the patient and 3D printed models of two actud patients were presented for compari-
son.

Results: An average of 92.7% of the orthopedic surgeons answered “very much” or “yes’ to questions regarding
the effectiveness of diagnosis, treatment, education, and simulation of surgery using the patient-specific 3D bone
moddl. To the question, “Do you think you must have medica insurance to provide better medical services by
using a new patient-specific 3D bone model medica technology for smulated surgery?’ 93.3% of orthopedic
surgeons answered either “very much” or “yes'.

Conclusion: Patient-specific 3D bone modds of new medical technology can provide breakthrough support in
the diagnosis, treatment, and education of orthopedic diseasesin the field of hip joints. Therefore, it seems that
efforts should be made to change governmenta policy for coverage of patient-specific 3D bone modeling.
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INTRODUCTION

Three-dimensiona (3D) printing technology is advanc-
ing day by day and is being introduced into the medical
industry®. Simulation surgery using 3D-printed bone mod-
s has been mainly used in the reconstruction and cosmet-
ic surgery of the maxillofacia areain dentistry and plastic
surgery and is also effectively used in orthopedic surgery
in advanced countries*.

The pelvic bone and hip joints have a complex 3D struc-
ture, which makes operation on these structures difficult.
In particular, surgery for complex acetabular fractures, total
hip arthroplasty in patients with anatomical deformity, and
revision of the hip joint in patients with severe bone defects
are technically challenging and many complications occur
during surgery®”. Therefore, efforts to combine 3D print-
ing technology with pelvic and hip surgery have been con-
ducted, and research results have shown that the actua
surgery can be effectively performed by creating an anatom-
ica model, performing simulation surgery, and establish-
ing a plan®®. This technique can dramatically improve the
outcome of surgery while reducing side effects and com-

plications. However, despite these advantages and positive
results reported within the academic community, 3D mod-
dingis currently not designated as a medical care expense,
making it difficult to apply it widely in clinical practice. The
authors evaluated the concepts and opinions of orthopedic
surgeons regarding the use of patient-specific 3D bone mod-
ds via questionnaires distributed among orthopedic sur-
geons dong with a smple plain radiograph, a 3D comput-
ed tomography (CT) image of the patient, and 3D printed
models of two actual patients. The questionnaire included
information such as whether the surgeon had any experi-
ence with 3D bone models, whether they find them useful,
and if there are limitations to their use.

MATERIALS AND METHODS

From June 1, 2020 to June 30, 2020, questionnaires were
distributed to 75 orthopedic surgeons in Koreawhich includ-
ed 50 orthopedic specialists and 25 residents. The survey
was created by our ingtitution (Table 1), and the question-
naire was given to the doctors along with the simple plain
radiography and 3D CT image of a patient, and the 3D print-

Table 1. Questionnaire about Patient-specific Three-dimensional Bone Models to Orthopedic Surgeons in Korea

1. Do you know any information on patient-specific 3D bone models for simulated surgery?

@ Very much @ Yes

3 Neutral @ No

® Never

2. Have you ever used a patient-specific 3D bone model for simulated surgery?

@ None @ 1-5years

3 Over 5 years

3. Do you think that a patient-specific 3D bone model for simulated surgery can help orthopedic surgeons to diagnose a

patient’s disease?
@ Very much @ Yes

® Neutral @ No

® Never

4. Do you think that a patient-specific 3D bone model for simulated surgery has a positive effect on the decision for the

patient’s treatment method?

® Never

5. Do you think that a patient-specific 3D bone model for simulated surgery is helpful for orthopedic surgeons to treat-

@ Very much @ Yes ® Neutral @ No
ment?
@ Very much @ Yes @ Neutral @ No

® Never

6. Do you think that a patient-specific 3D bone model for simulated surgery is helpful in explaining surgical methods to

patients, doctors, and surgery teams?
@ Very much @ Yes

® Neutral @ No

® Never

7. Please indicate all the things that you think are a major obstacle in using a patient-specific 3D bone model for simu-

lated surgery.

@ Lack of bone model manufacturers

@ Expenses needed to receive bone model

® Lack of experience with bone models

@ The problem of time it takes to make a bone model
® Other [ )

8. Do you think medical insurance should be provided in order to provide better medical service by using a patient-spe-

cific 3D bone model for simulated surgery?
@ Very much @ Yes

3 Neutral @ No

® Never
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ed models of two actual patients for comparison (Fig. 1, 2). decision of treatment method, usefulness for actua patient
As shown in Table 1 the questionnaire includes as follow- treatment, usefulness for explanations to the patient or the
ing; the experience of using the bone models, usefulness medical team, and obstacles for using the bone model. Based
for diagnosing the disease, the effect of the model on the on the responses, we determined the usefulness or limita-

Fig. 1. Simple plain radiography (A] and 3-dimensional (3D) computed tomography (B, C), and 3D printed models (D) of actual
patients underwent Girdlestone operation in order to help for the questionnaire survey.

Fig. 2. Simple plain radiography (A) and 3-dimensional (3D) computed tomography (B, CJ, and 3D printed models (D) of
another patients underwent total hip arthroplasty in order to help for the questionnaire survey.
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tions of 3D bone models (Fig. 3-9).

Question 1
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Fig. 3. Do you know any information on patient-specific 3D
bone models for simulated surgery? 1: very much, 2: yes,
3: neutral, 4: no, 5: never.
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Fig. 5. Do you think that a patient-specific 3D bone model
for simulated surgery can help orthopedic surgeons to
diagnose a patient’s disease? 1: very much, 2: yes, 3: neu-
tral, 4: no, 5: never.

Question 5
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Fig. 7. Do you think that a patient-specific 3D bone model
for simulated surgery is helpful for orthopedic surgeons to
treatment? 1: very much, 2: yes, 3: neutral, 4: no, 5: never.
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RESULTS

Of the 75 orthopedic surgeons surveyed, 65 orthopedic
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Fig. 4. Have you ever used a patient-specific 3D bone model
for simulated surgery? 1: none, 2: 1-5 years, 3: over 5 years.
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Fig. 6. Do you think that a patient-specific 3D bone model
for simulated surgery has a positive effect on the decision
for the patient’s treatment method? 1: very much, 2: yes, 3:
neutral, 4: no, 5: never.

Question 6

0 =
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Fig. 8. Do you think that a patient-specific 3D bone model
for simulated surgery is helpful in explaining surgical
methods to patients, doctors, and surgery teams? 1: very
much, 2: yes, 3: neutral, 4: no, 5: never.
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Fig. 9. Do you think medical insurance should be provided
in order to provide better medical service by using a
patient-specific 3D bone model for simulated surgery? 1:
very much, 2: yes, 3: neutral, 4: no, 5: never.

surgeons (86.7%) answered that they had never used new
medica technology with a patient-specific 3D bone model.
After comparing the 3D printing models of two patients
to the same simple radiography and 3D CT, 67 orthope-
dic surgeons (89.3%) answered that the patient-specific
3D bone model helped to diagnose the patient’s disease.
A total of 70 orthopedic surgeons (93.3%) answered that
the model had a positive effect on the treatment method
decision and that they found the model helpful. Of the 75
surveyed orthopedic surgeons, 71 (94.7%) responded that
the patient-gpecific 3D bone modd s were hepful in explain-
ing the surgical method to patients, doctors, and surgical
teams. However, 32 orthopedic surgeons (42.7%) felt that
there are not enough manufacturers to make patient-specific
3D bone models, 53 orthopedic surgeons (70.7%) thought
that the expense required to manufacture bone modelsis
a problem, 40 (53.3%) responded that they have insuffi-
cient experience with 3D bone models, and 32 orthopedic
surgeons (42.7%) had concerns over the amount of time that
it takes to manufacture bone models. A total of 75 orthope-
dic surgeons, 70 (93.3%) answered that medical insurance
should cover the costs associated with creating and using
patient-specific 3D bone models.

DISCUSSION

Diagnosing and treating diseases using 3D CT and sim-
ple radiographic examination has become essentia for eval-
uating orthopedic disease. Though 3D CT ishelpful in diag-
nosis and trestment compared to smple radiographic exam-
ination, it is often different from what surgeons encounter
in the actual operating field as the 3D reconstruction of the
patient’s current state must still be viewed in two dimen-
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sions. There are more differencesin patients with a serious
deformity or bone defect, comminuted fractures, and revi-
sion surgery. If the actua operating field differs from the pre-
operative examination or plan, treatment may have to be
dtered in the operating room and outcomes will depend sole-
ly on the experience and judgment of the surgeon. This can
be innovatively solved through the use of patient-specific
3D bone modes. The patient-specific 3D bone modd recon-
structsthe current state of the patient in 3D alowing the sur-
geon to easily recognize defects or deformities that are dif-
ficult to judgein 2D. Prior to surgery, adoctor can practice
in advance the methods and techniquesto be used in the actu-
d operating field through ssimulated surgery. Additionally,
when inserting an implant or prosthesis in patients with
severe deformities, bone defects, or comminuted fractures,
often the outline does not match with the implant making
it is difficult to insert the implant or prosthesis. This may
increase the operation time, and complications may arise due
to improper insertion. These problems can be addressed
through the use of a patient-specific 3D bone model.

There are many existing cases where patient-specific 3D
bone models are used in other countries. In 2019, Chen et
a . performed surgery on atotal of 52 patients with pelvic
fractures. For 28 of the 52 patients, the operation was per-
formed using a metal plate that had been outlined prior to
surgery using 3D printing technology while a conventional
method of matching the outline of the metd plate while oper-
ating was used for the remaining patients. Findings indicated
that the bleeding amount and the operation time were shorter
in the group that operated with a metal plate that was out-
lined in advance using 3D printing technology compared to
surgeries where conventional methods were used.

In 2014, Small et d.® performed total hip arthroplasty in
36 patients where hdf the patients (18 patients) were oper-
ated on using conventiond totd hip arthroplasty and patient-
specific total hip arthroplasty was performed on the remain-
ing patients (18 patients). Preoperative and postoperative
CT scans were used to compare the differences between the
preoperative plan and the actua outcome. Findingsindicate
that the differences between the preoperative plan and the
actual postoperative acetabular cup inclination and antev-
ersion angle were significantly lower in the patient group
who underwent patient-specific total hip arthroplasty com-
pared to the patient group who underwent conventional
total hip arthroplasty. This suggests that the patient-specific
total hip arthroplasty was performed exactly as planned
before surgery. In 2013, Won et al.*® performed total hip
arthroplasty in 21 patients where preoperative planning and
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simulation were performed using the 3D printing rapid pro-
totype (RP) model. In 80.9% of patients, the acetabular cup
was within 2 mm of the expected size, and in al patients
bone ingrowth and stability could be confirmed without abra-
son or osteolysis at the fina follow-up. Through this, they
reported that the 3D printing RP model enables smulated
surgery before surgery and that the shape, size, and location
of the implants can be determined before surgery in tota hip
arthroplasty.

There are some limitations to the current study. Firgt, the
number of orthopedic surgeons who participated in the sur-
vey is small and some participants were not experienced.
Second, because the survey is limited to the field of hip
joints, it is difficult to extend it to the entire field of ortho-
pedic surgery. Third, since the 3D printing products used
in the survey are provided in a completed form, there is
alimit to assessing the difficulty in actualy manufactur-
ing and designing the models.

Patient-specific 3D bone models can be useful in clinica
practice, asindicated by responses from Korean orthope-
dic surgeons who are aware of the effectiveness and use-
fulness of patient-specific 3D bone models. However, due
to issues of cost treatment using a patient-specific 3D bone
model is often not possible, which may to the patient not
receiving the best possible treatment. Specifically, in the
case of reoperation or complex fracture, if adequate surgi-
cal treatment is not performed due to severe bone defects
or deformities, several additional surgical treatments may
be required which isasubstantia burden on the patient both
physically and mentally. The results of the current survey
demonstrate that though surgeons are aware of this technol-
ogy they are hindered by cost and that they feel regret over
not being able to provide the best treatment possible. The
utility and necessity of using a patient-specific 3D bone
modé is gradually being demonstrated as a technology that
must be introduced for the development of the medical field
in the future.

CONCLUSION

Patient-specific 3D bone models of new medical technol-
ogy can provide breskthrough support in the diagnosis, treat-
ment, and education of orthopedic diseasesin the field of
hip joints. However, due to issues of cost treatment using
a patient-gpecific 3D bone modd is often not possible, which

www. hipandpelvis.or.kr

may to the patient not receiving the best possible treatment.
Therefore, it seems that efforts should be made to change
governmental policy for coverage of patient-specific 3D
bone modeling.
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