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ABSTRACT

The mortise view radiography procedure is an ankle joint examination and observes the presence of trauma, 

sprain, or dislocation suspected in the ankle joint. The auxiliary equipment used during the mortise view 

radiography procedure can generate artifacts in the radiograph images and is not diverse enough to be 

custom-made for each patient; not cost-efficient. The purpose of this study is to create a custom assistive device 

to support mortise view radiography procedure. This study utilized 3D printing technology to create the mortise 

view radiography procedure assistive device (ShinHan Device; SHD). The lengths of the tibiotalar joint (TTJ), 

talar calcaneal joint (TCJ), and medial joint (MJ) were measured and evaluated by five researchers using both 

SHD and the prototype Hologic tool. The mean ranges were found to be 39.42-39.47 mm for TTJ, 31.41-31.57 

mm for TCJ, and 21.21-21.23 mm for MJ while using SHD device. On the other hand, the measurements showed 

mean ranges of 39.73-39.79 mm for TTJ, 31.46-31.50 mm for TCJ, and 21.31-21.35 mm for MJ while using the 

Hologic tool. Based on this study results, the error ranges at all positions decreased by 24% for TTJ, 17% for 

TCJ, and 36% for MJ when using SHD device compared to the Hologic tool. Moreover, when SHD was used, 

it allowed for a highly reproducible examination posture (ICC = 0.99), and it enabled the acquisition of 

radiograph images without artifacts, which were present in the Hologic tool. 
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Ⅰ. INTRODUCTION

The ankle joint supports the body and provides 

propulsion, and it is composed of ligaments that 

connect 9 bones. The most common pathology that 

occurs in the ankle joint is a sprain, which happens in 

nearly half of the cases during physical activity[1-3]. 

Ankle joint sprains are not only the most frequent 

musculoskeletal injuries but also often leave residual 

symptoms, such as recurrent sprains in around 40% of 

patients after treatment[4-6]. Calcaneal fractures account 

for 1-2% of all fractures[7-9]. These fractures occur due 

to high loads and can lead to severe and permanent 

functional impairment of the ankle[10-12]. Therefore, 

accurately identifying the location of the initial 

pathology and providing appropriate treatment and 

care the crucial. 

For early diagnosis and proper treatment of ankle 

joint issues, ankle joint radiographic procedures are 

essential. The examination methods include the ankle 

joint anteroposterior (AP) projection, ankle joint 

mediolateral projection, ankle joint oblique projection, 
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ankle mortise view, ankle joint AP stress projection, 

and subtalar joint AP axial oblique projection[13-17]. 

The mortise view is a diagnostic method used to 

assess fragment location and graft evaluation after 

surgery, evaluate fracture treatment, assess chondral 

injuries, and evaluate ankle osteoarthritis[18-20]. During 

the procedure, the radiologic technologist positions the 

dorsum of the foot of the side being examined 

perpendicular to the ground and rotates it inward by 

15° to 20°[21-23]. The mortise view allows visualization 

of the talocrural joint, mortise joint, and talofibular 

joint without overlap. 

Generally, ankle joint fractures are detectable in 

radiographic procedures, but microfractures might be 

overlooked[24]. Detecting such microfractures is 

crucial, so maintaining a consistent position during 

ankle joint radiography is important. However, due to 

the diversity of ankle joint forms among patients and 

the difficulty in consistently implementing the same 

position during the radiography procedures, obtaining 

the textbook-required radiography images from all 

patients can be practically challenging. To address 

these issues, the development of examination 

aassistive devices is essential to maintain a consistent 

patient position during the mortise view radiography 

procedure[9,25-27].

In this study, we evaluated the clinical utility of a 

3D-printed ankle joint examination assistive device to 

achieve a consistent ankle joint rotation ankle and 

examiner posture, as well as standardized image 

depiction during the mortise view examination. 

Ⅱ. MATERIALS AND METHODS

1. Experimental Equipment and Phantom

In this study, the radiographic imaging equipment 

(Innovision DXII, DK medical system, Republic of 

Korea), and the foot phantom used was the RSD 

Anthropomorphic food ankle phantom RS-116T 

(Universal medical, CA, United States). Two types of 

auxiliary assistive devices were used: a self-made 

assistive device using a 3D printer by the researchers 

(ShinHan Device; SHD) (Fig 1-(b)) and the existing 

prototype called hip positioning fixture for Hologic 

bone densitometer hip positioning fixture 010-0141 

(Hologic, MA, United States) (Fig. 1-(a)). 

(A) Hip Positioning Fixture for Hologic (Hologic tool)

(B) ShinHan Device (SHD)

Fig. 1. The assistive devices used in this study.

2. Manufacturing Assistive Device

The design for 3D printing was created using the 

CAD program Tinkercad (Autodesk, CA, United 

States). The 3D printing output was produced using a 

3D printer Form 2 (Formlabs, MA, United States) 

with stereolithography apparatus (SLA) technology, 

and the material used was clear resin. After printing, 

the assistive devices were washed using form wash 

and cured using form cure (Fig 2). 

The SHD consists of five parts, each with its 

specific role (Fig 3). First, angle adjustment parts; 

these parts have an angle adjustment function that 

allows the auxiliary assistive device to be tilted 

according to the angle of the ankle (Fig 3-(a)). 

Second, the support base; this part provides stability 

and prevents the angle adjustment part from shaking 
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(Fig 3-(b)). 

(A) 3D modeling using 
CAD program

(B) SLA type 3D printer

Fig. 2. SHD Fabrication Process.

Fig. 3. SHD components.
(a) angular adjusting part, (b) supporting part for 

angular adjusting part, (c) foot supporting part, (d) 
base part of the entire component, (e) heel length 
controller, (f) combined   SHD frontal view, (g) 

combined SHD lateral view

Third, foot support, this part directly supports the 

foot (Fig 3-(c)). Fourth, SHD bottom; this part forms 

the base of the entire assistive device and provides 

support by connecting with the angle adjustment, 

support base and position adjustment part (Fig 3-(d)). 

Fifth, position adjustment; this part adjusts the 

position of the heel during the examination (Fig 

3-(e)). Finally, SHD; the complete assembly of all 

parts forming the assistive device (Fig 3-(f), (g)). 

For the mortise view radiograph procedure, the foot 

is tilted at an angle of 15° to 20°. The assistive 

device supports the foot at the appropriate angle, 

allowing control of foot movement and maintaining a 

consistent ankle joint inclination angle during the 

examination. 

3. Image acquisition & measurement method

The method of acquiring images involved placing 

the phantom in the image receptor in the mortise view 

examination position and entering vertically toward 

the center of both lateral and medial malleoli. The 

radiographic examination conditions were set at 60 

kV, 100 mA, and 63 ms. The source to image 

distance (SID) was set at 100 cm, and the field of 

view (FOV) (Fig. 4).

Fig. 4. Radiograph image comparison between 
hologictool and SHD.

(a) mortise view with the hologic tool, (b) radiograph 
image of mortise view with the hologic tool, (c) 

mortise view with the SHD, (d) radiograph image of 
mortise view with the SHD
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In this study, image measurements were conducted 

by five operators from the Radiology Department at 

Shinhan University who participated in the study. 

They performed 10 measurements each at different 

times over a span of 10 days. Images acquired using 

the SHD method totaled 1,500 radiographic images, 

with 300 images per operator, while images obtained 

using the Hologic tool method also amounted to the 

same number. The measured area included the 

tibiofibular joint, the mortise joint, and the talar neck 

joint with the following measurement methods (figure 

5). Talotibial joint (TTJ) is the length between the 

inner malleolus end and a virtual parallel line 

connecting the tibial and fibular bones. Talocrural 

joint (TCJ) is the length between the lateral malleolus 

and the talar neck on the same parallel line as TTJ. 

Mortise joint (MJ) is the length between a virtual 

vertical line at the midpoint between the tibial and 

fibular bones and the talar bone.

Fig. 5. Radiograph Image Measurement method.

4. Data evaluation method

For radiographic image evaluation in this study, 

medical image standard (digital imaging and 

communications in medicine; DICOM) files were 

assessed using ImageJ software (National Institutes of 

Health, MD, United States). Statistical analysis was 

performed using the SPSS software (SPSS version 26, 

IL, United States). The data evaluation approach of 

this study involved five assessors presenting 

descriptive statistics (mean, standard deviation, 

minimum, maximum values) for the measurements 

taken at each location from the 3,000 images acquired 

using the SHD and Hologic tool methods. 

Furthermore, the interrater reliability (intraclass 

correction; ICC) among the operators for the 

measurements was analyzed. Independent sample 

t-tests were conducted to compare the mean 

measurements for each measurement location between 

the two tools in each image.

Ⅲ. RESULTS

The results of the measurements of TTJ, TCJ, and 

MJ lengths according to the measurement methods are 

as follows. When using SHD tool, the length of TTJ 

ranged from 39.42 to 39.47 mm, the length of TCJ 

ranged from 31.41 to 31.57 mm, and the length of 

MJ ranged from 21.21 to 21.23 mm. When using the 

Hologic tool, the length of TTJ ranged from 39.73 to 

39.79 mm, the length of TCJ ranged from 31.46 to 

31.50 mm, and the length of MJ ranged from 21.31 

to 21.35 mm. The inter-rater reliability for each 

measurement was all 0.99 (Table 1, 2, 3).

The results of the mean comparison of TTJ, TCJ, 

and MJ lengths measured with SHD and Hologic tool 

are as follows. For TTJ, the measurements were 

39.43±1.20 mm with SHD and 39.76±1.49 mm with 

Hologic tool. For TCJ, the measurements were 

31.50±0.96 mm with SHD and 31.48±1.13 mm with 

Hologic tool. For MJ, the measurements were 

21.22±0.82 mm with SHD and 21.33±1.12 mm with 

Hologic tool. Additionally, the mean differences 

between the two groups for TTJ and MJ were 

statistically significant (p<0.01, p<0.02), but for TCJ, 

there was no statistically significant difference 

(p>0.61) (Table 4). The difference in mean values 

between the TTJ and MJ groups was statistically 

significant (p<0.01, p<0.02), but not statistically 

significant in the TCJ group (p>0.61) (Table 4).
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Table 1. Descriptive statistics and reliability analysis result by operators according to the measurement method in TTJ

Location 
of measurement

Variables Operator N
Mean ± SD

(mm)
Min Max ICC

TTJ

SHD

A

300

39.45 ± 1.22 37.1 41.2

0.99

B 39.42 ± 1.23 37.1 41.3

C 39.47 ± 1.18 37.2 41.4

D 39.38 ± 1.21 37.2 41.3

E 39.44 ± 1.16 37.3 41.2

Hologic tool

A

300

39.73 ± 1.48 37.1 42.4

0.99

B 39.74 ± 1.48 37.2 42.5

C 39.78 ± 1.49 37.2 42.4

D 39.79 ± 1.51 37.3 42.3

E 39.74 ± 1.50 37.1 42.4

1 TTJ is talotibial joint and SHD is a self-made assistive device by researchers.
2 A, B, C, D, and E are operators.

3 All measured values were expressed as mean±SD, ICC was intraclass correlation coefficient, and p-value of all ICC was p<0.01.

Table 2. Descriptive statistics and reliability analysis result by operators according to the measurement method in TCJ

Location 
of measurement

Variables Operator N
Mean ± SD 

(mm) 
Min Max ICC

TCJ

SHD

A

300

31.41 ± 0.98 29.7 33.2

0.99

B 31.44 ± 0.96 29.7 33.3

C 31.54 ± 0.95 29.8 33.2

D 31.55 ± 0.97 29.7 33.3

E 31.57 ± 0.96 29.7 33.3

Hologic tool

A

300

31.46 ± 1.17 29.1 33.9

0.99

B 31.47 ± 1.16 29.2 33.8

C 31.50 ± 1.16 29.2 33.8

D 31.49 ± 1.09 29.1 33.7

E 31.48 ± 1.11 29.3 33.8

1 TCJ is talotibial joint and SHD is a self-made assistive device by researchers.
2 A, B, C, D, and E are operators.

3 All measured values were expressed as mean±SD, ICC was intraclass correlation coefficient, and p-value of all ICC was p<0.01.

Table 3. Descriptive statistics and reliability analysis result by operators according to the measurement method in MJ

Location of 
measurement

Variables Operator N
Mean ± SD

(mm)
Min Max ICC

MJ

SHD

A

300

21.21 ± 0.82 19.5 22.7

0.99

B 21.22 ± 0.85 19.6 22.9

C 21.21 ± 0.80 19.5 22.7

D 21.23 ± 0.83 19.4 22.8

E 21.23 ± 0.81 19.6 22.8

Hologic tool

A

300

21.35 ± 1.14 19.1 23.8

0.99

B 21.31 ± 1.12 19.2 23.7

C 21.35 ± 1.13 19.1 23.9

D 21.32 ± 1.14 19.3 23.8

E 21.32 ± 1.08 19.1 23.8

1 MJ is talotibial joint and SHD is a self-made assistive device by researchers.
2 A, B, C, D, and E are operators.

3 All measured values were expressed as mean±SD, ICC was intraclass correlation coefficient, and p-value of all ICC was p<0.01.
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Table 4. Mean comparison results of length of TTJ, TCJ, and MJ measured by SHD and Hologic tool

Location of 
measurement

Variables N
Mean ± SD

(mm)
Min Max t p

TTJ
SHD

1500

39.43 ± 1.20 37.1 41.4
-6.50 0.01

Hologic tool 39.76 ± 1.49 37.1 42.5

TCJ
SHD 31.50 ± 0.96 29.7 33.3

0.50 0.61
Hologic tool 31.48 ± 1.13 29.1 33.9

MJ
SHD 21.22 ± 0.82 19.4 22.9

-3.05 0.02
Hologic tool 21.33 ± 1.12 19.1 23.9

1 TTJ: talotibial joint, TCJ: talocrural joint, MJ: mortise joint2 A, B, C, D, and E are operators.
2 The p value is calculated by the independent t-test

Ⅳ. DISCUSSION

The ankle joint performs weight-bearing, standing, 

and walking functions while requiring motility[28-29]. In 

this joint that performs these functions, sprains and 

fractures commonly occur[1-3,30]. Early treatment and 

accurate examination are essential to prevent residual 

symptoms when the ankle joint is damaged[30-31]. To 

conduct accurate examinations, the radiologic 

technologist’s positioning must always be consistent, 

and standardized radiographic images must be 

obtained. Therefore, in this study, an ankle joint 

examination assistive device was developed. Using 3D 

printing technology, a rigid and cost-effective 

patient-customized assistive device was created[32-33]. 

This provisional 3D printing technology is useful in 

radiation therapy assistive devices, and various studies 

are underway [34]. In a preliminary study on assistive 

device production using a 3D printer, compensation 

for dual angles was made during the Law method 

using an assistive device[35]. In this case, the assistive 

device appeared in the radiographic image, causing 

artificial shading, which deteriorates image quality and 

makes it difficult to determine the lesion’s location. 

In another study, although 3D printing technology 

was not used, to avoid the occurrence of artifacts due 

to the use of assistive devices, a different approach 

was taken in the shape of the assistive device, and 

instead of larger and less practical assistive devices, 

separable and downsized assistive devices were 

created[19].

The study compared the changes in the lengths of 

TTJ, TCJ, and MJ when using SHD and Hologic 

tools based on the measuring operators. The results of 

the study showed that the ICC values for TTJ, TCJ, 

and MJ were all 0.99 when using SID and Hologic 

tools. Specifically, TCJ measurements showed that the 

mean value was 0.02 mm higher with SHD 

(31.50±0.96 mm) compared to Hologic tool 

(31.48±1.13 mm). However, this mean difference was 

not significant; SHD exhibited lower measurement 

errors. For TTJ measurements, SHD had a mean 

value of 39.43±1.20 mm, while Hologic tool had a 

mean value of 39.76±1.49 mm, resulting in a 

difference of 0.33 mm. For MJ measurements, SHD 

had a mean value of 21.22±0.82 mm, while Hologic 

tool had a mean value of 21.33±1.12 mm, resulting in 

a difference of 0.11 mm. Significant differences were 

observed in the mean differences for TTJ and MJ, 

with lower error ranges in the measurements. 

This suggests that SHD was easier to use for the 

mortise view examination positioning, leading to these 

results. Therefore, this study utilized 3D printing 

technology to create assistive devices that can be 

customized for patients, making it easier to maintain 

their posture during examinations. However, one 

limitation of this study was that the angles were 

designed specifically for the mortise view 
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examination. To enhance the performance of the 

assistive device, it is important to have versatility in 

angles that can be used. Therefore, future research 

should focus on developing assistive devices that 

allow for flexible angle adjustments during ankle joint 

examinations, ensuring high reproducibility of images 

regardless of the radiologic technologist’s proficiency.

Ⅴ. CONCLUSION

In conclusion, this study evaluated the usefulness of 

an ankle joint radiographic examination assistive 

device produced using a 3D printer for consistent 

ankle joint rotation angles and standardized image 

depiction in the mortise view examination. The 

average differences in the measurements of joint 

spacing of TTJ, TCJ, and MJ were as follows when 

using the SHD tool: TTJ decreased by 0.85%, MJ 

decreased by 0.52%, and TCJ increased by 0.06%. 

There was no significant difference in reliability 

between using SHD and Hologic tool. However, the 

use of SHD resulted in a decrease in error ranges for 

TTJ by 24%, TCJ by 17%, and MJ by 36% compared 

to using the Hologic tool. Therefore, using SHD tool 

allowed for consistent patient positioning 

implementation similar to the Hologic tool, while 

achieving less error-prone image reproductions. 

Additionally, the use of the assistive device did not 

introduce artifacts into the images.
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3D 프린터를 이용한 발목관절 검사 보조기구의 유용성 연구
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Mortise view 검사는 발목관절 검사로써 발목관절의 외상이나 염좌, 탈구가 의심되는 병변의 유무를 관찰
한다. mortise view 검사 시 사용되는 보조기구는 영상에 인공물을 발생하거나, 종류가 다양하지 않아 환자 
맞춤형으로 제작되지 않고 가격이 비싸다. 이에 본 연구는 3D 프린팅 기술을 이용하여 mortise view 검사 
보조기구(ShinHan Device; SHD)를 제작하였다. SHD를 사용했을 때와 시제품인 hologic tool을 사용했을 때
의 목말종아리관절, mortise 관절, 목말정강관절의 길이를 5명의 연구자가 측정하여 평가하였다. SHD를 사
용했을 때 평균값의 범위는 TTJ에서 39.42~39.47 mm, TCJ 31.41~31.57 mm, MJ 21.21~21.23 mm의 범위로 
나타났다. hologic tool를 사용했을 때는 TTJ 39.73~39.79 mm, TCJ 31.46~31.50 mm, MJ 21.31~21.35 mm의 
범위로 측정되었다. 본 연구결과, 모든 위치에서의 오차범위가 hologic tool에 비해 SHD를 사용 때 TTJ는 2
4%, TCJ는 17%, MJ는 36% 감소하였으며, SHD를 사용하였을 때 재현성 높은 검사자세를 구현할 수 있었
으며(ICC=0.99), hologic tool에서 발생하던 인공물을 제거한 영상을 획득할 수 있었다.

중심단어: 3D 프린터, 발목관절, Mortise 촬영, 보조기구, 방사선, 일반촬영




