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Design of well-matched end-structure of
anatomical proximal femoral locking plate based
on computer-assisted imaging combined with 3D

printing technology: a quality improvement study

Xiaoyang Jia, MD, PhD?, Kun Zhang, MD, PhD®, Minfei Qiang, MD, PhD®, Qinghui Han, MD®, Guojun Zhao, MD?,
Ying Wu, MD, PhD®, Yanxi Chen, MD, PhD**

Background: The extramedullary locking plate system was the common internal fixation method for hip fractures. However, \
common plates were poorly matched to femur, which was because they were designed based on anatomical parameters of the
Western populations. Therefore, the aim was to design an end-structure of the anatomical proximal femoral locking plate that closely
matched the anatomy of the Chinese population.

Materials and methods: From January 2010 to December 2021, consecutive patients aged 18 years and older who underwent a
full-length computed tomography scan of the femur were included. The end-structure (male and female model) of the anatomical
proximal femoral locking plate was designed based on anatomical parameters of femurs that were measured in three-dimensional
space using computer-assisted virtual technology. The match degree between the end-structure and femur were evaluated. Inter-
observer and intra-observer agreement for the evaluation of match degree was assessed. The matching evaluation based on a three-
dimensional printing model was regarded as the gold standard to assess the reliability.

Results: A total of 1672 patients were included, with 701 men and 971 women. Significant differences were seen between male
and female for all parameters of the proximal femur (all P < 0.001). All match degree of end-structure was over 90%. Inter-observer
and intra-observer agreement was almost perfect (all kappa value, > 0.81). The sensitivity, specificity, and percentage of correct
interpretation of matching evaluation in the computer-assisted virtual model was all greater than 95%. From femur reconstruction to
completion of internal fixation matching, the process takes about 3 min. Moreover, reconstruction, measurement, and matching
were all completed in one system.

Conclusions: The results showed that based on the larger sample of femoral anatomical parameters, a highly matching end-
structure of anatomical proximal femoral locking plate for Chinese population could be designed with use of computer-assisted
imaging technology.
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Introduction
fractures are the most common type of fracture encountered,

With rapid urbanization, motorization, and an aging population,  disabling 4.5 million people worldwide each year. The number of
the incidence of injury-related fractures is also increasing!*. Hip  people who will be living with disabilities is expected to increase
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to 21 million in the next 40 years>=®!
[71

health challenges to trauma surgeons'’".

The natural history of hip fractures is dismal if left
untreated. Therefore, timely surgery remains the mainstay
treatment'>!, With the development of internal fixation devices,
extramedullary systems have become a common method for
fixation of hip fractures, particularly the locking plate
system!® Y, From a biomechanical viewpoint, an appro-
priately contoured plate is crucial to establish a strong bone-
plate construction for fracture stabilization, even with a
locking compression plate!'*'3]. However, the current extra-
medullary plates do not match the proximal femur contour,
making it difficult to place the plate in the optimal
position37131, This increases the number of intraoperative
plate adjustments, operative time, and intraoperative blood
loss; a mispositioned plate has an altered biomechanical
behavior and weakens the mechanical stability of the injured
161 A poor match between the plate and the lateral
femoral edge is prone to large gaps, resulting in postoperative
complications such as congestion and infection.

The mismatch between the plate and proximal femur may
originate from the following points: First, most femoral locking
plate systems are designed based on anatomical parameters of the
Western population!'”*8] which significantly differ between
races 18191 Second, the traditional design of internal fixation
devices is primarily based on the morphological parameters of
cadavers. Cadaveric sample sizes are extremely limited, which
leads to the measured parameters being unrepresentative. Finally,
the anatomy of the proximal femur is complex, which causes
considerable difficulties in designing an ideal internal fixation
device.

No well-matched proximal femoral locking plate systems have
been designed based on the anatomical parameters of the Chinese
population. Therefore, the aim of this study was to design an end-
structure of the anatomical proximal femoral locking plate that
closely matched the anatomy of the Chinese population based on
an artificial intelligence image-fusion platform and a large data-
base, using computer-assisted imaging and three-dimensional
(3D) printing technology. Additionally, the purpose was to
develop an efficient and economical design process for internal
fixation systems, which can be used as a valuable reference in the
future. The hypothesis was that a well-matched end-structure of
the anatomical proximal femoral locking plate could be designed
by accurately measuring the anatomical parameters of the
proximal femur.

, which introduces new

bone

Materials and methods

Data sources

This study was approved by the Institutional Review Board. The
need for informed consent was waived because deidentified data
was used. This study was conducted using the hospital informa-
tion and imaging systems, which contain patient demographics
and imaging data from both the outpatient and inpatient settings.
This work was reported in accordance with SQUIRE 2.0
Criteria®®!, Supplemental Digital Content 1, http:/links.lww.
com/JS9/A245.
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HIGHLIGHTS

e End-structure design is based on the anatomical para-
meters of 1672 femurs.

e The match between the end-structure and proximal femur
is very good.

e The good match between the end-structure and proximal
femur is verified on the three-dimensional printing model.

e The design process for the internal fixation system is
efficient and economical, which is valuable experience for
future reference.

Study population

Consecutive patients aged 18 years and older who underwent
a full-length computed tomography (CT) scan of the femur
from 1 January 1 2010, to 31 December 31 2021 were
included (1773 patients; 748 males and 1025 female). Patients
with femoral deformities, hip osteoarthritis, femoral fractures,
previous hip surgery, or a history of femoral trauma were
excluded. Two experienced orthopedic surgeons reviewed all
the CT scans to confirm that each patient met the inclusion
and exclusion criteria.

3D model reconstruction

The thin-slice CT axial images of all femurs from a 16- or 32-
detector spiral CT scanner (GE LightSpeed; GE Medical Systems)
were imported into a computer-assisted orthopedic clinical
research platform (Superlmage system, orthopedic edition 1.1;
Cybermed)?1221, A 3D image of the femur was reconstructed
using a surface-shaded display algorithm with a reconstruction
interval of 0.625 mm (Fig. 1A, B). In the 3D surface-shaded
display images, component bones were distinguished using an
interactive automatic segmentation technique. Different bones
were labeled with distinct colors, and the femur was generated
after removing unrelated bones.

Parameter measurements

Relevant points, lines, and planes were defined to measure
anatomical parameters of the proximal femur (SFig. 1,
Supplemental Digital Content 2, http:/links.lww.com/]JS9/
A246, SFig. 2, Supplemental Digital Content 2, http://links.
lww.com/JS9/A246, and SFig. 3, Supplemental Digital Content
2, http://links.lww.com/JS9/A246). The length of the long axis
of the femoral neck was defined as the distance between the
two intersections of the femoral head and the lateral wall of
the femur along the central axis of the femoral neck (Fig. 1A).
The neck-shaft angle was the angle between the central axes of
the femoral neck and femoral shaft (Fig. 1A)!*®!. Anteversion
of the femoral neck was derived by determining the angle
between the transcondylar plane and the plane constructed by
the intersection of the axes of the femoral neck and shaft
(Fig. 1B)!?*!. The height of the lateral femoral wall was defined
as the vertical distance from the lateral femoral muscle crest to
the level of the lesser trochanter (Fig. 1C). The width of the
lateral femoral wall was defined as the anteroposterior dia-
meter of the femoral muscle crest on the lateral wall (Fig. 1D).
The superior radius of the lateral femoral wall was defined as
the radius of the best-fit circle at the lateral facet of the greater
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Figure 1. Anatomical parameters of the proximal femur. (A) Length of long axis of the femoral neck was the distance from point a to point b; point a, the intersection
of femoral head and central axis of the femoral neck (line 1); point b, the intersection of lateral wall and central axis of the femoral neck (line 1). Neck-shaft angel was
the angle between the central axis of the femoral neck (line 1) and the long axis the femoral shaft (line 2). (B) Anteversion of femoral neck was derived from
determining the angle between the transcondylar plane (plane 1) and the central axis of the femoral neck (line 1). (C) Height of the lateral femoral wall was the vertical
distance from the lateral femoral muscle crest (point c) to the level of the lesser trochanter (plane 2). (D) Width of the lateral femoral wall was the distance from point d
to point e; point d and point e, intersection of the horizontal plane of the femoral muscle crest on the cortex of the lateral wall. Radian of the lateral femoral wall (R0)
was the radius of a best-fit circle of the cross section of the lateral femoral muscle crest on the lateral femoral wall. (E, F, and G) Superior radius of lateral femoral wall
was the radius of a best-fit circle on the lateral facet of the greater trochanter, which was divided into anterior (r1), middle (r2), and posterior (r3) section. Inferior
radius of lateral femoral wall was the radius of a best-fit circle on the distal border of the greater trochanter, which was divided into anterior (R1), middle (R2), and

posterior (R3) section.

trochanter (Fig. 1E-G). The inferior radius of the lateral
femoral wall was defined as the radius of the best-fit circle at
the distal border of the greater trochanter (Fig. 1E-G). The
superior and inferior radii were divided into anterior, middle,
and posterior sections. The radian of the lateral femoral wall
was defined as the radius of the best-fit circle of the cross
section of the lateral femoral muscle crest (Fig. 1D).

Definition of end-structure matching

The first versions of the end-structure were designed based on
the anatomical parameters of the femur, and were divided into
four models based on the differences in skeletal morphology

between males and females (male, left and right; female, left
and right) (Fig. 2)['3**. The left and right models were mirror
structures. The matching of the end-structure and proximal
femur was evaluated using the computer-assisted orthopedic
clinical research platform (Fig. 3). Six gaps between the end-
structure and plate were identified as indicators and were
measured (Fig. 4). The gaps were as follows: superior and
inferior arcs anteriorly (Fig. 4A); superior and inferior arcs
posteriorly (Fig. 4B); proximal end (Fig. 4C); and distal end
(Fig. 4D). If the gap was less than or equal to 2 mm, it was
allotted 1 point. A total score of greater than or equal to 4 was
considered a good match.
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Figure 2. End-structure of anatomical proximal femoral locking plate. End-structure model was divided into male and female version according to the size. The left

and right model was mirror structure.

Evaluation of the degree of match of the end-structure

Matching was evaluated by two orthopedists. Each orthopedist
assessed the degree of match in a blinded and randomized man-
ner. If the match was less than 80%, the shape of the end-struc-
ture needed to be improved on until the match was greater than or
equal to 80%. Two weeks after achieving a satisfactory match
(>80%), the match degree of the last end-structure version was
re-evaluated for intra-observer analysis.

Verifying reliability of matching evaluation using a 3D printed-
model

A certain number of femurs were randomly selected in the matched
and unmatched groups, which was derived from data from the first
evaluation of the last end-structure version by Orthopedist 1. CT
scans of the femurs and end-structures were transferred to a 3D
printer (JGAurora Z-603S; JGAurora Technology). Life-sized 3D
models of the femurs and end-structures were obtained. The
matching evaluation based on the 3D printed models was regarded
as the gold standard for assessing the reliability of the matching
results based on computer-assisted virtual technology.

Statistical analysis

All parameters were examined for normality using the
Kolmogorov—Smirnov test. Quantitative variables are expressed

as means with SD or medians and interquartile ranges. The
categorical variables are presented as frequencies and
percentages.

Sex and side differences in parameters were compared using an
independent-sample ¢-test or Mann—Whitney U-test. Multireader
kappa (x) statistics were used to estimate the inter- and intra-
observer agreements of the matching degree. A value of
0.01-0.20 indicated slight agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 substantial agree-
ment, and 0.81-0.99 almost perfect agreement. Additionally,
zero indicated no agreement, - 1.00 indicated total disagreement,
and +1.00 indicated perfect agreement>!,

An overall P-value of less than 0.05 on two-sides was con-
sidered statistically significant. All statistical analyses were per-
formed using SAS (version 9.4; SAS Institute Inc.). The analyses
were performed by an independent statistician who was not
involved in matching evaluation.

Sample size estimation
Power analysis of the matched proportion

A sample size of 1329 would achieve approximately 80% power
to detect a superiority proportion (P0) of 80%, using a one-sided
binomial test for superiority, with a nominal significance level of
0.025 and an expected actual proportion (P1) of 83%!12°!.
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Figure 3. Example of intelligent recognition, fusion, and registration technique for end-structure and bone image. End-structure entered the window point-to-point
according to the central position to be placed on the proximal lateral wall of the femur. End-structure could be adjusted in three-dimensions and six degrees of
freedom, including forward movement, backward movement, and clockwise and counterclockwise rotation with the center point as the center of the circle.

Considering an attrition rate of ~15%, the total planned sample
size was 1600.

Power analysis of the accuracy of the virtual model matching
assessment

A sample of 46 each from the matched and unmatched groups
would achieve 80% power to detect a difference of 0.150
between the area under the ROC curve under the null hypothesis
of 0.700 and that under the alternative hypothesis of 0.850, using
a two-sided Z-test at a significance level of 0.0527), Considering
an attrition rate of ~10%, the planned total sample size was 100
(50 matched and 50 unmatched).

Results

Patient characteristics

Of the 1773 patients, 101 (5.7%) were excluded based on one or
more of the exclusion criteria. The final study of 1672 patients
included 701 (41.9%) men (mean age, 47.2+ 5.8 years; range,
18-81 years) and 971 (58.1%) women (mean age,
49.4+£6.0 years; range, 18-78 years). There were 864 (51.7%)
left femurs and 808 (48.3%) right femurs.

Anatomical parameters of the femur

The length of the long axis of the femoral neck averaged
95.2+7.5 mm. The average neck-shaft angle and femoral neck
anteversion were 130.6°+ 5.4° and 12.8°+4.2°, respectively. The
average height and width of the lateral femoral wall was

15.8+3.6 mm and 25.2+2.5 mm, respectively. The superior
radius of the anterior, middle, and posterior sections of the lateral
wall was 14.2+2.6 mm, 12.8+2.2 mm, and 20.7+3.0 mm,
respectively. The inferior radius of the anterior, middle, and
posterior sections of the lateral wall was 35.3+4.3 mm,
56.0+6.0 mm, and 90.6 £ 9.3 mm, respectively. The radian of the
lateral femoral wall was 20.3+2.6 mm. Significant differences
were observed between males and females for all the above
parameters (all P<0.001) (Table 1). However, there was no
significant difference in the parameters between the left and right
sides (Table 1).

Matching degree

In the first version of the end-structure model, the total match rate
was 75.0% (526/701 patients) for males and 76.9% (747/971
patients) for females (Table 2). After improving the end-structure
model, the total match rate based on orthopedist 1’s first eva-
luation increased to 91.0% (638/701 patients) for males and
92.2% (895/971 patients) for females (Table 3). Similar results
were observed in the first evaluation by orthopedist 2
and the second evaluation by both orthopedists (STable 1,
Supplemental Digital Content 2, http:/links.lww.com/]S9/A246,
2, Supplemental Digital Content 2, http:/links.lww.com/JS9/
A246, and 3, Supplemental Digital Content 2, http:/links.lww.
com/]JS9/A246).

Inter- and intra-observer reliability

Inter-observer agreement was almost perfect in the first (mean
k=0.841 for males; mean k=0.865 for females) and second
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Figure 4. Six gaps between the end-structure and plate were identified as indicators and were measured. If the gap was less than or equal to 2 mm, it was allotted 1
point. A total score of greater than or equal to 4 was considered a good match. (A) Anterior, superior arc (gap 1), and inferior arc (gap 2) of the lateral femoral wall. (B)
Posterior, superior arc (gap 3), and inferior arc (gap 4) of the lateral femoral wall. (C) Proximal end (gap 5). (D) Distal end (gap 6).

(mean x =0.943 for male; mean x = 0.862 for female) evaluations
(Table 4). The intra-observer agreement was almost perfect for
orthopedist 1 (mean x=0.828 for males; mean x=0.891 for
females) and orthopedist 2 (mean k=0.935 for males; mean
k=0.912 for females) (Table 3).

Reliability of matching evaluation

The sensitivity and specificity of the matching evaluation based
on the computer-assisted virtual model were 96.1% (49/51) and
98.0% (48/49), respectively (Table 6). The percentage of correct
interpretations was 97.0% (97/100) (Table 6). The sensitivity,
specificity, and percentage of correct interpretations in the male
and female models are shown in Table 6.

Discussion

This study showed that a highly matching end-structure of the
anatomical proximal femoral locking plate for the Chinese
population can be designed using computer-assisted imaging
technology and based on a large sample of femoral anatomical

parameters. Meanwhile, the efficient and economical process for
designing internal fixation systems, which has been described in
this study, is valuable for future studies.

Accurate anatomical parameters of the femur are important for
designing internal fixation systems. At present, the design of main-
stream internal fixation devices was mostly based on the anatomical
parameters of the Western populations’” >3], Asian populations
have significantly different osseous anatomy compared to Western
populations, which could be the main reason for the plate and femur
mismatch™ 23], Therefore, it is necessary to accurately measure the
femoral anatomical parameters of the Chinese population and design
a suitable internal fixation system. However, the femoral anatomical
structure of the Chinese population has not been extensively studied.
Moreover, the femoral anatomical parameters have been previously
measured in cadavers and on radiographs or conventional
CT™32328] \which have their own limitations. First, it was difficult to
obtain cadaver specimens and carry out large sample-sized pro-
spective studies. Radiographs may be limited by the position of the
patient’s limbs. Finally, the selection of axial CT images may be
affected by the position of the limb and the reconstruction interval. In
the current study, anatomical parameters of the proximal femur in
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Anatomical parameters of proximal femur*

Sex Side
Total Male Female Left Right
Parameters (n=1672) (n=701) (n=971) Mean difference P (n=23864) (n=808) Mean difference P
Length of long axis of femoral neck 95.2 (7.5) 971 (7.9 93.9(7.0) 3.2 (2.4-3.9) <0.001  95.1(7.6) 954 (75 -0.3(-1.0-0.4) 0.40
(mm)
Neck-shaft angel (°) 130.6 5.4) 129.1 (6.2 131.7 (5.2 —-256(-31t0 <0.001 130.8(5.6) 130.3(5.1) 0.5(-0.003-1.0) 0.05
—-2.1)
Anteversion of femoral neck (°) 12.8 (4.2) 10.53.5) 14.5 3.9 -39 (-4310 <0.001 129 @4.1) 127 (4.3) 02(-03-0.6) 047
—3.6)

Height of lateral wall (mm) 15.8 (3.6) 17.7 3.0) 14.4 3.4) 3.3(3.0-3.6) <0.001  15.9 (3.6) 157 @3.7) 02(-02-0.5 0.39

Width of lateral wall (mm) 25.2 (2.5) 27.5(1.7) 23.5(1.4) 4.0(3.94.2) <0.001 25.2(2.5) 25.2 (2.9) —0.009 0.94
(-0.3-0.2)

Superior radius (mm)

Anterior 14.2 (2.6) 16.5(1.9) 125 (1.4) 41(3.9-4.2) <0.001  14.2(2.6) 14.2 (2.6) —-0.05 0.72
(-0.3-0.2

Middle 12.8 (2.2 14.4(1.9) 11.5(1.5) 3.0 (2.8-3.1) <0.001 12822 12.8 (2.2) —0.002 0.99
(—=0.2-0.2)

Posterior 20.7 (3.0 22.4 (3.0 19.4 (2.2) 3.0 (2.8-3.3) <0.001  20.6 (3.0) 208 (29 —0.1(-0.4-0.2) 0.40

Inferior radius (mm)

Anterior 35.3 (4.3 36.6 (4.4) 34.3 (4.0) 23(1.9-2.7) <0.001 35342 35245 02(-0.2-06) 0.40

Middle 56.0 (6.0) 57.6 (7.0 54.8 (5.0) 2.8 (2.2-3.4) <0.001 56.3(5.9 55.6 (6.2) 0.7 (0.1-1.3)  0.02

Posterior 90.6 (9.3) 92.0 (10.3) 89.6 (8.4) 2.3(1.4-3.2) <0.001  90.7 (9.6) 905(09.00 02(-0.7-1.1) 0.66

Radian of lateral wall (mm) 20.3 (2.6) 21.23.0) 19.6 (2.0) 1.7(1.4-1.9 <0.001 20.3(2.6) 20.3 (2.6) —0.05 0.72
(—0.3-0.2

P values are based on independent-sample test or Mann—Whitney U test.

*Normally distributed data are presented as mean (standard deviation) and data that are not normally distributed are presented as medians (ranges or interquartile ranges).

Table 2
Matching rate of end-structure of anatomical proximal femoral locking plate before modification.
Male Female
Total (n=701) Left (n=358) Right (n=2343) Total (n=971) Left (n=506) Right (n=465)
Matched 526 (75.0%) 269 (75.1%) 257 (74.9%) 747 (76.9%) 391 (77.3%) 356 (76.6%)
Unmatched 175 (25.0%) 89 (24.9%) 86 (25.1%) 224 (23.1%) 115 (22.7%) 109 (23.4%)

Data are presented as number (percentage).

Matching rate of end-structure of anatomical proximal femoral locking plate after modification at first evaluation of orthopedist 1.

Male Female
Total (n=701) Left (n=358) Right (n=2343) Total (n=971) Left (n=506) Right (n=465)
Matched 638 (91.0%) 330 (92.2%) 308 (89.8%) 895 (92.2%) 455 (89.9%) 440 (94.6%)
Unmatched 63 (9.0%) 28 (7.8%) 35 (10.2%) 76 (7.8%) 51 (10.1%) 25 (5.4%)

Data are presented as number (percentage).
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Interobserver agreement on matching of end-structure of anatomical proximal femoral locking plate.

Orthopedist 2
Male Female
First evaluation Second evaluation First evaluation Second evaluation

Orthopedist 1 Matched Unmatched Matched Unmatched Matched Unmatched Matched Unmatched
First evaluation

Matched 630" 8 NA NA 890* 5 NA NA

Unmatched 10 53* NA NA 13 63* NA NA
Second evaluation

Matched NA NA 641* 2 NA NA 892" 6

Unmatched NA NA 4 54* NA NA 12 61*

*Data are number of agreements.
NA indicate not appliable.

Chinese individuals were accurately measured using 3D CT images.
Furthermore, the CT images were obtained from a large sample,
which was a good representation of the population. Similar to that in
previous studies, there were significant differences in the anatomical
parameters of the proximal femur between the men and women in
our study">??!, Therefore, two sets of end-structure models were
designed according to sex. No significant difference was observed in
the anatomical parameters between the left and right sides. Thus,
when designing the left and right end-structures, mirror image pro-
cessing alone was adequate.

To evaluate and verify the agreement of matching between the
bone and end-structure based on the computer-assisted virtual
reconstruction, two orthopedists conducted two evaluations; the
inter- and intra-observer agreements were also calculated. Almost
perfect agreement was achieved in the study (Fig. 5). Thereafter,
100 3D models of the femur and end-structure were printed as the
gold standard to verify the reliability of evaluating structural
matching virtually. Satisfactory sensitivity, specificity, and per-
centage of correct interpretations were observed in the
virtual mode (Fig. 6).

The methodology used for measuring parameters in this study
was scientific and reliable, which has been proven by previous
studies®**!, In addition, the end-structure design process was
economical and efficient. Virtual reconstruction and matching
were performed using a computer-aided orthopedic clinical

research platform developed by our research team. Therefore, no
additional costs were incurred. Certain additional costs were
incurred in the 3D printing process. However, to ensure the sta-
tistical power, a certain number of models were randomly selec-
ted for printing, which allowed some control of the cost. The
process from femur reconstruction to completion of internal
fixation matching took ~3 min. Moreover, reconstruction, mea-
surement, and matching were all completed in one system.

This study had some limitations. First, the included patients
were not randomly selected from the overall social population,
which could have led to some selection bias. However, this was
considered during the study-design stage, and the minimum
sample size was determined using a power analysis. The current
study included a larger sample size than the calculated minimum
size, making the study highly reliable. However, random sam-
pling based on a larger sample population is required in future
studies. Second, end-structure of the proximal femoral plate was
not biomechanically evaluated. Biomechanical evaluation of
internal fixation systems, including that of cadaveric and finite
element computational biomechanics'®%%3!, is an important and
indispensable process before clinical application. However, the
postproduction end-structure of this study used special metal
materials and corresponding thicknesses that have been widely
used in clinical practice, and the main purpose of this study was to
design a well-matched end-structure of the proximal femoral

Intraobserver agreement on matching of end-structure of anatomical proximal femoral locking plate.

Second evaluation

Male Female
Orthopedist 1 Orthopedist 2 Orthopedist 1 Orthopedist 2

First evaluation Matched Unmatched Matched Unmatched Matched Unmatched Matched Unmatched
Orthopedist 1

Matched 631* 7 NA NA 889" 6 NA NA

Unmatched 12 51* NA NA 9 67" NA NA
Orthopedist 2

Matched NA NA 639* 1 NA NA 898" 5

Unmatched NA NA 6 55* NA NA 6 62*

*Data are number of agreements.
NA indicate not appliable.
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Assessment of the accuracy of the end-structure matching evaluation based on computer-assisted virtual technology.

Ture result (3D printing)

Ture result (3D printing) Male Female
Computer-assisted Matched Unmatched Total Matched Unmatched Matched Unmatched Total
Matched 49* 1 50 26" 1 23" 0 50
Unmatched 2 48+ 50 1 23t 1 25t 50
Total 51 49 100 27 24 24 25 100

*Data are used to calculate sensitivity.
tData are used to calculate specificity.

plate. In addition, the end-structure will be biomechanically
evaluated in our subsequent studies. Third, some people may
argue that the degree of match between the end-structure and
proximal femur was evaluated on computer-assisted 3D images
and not on actual clinical patients, which might affect its clinical
application. However, this concern may be allayed for the fol-
lowing reasons: no significant difference has been reported in the
measurement of bone morphology parameters between 3D ima-
ges and real bones>*); the sample size of this study was relatively
large and was representative of the population; and good relia-
bility of the end-structure matching was demonstrated using 3D

printed models. No significant difference has been reported in the
morphological parameters between 1:1 3D printed models and
real bones!®>>3°!, Evaluation of the clinical efficacy of the end-
structure will be the focus of our future studies.

Conclusion

This study accurately measured the anatomical parameters of the
proximal femur in a large sample of the Chinese population. An
end-structure of the proximal femoral locking plate was designed
in line with the measured skeletal morphological characteristics.

Anterior

Figure 5. Good match was achieved between proximal femur and end-structure that was designed based on large samples of anatomical parameters of femur on
the Chinese population. From anterior (A), posterior (B), proximal end (C), and distal end (D) directions, there were no obvious gap between end-structure and

proximal femur.
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* Posterior

Figure 6. End-structure of anatomical proximal femoral locking plate of three-dimensional printing (A and B) and titanium alloy (C and D). Good match was achieved
between proximal femur and end-structure in three-dimensional printing model (E, F, G, and H) and titanium alloy model (I, J, K, and L).

Additionally, this study employed an innovative process for
designing internal fixation systems. This process verified the
matching of large samples of bones and internal fixation systems
in a relatively short time in an economical and efficient manner.
Additionally, it determined a design that conformed to the ana-
tomical shape of bone to the maximum extent. The methodology
described in this study will be a valuable reference for future
studies.
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