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Abstract
Background  The lateral femoral wall is an important anatomical parameter of the proximal femur, but intramedullary 
nail fixation for intertrochanteric fractures may cause iatrogenic lateral wall fractures due to population-based design 
differences. This study aims to measure the anatomical parameters of the proximal femoral medullary cavity and 
provide data to help design intramedullary nails tailored to the Chinese population to reduce the risk of complications 
such as lateral wall fractures.

Methods  Consecutive patients undergoing full-length or upper half CT scans of the femur were included from 
January 2010 to December 2021. The anatomical parameters of medullary cavity were defined and measured, 
including prominence length, canal-shaft angle and proximal minimum diameter. Intraclass Correlation Coefficient 
(ICC) was used to estimate the inter- and intra-observer agreements.

Results  A total of 168 patients, comprising 78 men and 90 women, were included. The mean prominence length 
was 67.4 ± 4.9 mm (males: 70.8 ± 3.6 mm, females: 64.4 ± 3.9 mm). The mean canal-shaft angle was 5.5° ± 0.7° (males: 
5.6 ± 0.8°, females: 5.5 ± 0.7°). The mean proximal minimum diameter was 22.7 ± 1.8 mm (males: 24.0 ± 1.5 mm, females: 
21.6 ± 1.4 mm) at the level of 1/3 prominence length from bottom to top. Gender differences were observed in 
these parameters (p < 0.001) except for the canal-shaft angle (p = 0.45). The mean proximal minimum diameter was 
significantly larger in the group aged 50 years and older (23.1 ± 1.7 mm) compared to the group younger than 50 
years (22.4 ± 1.9 mm) (p = 0.02). Inter- and intra-observer agreement was almost perfect for all the parameters (all ICC 
values > 0.8).

Conclusions  Males have a longer prominence length and larger proximal minimum diameter than females. The 
proximal minimum diameter is larger in the older population than in the younger population. The measurement 
results help support the design of intramedullary nails tailored to the Chinese population.
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Introduction
Hip fractures are the most prevalent type of fractures 
in the elderly population, disabling 4.5  million people 
worldwide every year [1, 2]. As the population ages, 
the incidence of these fractures continues to rise, with 
nearly half being intertrochanteric fractures [3]. When 
not treated promptly, these fractures result in poor out-
comes [4]. Surgical intervention is the primary approach 
for treating intertrochanteric fractures and intramed-
ullary nails are widely used due to their biomechanical 
advantages [5]. Research shows that intramedullary nails 
can lead to iatrogenic lateral wall fractures [6–8]. The 
integrity of the lateral wall is vital for ensuring internal 
fixation stability in intertrochanteric fractures, which can 
affect postoperative function [9]. It has been identified 
as an important predictor of a reoperation in unstable 
intertrochanteric fractures [10]. Iatrogenic lateral wall 
fractures may result from improper nail insertion paths 
or forceful insertion during surgery, as well as the weak 
state of lateral wall [11]. Apart from these factors, the risk 
of iatrogenic lateral wall fractures may also relate to the 
design of intramedullary nails. Mainstream intramedul-
lary nails are designed derived from the femoral anatomy 
of Western populations. Compared to Western popula-
tions, Asians typically have narrower medullary canals, 
shorter femoral necks, and smaller neck-shaft angles 
[12–14]. These anatomical differences between Asian and 
Western populations contribute to a mismatch between 
intramedullary nails and the proximal femoral struc-
ture in Asians. The narrower medullary canal in Asians 
increases the risk of the intramedullary nail compressing 
the lateral cortex, leading to lateral wall fractures. Even 
the widely used Asian-modified PFNA-II (Proximal Fem-
oral Nail Antirotation-II) can cause iatrogenic fractures 
[6]. Studies also reported its proximal nail protrusion and 
distal nail impingement in Chinese populations, indicat-
ing the need for further design improvements [15–17].

Currently, there is no intramedullary fixation system 
designed specifically for Chinese individuals. Despite 
large-scale studies measuring femoral parameters in 
Asians [18–20], sufficient data on the anatomical param-
eters of the proximal femoral medullary cavity in the Chi-
nese population is still lacking. Therefore, this study aims 
to use three-dimensional reconstruction models of the 
femur to measure some important anatomical param-
eters related to the proximal femoral medullary cavity 
in the Chinese population, which are directly associated 
with the matching of intramedullary nails. The signifi-
cance of this study lies in designing intramedullary nails 

anatomically suitable for the Chinese population based 
on these anatomical parameters.

Materials and methods
Study population
Consecutive patients aged 18 years and above who had 
full-length or upper half CT scans of the femur were 
included from January 1, 2010 to December 31, 2021. 
These patients primarily included trauma patients (who 
were later diagnosed with soft tissue injuries or milder 
conditions, rather than fractures) and patients who 
underwent lower limb CT angiography due to vascular-
related conditions. The exclusion criteria included hip 
osteoarthritis, femoral fractures, previous hip surgeries, 
femoral deformities, or any history of femoral trauma. 
Hospital information and medical imaging systems pro-
vided demographic and imaging information of patients 
across outpatient and inpatient settings. A young ortho-
pedic surgeon reviewed the clinical and imaging data to 
confirm eligibility. This study was approved by the Insti-
tutional Review Board of East Hospital, Tongji University 
School of Medicine, which also waived the requirement 
for informed consent due to the use of deidentified data.

Three-dimensional model reconstruction
A series of CT axial images of the proximal femur were 
acquired using a 16- or 32-detector spiral CT scan-
ner (GE LightSpeed; GE Medical Systems) and then 
imported into the computer-assisted orthopedic clinical 
research platform (SuperImage system, orthopedic edi-
tion 1.1; Cybermed) [21–23]. Three-Dimensional models 
of the proximal femur were reconstructed at 0.625  mm 
interval by a surface shading algorithm. Different bones 
were labeled and unrelated bones were removed by using 
an interactive automatic segmentation technique. Corti-
cal bone and medullary cavity were differentiated based 
on CT thresholds. 77.

Parameter measurements
Important reference points, lines, and planes were 
defined as follows for further measurement of the proxi-
mal femoral medullary cavity. The lower boundary was 
the horizontal plane at the intersection (Point C) of the 
lateral cortex and the parallel line to the axis of the femo-
ral neck which passed through the inferior margin of the 
femoral neck. The upper boundary was the horizontal 
plane that passed through the greater trochanter apex 
(Point D) (Fig.  1a). Best fit circles and their centers for 
the medullary cavity were automatically generated by our 
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software in each slice from bottom to top after manu-
ally selecting the contour of medullary cavity (Fig. 1b). A 
series of planes were created at 1.5 mm intervals from the 
lower bottom boundary (Plane 1) to the upper boundary 
(Plane 2), dividing the proximal femur into several slices 
(Fig. 1c). After obtaining a series of planes, a series of fit-
ted circle centers for the medullary cavity were generated 
in each plane. A trajectory was formed by these centers. 
Due to the irregular shape of the medullary cavity near 
the greater trochanter apex, the generated centers in this 
region deviated significantly from the actual path of the 
intramedullary nail. Additionally, the region is inevitably 
destroyed during nail insertion in surgery; therefore, the 
area above the lowest point on the superior margin of the 
femoral neck was excluded (Fig. 2a). A fit line was drawn 
along the center trajectory, passing through the bottom 
center of medullary cavity, based on the coordinates of 
each center. The canal-shaft angle was determined by 
the fit line of the trajectory and the femoral shaft axis in 
the anterior view, which was used to assess the proper 
medial-lateral angel of intramedullary nails (Fig. 2b).

The prominence length was defined as the distance 
between the great trochanter apex and the bottom center 
of medullary cavity to describe the length of the proxi-
mal portion of intramedullary nail (Fig. 3a). The proximal 

minimum diameter was automatically generated by the 
software based on its center (Fig.  1b). It was the diam-
eter of the smallest circle that just tangentially meet the 
inner side of the cortex. Although the proximal minimum 
diameter of all slices was measured, five additional levels 
of the proximal minimum diameter were added based on 
specific proportions of the prominence length for better 
comparison from bottom to top, corresponding to the 
bottom center, 1/6 of the prominence length, 1/3 of the 
prominence length, 1/2 of the prominence length and 2/3 
of the prominence length (Fig. 3b).

Statistical analysis
Normality of all parameters was assessed with the Kol-
mogorov-Smirnov test. Quantitative variables were 
presented as means with standard deviations (SD) or 
medians with interquartile ranges. Gender and age dif-
ferences were analyzed using an independent-sample 
t-test or Mann–Whitney U-test. A two-sided p value 
below 0.05 was considered statistically significant. The 
Intraclass Correlation Coefficient (ICC) for the two-way 
random effects model was used to estimate the inter- and 
intra-observer agreements. ICC values ranged from 0 
to 1, with interpretations as follows: ICC < 0.2 indicated 
poor agreement, 0.2 to 0.4 indicated fair agreement, 0.4 

Fig. 1  Relevant points, lines, and planes were defined. (a) Point A and B were the centers of femoral head and femoral neck, respectively. Line 1 was the 
axis of the femoral neck formed by point A and point B. Line 2 was parallel to line 1. It passed through the inferior margin of the femoral neck and inter-
sected the lateral cortex at point C. Point D was the greater trochanter apex. Points E and F were the centers of the best fit circles within the medullary 
cavity at approximately 2 cm and 5 cm below the lesser trochanter, respectively. Line 3 was the femoral shaft axis formed by point E and point F. Point G 
was the lowest point on the superior margin of the femoral neck; (b) The best fit circle, its center, as well as the minimum diameter, were automatically 
generated by the computer-assisted orthopedic clinical research platform (SuperImage system, orthopedic edition 1.1; Cybermed); (c) A series of planes 
were created at 1.5 mm intervals from plane 1 (the level of point c) to plane 2 (the level of point d), dividing the proximal femur into several slices
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to 0.6 indicated moderate agreement, 0.6 to 0.8 indicated 
substantial agreement, and 0.8 to 1.0 indicated almost 
perfect agreement. Data analysis and plotting were per-
formed by SPSS software (version 26.0, IBM Corpora-
tion, Armonk, NY, USA).

Results
Among these patients, there were 78 (46.4%) men (mean 
age, 46.2 ± 9.5 years; range, 21 to 74 years) and 90 (53.6%) 
women (mean age, 49.4 ± 10.0 years; range, 21 to 75 
years).

Prominence length
The mean prominence length was 67.4 ± 4.9 mm (range, 
56.5 to 77.1  mm). The average prominence length in 
males was about 6 to 7  mm longer than in females 
(Table 1; Fig. 4a, p < 0.001).

Canal-shaft angle
The mean canal-shaft angle was 5.5° ± 0.7° (range, 3.7° to 
7.9°). The canal-shaft angle was similar between males 
and females, with no significant gender differences 
observed (Table 1; Fig. 4b, p = 0.45).

Proximal minimum diameter
The proximal minimum diameter was compared across 
five representative levels. The mean proximal minimum 
diameter from L1 to L5 was 17.8 ± 2.1  mm (range, 13.6 
to 23.0  mm), 19.8 ± 1.9  mm (range, 15.9 to 24.8  mm), 
22.7 ± 1.8  mm (range, 18.7 to 27.1  mm), 27.0 ± 2.0  mm 
(range, 22.8 to 31.7 mm) and 24.1 ± 2.2 mm (range, 18.9 
to 29.3  mm), respectively. The results indicated a trend 
of widening followed by narrowing from bottom to top. 
Besides, the average proximal minimum diameter in 
males was greater than in females at all the five levels 
(Table 1; Fig. 5, all p < 0.001).

Age-based analysis
Based on the characteristics of osteoporosis onset [24, 
25], the population was divided into two groups: indi-
viduals younger than 50 years and those aged 50 years or 
older. The mean proximal minimum diameter for individ-
uals aged 50 and older (n = 75) was 23.1 ± 1.7 mm, while 
for those younger than 50 (n = 93), it was 22.4 ± 1.9  mm 
(p = 0.02). Within each age group, comparisons were 
made between males and females. In women, the mean 
proximal minimum diameter for those aged 50 and older 
(n = 49) was 22.3 ± 1.2 mm, while for those younger than 
50(n = 41), it was 20.8 ± 1.0  mm (p < 0.001). In men, the 
mean proximal minimum diameter for those aged 50 and 

Fig. 2  (a) Best fit circles were drawn for the medullary cavity in each slice from bottom to top, and the center of these circles were connected to form a 
trajectory. Considering that the region near the greater trochanter apex would inevitably be destroyed during surgery, the area above the lowest point 
on the superior margin of the femoral neck was excluded; (b) A fit line was drawn along the center trajectory, and it passed through the bottom center of 
medullary cavity. The canal-shaft angle was defined as the angle between the fit line and the femoral shaft axis in the anterior view
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older (n = 26) was 24.6 ± 1.4 mm, while for those younger 
than 50 (n = 52), it was 23.7 ± 1.4  mm (p = 0.006). The 
results showed that the mean proximal minimum diame-
ter was significantly larger in the group aged 50 years and 
older compared to the group younger than 50 years, with 

this difference being observed both overall and within 
each gender subgroup.

Inter- and intra-observer reliability
The intra-observer agreement for prominence length, 
canal-shaft angle, and proximal minimum was 0.975, 
0.930 and 0.958, respectively. The inter-observer agree-
ment for prominence length, canal-shaft angle, and prox-
imal minimum was 0.932, 0.879 and 0.914, respectively. 
Inter- and intra-observer agreement was almost perfect 
for all the anatomical parameters (all ICC values > 0.8).

Discussion
This study used 3D reconstruction models of the proxi-
mal femur to measure important anatomical param-
eters in Chinese individuals. Based on these anatomical 
parameters, it would be possible to further design proxi-
mal femoral intramedullary nails anatomically suited to 
the Chinese population. Currently, mainstream intra-
medullary nails designed based on Western anatomi-
cal parameters do not fit well with Asian populations 
[14]. However, the anatomical structure of the Chinese 
population remains under-researched. There are some 
previous measurement made by cadavers, radiographs 
or conventional CT [26–29]. However, these studies are 

Table 1  Anatomical parameters of the medullary cavity of 
proximal femur
Parameters Total(n = 168) Male(n = 78) Female(n = 90) P*

Prominence 
length (mm)

67.4 ± 4.9 70.8 ± 3.6 64.4 ± 3.9 < 0.001

Canal-shaft 
angle (°)

5.5 ± 0.7 5.6 ± 0.8 5.5 ± 0.7 0.45

Proximal 
minimum 
diameter# 
(mm)
L1 (bottom) 17.8 ± 2.1 18.8 ± 2.1 16.8 ± 1.5 < 0.001
L2 (1/6) 19.8 ± 1.9 20.9 ± 1.8 18.8 ± 1.4 < 0.001
L3 (1/3) 22.7 ± 1.8 24.0 ± 1.5 21.6 ± 1.4 < 0.001
L4 (1/2) 27.0 ± 2.0 28.4 ± 1.4 25.8 ± 1.5 < 0.001
L5 (2/3) 24.1 ± 2.2 25.5 ± 1.9 22.9 ± 1.6 < 0.001
The results all follow a normal distribution so they are expressed as 
mean ± standard deviation
*P values are based on independent-sample t-test
#Starting from bottom to top, levels (L1-L5) were measured at intervals of 1/6 of 
the prominence length up to 2/3 of its total length

Fig. 3  (a) The prominence length was defined as the distance between the great trochanter apex and the bottom center of medullary cavity to describe 
the length of the proximal portion of intramedullary nail. The simulated proximal intramedullary nail was combined by the teardrop-shaped lower one-
third (brown part) and the cylindrical upper two-thirds (grey part); (b) The slice and proximal minimum diameter were shown at five levels from bottom 
to top, corresponding to the bottom center, 1/6 of the prominence length, 1/3 of the prominence length, 1/2 of the prominence length and 2/3 of the 
prominence length
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limited by small sample sizes and the lack of more pre-
cise measurements through three-dimensional recon-
struction. This study used 168 cases of 3D reconstruction 
models to ensure measurement accuracy and represen-
tativeness. And the ICC values indicated almost perfect 
inter- and intra-observer agreements.

The definition of prominence length is intended to 
explore the appropriate length of the proximal portion of 
the intramedullary nail. Designing an appropriate promi-
nence length is critical for surgical success and patient 
comfort. The result showed the mean prominence length 
was 67.4 mm. Excessive length at the proximal end may 
cause the intramedullary nail to protrude beyond the 
greater trochanter. Attempting to insert this protrud-
ing part forcefully can lead to rupture of the lateral wall 
during surgery. The protruding proximal end may also 
induce hip pain in patients postoperatively [15, 30]. On 
the other hand, If the length is too short, it may cause dif-
ficulty in removing the nail.

The proximal minimum diameter acts as a reference 
for the proximal diameter of intramedullary nail. Experts 
recommended that the reaming diameter should be 
1–2 mm larger than the diameter of the nail [18, 31]. The 
proximal diameter of the nail should be slightly smaller 
than the proximal minimum diameter to provide ade-
quate mechanical support without compressing the lat-
eral wall. Our complete result measured from bottom to 
top at 1.5 mm intervals was not shown due to the large 
number of slices. Instead, the minimum diameter was 

measured additionally at five levels based on specific pro-
portions of the prominence length to get a clear compari-
son across different regions. The results indicated a trend 
of widening followed by narrowing for the medullary 
Cavity from bottom to top. In the lower third part (L1 
to L3), the geometry of the medullary cavity is approxi-
mately teardrop-shaped. Designing the intramedullary 
nail with a teardrop shape for this part may better match 
the medullary cavity. Besides, age is an important factor 
influencing the diameter of the medullary cavity, with 
older individuals having a wider medullary cavity. Addi-
tionally, the effect of age on the medullary cavity diam-
eter is more evident in women than in men, likely due to 
the higher rate of bone loss in women. This also explains 
why women in the elderly population are more prone to 
intertrochanteric femoral fractures compared to men.

Both prominence length and proximal minimum diam-
eter exhibit significant gender differences (p < 0.001). To 
better match different femoral anatomical structure, we 
recommend designing the proximal length and diameter 
of intramedullary nails to be variable, with options avail-
able for both males and females.

The canal-shaft angle was compared to the medial-lat-
eral angle of intramedullary nails, which plays an impor-
tant role in determining the nail insertion path together 
with the entry point. An incorrect angle may cause dif-
ficulties during insertion or lead to complications such as 
fracture of the inner or outer cortical bone due to com-
pression. To obtain a suitable insertion path, previous 

Fig. 4  Gender differences in prominence length and canal-shaft angle. (a) Prominence length; (b) Canal-shaft angle
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studies suggested placing the entry point 5  mm poste-
rior, 5 mm medial, or 5 mm posteromedial to the greater 
trochanter apex [32, 33]. The medial-lateral angle was 
also reduced from 6° in the PFNA to 5° in the PFNA-II 
to better fit the Asian population [34]. Our study results 
showed no significant gender differences in the canal-
shaft angle, which had a mean canal-shaft angle of 5.5° 
and was close to the angle of the PFNA and PFNA-II.

Some other research also measured parameters that 
were similar to those defined in our study. Hu et al. mea-
sured the length of the protruding part of the PFNA-II, 
suggesting that the PFNA-II need to shorten the proxi-
mal nail end 5 to 10  mm [15]. However, they did not 
directly measure the prominence length. A study in India 
found the mean prominence length in Indian populations 
to be 65.73  mm and the mean trochanteric shaft angle 
to be 10.45° [27]. Another Korean study found the mean 
prominence length was 61.1  mm, but their endpoint of 
the length was defined above the lesser tuberosity. And 

their mean medial-lateral angle was 8.4° [26]. Our promi-
nence length is comparable to their results, but our angle 
is significantly smaller than theirs, which may be due to 
inconsistent definitions and varying measurement meth-
ods. Their medial-lateral angle was defined by drawing a 
line from the greater trochanter apex to its intersection 
with the femoral shaft axis at a certain height on the cor-
onal plane. In contrast, our definition took into account 
the trajectory changes of the medullary cavity center 
based on 3D models and fit this curved trajectory into 
a straight line, which might better reflect changes in the 
shape of the medullary cavity.

This study has some limitations that shall be acknowl-
edged. First, this study did not account for potential 
variations such as body height and behavioral factors, 
which could influence femoral structure. Body height is 
a critical factor in bone anatomy, as it significantly influ-
ences measurements such as prominence length and 
diameters. Taller individuals tend to have larger bone 

Fig. 5  Gender differences in proximal minimum diameter at five levels. The five levels were obtained from bottom to top, corresponding to the bottom, 
1/6 of the prominence length, 1/3 of the prominence length, 1/2 of the prominence length and 2/3 of the prominence length
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dimensions [18, 35]. Since males tend to be taller on aver-
age than females, it is still unclear whether the observed 
gender differences in anatomical parameters in our study 
are mainly due to body height or if they are influenced by 
hormonal levels and anatomical differences between gen-
ders. This issue needs further investigation. Second, this 
study focuses on the proximal rather than distal femur, 
without investigating potential issues related to the 
design of intramedullary nails at the distal end and their 
compatibility with the curvature of the femoral shaft. 
Third, this study only measured anatomical parameters 
and did not provide direct detailed design for intramed-
ullary nails. Future research should establish standard-
ized baselines, include a broader population, and design 
well-matched intramedullary nails for further fitting tests 
[21, 22].

Conclusions
This study used three-dimensional models to investigate 
the anatomical parameters of the proximal femoral med-
ullary cavity in Chinese individuals. Males have a longer 
prominence length and larger proximal minimum diam-
eter than females. The proximal minimum diameter is 
larger in the older population than in the younger popu-
lation. These findings highlight the importance of devel-
oping femoral intramedullary nails specifically tailored 
for Chinese populations to reduce the incidence of iatro-
genic lateral wall fractures and other complications.
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