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Morphological characteristics of the proximal femur in 
elderly patients with hip fractures: a case-control study
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A b s t r a c t

Introduction: Owing to the diverse design, measurement methods and eth-
nic differences, the influence of the proximal femur geometry on hip frac-
tures is still unclear. Therefore, this study aimed to investigate morphologi-
cal characteristics of the proximal femur in senile patients with hip fractures 
on three-dimensional images.
Material and methods: One hundred and sixteen women and 38 men with 
hip fractures were included in the fracture group. The control group included 
74 women and 63 men. The geometrical parameters of the proximal femur 
were measured after three-dimensional reconstruction. The femoral neck 
width (FNW), femoral neck length (FNL), femoral head height (FHH), femoral 
head diameter (FHD), neck shaft angle (NSA) and offset were measured and 
statistically analyzed. 
Results: The NSA in fracture cases was significantly larger than controls 
in both men and women (130.18 vs. 126.93, p = 0.001; 131.07 vs. 128.68,  
p < 0.001, respectively). Moreover, a  lower total hip bone mineral density 
(BMD) in fracture cases was found in both sexes (0.725 vs. 0.812, p = 0.001; 
0.743 vs. 0.830, p < 0.001, respectively). In multiple logistic regression anal-
ysis, a  larger NSA and a  lower total hip BMD were independent predictors 
for hip fractures in both men and women (OR = 1.143 and 1.171, p = 0.010 
and 0.016, respectively). However, the FNL was an independent predictor for 
hip fractures only for women (OR = 1.201, 95% CI: 1.106–1.305, p < 0.001).
Conclusions: A larger NSA and a lower BMD were independent predictors for 
hip fractures of senile patients in both sexes. Moreover, a longer FNL was an 
independent risk factor for patients with hip fractures in women. As a result, 
we hypothesized that the geometrical measurement of the proximal femur 
on three-dimensional images might be appropriate.
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Introduction

The majority of fragility fractures in elderly patients occur as a  re-
sult of only moderate or minimal trauma, such as a fall from a standing 
height. The main reason is osteoporosis, which is characterized by low 
bone mass and destruction of the bone microarchitecture, resulting in 
increased fragility [1]. Hip fracture in elderly patients is a  kind of os-
teoporotic fractures, which is becoming a healthcare problem with the 
increase of fracture incidence owing to the increasing aged population 
[2, 3]. Therefore, it is of great concern to investigate predictors for the 
occurrence of hip fractures. 
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Several risk factors have been found to be as-
sociated with hip fractures, such as older age, his-
tory of fracture, low bone mineral density (BMD), 
current smoking, and dementia [4–6]. Currently, 
the proximal femur BMD measured by dual energy 
X-ray absorptiometry (DXA) is considered as the 
gold standard for the prediction of hip fractures 
[7]. However, one study revealed that up to 50% 
of fragile fractures did not have osteoporosis as 
demonstrated by BMD [8]. Furthermore, several 
studies revealed that the simple measurement of 
the proximal femur geometry could predict the oc-
currence of hip fractures independently of BMD [9, 
10]. At present, the proximal femur geometry had 
been extensively investigated to predict the occur-
rence of hip fractures in elderly patients [11–13].

However, different measurement methods, 
ethnic differences and diverse study design have 
resulted in conflicting results about the measure-
ment of the proximal femur geometry [14, 15]. 
Moreover, the majority of measurements were 
performed on two-dimensional images, such as 
DXA or X-ray radiograph, which might be influ-
enced by patients’ position. Furthermore, studies 
on hip geometry for elderly Asians are very rare. 
Therefore, we applied a new method for the mea-
surement, which was performed on computed 
tomography (CT) images after three-dimensional 
(3D) reconstruction in order to predict hip frac-
tures more accurately. This could minimize the 
effect of patients’ position on measurements. This 
study aimed to investigate morphological charac-
teristics of the proximal femur in senile patients 
with hip fractures.

Material and methods

Subjects

In this retrospective case-control study, 216 pa- 
tients aged 65 years or older with osteoporotic 
hip fractures were included in this study from May 
2015 to May 2016. All fractures were caused by 
low-energy injury. The excluded criteria were as 
follows: 1) Patients combined with diseases affect-
ing the bone metabolism (osteomalacia, Paget dis-
ease, or primary hyperparathyroidism); 2) high-en-
ergy injury; 3) patients who were taking drugs or 
had a  history of drug use, such as teriparatide, 
bisphosphonates; 4) pathological fractures (sec-
ondary to the tumor or primary hyperparathyroid-
ism). Eventually, 154 patients were included in this 
study, which consisted of 38 male patients and 
116 female patients. The research was permitted 
by the ethics committee of the institute.

Measurements

A TOSHIBA CT scanner (TOSHIBA, Tokyo, Japan) 
was applied to perform the CT scan for all patients 

after being admitted to the hospital. The CT was 
set to 120 kVp and 125 mAs to produce an image 
matrix of 512 × 512 pixels. The thickness of each 
slice was 1.0 mm. The healthy leg was placed in 
the position with 0º of extension during imaging. 
All CT scan data were numbered and download-
ed to a  personal computer with the Digital Im-
aging and Communications in Medicine (DICOM) 
format. Then CT images were imported into the 
reverse engineering software Mimics 17.0 (Mate-
rialise, Belgium) software for three dimensional 
reconstruction and geometrical measurement.

The 3D proximal femur model of the healthy leg 
was created after mask creation, region growing 
and calculation. Then the femoral head was sepa-
rated and simulated to a ball. We regarded the cen-
ter of the ball as the center of the femoral head [16]. 
The transverse slice at the level of apex of the lesser 
trochanter was defined as slice T0. Slices 10  mm 
and 30 mm distal to the end of the lesser trochan-
ter were defined as slice T10 and slice T30. Then 
a circle was drawn in slice T10 and T30 which was 
best fit with the inner contour of a section plane. 
Then a line was drawn along the center of slices T10 
and T30. The line was defined as the central axis of 
the proximal medullary canal (Figure 1). The plane 
defined by the central axis of the proximal femur 
and the center of the femoral head was named as 
the central coronal plane of the proximal femur [17]. 
Geometrical parameters were measured on this 
plane. Parameters were as follows: 1) Femoral neck 
width (FNW): the narrowest femoral neck width; 
2) Femoral neck length (FNL): a  line was drawn 
through the midpoint of the FNW and the center of 
the femoral head, which intersected with the cor-
tex of the proximal femur and the femoral head at 
a point. This line was defined as the central axis of 
the femoral neck. The length between the above 
two points was defined as the FNL; 3) Femoral head 
height (FHH): the vertical distance between the cen-
ter of the femoral head and the slice T0; 4) Femoral 
head diameter (FHD); 5) Neck-shaft angle (NSA): the 
angle was formed between the axis of the femoral 
neck and the axis of the proximal femur; 6) Offset: 
the perpendicular distance from the centre of the 
femoral head to the central axis of the proximal 
medullary canal (Figure 2).

Bone mineral density

Areal BMD (g/cm2) of the total hip was mea-
sured by dual-energy X-ray absorptiometry with 
a  Lunar DPX device (GE; Fairfield, Connecticut, 
USA) in the array (fan beam) mode.

Statistical analysis

For continuous variables, the independent Stu-
dent’s t-test was used to compare data between 
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groups if the data showed a normal distribution; 
otherwise the Mann-Whitney test was used. For 
qualitative data, the c2 test was used. Then the 
multiple logistic regression analysis was applied to 
evaluate the independent risk factor for hip frac-
tures. Furthermore, receiver operating curve (ROC) 
analysis was performed to evaluate the predict-
ability of each index. The value of area under the 
curve (AUC) was calculated. A P-value < 0.05 was 
considered as statistically significant, and all tests 
were two-sided. The SPSS 17.0 software was used 
for statistical analysis (SPSS, Chicago, Illinois, USA).

Results

Of the 154 patients with hip fractures, 38 
(25%) patients were men and 116 (75%) cases 
were women. Male patients in the fracture group 
were significantly older than patients in the con-
trol group (76.76 vs. 71.97, p = 0.004), while in 
female patients, there was no significant differ-
ence in age (79.96 vs. 78.91, p = 0.314). The NSA 

in fracture cases was significantly larger than that 
in controls in both men and women (130.18 vs. 
126.93, p = 0.001; 131.07 vs. 128.68, p < 0.001, 
respectively). In addition, no differences in FNL 
were found between the fracture group and con-
trol group in male patients (91.72 vs. 91.41, p = 
0.790), whereas the FNL in the fracture group was 
significantly longer than that in the control group 
in female patients (88.86 vs. 85.59, p < 0.001). 
Moreover, a  lower total hip BMD in fracture cas-
es was found than in control cases in both sexes 
(0.725 vs. 0.812, p = 0.001; 0.743 vs. 0.830, p < 
0.001, respectively). The other parameters such as 
height, weight, body mass index (BMI), FNW, FHH, 
FHD and offset did not reach statistically signifi-
cant differences (p > 0.05). The details are shown 
in Tables I and II.

In multiple logistic regression analysis, a larger 
NSA was an independent predictor for hip frac-
tures in both men and women after adjusting for 
age and other confounding factors (OR = 1.143, 
95% CI: 1.027–1.272, p = 0.014; OR = 1.171,  

Figure 1. Definition of the femoral shaft axis of the 
proximal femur. A – The transverse slice at the level 
of 10 mm distal to the end of the lesser trochanter 
(T10). B – The transverse slice at the level of 30 mm 
distal to the end of the lesser trochanter (T30). C–B, 
the center of the slice T10; C – the center of the 
slice T30; B–C, the femoral shaft axis of the prox-
imal femur
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95% CI: 1.073–1.277, p < 0.001, respectively). How-
ever, age was an independent risk factor only for 
men (OR = 1.062, 95% CI: 1.003–1.125, p = 0.038). 

Moreover, FNL was an independent predictor for 
hip fractures only for women (OR = 1.201, 95% CI: 
1.106–1.305, p < 0.001). With respect to total hip 
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Figure 2. Geometrical measurement of the proximal femur. T0 – The transverse slice at the level of the apex of the 
lesser trochanter; G–H – femoral neck width; E–F – femoral neck length; A–I – femoral head height; K–L – femoral 
head diameter; A–D–C – neck shaft angle. A–J – offset

Table I. Demographic characteristics and geometric parameters in men

Characteristics Fracture group 
(n = 38)

Control group 
(n = 63)

P-value Value of AUC

Age [years] 76.76 ±7.34 71.97 ±8.25 0.004 0.679

Height [cm] 169.03 ±4.11 167.39 ±5.09 0.098 0.594

Weight [kg] 69.95 ±7.53 68.73 ±7.38 0.427 0.557

BMI [kg/m2] 24.45 ±2.12 24.51 ±2.22 0.895 0.502

Smokers 8 15 0.749

Drinkers 12 21 0.855

FNW [mm] 33.39 ±2.63 33.09 ±2.09 0.526 0.536

FNL [mm] 91.72 ±6.59 91.41 ±4.85 0.790 0.600

FHH [mm] 36.19 ±5.25 37.11 ±4.82 0.373 0.556

FHD [mm] 48.05 ±3.08 48.15 ±1.92 0.838 0.535

NSA 130.18 ±5.15 126.93 ±4.45 0.001 0.667

Offset [mm] 32.22 ±2.91 33.53 ±3.93 0.078 0.593

Total hip BMD [g/cm2] 0.725 ±0.131 0.812 ±0.112 0.001 0.655

AUC – area under the curve, BMI – body mass index, FNW – femoral neck width, FNL – femoral neck length, FHH – femoral head height, 
FHD – femoral head diameter, NSA – neck shaft angle, BMD – bone mineral density.
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BMD, a  lower BMD was independent risk factor 
for hip fractures in both sexes (OR = 0.010, 95% 
CI: 0.000–0.652, p = 0.031; OR = 0.016, 95% CI:  
0.002–0.160, p < 0.001, respectively) (Table III).

According to ROC curves calculated for each 
parameter, age, NSA and total hip BMD had bet-
ter AUC values in men (0.679, 0.667 and 0.655, 
respectively). In addition, the FNL, NSA and total 
hip BMD had better AUC values in women (0.674, 
0.655 and 0.654, respectively) (Tables I and II).

Discussion

Owing to the high rate of morbidity and mor-
tality in hip fractures, it is necessary to predict 
the occurrence of hip fractures accurately. Various 

studies have demonstrated that the proximal fe-
mur geometry was associated with the occurrence 
of hip fractures in elderly patients [12, 18]. Similar 
to previous studies [10, 13], a larger neck shaft an-
gle and a longer femoral neck length were found 
to be independent predictors for hip fractures in 
both sexes. In addition, consistently with previous 
results, a lower hip BMD was an independent risk 
factor for the occurrence of hip fractures [13, 18].

Currently, the relationship between the NSA 
and hip fractures is still controversial [12, 18]. One 
study revealed that acute NSA was found in the 
fracture group compared with the control group 
[18], while the reason for this was unclear in this 
study. In contrast, the majority of previous stud-
ies confirmed that a  larger NSA was associated 

Table II. Demographic characteristics and geometric parameters in women

Characteristics Fracture group
 (n = 116)

Control group
 (n = 74)

P-value Value of AUC

Age [years] 79.96 ±6.68 78.91 ±7.49 0.314 0.537

Height [cm] 160.38 ±4.76 159.79 ±4.70 0.410 0.534

Weight [kg] 59.86 ±8.51 59.66 ±8.82 0.879 0.519

BMI [kg/m2] 23.25 ±3.01 23.32 ±2.92 0.882 0.501

Smokers 12 7 0.843

Drinkers 15 10 0.908

FNW [mm] 29.53 ±2.16 29.34 ±1.91 0.521 0.534

FNL [mm] 88.86 ±5.77 85.59 ±4.57 < 0.001 0.674

FHH [mm] 33.07 ±4.22 32.08 ±3.54 0.095 0.557

FHD [mm] 43.76 ±2.21 43.84 ±2.33 0.810 0.512

NSA 131.07 ±4.72 128.68 ±3.24 < 0.001 0.655

Offset [mm] 29.87 ±3.48 29.89 ±2.59 0.944 0.527

Total hip BMD [g/cm2] 0.743 ±0.140 0.830 ±0.165 < 0.001 0.654

AUC – area under the curve, BMI – body mass index, FNW – femoral neck width, FNL – femoral neck length, FHH – femoral head height, 
FHD – femoral head diameter, NSA – neck shaft angle, BMD – bone mineral density.

Table III. Multivariable logistic regression analysis for predictors associated with hip fracture types in both sexes

Predictor Men Women

Adjusted OR 95% CI P-value* Adjusted OR 95% CI P-value*

Age 1.062 1.003–1.125 0.038 1.031 0.982–1.083 0.221

FNL 1.019 0.928–1.118 0.692 1.201 1.106–1.305 < 0.001

FNW 1.182 0.963–1.450 0.110 1.154 0.929–1.435 0.196

FHD 0.929 0.730–1.182 0.549 0.778 0.651–0.931 0.006

NSA 1.143 1.027–1.272 0.014 1.171 1.073–1.277 < 0.001

Offset 0.969 0.831–1.131 0.691 1.028 0.908–1.164 0.660

BMD 0.010 0.000–0.652 0.031 0.016 0.002–0.160 < 0.001

OR – odds ratio, FNL – femoral neck length, FNW – femoral neck length, FHD – femoral head diameter, NSA – neck shaft angle, BMD – 
bone mineral density. *The multivariable regression analysis used backward selection using the likelihood ratio test to assess significance.
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with the occurrence of hip fractures [19, 20]. Go-
mez Alonso et al. [13] reported that an increase of  
1 standard deviation (SD) in the NSA was associ-
ated with an odds ratio of hip fractures of 2.45 in 
men and 3.48 in women. Ripamonti et al. [20] not-
ed that the NSA was found to be associated with 
hip fracture risk in males, and the data indicated 
that the NSA was associated with femoral neck re-
sistance to stress when falling on the greater tro-
chanter. With the increase of the NSA, the bending 
moment at the femoral neck increased simultane-
ously and the impact force imposed on the femoral 
neck increased at the same time, which resulted 
in a greater probability of hip fracture [21, 22]. In 
addition, bone remodeling occurred at all stages of 
life, especially when the loading condition changed 
[23]. Some authors reported that negative correla-
tions were found between NSA and cortical thick-
ness, which indicated that bone tended to increase 
its strength by adapting to the loading condition 
[24, 25]. However, the human bone had not adapt-
ed to the loading conditions of falling direction and 
the fracture might occur when people fell down 
[26]. In the present study, a larger NSA was found 
to be an independent predictor for hip fractures in 
both men and women. With an AUC value of 0.667 
in men and 0.655 in women, the NSA was regarded 
as a better parameter for predicting hip fractures 
compared with other parameters in this study.

A  longer femoral neck length was considered 
as an independent predictor for hip fractures in 
previous studies [9, 10, 27]. Leslie et al. [27] inves-
tigated 1020 hospitalized hip fractures and found 
that hip axis length was an independent risk fac-
tor for hip fractures when adjusted for fracture 
risk assessment tool and BMD in women. Anoth-
er study revealed that hip axis length presented 
a  positive and statistically significant correlation 
with hip fractures when analyzed in isolation and 
when adjusted for femoral neck BMD in Caucasian 
elderly Brazilian women [10]. The greater trochan-
ter of the femur might extend further beyond the 
pelvis in people with a  longer FNL than in those 
with a shorter FNL, causing hips with a longer FNL 
to be predisposed to fracture. In the present study, 
the FNL in the fracture group was significantly lon-
ger than the control group, and the FNL was an 
independent predictor for hip fractures after ad-
justing for age and other confounding factors in 
female patients. However, no significant difference 
was found between fracture and control groups in 
male patients. In general, men had a  longer hip 
axis length than women. There was little evidence 
that men with hip fractures had a longer hip axis 
length than age-matched controls [28]. The body 
size difference might cause the discrepancy of FNL 
between men and women in the present study.

In the present study, a lower total hip BMD was 
an independent predictor for hip fractures in both 

men and women. It has been extensively demon-
strated that patients with low bone mineral den-
sity of the proximal femur probably have high in-
cidence of hip fractures [18, 19]. One study found 
that BMD at each measurement site of the femo-
ral neck, trochanter and Ward’s triangle in the frac-
ture group was lower than the control group, and 
the results showed that the site-matched BMD 
was the best predictor of both femoral neck and 
trochanteric fractures [29]. Another study demon-
strated that older men with low femoral neck 
BMD had a high risk of hip fractures [4]. Moreover, 
one study revealed that the measurement of the 
hip BMD could provide a strong risk indicator for 
fracture that was largely independent of sex [30]. 
In accordance with previous studies, a lower total 
hip BMD was found in the fracture group for both 
sexes. However, the other sites of BMD apart from 
total hip were not measured in this study, which 
might be one of the limitations of this study.

Various studies have demonstrated that older 
age was an independent predictor for hip frac-
tures [4, 31]. The possible reason might be that 
age influenced the distribution of BMD in the 
proximal femur, which was a strong predictor for 
osteoporotic fractures. In the present study, older 
age was an independent risk factor for hip frac-
tures in men, while no significant difference was 
found in women. The reasons for this might be the 
small sample size. Therefore, a study with a larger 
sample is needed to verify the present results.

The greatest strength of this study was that the 
parameter was measured on a three-dimensional 
image, which would minimize the error. Moreover, 
the geometrical parameters were analyzed sepa-
rately in men and women. In addition, there were 
a number of limitations in this study. Firstly, the 
sample was relatively small. Secondly, patients 
with hip fractures were not categorized according 
to fracture type, such as femoral neck fractures 
and intertrochanteric fractures. Thirdly, the study 
design was retrospective. Therefore, the results of 
this study should be evaluated with some caution 
and further studies with a larger sample size and 
prospective design are needed.

In conclusion, a  larger NSA and a  lower BMD 
were independent predictors for hip fractures of se-
nile patients in both sexes. Moreover, a longer FNL 
was an independent risk factor for patients with hip 
fractures in women, whereas no statistically signif-
icant difference was found in men. In addition, the 
geometrical measurement of the proximal femur on 
three-dimensional images might be appropriate. 
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