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Abstract. Following internal fixations for intertrochanteric 
fractures in elderly patients, lag screws or screw blades 
frequently cut the femoral head, leading to surgical failure. The 
bone mineral density (BMD) at various parts of the proximal 
femur is significantly correlated with the holding force of the 
lag screw, which in turn is closely associated with the stability 
of the fixation. However, the appropriate placement of the lag 
screw has been controversial. As a novel detection method for 
BMD, quantitative computed tomography (QCT) may provide 
relatively accurate measurements of three‑dimensional struc-
tures and may provide an easy way to determine the appropriate 
lag screw placement. A total of 50 elderly patients with inter-
trochanteric fractures were selected for the present study. The 
BMD of the proximal femur on the healthy side, including the 
femoral intertrochanter, neck and head, was measured using 
QCT. For testing, the femoral head was divided into medial, 
central and lateral sections. The BMD of the femoral head was 
determined to be the highest, while the BMD of the femoral 
neck was the lowest. In the femoral head, the central section 
had the highest BMD, while the lateral section had the lowest 
BMD. The present study used QCT to detect differences in the 
BMD at various regions of the proximal femur and provided a 
novel theoretical reference for the placement of lag screws. To 
obtain maximum holding power, the lag screw must be placed 
in the central section of the femoral head.

Introduction

As aging increases in society, the incidence of proximal 
femoral fractures in the elderly, particularly intertrochanteric 
fractures, has seen an increase over the years. Complications 
arising from these fractures, including cardiovascular and 
cerebrovascular diseases and lung infections, threaten the 
health of these patients (1). To reduce such complications, 
the AO Foundation recommends intramedullary fixation, 
including proximal femoral nail anti‑rotation (PFNA), 
InterTan, and other internal fixation methods, for the treat-
ment of intertrochanteric fractures. These methods effectively 
increase the force arm of the fixation device. The lag screw 
or screw blade is inserted into the femoral head through the 
femoral neck and intertrochanter; this effectively increases 
the firmness of the fixation, particularly for osteoporotic 
fragility fractures (2). However, in clinical practice, the screw 
may loosen, and in certain cases, the femoral head is cut off, 
resulting in surgical failure (3). Recent studies have indicated 
that the bone mineral density (BMD), bone microstructural 
parameters and poor placement of screws in the femoral head 
are significantly associated with surgical failure (4,5). Among 
these, the bone microstructure of the femoral head is the most 
important factor; in particular, tension and femoral head pres-
sure of trabecular bones are important and have a significant 
guiding function for selection of surgical techniques (6).

Although the former studies have highlighted the important 
association between the femoral head density and the success 
of internal fixation, the roles of the BMD of the femoral head's 
medial, central and lateral portions have remained to be fully 
explored, which make the placement of screws a challenging 
task for surgeons.

To improve the success rate of internal fixation, the present 
study aimed to examine the BMD of the proximal part of the 
femur and provide a theoretical basis for the optimal placement 
of the lag screw.

Materials and methods

Patient information. From January 2017 to October 2018, 
50 patients with senile femoral intertrochanteric fractures were 
selected from the Department of Trauma and Orthopedics, The 
Affiliated Hospital of Guizhou Medical University, (Guizhou, 
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China). Cases with developmental dysplasia of the hip, femoral 
head necrosis, pathological fractures and primary hip fusion 
were excluded.

The BMD of the proximal part of the injured femur was 
measured using quantitative computed tomography (QCT). 
Among the patients, 10 were males and 40 were females, all aged 
between 60 and 97 years, with a mean age of 78.02 years. The 
AO classification was 31A1.1‑3 type in 13 cases, 31A2.1‑3 type 
in 21 cases and 31A3.1‑3 type in 16 cases. The present study was 
approved by the ethics committee of The Affiliated Hospital 
of Guizhou Medical University, (Guizhou, China). Informed 
consent was obtained from all patients and their families.

Measurement area selection. To determine the detection area, 
six lines were drawn as follows (Fig. 1): ‘line a’, a straight 
line through the longitudinal axis of the femoral neck and the 
center of the femoral head; ‘line b’, a straight line through the 
midpoint of the femoral head, perpendicular to ‘line a’; ‘line c’, 
the line drawn through the femoral intertrochanter, perpendic-
ular to ‘line a’ (the detection area is selected from the center of 
the line, which represents the intertrochanteric BMD); ‘line d’, 
the line formed perpendicular to ‘line a’ through the middle 
of the femoral neck (the detection area is selected from the 
center of the line, which represents the BMD of the femoral 
neck); ‘line e’, a straight line formed perpendicular to ‘line b’ 
through three equal points on the outer side of the femoral 
head (the detection area is selected from the center of the line, 
representing the BMD outside the femoral head); and ‘line f’, 
the line formed perpendicular to ‘line b’ through three equal 
points on the inner side of the femoral head (the detection area 
is selected from the center of the femoral head, representing 
the BMD of the internal femoral head). To represent the BMD 
of the central section of the femoral head, the detection area 
was selected from ‘line b’.

Measurement methods. The SIEMENS 64‑row SOMATOM 
Definition AS and spiral CT scanner (Siemens AG) were 
used to scan the bilateral hip bone structures of the patients, 
including the acetabular and femoral proximal bone structures. 
The original images of the contralateral hip, including the 
femoral intertrochanter, neck and head, were obtained. These 
images were 400 Hounsfield units (HU) wide, with a window 
level of 40 HU, a layer thickness of 1 mm and an interval of 
1 mm. The QCT Pro software's ‘QA Exam’ function was used 
to calibrate the software accuracy and the scan field uniformity 
of the CT equipment. The corresponding scan field uniformity 
calibration coefficient and QA phantom calibration data were 
obtained to ensure the accuracy of the analysis software. 
The raw images of the contralateral side were taken from a 
picture archiving and communication system (SIEMENS 
syngo.plaza; Siemens AG) and the CT values of the intertro-
chanteric bone and the femoral head and neck were measured. 
The Mindways quantitative QCT BMD measurement soft-
ware (QCT Pro 4.2.3; Mindways Software, Inc.) was used to 
analyze the test data. When the femoral head was detected, 
it was longitudinally divided into three sections: The outer, 
central and inner sections. Each section was tested thrice, and 
each time, a circular test area of a fixed size (2.43 cm2) was 
selected. The mean value was recorded as the final test result 
and expressed in mg/cm³ (Fig. 1).

Statistical analyses. Statistical analyses were performed 
using SPSS software (version 16.0, SPSS, Inc.). First, 
the Kolmogorov‑Smirnov test was performed to determine 
whether the data were normally distributed. If they were 
identical, one‑way analysis of variance (ANOVA) with 
Bonferroni's post‑hoc test was performed to compare the 
differences. If they were not identical, the Kruskal‑Wallis test 
with Steel‑Dwass post‑hoc test was used to compare the differ-
ences. The Brown‑Forsythe or the Welch values were analyzed 
instead of the P‑values in case of variance; significance values 
of <0.05 were considered to indicate a significant difference.

Results

Heterogeneity test. The Kolmogorov‑Smirnov test indicated 
that the homodyne data of the femoral neck, femoral inter-
trochanter and each of the three parts of the femoral head 
were identical. However, data of the femoral head was not 
normally distributed. Therefore, one‑way ANOVA was used 
to compare the differences between the femoral neck and 
head, and among the three sections of the femoral head. The 
Kruskal‑Wallis test was used for comparison between femoral 
head and neck, femoral head and intertrochanter.

BMD analysis. The BMD of the femoral head was the highest, 
followed by that of the femoral intertrochanter, and the BMD 
of the femur neck was the lowest (Fig. 2). These differences 
were statistically significant (P<0.01). Among the femoral head 
sections, BMD analysis revealed that the lateral and the inner 
sections were similar (P>0.05). The results suggested that the 
BMD of the central section was the largest and the medial 
and lateral bone densities were significantly smaller (P<0.05; 
Fig. 3). In summary, the tensile trabecular bone density was 
significantly less than the pressure trabecular bone density 
(P<0.05).

Discussion

The high surgical failure of proximal femoral fractures has 
drawn public attention. Patients with fixation failures are 
more likely to suffer a reduction in the quality of life upon 
discharge with a consequent increase in social dependency (7). 
There are various reasons for the high incidence and the device 
design is mostly accountable. Born et al (8) reported that the 
small‑contact interface between the PFNA spiral blade and 
the femoral skull, at 75 cm2, is not conducive for riveting 
between the internal fixation device and the femoral skull. 
A biomechanical study by Bonnaire et al (9) suggested that 
a novel design of the central loading device may increase the 
load‑bearing capacity and thus help to reduce the cutting‑out 
phenomenon. More importantly, surgeon‑dependent factors, 
including suboptimal positioning of the device, has a signifi-
cant role in fixation failure (10). Except for the above reasons, 
an increasing amount of studies have revealed that BMD is 
highly positively correlated with the stability of the internal 
fixation. Konstantinidis et al (11) indicated that when the 
femoral head volumetric BMD (vBMD) was <250 mg/cm3, 
five out of nine patients developed a screw cut, but when the 
vBMD was >250 mg/cm3, only 1 of 21 patient developed a 
screw cut. When the BMD decreases, the structural model 
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index (SMI) increases, the trabecular bone changes in shape 
from a plate to a rod and the fixation strength of the intraos-
seous screw is weakened. Kang et al (12) performed a multiple 
linear regression analysis, indicating that the SMI is negatively 
correlated with the stability of the embedded internal fixation. 
Further research has revealed that lag screw placement in the 
femoral head is closely associated with the stability of the 
internal fixation device.

To prevent the screw from being cut off, certain researchers 
have advocated placing the lag screw under the femoral head. 
Through biomechanical studies and finite element analyses, 
Kuzyk et al, Goffin et al and Bessho et al (13‑15) revealed that 
when the lag screw was located below the center of the femoral 
neck, greater axial compression, torsional shear resistance and 
minimal load deformation were observed, indicating that this 
position was the most conducive for internal fixation. However, 
even when surgeons strictly follow these techniques, internal 
fixation failure cannot be avoided. Therefore, in the present 
study, the BMD was used as a decisive factor, and the BMD of 
the femoral intertrochanter, neck and head in elderly patients 
with intertrochanteric fractures were measured. The femoral 

head was further divided into three equal sections: The medial, 
central and lateral sections. Their BMDs were measured to 
provide a theoretical basis of the optimal position of the lag 
screws or spiral inserts of internal fixation devices, including 
the PFNA and InterTan. Numerous methods are available 
for detecting BMD; dual‑energy X‑ray absorptiometry is the 
most traditionally applied method, but its disadvantage is that 
it only provides the BMD of two‑dimensional structures and 
cannot accurately and comprehensively display the complete 
BMD (16). A QCT, on the other hand, is able to detect the 
BMD of a three‑dimensional structure more accurately (17). 
Although previous studies have used QCT to detect the BMD 
in patients with hip fractures, these studies have focused on 
the association between BMD and the incidence of proximal 
femoral fractures, without further investigation into their 
treatment (18‑21).

The trabecular bone in the femoral head is divided into the 
pressure and tension trabecular bones. Pressure trabeculae grow 
mainly in the central and medial regions of the femoral head, 
from the lower side of the femoral neck to its medial side; these 
bear the pressure load. The tension trabeculae begin from the 
upper side of the femoral neck and grow to its inside and below 
the femoral head. Regarding the tension load, the pressure and 
tension trabecular bones cross each other in the central region 
of the femoral head, enhancing the weight‑bearing function of 
the tension trabecular bone (22). Dendorfer et al (23) indicated 
that the compressive elastic modulus, ultimate strength and 
yield strength of the pressure trabecular bone were larger than 
those of the tensile trabecular bone.

First, the present study indicated that, among the BMDs 
of the three proximal femur portions, that of the femoral neck 
is the lowest. This may be due to the presence of the Ward's 
triangle in the femoral neck, consisting of the tension trabecular 
bone, the pressure trabecular bone and the gap formed by the 
partial tension trabecular bone, all of which are mainly filled 
by fatty bone marrow. The mean BMD between the femoral 
trochanters was slightly higher than that of the femoral neck, 

Figure 3. Bone mineral density of the three sections of the femoral head 
revealed that the lateral part was similar to the inner part (P>0.05). The 
medial and lateral bone densities were significantly lower than that of the 
central section (P<0.05). ‘□’ represents the mean of the sample. The line 
in the middle of the box and the ‘50%’ beside it represents the median. The 
upper and lower margins in the box and the ‘25’ and ‘75%’ beside them 
represent quartiles. ‘x’ represents the extreme values. The upper and lower 
margin of the line through represents the 1.5 times the interquartile range 
beyond the upper and lower quartile. **P<0.01. QCT, quantitative computed 
tomography.

Figure 2. Box plot of the femoral BMD. The BMD of the femoral head was 
the highest, followed by the BMD of the femoral intertrochanter; the BMD 
of the femoral neck was the lowest among the three. These differences were 
statistically significant. ‘□’ represents the mean of the sample. The line in the 
middle of the box and the ‘50%’ beside it represents the median. The upper 
and lower margins in the box and the ‘25’ and ‘75%’ beside them represent 
quartiles. ‘x’ represents the extreme values. The upper and lower margin of 
the line through represents 1.5 times the interquartile range beyond the upper 
and lower quartile. **P<0.01. BMD, bone mineral density; QCT, quantitative 
computed tomography.

Figure 1. Six lines were drawn to determine the detection area.
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as the intertrochanteric region is mainly composed of partial 
pressure trabecular bone and the femur. As no obvious cavity 
was present, it may be hypothesized that the grip force of the 
screw on the femoral intertrochanter was greater than that 
on the femoral neck. This suggests the importance of bone 
integrity of the femoral intertrochanter in fracture fixation. If 
no appropriate surgical method is selected, the internal fixa-
tion may fail, as the BMD of the intertrochanter may be too 
low, or the outer wall of the interior rotor may break, resulting 
in reduction of the screw's holding force. The BMD between 
the femoral intertrochanter and neck was significantly less 
than that of the femoral skull, with the BMD of the latter 
being equivalent to the mean densities of the medial, central 
and lateral sections. This is mainly due to the femoral head 
being composed of the pressure and tension trabecular bones 
with no cavity, and the long‑term pressure and tensile loads 
cause the femoral head BMD to be significantly higher than 
that of the other two. Since BMD appeared to be positively 
correlated with the stability of the internal fixation, this 
observation indicates that the femoral head has the highest 
holding force on the lag screw. Therefore, when the fracture 
is fixed internally, the screw that fixes the fracture must reach 
the femoral head to obtain the maximum grip force and 
reduce the risk of failure. This is consistent with the results of 
a mechanical study by Baumgaertner et al (24) on BMD, i.e., 
the screw‑fixed apex moment must be <25 mm to achieve the 
optimal fixation effect.

A comparative analysis of the BMD of the medial, central 
and lateral trabecular bones of the femoral head revealed 
that the mean BMD of the lateral part was lower than that 
of the medial part. This is due to the presence of a portion of 
the tension trabecular bone in the medial side of the femoral 
head. This bone has a lesser load on the hip than the pressure 
trabecular bone, as the lower limb mainly has a bearing role, 
resulting in a lower skeletal BMD of the tension trabecular 
bone than that of the pressure trabecular bone (25). However, 
this difference was not statistically significant, indicating that 
the holding force generated by the two parts of the screw was 
not significantly different. This demonstrates that the lag screw 
mainly has a supporting role. Therefore, a deeper placement 
of the lag screw (deeper than the biomechanical requirement) 
inside the femoral head may be recommended. The BMD of 
the two other regions of the femoral head was significantly 
lower than that of the trabecular bone in the central section. 
This is due to the femoral head pressure and tension trabecular 
bones intersecting in this area, where the pressure trabecular 
bone is mainly located, resulting in the highest skeletal BMD 
in the central part (26). This indicates that during internal fixa-
tion of fractures, the screw is best placed in the central section 
of the femoral head, where it is able to obtain the maximum 
holding force.

Although the present study performed BMD measurements 
of the proximal femoral structures and a theoretical analysis of 
the holding power of the screw, it still has certain shortcom-
ings. The overlapping tension and pressure trabecular bones in 
the central region of the femoral head cannot be well‑distin-
guished from an anatomical point of view. Furthermore, due 
to the fracture, it was not possible to measure the BMD of 
the proximal femur on the injured side; only the BMD on the 
healthy side was determined. Finally, post‑operative follow‑up 

was not performed in the present study. These points therefore 
require further investigation.

In conclusion, the location of internal fixation in proximal 
femoral fractures cannot be determined using a single method, 
and it is required to consider various factors. Therefore, the 
present study used QCT to detect differences in the BMD in 
various regions of the proximal femur and provided a novel 
theoretical reference for the placement of lag screws.
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