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Introduction 

Hip fracture is a common fracture in the elderly, affecting 
around 6% of men and 18% of women (1). It is a serious 

trauma for the elderly, both physically and psychologically 

(2,3) For elderly patients with displacement, as an important 

way to treat the fracture (4,5) achieving appropriate limb 
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=1.890+0.536*D and L =1.129+0.620*D were obtained. Age was not related to the distances G and L.
Conclusions: The basic data of G, D, and L was measured, and the relationship between these anatomical 
landmarks was analyzed.
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length is a basic goal of hip arthroplasty (6-9). Due to the 
displacement of the fracture, the original lower limb length 
of the surgical side cannot be accurately referenced. To 
achieve this goal, we often refer to images of the healthy 
contralateral hip joint. However, if the contralateral hip has 
a deformity, trauma, or failed hip surgery, it also cannot be 
accurately referenced. If the reconstructed center of the 
femoral head can be judged by some anatomical landmarks 
of the hip, such as the tip of the greater trochanter and the 
lesser trochanter, it will aid in avoiding serious mistakes 
and achieving an appropriate lower limb length (10,11). 
Therefore, it is necessary to understand the basic data of 
normal hip anatomical markers and their relationship to the 
femoral head center. We have designed a relatively simple 
and convenient method to measure the anatomical markers, 
and analyzed the relationship between them. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://dx.doi.org/10.21037/apm-21-
2538).

Methods

We retrieved the antero-posterior pelvic X-rays with both 
lower limbs at 10–15° internal rotation in the picture 
archiving communication system. The femoral head 
diameter (D), the linear distance (G) from the femoral head 
center (C) to the greater trochanter, and the linear distance 
(L) from the femoral head center to the lesser trochanter 
were measured (Figure 1). The basic information of the 
data was analyzed, and the ratios of G to D and L to D 
were calculated. The functional relationship between the 
data was analyzed after the factors of gender and age were 

included, and the 95% reference intervals of the basic data 
and ratio data were calculated.

The diameter and femoral head center were determined 
by referring to the best fit circle method (12). However, 
different from the best fit circle method, the circle for 
measuring the femoral head diameter was drawn from the 
midline of the gap between the superior surface of the 
femoral head and the acetabulum as the cartilage cannot 
be shown by X-ray (Figure 1). The magnification of the 
imaging system was 110% and the measurement accuracy 
was 0.01 cm.

This study is a retrospective study, conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013), and approved by the Ethics Committee of Beijing 
Tongren Hospital (TRECKY2021-071). The patient 
personal privacy, identity information, and identifiable 
feature are not involved. With the approval of the ethics 
committee of our hospital, the informed consent of the 
patients was exempted.

Inclusion and exclusion criteria

The inclusion criteria for the X-ray films were: (I) the X-ray 
films were taken with both lower limbs straight and internal 
rotation 10–15°; (II) gender was not limited, and the bone 
was mature. The exclusion criteria were: (I) developmental 
dysplasia of the hip; (II) the accuracy of the measurement 
is affected by previous trauma or surgery, femoral head 
necrosis, osteoarthritis, degeneration, or other causes 
leading to hip joint deformation.

Statistical analysis 

IBM SPSS statistics 23.0 software (IBM, Armonk, NY, 
USA) was used for statistical analysis. The Kolmogorov-
Smirnov test was used to check the normality of age, 
diameter D, and the distance of G and L, and the results 
were expressed as mean and SD. Data between genders were 
compared using the two independent samples t-test. The 
relationships between the distance of G and L, age, gender 
(g), and diameter D were analyzed by linear regression, with 
gender: males =1, females =0. The 95% reference ranges of 
G, L, D, and the ratios G to D and L to D were calculated.

Results 

A total of 97 patients with 194 hips (44 males, 88 hips; 
53 females, 106 hips) were included in the study. The 
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L

Figure 1 The femoral head diameter (D), the linear distance 
(G) from the femoral head center to the greater trochanter, and 
the linear distance (L) from the femoral head center to the lesser 
trochanter.
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Kolmogorov-Smirnov test showed that age, diameter D, 
and the distances of G and L all fit the normal distribution. 
The mean age was 46.44±15.69 years (16–81 years), the 
diameter D was 5.08±0.43 cm (4.14–6.34 cm), the distance 
G was 4.68±0.45 cm (3.65–5.86 cm), and the distance L was 
4.28±0.49 cm (3.21–5.56 cm).

Linear regression

Regression analysis of G, L, and D was conducted after 
gender (g) and age factors were included. Using the 
stepwise selection regression method, it was found that G 
was not affected by age, while L was not related to age and 
gender. The regression equations were as follows:

21.890 0.134 0.536 0.39G = + * g + * D R =  [1]

2= 1.129 + 0.620* = 0.30L D R  [2]

95% reference range

The 95% reference ranges of D, G, and L are shown in 
Table 1 for males and Table 2 for females. According to two 
independent samples t-test analysis, there was no statistical 
difference in the G/D or L/D ratio between genders, and 
the corresponding 95% reference intervals are shown in 
Table 3.

Discussion 

In our previous study (13), we measured the contralateral 
side femoral head diameter (non-fracture side) and the 
distance from the femoral head center to the lesser 
trochanter in antero-posterior pelvic X-ray film before hip 
hemiarthroplasty for a patient with femoral neck fracture, 
and calculated the ratio of this distance to the diameter. 
During surgery, after measuring the femoral head diameter 
(fracture side) with a vernier caliper. According to the 

Table 1 The 95% reference range of basic data for males

Distance Lower end of the 95% range Upper limit of the 95% range Mean

D (cm) 4.70 6.06 5.38

G (cm) 4.18 5.64 4.91

L (cm) 3.64 5.32 4.48

D, the femoral head diameter; G, the linear distance from the femoral head center to the greater trochanter; L, the linear distance from the 
femoral head center to the lesser trochanter.

Table 2 The 95% reference range of basic data for females

Distance Lower end of the 95% range Upper limit of the 95% range Mean

D (cm) 4.21 5.45 4.83

G (cm) 3.68 5.29 4.48

L (cm) 3.19 5.04 4.12

D, the femoral head diameter; G, the linear distance from the femoral head center to the greater trochanter; L, the linear distance from the 
femoral head center to the lesser trochanter.

Table 3 The 95% range of ratio data

Ratio Lower end of the 95% range Upper limit of the 95% range Mean

G/D 0.78 1.06 0.92 

L/D 0.68 1.00 0.84 

D, the femoral head diameter; G, the linear distance from the femoral head center to the greater trochanter; L, the linear distance from the 
femoral head center to the lesser trochanter.
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contralateral ratio, the distance that should be obtained from 
the femoral head prosthesis center to the lesser trochanter 
was calculated. Subsequently, the distance was checked after 
implanting the femoral component. Using this method, we 
obtained a satisfactory leg length discrepancy (LLD), with 
a mean value of 4.4±3.2 mm. This confirms that measuring 
the relationship between hip anatomical markers is helpful 
to avoid LLD. However, we have encountered some specific 
cases of femoral neck fracture in which the contralateral 
hips have a deformity, trauma, or failed hip surgery, and 
failed to be referenced. This problem prompted us to carry 
out this study.

In this situation, the shuck test and drop-kick test may be 
used to achieve satisfactory length of the lower limb, but the 
shortcomings are also obvious. In principle, these 2 tests are 
used to check the tension of the soft tissue around the hip 
joint, which is an indirect inference of whether the length 
of the lower limb is accurate, and therefore their accuracy 
is limited (14). In addition, the reliability of the tests will be 
affected by the type of anesthesia (15).

Some reports have performed similar measurements to 
our study, measuring the distance between the femoral head 
center and the lesser trochanter (16-18), and comparing 
this distance with the femoral head diameter (16,17). 
Unnanuntana et al.’s measurement is more similar to ours, 
as they have reported both the data of the distances from 
the femoral head center to the greater trochanter and to 
the lesser trochanter (16). However, the distance from the 
femoral head center to the greater trochanter they measured 
was parallel to the proximal femoral shaft, and this parallel 
direction is very difficult to determine in surgery due to the 
limited exposure range of the proximal femur. Our method 
of measuring linear distance is more convenient and maybe 
more valuable for clinical application in surgery.

We analyzed the relationship between the anatomical 
landmarks of the hip. The regression equations of linear 
distances G and L were obtained after gender and age 
factors were included, and the 95% reference intervals 
of the basic data and ratio data were calculated. These 
data may provide a reference for restoring appropriate 
lower limb length during hip arthroplasty for hip fracture, 
especially in the absence of a contralateral hip reference. 
More importantly, if data obtained during the operation 
exceed the 95% reference range, we may be doing 
something wrong. For thin or obese patients, a study has 
shown that X-ray magnification will be reduced by 15% or 
increased by 25%. (19). With this in mind, the ratio data are 
more convenient for application (13). 

There are some limitations in our study. X-ray cannot 
accurately show the thickness of cartilage. Different from the 
best fit circle method (12), and same as our previous research 
(13), the circle measuring the femoral head diameter was 
drawn through the midline of the gap between the superior 
surface of the femoral head and the acetabulum. Previous 
study showed that the femoral head cartilage thickness was 
1.76±0.30 mm and the acetabular cartilage thickness was 
1.59±0.31 mm in this area, with an average difference of 
0.17 mm between them (20). Referring to Ranawat et al. and 
Woolson and Harris’s criteria of 6 mm for determining the 
difference of lower limb length (21,22), the difference value 
of 0.17 mm is much smaller than that of 6 mm, which may 
have no significant effect on the lower limb length.

This is an imaging study, and the data obtained have not 
been applied in surgery. However, our data may provide 
us with insights and some data references for special hip 
arthroplasty cases without a contralateral reference, and it is 
also the basis of our future clinical research.

Conclusions

We determined the relationship between anatomical 
landmarks of the hip. The measurement was designed to be 
convenient for clinical application, and we hope to provide 
some reference for avoiding obvious mistakes and restoring 
appropriate lower limb length in hip arthroplasty.
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