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INTRODUCTION

Homo sapiens are biped organisms. Due to shift in posture 
for walking, he needs strong bone structure and well devel-
oped muscles and proper joint structure especially in lower 
limbs. Femur is the lower limb bone, bone of thigh. It is the 
longest and strongest bone of the body.1 It is involved in two 
very important joints which have crucial role in standing and 
walking i.e. hip joint and knee joint. If femur is fractured, 
working of both hip and knee joints will be disrupted. Frac-
tured femur is very difficult to heal. Hence, in case of hip re-
placement or implant surgery for proximal segment of femur, 
we need to have accurate measurements of femur so that we 
can provide best possible replacement or corrective surgical 
measures for that clinical condition.

Femur bones have one of the highest correlations with the 
stature and hence regression equations can be derived for 
estimation of stature from available femur length (FL).2

Bone structure is different in different persons depending 
upon race, sex, height, work, nutrition and geographical 
area.3 Hence, we need to have adequate data related to bone 
dimensions from local population. Laishram had formulated 
the linear regression equation for estimation of FL from vari-
ous parameters of proximal segment of femur specifically 
diameter of head of femur.4 This study has been undertaken 
to determine the relationship between neck measurements 
and FL in Maharashtrian population.

MATERIALS AND METHOD
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ABSTRACT
Introduction: Bones forms the main framework of the human body. Bone structure is different in different individuals depending 
upon race, sex, height, work, nutrition and geographical area. Femur is the bone which is the longest and strongest in human 
body and shows highest correlation with stature.
Aims: This study has been done to determine the relationship of neck measurements with femur length in Maharashtrian popu-
lation.
Methodology: In the present Study, 54 human femur bones were studied for the following parameters using standard proce-
dures. We took femur length (FL), neck length (NL), neck diameter at narrowest site (NDN) and neck diameter at widest site 
(NDW) in mms.
Results: The data was analysed through SPSS software. The descriptive statistics was analysed. Univariate and Multivariate 
Regression equations were derived to estimate Femur Length from various neck parameters. In univariate analysis, FL was 
344.06 + 2.856 NL with R value 0.513 and in multivariate analysis, FL was 209.457+ 0.89 NL + 10.85 NDN -2.98 NDW with R 
value 0.867.
Conclusion: It has been concluded that femur neck length has a positive correlation with total length of femur and femur length 
can be calculated if measurements of one or more neck parameters are available.
Key Words: Stature Correlation, Multivariate Analysis, Femur length (FL), Neck length (NL), Neck diameter narrow (NDN), 
Neck diameter widest (NDW).
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After scientific and ethical committee approval, this study 
was conducted on 54 dry femurs from Bone bank of Depart-
ment of Anatomy, MGM Medical College during the year 
2019-20.(Fig. 1) Bones with obvious deformities in shape 
or size, the bones with visible fracture lines or injuries or 
surgical corrections were excluded from the study. After the 
exclusion of the deformed bones, 54 bones irrespective the 
side were included in study and given tags.

Dry weight of the bones was measured on weighing scale. 
Simultaneously, the total length of these bones was also 
measured on bone osteometric board thrice and the average 
of the all 3 entries was taken as final length for that femur. 
Both the entries were promptly entered in master chart. As 
this study is aimed to find the femur length from the meas-
urements of proximal segment of femur following measure-
ments were taken in mms. Side of femurs were identified and 
tabulated in excel sheet.5

1. Femur length (FL) – Femur was placed on osteometric 
board with internal rotation and it was measured from 
highest point of head of femur to lowest point of me-
dial condyle. (Fig no 2.)

2. Neck length (NL)– It is the distance between lowest 
margin of head and lowest point on intertrochanteric 
line. It was measured with measuring tape. (Fig no 3)

3. Neck diameter – We have drawn a parallel line to the 
axis of neck. Diameters were measured at its narrowest 
(NDN) and at the widest part (NDW) (Fig no 4 and 5)

Measurements were first entered into the Microsoft Excel 
(2010) then transferred to the SPSS version 20 for statistical 
analysis. After the data met the normality test, descriptive 
statistics were derived to calculate, mean, standard deviation 
and proportion of segmental measurements with the MFL 
(MFL – Mean Femur Length) for each side. Test of signifi-
cance was applied. Finally, linear regression models were 
derived for estimating the MFL from different measurements 
of neck of femur.

RESULTS

The MFL was 438.59 mm with ±SD value of 24.38 mm. 
The mean NL was 33.10 mm with std. deviation of 5.15mm. 
The mean NDN was 29.84 mm. The NDW was 41.78 mm 
with standard deviation of 5.07 mm. MFL in the study was 
found to be 344 mm, minimum NL was 43.76 mm, NDN 
was 24.38mm and of NDW was  31.51 mm.(Table no.1) (fig-
ure1,2,3,4)

The skewness of all the measurements was within -0.5 to 
0.5 and hence it suggests that the data obtained was fairly 
symmetrical.  Kurtosis value for FL is 1.48 and it is less than 
3. This distribution is platykurtic. Similarly, kurtosis for the 
NL is -0.79 which is also platykurtic. NDN and NDW also 
shows platykurtic distribution. (Table no .2)

As shown in Table no 3, Out of 54 Femurs 26 bones were 
left sided while 28 were right sided. The MFL of left sided 
femurs was 434.40 mm and right sided femurs were 442. 49 
mm. Similarly, there was difference between the means of 
NL of right and left side femurs. The difference in param-
eters of right and left MFL and right and left femur NL may 
be related to dominant use of right side in majority of popu-
lation needs to be studied further in detail. 

Mean NDN was found to be 29.88 mm and 29.81 mm on 
left and right side respectively. Mean NDN on left and right 
side were found to be 29.88 mm and 29.81mm whereas mean 
NDW were 42.69 and 40.93mm respectively. (table no.1)

As shown in Table no 4, the values indicate that there is a 
positive correlation between FL and NDN and negative cor-
relation between FL and NDW. The univariate equation was 
derived for estimating FL from measurements of NL. 

Femur length = 344.06 + 2.856 NL with R value 0.513.

This formula can be used to predict FL from the available 
neck length. It is also useful to derive the neck length for the 
prosthesis in surgeries if femur length is available.

For the calculation of FL from fragments of proximal seg-
ment of femur, a regression equation was derived from 
NL, NDN and NDW. For this, FL was used as a dependent 
variable and NL, NDN and NDW were used as independent 
variables. The multivariate was done. Multivariate equations 
were derived to estimate FL from different neck measure-
ments. As R value for multivariate equation is significantly 
higher than that of univariate equation for the calculation of 
FL, it is better to predict FL from the multivariate equation 
when all the relevant dimensions are available.

Femur length = 209.457+ 0.89 NL + 10.85 NDN -2.98 NDW 
with R value 0.867.

DISCUSSION 

The femur is one of the most important long bone for the 
erect posture of the Homosapiens, and neck of the femur is 
one of the important factors for weight transmission, stabi-
lization of posture and versatile movements at the hip joint. 
The measurements of the neck plays important role in femur 
implants too. Hence, due to scarcity of such data in Indian 
population, this study has been done to estimate FL from 
various parameters of femur neck

The MFL is 438.59 mm with std deviation of 24.38 mm. 
Similar results were seen in study done by Pillai .6 In this 
study, MFL was 437.4mm.

Micheal studied the linea aspera variations of femur while 
Shivshankarappa and Shakil et al. both studied the neck 
shaft angle in the femurs in different populations.7, 8 All these 
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studies guide us to understand the anatomy of femur more 
precisely and objectively. We wanted to determine the cor-
relation between the proximal segment measurements with 
femur length. Hence, we have decided to derive equations 
so as to predict MFL by using the neck measurements. On 
literature search, we have found similar such studies.

Ravichandran studied NL and neck diameter (ND)of femur 
in 578 specimens and mean NL and ND were 31.88 mm and 
30.99 mm while in our study NL was 33.10 mm ,NDN was 
29.84mm and NDW was 41.mm.9

Bhavna Nath stated in their study, lower limb bone like tibia 
followed by fibula and then femur have high correlation with 
stature of the individual. They also derived the regression 
equation for estimation of stature from FL. S = 77.99 + 2.15 
(MFL) ± 3.80 with r value 0.743.10

Seyed Vaghefi et al derived the mean ±SD value of FL in 
their study and it was 40.31 cm and 43.3 cm in females and 
males respectively and this difference was found to be sig-
nificant (P<0.05),MFL in present study was 438.59mm.11

Anil Dwivedi had studied 280 femurs of Maharashtrian 
population and derived the regression equations for the FL 
estimation.12 

FL= 128.347+ 4.104 (HVD) + 2.959 (HTD) and 

FL of left side = 126.767+ 3.985(HVD) +0.963 (HC).

(HVD- Head Vertical diameter, HTD- Head Transverse Di-
ameter, HC- Head Circumference)

In our study, we have derived the regression equations to es-
timate MFL from neck measurements as below in Maharash-
trian Population

FL = 344.06 + 2.856 NL with R value 0.513 and

FL = 209.457+ 0.89 NL + 10.85 NDN -2.98 NDW with R 
value 0.867 

CONCLUSION 

54 dry bones from bone bank of MGM Medical College, 
Aurangabad were studied for the osteometric measurements. 
Data was tabulated and analysed with help of SPSS software. 
From this study, it can be concluded that FL can be estimated 
with help of regression equations using measurements of 
proximal segment (NL, NDN, and NDW).According to our 
study, we can estimate the FL by both univariate and mul-
tivariate equations and R value for multivariate equation is 
significant (p value)

FL = 344.06 + 2.856 NL (R value- 0.513)

FL = 209.457+ 0.89 NL + 10.85 NDN -2.98 NDW (R value- 
0.867)

These equations will be useful in anthropology, Forensic and 
Orthopaedics for person identification, estimating the stature 
and estimating measurement of femur prosthesis. Still there 
is a scope to expand this study in future with inclusion of 
different measurements of proximal and distal segments for 
more accuracy.
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Table 1: Dimensions of Proximal segment of Femur
N-54 Range Minimum Maximum Mean Std. deviation Std error of 

mean

Femur length(FL) 151.05 344 495.59 438.59 28.70 3.90

Neck Length(NL) 20.24 23.52 43.76 33.10 5.15 0.70

Neck diameter –
Narrow(NDN)

12.19 24.38 36.57 29.84 2.64 0.36

Neck diameter – 
Wide(NDW)

20.41 31.51 51.92 41.78 5.07 0.690

Table 2: Statistics of the dimensions of proximal segment of femur
FL NL NDN NDW

Skewness -0.511 0.10 0.14 -0.235

Std. error of Skewness 0.325 0.325 0.325 0.325

Kurtosis 1.48 -0.79 0.22 -0.697

Std. error of Kurtosis 0.639 0.639 0.639 0.639

(FL- Femur length , NL- Neck length, NDN –Neck diameter narrow, NDW – Neck Diameter Widest)

Table 3: Group statistics
Parameter Side N Mean SD SEM

Femur length Left 26 434. 40 33.03 6.47

Right 28 442.49 23.96 4.52

Neck Length Left 26 34.25 4.77 0.93

Right 28 32.03 5.35 1.01

NDN Left 26 29.88 2.84 0.55

Right 28 29.81 2.50 0.47

NDW Left 26 42.69 4.89 0.95

Right 28 40.93 5.18 0.97

(SD –Standard Deviation, SEM –Standard error of Mean)

Table 4: Correlation table of variables
Pearson correlation Femur length NL NDN NDW

Femur length 1.00 0.513 0.722 0.103

Neck length 0.513 1.00 0.335 -0.31

NDN 0.722 0.335 1.00 0.634

NDW 0.103 -0.31 0.634 1.00

(FL- Femur length, NL- Neck length, NDN –Neck diameter narrow, NDW – Neck Diameter Widest)
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Graph 4:  Frequency diagram of Neck diameter Widest.

Figure 1: Femur bone bank.

Figure 2: Femur length measurement on.

Graph 1:  Frequency diagram of femur length.

Graph 2:  Frequency diagram of Neck length.

Graph 3:  Frequency diagram of Neck diameter Narrow.
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Figure 3: Femur neck length measurement.

Figure 4: Frequency diagram of Neck diameter Widest.

Figure 5: Femur neck diameter wide measurement.


