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RADio-AnAToMiCAl MEASUREMEnTS oF FEMoRAl MEDUllARy CAviTy: ACTUAl 
AnD REgUlAR MEDUllARy AREAS in CoRRElATion To FEMUR lEngTh (Abstract): 
introduction: Studying the detailed anatomical features of the femoral medullary area (MA) is 
fundamental before intra-medullary nailing and knee or hip arthroplasty. We hypothesized a 
method to measure the regular MA and to correlate it with the actual femoral MA. Material and 
methods: Serial cross-sectional were taken perpendicular to the longitudinal axis of the bones at 
regular distances of 50 adult (20-55 years) femoral CTs and 50 adult dry femora (25 male femora 
and 25 female femora). After identifying the anatomical directions, the actual MA was measured 
after delineation; the regular MA was measured by filling the medullary cavity with an ellipse 
where it touches the cavity all through its identifiable margins. The perpendicular diameters were 
identified and measured. Results: The narrowest actual and regular MA in both males and females 
either in bones or in CT were at the level of 70%. There was a significant increase in both regu-
lar and actual MA in bones than in CTs in most of the studied levels in males and females. A 
positive correlation between femur length and both regular and actual MA in bones and CT in 
most of the studied levels in males and females was found. We estimated an equation to predict 
the regular from the actual MA at all studied levels. Conclusion: our results may add to the 
prospective studies that might help improving designs of the femoral implants. Keywords: FE-
MUR, MEDUllARy AREA, nAiling, ARThRoplASTy, FEMoRAl iMplAnTS

INtROductION
proper femoral component alignment is cru-

cial to maintain the function and survival of 
total knee or hip arthroplasty (1;2). Accurate 
fitting of the intra-medullary rod requires stud-
ying the femoral medullary area (MA), accord-
ing to which, the rod diameter is indentified. 
improper alignment was reported due to small 
sized rods or capacious MA (3).

Mismatching between the femoral MA and 

the femoral rods or cementless femoral stems 
can cause serious problems as anterior cortex 
encroachment or penetration (4-7), iatrogenic 
fractures (8) and/or mal-union of the fractured 
ends (9). The shape and detailed dimensions of 
the femoral canal is always a topic of interest 
and it has to be always studied thoroughly (10).

The bone cross-sectional area (CSA) pro-
vides information about bone shape particu-
larly the MA (11). it differs in relation to body 
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size, age (12-14), climate (15;16), asymmetry 
(17;18), and behavior (16;19-23). it is also 
affected by the torsional forces and bone resist-
ance to bending (24). Race and localities are 
also important variables(25). Asian femurs, for 
example have greater cortical thickness with 
narrower MA (26). no available data concern-
ing our locality are available.

The accuracy of identifying CSA and the 
MA of long bones from either periosteal and/
or endosteal contours is controversial. They 
were calculated using periosteal contours alone 
(27), using the endosteal contour alone (28) or 
both (29). Studies suggest strong correlation 
between CSA and the endosteal than the peri-
osteal contours. The need to investigate the 
methods to calculate the CSA along the whole 
diaphysis is evident.

Computed tomography (CT) being rapid, 
accurate and nondestructive, seems to be the 
most desirable method to identify CSA and MA 
from both external and internal contours (29;30). 
however, CT has the disadvantages of its high 
cost and limited availability. CT is also sub-
jected to technical problems that might affect 
image quality (31).

There is no universal shape of the femoral 
canal with substantial variability in its anatomy. 
The poor predictability of its endosteal surface 
dimensions results in reduced femoral stem-
bone contact area, especially in younger indi-
viduals (32). Therefore, the ultimate aim of this 
study is to hypothesize a regular shape for the 
femoral MA (referred to as RMA) and to cor-
relate it with the actual femoral MA (referred 
to as AMA). A correlation formula(e) between 
both RMA and AMA at different levels of the 
femur with the femur length using both high 
resolution CT scans and dry bones was con-
cluded.

mAtERIAL ANd mEthOdS
Radiology
CT scans of the left femurs of 25 adult males 

and 25 adult females with age range (20-55 
years) who underwent lower limb CT between 
January 2014 and December 2016 were used. 
All CT scans were performed in Ain Shams 
university hospitals, Cairo, Egypt using So-
MAToM Sensation open CT System (Toshiba 
320 channels Aquilion one, Japan) with slice 
thicknesses of 1.2 mm. CT scans with any 
evidence of trauma or deformity were excluded. 

3D reconstructed models of the whole length 
of the femurs were done. At 16-bit TiFF gray-
scale images with a 1024 X 1024 pixel matrix 
were used. 

A radiograph ruler was projected to verify 
the magnification factor. The trochanteric oblique 
length (Tol) of the bone from the highest point 
of the greater trochanter to the lowest point of 
the medial condyle was measured. Serial cross-
sectional scans were taken perpendicular to the 
longitudinal axis of the shaft of the bones at 
regular distances beginning at the most distal 
aspect of the bone and proceeding proximally. 
Considering the Tol is 100%, the bone is cross-
sectioned at 20%, 30%, 40%, 50%, 60%, 70% 
and 80% of Tol ( Figs.1A & B), same meth-
od was used by Macintosh et al. (33) . Demo-
graphic data, including age, sex, were obtained 
from electronic medical records (Fig. 1A and B).

dry bones
A total of 50 left adult dry femurs (25male 

femurs and 25 female femurs) were obtained 
from Mansoura Anatomy museum and were 
carefully examined to exclude any observable 
pathologies. Age estimation was not available, 
although all bones showed criteria of full adult-
hood. Bone sex was determined according to 
the anatomical parameters mentioned in table 
(1) according to Atilla et al., and Sen et al., 
(25;34). neck shaft angel was determined ac-
cording to the guidelines given by Singh and 
Bhasin (35).

The Tol of bones was measured by the 
same method used in radiology. The bones were 
divided into similar regular distances used in 
radiology using a metal caliper, labeled, then 
transected by an electrical saw perpendicular to 
the longitudinal axes, and photographed by us-
ing a digital camera (Canon EoS 700D Japan). 
only intact and undamaged cross-sections were 
used (Figs. 2A & B).

measurements
The anatomical directions (anterior, poste-

rior, medial and lateral) of the bone sections 
were defined by visual orientation according to 
Su et al. (36). The MA was measured in the 
photographs of the cross sections of bones and 
CTs by using image-j program (version 1.51n) 
(37). To measure the MA, we used two methods:

RMA; the medullary cavity in both bone 
and CTs were filled with an ellipse after iden-
tify four points (A, B, C and D). A and B are 
the closest pair of points in two different ana-
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fig. 1A & B: Femur radiograph showing cross-sectional scans at 
regular distances (20%, 30%, 40%, 50%, 60%, 70% and 80% of 
Tol). A radiograph ruler was projected to verify the magnifica-

tion factor.

fig. 2A & B: The Tol of the dry femurs measured from the 
highest point of the greater trochanter to the lowest point of the 

medial condyle. The bones were divided at 20%, 30%, 40%, 50%, 
60%, 70% and 80%of Tol, labeled and transected.
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tomical directions. The shortest diameter is the 
line between A and B. The midpoint of this 
diameter was identified and a perpendicular 
line was determined and extended to touch the 
endosteal line of the bone. The first point of 
meeting is point C. D point is located at the 
same distance of point C. An ellipse is drawn on 
the four points where it now touches the en-
dosteal line at least at three different points, in 
the four anatomical directions (Figs. 3A, B, & C). 
The surface area of the ellipse was calculated 

by using the equation: . 
Where X-axis is the minor axis and the y-axis 
is the major one, and they intersect at the cent-
er (0, 0). The coordinates of the two co-vertices 
are (0, ±b) and of the two vertices (±a, 0) 
(±a, 0). its area in cm2 is given by the for-
mula: area = p (Fig. 3D).

AMA; the identifiable inner margins in 
bone and CTs were manually delineated and the 
two perpendicular diameters were identified as 
the maximum transverse (referred as X-axis) 
and the maximum longitudinal (referred as y-
axis) perpendicular bisectors of the irregular 
shape (Figs. 4 A & B). The diameters were 
measured in pixels using a computer program 
(MATlAB R2011a). The length of each diam-
eter in centimeters was calculated according to 
this formula:
length (cm) = 2.54x pixels ÷ Dots per inch (DPI) 

The AMA was measured in cm2 using the 
same program. All measurements were col-
lected and scored in tables.

Statistical analysis
Testing the normality of data was done by the 

Kolmogorov-Smimov test, the data were tested 
using Student’s-t test in normally distributed data 
or by Mann-Whitney-U test if the data were not 
normally distributed. Correlations between fe-
mur length and MA (RMA and AMA) in both 
males and females were determined using pear-
son’s correlation analysis. Statistical signifi-
cance was set at 0.05. Statistical analyses were 
performed using statistical analysis system (SAS) 
software program.

RESuLtS
Tab. ii shows a comparison between males 

and females femoral length. it was significant-
ly long in males compared with females in both 
bones and CT measurements. The femur was 
slightly taller in bones than in CT measurement 
in both males and females.

The comparison of MA in male in bones and 
CT were significantly higher in bone measure-
ment compared with CT measurements. This is 
was particularly for RMA at level of 30% and 
for AMA at level of 60% and 20% (Tab. iii).

Comparison of MA in female in bones and 
CT showed significantly higher measurements 
in bones compared with CT, with the exception 
of RMA at the level of 80% and 20%. The 
other measurements at different studied levels, 
however, were higher in bones compared with 
CT (Tab. iv).

The narrowest RMA and AMA in both 
males and females either in bones or in CT was 

TABlE i
Anatomical differences between male and female femurs

male female

Neck shaft angel ≤ 123° Neck shaft angel ≥ 127°

head diameter > 4.6 cm Head diameter ≤ 4.6 cm

vertical diameter of the femoral head > 4.5 cm Vertical diameter of the femoral head ≤ 4.1 cm

Maximum oblique length ≥ 45.9 cm Maximum oblique length ≤ 42.6 cm

TABlE ii
comparison of femur length (in cm) between males and females in dry bones and cts 

Items* male female
mann 

Whitney test
P value

Femur length dry bones
Femur length CTs

44.92 ± 1.25
44.75 ± 0.75

41.69 ± 1.13
41.59 ± 0.59

3.7
3.6

0.0002*
0.0003*
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fig. 3A, B, c & d: Medullary cavity filled with an ellipse after identify four points (A, B, C and D) 
where A and B are the closest pair of points in two different anatomical directions. The shortest 

diameter is the line between A and B. The midpoint of this diameter was identified and a perpendicular 
line was determined and extended to touch the endosteal line of the bone. The first point of meeting is 

point C. D point is located at the same distance of point C. 

fig. 4A & B: A MA manually delineated and the two perpendicular diameters were identified as the 
maximum transverse and the maximum longitudinal perpendicular bisectors of the irregular shape.

at the level of 70%, whilst the widest RMA and 
AMA was at the level of 20% (Tab.v).

The correlation between femur length and 
RMA at all studied levels in male and female 

bones. With the exception of the studied area 
at level of 60%, 40% in males and females, the 
results revealed significant positive correlation 
between the femur length and RMA in bones. 
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TABlE iii
comparison of RmA and AmA (in cm2) in male in both dry bones and cts

 Level Items dry bones cts
mann Whitney

 test
P value

80% RMA
AMA

2.11 ± 0.13
2.42 ± 0.17

1.90 ± 0.16
2.29 ± 0.17

2.6
1.8

.01*
0.07

70% RMA
AMA

0.61 ± 0.07
0.73 ± 0.06

0.51 ± 0.07
0.60 ± 0.07

2.7
4.7

0.01*
0.001*

60% RMA
AMA

0.91 ± 0.07
1.05 ± 0.03

0.83 ± 0.03
0.92 ± 0.04

3.3
8.2

0.004*
<.0001*

50% RMA
AMA

1.00 ± 0.05
1.19 ± 0.08

0.95 ± 0.05
1.13 ± 0.07

2.2
1.7

0.03*
0.09

40% RMA
AMA

1.95 ± 0.11
2.01 ± 0.10

1.84 ± 0.05
1.84 ± 0.07

2.8
4.4

0.01*
0.0004*

30% RMA
AMA

2.88 ± 0.25
3.23 ± 0.22

2.65 ± 0.19
2.90 ± 0.15

12.3
3.9

<.0001*
0.001*

20% RMA
AMA

3.9 ± 0.29
4.4 ± 0.30

3.09 ± 0.47
3.70 ± 0.23

4.6
5.8

0.0002*
<.0001*

TABlE iv
comparison of RmA and AmA (in cm2) in female in both dry bones and cts

Level Items dry bones cts
mann Whitney 

test
P value

80% RMA
AMA

1.48 ± 0.13
2.13 ± 0.16

1.71 ± 0.13
2.03 ± 0.16

3.9
1.4

0.001*
0.17

70% RMA
AMA

0.53 ± 0.07
0.65 ± 0.06

0.44 ± 0.06
0.55 ± 0.05

3.1
4.1

0.01*
0.001*

60% RMA
AMA

0.79 ± 0.05
0.91 ± 0.05

0.73 ± 0.03
078 ± 0.04

3.2
6.4

0.004*
<.0001*

50% RMA
AMA

0.86 ± 0.06
1.03 ± 0.08

0.82 ± 0.05
0.98 ± 0.07

1.6
1.4

0.12
0.15

40% RMA
AMA

1.67 ± 0.11
1.73 ± 0.12

1.59 ± 0.05
1.64 ± 0.07

2.1
2.0

0.05
0.06

30% RMA
AMA

2.47 ± 0.23
2.80 ± 0.21

2.27 ± 0.16
2.52 ± 0.12

2.3
3.6

0.04*
0.002*

20% RMA
AMA

3.33 ± 0.26
3.80 ± 0.28

3.8 ± 0.17
3.2 ± 0.21

4.7
5.4

0.0002*
<.0001*

The highly significant positive correlations were 
detected at level of 70%in males and 20% in 
females where the correlation coefficient (r = 
0.90 and p - 0.0004 and 0.0003, respectively). 
The RMA at level of 60%, showed a very weak 
negative correlation in females, although it was 
not significant (Tab.vi).

The correlation between femur length and 

RMA at all studied levels in male and female 
CT. in males, significant positive correlation 
was detected at level of 70%, 50%, 30% and 
20% and a very weak not significant negative 
correlation at level of 40%. The highly sig-
nificant positive correlations were detected at 
the level of 50% and 20% where the correlation 
coefficient (r) was 0.71 and p value of 0.02. in 
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TABlE v
the narrowest RmA and AmA (in cm2) in males and females in both dry bones and cts

Level Items
males females 

dry bones cts dry bones cts

80% RMA
AMA

1.9 – 2.3
2.05 – 2.6

1.7 – 2.3
1.7 – 2.5

1.60 - 2.01
1.80 - 2.28

1.54 - 2.00
1.67 - 2.23

70% RMA
AMA

0.45 – 0.71
0.63 – 0.84

0.38 – 0.61
0.52 – 0.75

0.39 - 0.67
0.55 - 0.78

0.32 - 0.52
0.45 - 0.64

60% RMA
AMA

0.80 – 1.03
0.97 – 1.10

0.79 – 0.89
0.82 – 0.95

0.69 - 0.90
0.86 - 1.03

0.69 - 0.79
0.70 - 0.82

50% RMA
AMA

0.89 – 1.09
1.01 – 1.28

0.87 – 1.02
0.97 – 1.23

0.77 - 0.95
0.85 - 1.13

0.75 - 0.92
0.85-1.08

40% RMA
AMA

1.80 – 2.17
1.85 – 2.17

1.76 – 1.89
1.77-2.01

1.53 - 1.81
1.53 - 1.98

1.53 - 1.67
1.53 - 1.76

30% RMA
AMA

2.56 – 3.32
2.90 – 3.58

2.37 – 2.91
2.73 – 3.27

2.22 - 2.89
2.48 - 2.11

2.04 - 2.50
2.35 - 2.77

20% RMA
AMA

3.30 – 4.30
3.70 – 4.70

2.90 – 3.60
3.30 – 4.01

2.81 - 3.65
3.12 - 4.05

2.56 - 3.13
2.80 - 3.44

TABlE vi
correlation between femur length and RmA at all studied levels 

in male and female dry bones and cts

dry bones cts

Level
male female male female

r
coefficient

P
value

r
coefficient

P
value

r
coefficient

P
value

r
coefficient

P
value

 80% 0.81 0.01* 0.72 0.02* 0.55 0.09 0.40 0.24

70% 0.90 0.0004* 0.82 0.003* 0.69 0.03* 0.61 0.06

60% 0.06 0.85 - 0.06 0.86 0.13 0.71 0.08 0.80

50% 0.78 0.01* 0.73 0.02* 0.71 0.02* 0.65 0.04*

40% 0.43 0.21 0.40 0.25 - 0.01 0.98 - 0.03 0.92

30% 0.80 0.01* 0.77 0.01* 0.64 0.04* 0.67 0.03*

20% 0.86 0.001* 0.90 0.0003* 0.71 0.02* 0.74 0.02*

females, RMA at level of 50%, 30% and 20% 
were significantly and positively correlated with 
the femur length, where the highest positive 
correlation was at the level of 20% (r = 0.74, 
p = 0.02). A weak negative correlation was 
detected in females at level of 40%, although 
it was not significant (p = 0.92) (Tab.vi).

The correlation between femur length and 
AMA at all studied levels in male and female 
bones showed a significant positive correlation 
between the femur length and AMA in both 

males and females with the exception of AMA 
at level of 60%. The highly significant strong 
positive correlations were detected at level of 
40% in males and 30% in females (Tab. vii).

The correlation between femur length and 
AMA at all studied levels in male and female 
CT. With the exception of the studied area at 
levels of 80%, 60% and 20% in males and 
60%, 40% and 30% in females, the results 
revealed significant positive correlations between 
the AMA and femur length in CT. The highly 
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significant positive correlations were detected 
at level of 70% in males and 50% in females 
where the correlation coefficient (r = 0.75 and 
p = 0.01). The AMA at level of 60%, showed 
a very weak negative correlation in females, 
although it was not significant (Tab.vii).

The correlation between the RMA and AMA 
at all studied levels in male and female bones. 
in males, significant and positive correlation 
between the two studied areas were detected at 
levels of 70%, 50%, 30% and 20%, with the 
highest was at level of 20% (r= 0.97; p <.0001). 
in females, the highly positive significant cor-
relation was at level of 20% with r= 0.92 and 
p = 0.0002. positive and significant correlations 
were also detected in females at levels of 50% 
and 30% (Tab. viii and Figure 5A and B). 

The correlation between the RMA and AMA 
areas at all studied levels in male and female 
CT. in males, significant and positive correla-
tion between the two studied areas was de-
tected at levels of 80%, 50%, 30% and 20%, 
with the highest was at level of 50% (r = 0.95; 
p < 0.0001). A negative non significant cor-
relation was also detected which was moderate 
(r = -0.25) at level of 40% and very weak (r = 
-0.01) at level of 20%. in females, strong pos-
itive significant correlations were found at level 
of 30% (r = 0.91) and 20 % (r = 0.87). A very 
weak negative non significant correlation was 
found in females at level of 40% (r = -0.02; 
p = 0.94) (Tab. viii and figure 5C and D).

dIScuSSION
Close geometric fitting between the femoral 

MA and metal implants is crucial for durable 
implant fixation (38). Studies examining en-
dosteal geometry are important to supply de-
tailed landmarks for use in designing femoral 
components. Most market available prostheses 
and implantation are based on dimensional data 
of western population (25). MA of Middle-
Easterns showed significant variation than 
Caucasians. Racial variations of the femoral 
morphology are important enough to require 
modi fications in intra-medullary nailing and 
total hip prosthesis design (25). 

in fact, the shape of the femoral canal is 
much more variable than most contemporary 
designs of femoral components would suggest 
or could accommodate. Due to this variability, 
contact between cementless implants and en-
dosteal surface of femur is not so much ex-
pected. Researchers assumed that non-coabted 
implants might be compensated by bone in-
growth (39), however many studies showed that 
this in-growth was variable and sometimes it 
was completely absent (40-42). on the other 
hand, some studies would argue that the impor-
tance of the contact area is increasingly irrelevant 
as drilling of the entry site and the resulting bone 
fragment packing in the spaces potentially en-
hance the post-operative outcome with acceler-
ated bone growth around the stem (43;44). 

previous studies used multiple diameters 

TABlE vii
correlation between femur length and AmA at all studied levels 

in male and female dry bones and cts

dry bones cts

Level 
male female male female

r
coefficient

P
value

r
coefficient

P 
value

r
coefficient

P
value

r
coefficient

P
value

 80% 0.65 0.04* 0.64 0.04* 0.58 0.07 0.65 0.04*

70% 0.82 0.003* 0.79 0.01* 0.75 0.01* 0.71 0.02*

60% 0.54 0.10* 0.22 0.54 0.50 0.13 - 0.05 0.92

50% 0.72 0.02 0.78 0.01* 0.68 0.02* 0.75 0.01*

40% 0.94 <.0001* 0.77 0.03* 0.60 0.02* 0.58 0.07

30% 0.88 0.001* 0.89 0.001* 0.64 0.03* 0.58 0.07

20% 0.77 0.01* 0.75 0.01* 0.63 0.05 0.63 0.03*
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TABlE viii
correlation between the RmA and AmA at all studied levels 

in male and female dry bones and cts

dry bones cts

Level
male female male female

r 
coeffi-
cient

P
value

r 
coeffi-
cient

P
value

r 
coeffi-
cient

P
value

r 
coeffi-
cient

P
value

 80% 0.75 0.09 0.50 0.11 0.71 0.02* 0.60 0.06

70% 0.77 0.01* 0.54 0.10 0.48 0.15 0.45 0.18

60% 0.60 0.06 0.30 0.40 0.55 0.09 - 0.03 0.99

50% 0.97 <.0001* 0.89 0.001* 0.95 <.0001* 0.85 0.07

40% 0.54 0.10 0.12 0.74 - 0.25 0.48 - 0.02 0.94

30% 0.93 0.0001* 0.86 0.001* 0.88 0.001* 0.91 0.003*

20% 0.97 <.0001* 0.92 0.0002* - 0.01 0.98 087 0.001*

fig. 5 A, B, c & d. Mean RMA and AMA at different studied levels in male bone, 
female bone, male CTs and female CTs.

(medio-lateral, antro-posterior and oblique) 
(45), two diameters; medio-lateral and antero-
posterior ones (46) or only one diameter; me-
diolateral, to measure the MA (47). Bone sam-
ples used in our study showed criteria of full 
adulthood, however, accurate age of dry femurs 
was difficult to be detected. it was found that 
age doesn’t affect the regression models of fe-
murs in previous studies. others stated that 
aging could expand the femur and increased the 
diameters of the medullary cavity affecting the 

shape of the canal (48).
Considering the fact that there is no univer-

sal shape of the femoral canal with consequent 
poor predictability of dimensions characterizing 
the endosteal femoral surface, we hypothesized 
a method to measure the RMA by drawing an 
ellipse inside the medullary cavity. According 
to Stojmenovic et al. (49), the best ellipse fit 
can be drown inside irregular shapes by iden-
tifying the shape centre and finding the orienta-
tion line of the shape. The best ellipse fit was 
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chosen by determining the location of the foci 
of this fit along the orientation line in opposite 
directions of the shape centre. Determining the 
two perpendicular diameters of an ellipse, used 
to measure the RMA in our study, seemed more 
applicable.

in our study, we assumed an equation to 
predict the RMA from the AMA at all studied 
levels (Tab.iX). There is an important fact that 
the effective canal area is smaller than the ac-
tual canal size (50). Dai et al (51) attributed 
this fact to a dense calcar trabeculation in the 
femoral canal observed in a CT study in the 
trochanteric region, and also it was observed 
in bone cross-sections. The trabeculation sys-
tem of the bone was not given enough attention 
and it was reported to be limited predictive 
value (52). Studies measured the canal after 
rasping the trabecular bone to define the corti-
co-cancellous interface from thin trabeculae to 
increasing density towards the cortical bone 
(53). These facts together, with the fact that the 
industrial prostheses and implants are regular 
in cross diameters, adds to the advantage of 
using of the two perpendicular diameters of an 
ellipse in determining the femoral MA. 

noble et al., (54;55) defined a method 
called canal flare index (CFi) to scan the shape 
of the proximal femoral canal. They defined 
CFi as the ratio of the canal width, 20 mm 
above lesser trochanter, to the canal width in 

the middle of diaphysis. Accordingly, they clas-
sified the canal into three types: stove pipe 
(CFi<3), normal (3<CFi<4.7) and cham-
pagne-fluted (CFi>4.7). in our study, the nar-
rowest AMA and RMA in both males and fe-
males either in bone or in CT were observed 
at the level of 70%. A marked variation in 
listing the level of the narrowest part of the MA 
was reported. This variability is determined by 
a large number of factors, including the gen-
eral characteristics of the individual and femo-
ral anatomical parameters (56). Similarly, liu 
et al. (57) noted an apparent narrowing of the 
medullary canal around the level of the lesser 
trochanter. on the other hand, after CT scan-
ning of 50 femurs, laine et al. (58) found that 
the average distance between the narrowest level 
and the lesser trochanter was 110 mm. 

in this study, there was a significant increase 
in both RMA and AMA in bone than in CT in 
most of the studied levels in males and females. 
We depended on the endosteal contour rather 
than the external as it was more reliable (59). 
Similarly, Robertson and huang (60) demon-
strated that medullary canal CT values showed 
significant thickening in external and internal 
bone edges, resulting in large cortical area with 
small medullary canal area. CT image scan dif-
ficultly define the borders of the femoral canal 
due to difficulty in discriminating the cancellous 
from the compact bone (61). This fact can explain 

TABlE iX
EquationS formulated to predict RmA from AmA in dry bones and cts 

in both males and females at all studied levels

Predicted RmA in dry bones Predicted RmA in cts

Level 
male female male female

80% - 0.13 + 1.01 X AMA 0.14 + 0.59 X AMA - 0.19 + 0.49 X AMA 0.14 + 0.53 X AMA

70% 0.082 + 0.86 X AMA 0.93 +  0.43 X AMA 0.30 + 0.70 X AMA 0.69 + 0.50 X AMA

60% 0.19 + 0.68 X AMA 0.23 + 0.61 X AMA 0.17 + 0.68 X AMA 0.22 + 0.62 X AMA

50% - 0.25 + 1.10 X AMA 0.49 + 0.33 X AMA - 0.37 + 0.49 X AMA 0.73– 0.003 X AMA

40% -0.38+ 1.01 X AMA -0.20+ 0.95 X AMA -0.60+ 1.11 X AMA -0.73+ 1.19 X AMA

30% 0.75 + 0.60 X AMA 1.48 + 0.10 X AMA 2.17-0.17 X AMA 1.62-0.02 X AMA

20% - 0.29 + 0.95 X AMA - 0.08 + 0.86 X AMA 3.13–0.01 X AMA - 0.65 + 0.68 X AMA
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possible variations between measurements of 
dry bones than CTs. other studies suggested 
constant threshold value that differs in meta-
physis than diaphysis (53;61). other explana-
tions are different threshold values for discrim-
ination (61;62). The differences between CT 
equipment and the variety of patients bone prop-
erties (53), inadequate control and determina-
tion of magnification (63) are other variables.

in this study, there was a positive correlation 
between femur length and both RMA and AMA 
in bone and CT in most of the studied levels in 
males and females. Based on the principle that 
the dimensions of various long bones correlate 
positively with human stature (64). Femoral 
CSA varied in approximate proportion to the 
bone length (65). in addition, Su et al. (56) 
observed significant correlations between the 
femoral length and the isthmus diameter. oth-
erwise, and according to our knowledge, there 
are no published data discussing the relation 
between femur length and AMA that we are aware 
of, against which to compare our findings.

in conclusion, our results may add to the 
prospective studies that might help improving 

designs of the femoral implants. it also is ap-
parent that changes in implant design are still 
needed according to racial variations of the 
femoral morphology.

Limitation
The results of the study were limited by the 

relatively small number of the studied femurs. 
Also the examined femurs were not categorized 
by age to avoid imprecision of the results as the 
dry femurs age determination was not possible. 
The respect to age will be more specific. 

Recommendations
This is the first study to report the hypoth-

esis of RMA as a new parameter for femoral 
geometry. Most researches concentrated on the 
width of the isthmus as it is the narrowest part 
of the femoral canal, yet studying the exact 
anatomical features of the whole canal is im-
portant as in cases of surgical interference in 
the midshaft and/or the lower end.
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