
Introduction
In total knee arthroplasty (TKA), maximum implant cov-
ering on the bone surface minimizes the stress applied to
the bone-implant interface.[1] A good shape match
between the prosthesis and the resected surface of the
knee is reported as an important factor for long term sur-
vival of TKA. Most of the available TKA prostheses are
designed according to the anthropometric data from
American or European populations, which is suspected to
be the cause of mismatch of these prostheses in Asian peo-
ple.[2]

Distal femur anthropometric indices are the main
parameters in the design of knee implants, and are impor-
tant determinants for achieving a well-balanced flexion-
extension gap in a TKA. Several studies studied the distal
femur and reported knee morphometric indices for sizing

the femoral component of knee prostehesis.[3–9] The notch
width index (NWI) and other morphologic parameters of
the knee joint are importantin designing knee prosthe-
ses.[4] However, most of the studies are reports from North
America,[4,5] Europe[6] and Asia.[7–9]

Iranic people are an ethnical group among the Asian
population.[10] However, the number of previous studies on
knee morphometry is limited, there is only one study on
CT scans of 150 patients on some measurements from
distal femur, namely width of the medial and lateral
condyles, anteroposterior length of the lateral condyles,
and intercondylar width.[11] Also, there were no studies in
the literature investigating anthropological parameters of
the bony specimens in the Iranian population. The aim of
this study was to to evaluate whether current total knee
prostheses are proportionally matching to anatomical pro-
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files of the Iranian knees by measurements from bones and
MRI images of the femur. 

Materials and Methods
This cross sectional study was performed on 158 cadaver-
ic knees from the Department of Anatomy, School of
Medicine, Tehran University of Medical Sciences,
Tehran, Iran, and on 187 patients that underwent MRI on
one or both knees between October 2015 and April 2016
in Shariati Hospital, Tehran, Iran with institutional ethic
approval. Pertinent demographic and clinical history was
obtained from the existing medical charts. Patients with
knee deformities or dysplasia, connective tissue or hema-
tologic disorders, fractures involving articular surfaces,
prior knee arthroscopy/surgery or osteoarthritis were
excluded from the study.[12] The measurements were per-
formed in the frontal plane in MR images, and in the hor-
izontal plane in bone specimens. Therefore, we did not
make a comparison between the bone and MRI samples. 

According to earlier reports, a measurement of femoral
head diameter less than 42.5 mm indicates a female and a
measurement greater than 47.5 mm indicates a male. A
midshaft femoral head circumference measurement less
than 81 mm indicates a female, while measurements above
81 mm indicates a male.[13,14] Identification of the left and
right femur was based on the anatomical position and
landmarks.[15] Based on these parameters, bones studied
were from 121 males and 37 females. From these, 88 bones
were from the right side and 70 frpm the left side. Knee
MRIs were from 187 patients (91 males, 96 females) from
the Radiology Department of Shariati Hospital, Tehran,
Iran. Of these, 99 MRIs were from the right and 88 from
the left knee.

MRI was performed using a 1.5 Tesla whole body MRI
system (Siemens 1.5 Tesla, Avanto, Germany) with an
extremity coil. Pulse sequences were T1-weighted images.
The direction of axial slice imaging placed the slice per-
pendicular to the femoral mechanical axis in the coronal
plane and perpendicular to the long axis of the femur in
the sagittal plane. Before performing the study, the MRI
was precalibrated to provide a 0% of magnification. All
187 MRI files were reconstructed at 3 mm intervals.[16]

The following knee joint structures were measured:
intercondylar width (ICW), intercondylar notch width,
trochlear line - epicondylar line angle (TEA) and inter-
condylar notch width index (NWI). NWI was calculated
as a ratio of maximum notch width to the ICW.[13] For
bony specimens, angle measurements were made on
photographic images using Digimizer free image analy-
sis software (Version 4.0.0; MedCalc Software,
Mariakerke, Belgium) and a digital caliper was used to
measure the remaining parameters. In MRI images, all
measurements were performed using the MRI device
software.

In bony specimens, the ICW was measured as the max-
imum distance between the internal and external condyles
(Figure 1a). In MRI images, the distal femoral popliteal
groove was observed and the maximum distance between
the internal and external condyles was measured.[17,18]

(Figure 1b).
Intercondylar notch width was measured on the

bones using a caliper and using the software of the MRI
machine in MRI images (Figure 2).

According to the method reported by Souryal et al.,[17]

femoral NWI was calculated by dividing the ICW by the
intercondylar notch width (NW). The NW was meas-
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Figure 1. (a) Bicondylar line in distal femur and (b) intercondylar width on MRI image. [Color figure can be viewed in the online issue, which is avail-
able at www.anatomy.org.tr]
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ured as the length between the medial projection of the
lateral condyle and the lateral projection of the medial
condyle of the femur. The ICW was determined by
measuring the line passing through the popliteal groove
and running parallel to the line drawn between the
condylar ends across the most distal aspect of femur.
Both measurements were performed on axial images
(Figure 3). Employing the criteria of Domzalski et al.[18]

a value of 0.27 or more for the NWI was considered as
normal, whereas values equal to or below 0.269 were
considered as low.

The TEA is between two lines: trochlear line as the
line passing through the most anterior points of the
trochlea and the epicondylar line as the maximum distance
between the internal and external epicondyles.[5,19] The
angle between the two lines was measured (Figure 4). 

All comparisons between categories were made using
the v2 test. p≤0.05 was considered to be statistically sig-
nificant.

Results
In bony specimens, the mean ICW was measured as
65.98 mm, 61.33 mm in females and 67.46 mm in males
and females. The NW was 17.9 mm in females and 19.8
mm in males, and 19.36 mm in males and females. The
NWI was 0.292 mm in females, and 0.291 mm in males,
and 0.291 mm in males and females. The mean TEA line
angle was in 7.17° in females, 7.48° in males, and 7.38°
in males and females.

In MRI images, the ICW was 63.92 mm in females,
74.58 mm in males, and 69.11 mm in males and females.
NWI was 17.93 mm in females, 19.98 mm in males, and
18.92 mm in males and females. In bony specimens,
NWI was 0.28 mm in females, 0.268 mm in males, and
0.276 mm in males and females. TEA was 5.76° in

females, 6.48° in males and 6.07°, in males and females
(Table 1).

Linear regression results showed that one degree rise
of TEA decreased the NWI 0.002 units. This relation-
ship was statistically significant (p<0.05). Linear regres-
sion analysis for MRI images showed that for one degree
rise in TEA, NWI decreased by 0.006, and this correla-
tion was also statistically significant (p<0.05) (Figure 5).

Discussion 
Measurements of knee morphometric parameters are
important in the construction, design and selection knee
prosthesis. The aim of this study was to identify clearly
discernible, reliable anthropometric indices of knee that
could be used in construction of prosthesis commonly
used in TKA. To our knowledge, this is the first study to

Figure 3. (a–c) Intercondylar notch width (A) and intercondylar width (B) in bony and MRI specimens. [Color figure can be viewed in the online issue,
which is available at www.anatomy.org.tr]

Figure 2. Measurement of notch width (NW) on MRI.
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Figure 4. Measurement of TEA using Digimizer free image analysis software (Version 4.0.0; MedCalc Software, Mariakerke, Belgium). Trochlear line
(TL) is the line passing from the most anterior point of the trochlea and the epicondylar line (EL) is the maximum distance beween the medial and lat-
eral epicondyles. [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]

Figure 5. Linear regression of NWI and TEA in (a) bones and (b) MRI images. 

Method Variable ICW NW NWI TEA

MRI images Right (n=99) 69.21±6.87 19.06±2.83 0.276±0.036 6.10±1.23
Left (n=88) 69±6.91 18.73±3.09 0.272±0.041 6.20±1.14
Male (n=91) 74.58±4.8 19.98±3.07 0.268±0.028 6.48±1.08
Female (n=96) 63.92±3.85 17.93±2.46 0.280±0.035 5.76±1.05

Dry bones Right (n=88) 65.98±5.35 19.3±2.76 0.291±0.028 7.61±2.22
Left (n=70) 66±5.98 19.44±2.56 0.292±0.028 7.07±1.8
Male (n=121) 67.44±5.14 19.80±2.66 0.291±0.029 7.48±2.12
Female (n=37) 61.33±4.13 17.99± 2.24 0.292±0.025 7.17±1.93

Table 1
Intercondylar width (ICW), intercondylar notch width (NW), notch width index (NWI) and trochlear line – epicondylar line angle (TEA) in bones and

MRI images (mm, Mean ± SD).
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investigate the relationship between NWI and TEA in
normal knees using MRI and dissected bones in an
Iranian population. 

ICW is important in anatomical, clinical, anthropo-
metric and orthopedic parameter, particularly for TKA.
According to our results, ICW was 65.9 mm (61.3 mm in
females and 67.4 mm in males) in bony specimens, and
69.1 mm (63.9 mm in females and 74.5 mm in males) in
MRI images. This variable was 70.6 mm in Japanese,
71.2 mm in Chinese,[20] 70.2 mm in Koreans,[9] and 71.5
mm Germans.[21] This shows a significant difference
between measurements of these studies and the current
study in an Iranian population; however, it can be noted
that distal femur parameters in Iranian population were
closer to German and Chinese populations. 

Intercondylar notch is an anatomic site of interest as
it lodges the anterior cruciate ligament. The morpholo-
gy of the intercondylar notch may be clinically relevant
to anterior cruciate ligament pathologies. NWI is also an
important parameter to estimate knee prosthesis meas-
urements.[22] It is associated with damage to knee liga-
ments and is a useful parameter in knee arthroplasty and
prostheses. So measurements of this variable is very
important.[5,11,23,24] In a recent CT study on an Iranian
population, intercondylar notch width was measured as
20.39±3.4 mm, 21.76 in males and 17.96 mm in
females.[11] These results are similar to our findings of
NW in bony and MRI specimens. 

The average NWI in this study was 0.29 mm. This is
slightly higher than the average NWI in previously pub-
lished papers. Souryal et al.[17] calculated NWI as 0.23,
Anderson et al.[25] 0.26, and results of the study by
Chandrashekar et al.[26] was the closest to the current
study as 0.29. This shows that there is a wide range in
both intercondylar notch width and bicondylar width
measurements, possibly due to the different age, gender
or population of the study groups.

Poilvache et al.[19] measured TEA in 111 knees and
found as 5.38° in females and 4.41° in males. In this
study, in bony specimens, TEA was 7.38° (7.4° in males
and 7.1° in females) and in MRI images 6° (6.4° in males
and 5.7° in females). This value is higher than reported
in the previous studies. 

Conclusion
The findings of this study on distal femur morphometry
will be useful for the design and construction of knee
prostheses for the Iranian population, and also be useful
for clinicians involved in the TKA. 
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