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Original Article

The Magnetic Resonance Imaging Evaluation of Morphometry of the
Distal Femur and Proximal Tibia on Adult Anatolian Population
Abstract

Introduction: It is widely known that the production of knee prostheses is based on the morphometric
parameters of the distal femur and proximal tibia. Although there have been studies on this subject in
different populations in the literature, such a study has not been found in the Turkish population. It is
aimed to establish an index and also compare it with previous results of different populations, in this
study. Material and Methods: This study was conducted on 200 patients (78 females, 122 males)
aged between 18 and 65 years who had magnetic resonance imaging retrospectively. People with
previous fractures, dislocations or ruptures, tears, or tensions in the anterior cruciate ligament,
history of knee surgery, and trauma were excluded from the study. Various measurements were
conducted on images of the distal femur and proximal tibia morphometry. Results: Mean values of
the measurements made on the distal femur and proximal tibia were calculated, it was determined
that all parameters were higher in males than females. A statistically significant difference was
found between the sexes in all the parameters evaluated except for the intercondylar notch height
parameter (P < 0.05). According to the results of our study, the mean intercondylar notch width
index (NWI) and intercondylar notch shape index (NSI) in the total population were calculated as
0.88 ± 0.18. There was no statistically significant difference between male and female values for
NWI and NSI (P > 0.05). Discussion and Conclusion: In this study, finally, intercondylar notch
classification was done. According to this, in 46.5% of cases, notch type, which defined as type A
and 53.5% of the notches were identified as U type. None of the cases was classified as W type.
Studies in which normal morphometric data are presented due to differences in races between
skeletal structures have crucial importance. Therefore, the data obtained from our study are thought
to be useful to produce specific knee prostheses.
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Introduction
The anatomic components forming the
knee joint include the distal femur and the
proximal tibia. Previous anthropometric
studies were present in the literature for
both on the distal femur and proximal
tibia.[1‑4]
For those patients for whom total knee
arthroplasty (TKA) is planned, it is
extremely important to ensure size matching
of the components belonging to the distal
femur and the proximal tibia to maximize
the bony structure and the load transmission
in the proximal tibia.[5,6] Ensuring this match
during TKA will extend implant stability
and life. During a TKA performance, a
too small tibial component might lead to
loosening due to an early relocation in the
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orthesis because of insufficient support
by the distal bony compartment after
resection.[7] Moreover in the case of a too
large tibial component, soft‑tissue irritation
and pain might occur when the orthesis used
protrudes over the distal bony compartment
after resection. Studies about the distal
femur also report that anatomic structures
might be variable and that such variations
might lead to certain pathologies.[8]
It is emphasized in recent anthropometric
studies that the components involved in
the formation of knee vary depending
on races and that, therefore, the orthoses
used in arthroplasty should be produced in
consideration of racial differences.[9]
The systematic review study conducted in
2017 compares all the English articles in
the literature, revealing results about the
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distal femur and proximal tibia. Accordingly, available
information includes only white, Eastern Asian nations and
Indians. There is still nocomparative index of the Middle
Eastern and African populations.[10] The current study was
planned because of a lack of morphometric data regarding
the Turkish population that could be used for making
prostheses for people of this region.
Magnetic resonance imaging (MRI) is noninvasive
method that was utilized in previous studies for making
such measurements and which enables distinguishing
compartment boundaries in the clearest way possible and
carrying out reliable measurements. For this reason, in our
study as well, the measurements relating to the proximal
tibia and the distal femur were made by MRI images
retrospectively.

Material and Methods
Study group
The approval of this study was obtained before the
commencement of work from the Non-Interventional Ethics
Committee of Istanbul Medipol University. Two hundred
Turkish patients were included in the study between 2016
and 2017 (122 males, 78 females; mean age: 35.37 ± 9.82)
at Istanbul Medipol University Hospital Radiology
Department. MRIs registered in picture archiving and
communication systems (PACS) used for measurement and
studied retrospectively. Those who had previous knee joint
surgeries or had a knee trauma, fracture, dislocation, or a
ruptured or torn anterior cruciate ligament (ACL) of any
sprained ligament (sprain II and above) were not included
in the study.
Imaging
The MRI was performed with the patient in the supine
position and the knee in a relaxed position at a 5‑degree
external rotation by 3T (TR3029, TE 30) and 4‑mm
slice thickness. For image analysis, the archiving and
measurement program PACS was utilized.

•
•
•
•
•
•

notch width (NW)
notch height (NH)
femoral mediolateral line (FML); longest line connecting
the medial and the lateral dimensions of the distal femur
on the first plane
femoral medial condyle anteroposterior length (FMAP);
the longest FMAP length on the first plane
femoral lateral condyle anteroposterior length (FLAP);
the longest FLAP length on the first plane
Trochlear groove angle (TGA)
The shape of femoral notch was classified as type A,
type U and type W[1,11][Figure 1].
Femoral notch shape index (NSI) =

The parameters measured in the proximal tibia:
• Tibial mediolateral length (TML); the widest
distance (or the widest transverse distance) of the
bicondylar tibia in the axial MRI (second plane),
the widest mediolateral diameter according to some
references
• Tibial medial anteroposterior line (TMAP); the longest
tibial medial condyle anteroposterior length on the
second plane
• Tibial lateral condyle anteroposterior line (TLAP) [Figure 2];
the longest TLAP length on the second plane.
Statistics
The SPSS Version 17.0 for Windows; SPSS Inc, Chicago,
Illinois, USA) was used for the analyses of all data. The
Independent Student’s t‑test and Pearson’s correlation test
were performed for the analysis. Those with a value of
P < 0.05 were considered to be statistically significant.

Results
The mean and standard deviation values of the parameters

Measurements in each patient was based on two images;
different longitudinal and angular parameters were measured
on two different MRI sections including the section, in which
the biepicondylar distance is visible in the widest aspect in
the distal femur (first plane), and the section, in which the
two condyles in the proximal tibia region are visible in
the widest aspect (second plane). For standardization, the
measurements were carried out by a single person by three
repetitions, which were then averaged.
The parameters measured in the distal femur:
•
•

10

Intercondylar notch height (NH); the longest vertical
distance drawn between the postcondylar line and the
notch on the first plane
Intercondylar notch width (NW); the widest transverse
distance of the notch on the first plane

Figure 1: Axial magnetic resonance image of distal femur. a: NH, b: NW,
c: FML, d: FLAP, e: FMAP, f: TGA, g: Reference line
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Table 1: Mean values and standard deviations of the
measured parameters (mm)

Figure 2: Axial magnetic resonance image of proximal tibia. a: TLAP,
b: TMAP, c: TML

Mean±SD
Gender
Total
Male (n=122)
Female (n=78)
NH
2.30±0.37*
2.31±0.37*
2.30±0.37
NW
1.99±0.26
1.72±0.27
1.88±0.30
NSI
0.88±0.18
0.76±0.16
0.84±0.18
FML
8.58±0.51
7.60±0.52
8.20±0.70
FMAP
6.28±0.54
5.80±0.64
6.10±0.62
FLAP
5.88±0.46
5.45±0.47
5.71±0.51
TGA
130.31±5.33
128.56±5.08
129.63±5.29
TML
8.10±0.62
7.09±0.72
7.70±0.82
TMAP
4.83±0.52
4.51±0.78
4.71±0.65
TLAP
3.94±0.65
3.70±0.58
3.85±0.63
Age
39.20±12.93
35.21±12.91
37.65±13.04
*Difference not found between genders (P˃0.05). SD: Standard
deviation, NH: Notch height, NW: Notch width, NSI: Notch shape
index, FML: Femoral mediolateral line, FMAP: Femoral medial
condyle anteroposterior line, FLAP: Femoral lateral condyle
anteroposterior line, TGA: Trochlear groove angle, TML: Tibial
mediolateral length, TMAP: Tibial medial anteroposterior line,
TLAP: Tibial lateral condyle anteroposterior line

as type A (46.5%), 107 recorded as type U (53.5%).
A different type of intercondylar notch was not encountered
except for A, U and W defined in previous studies.[1,11] The
W type notch that was revealed in these previous studies
was not encountered in our study. No relation was found in
regard to notch type and sex.
Finally, in our study, the correlation between the parameters
measured morphometrically was assessed by Pearson’s
correlation test [Table 2].

Discussion
Figure 3: Distribution of the population according to notch shape index
index

described the distal femur and the proximal tibia are
shown separately for both total population and for sexes in
Table 1. Accordingly, when an assessment is made between
sexes, all parameters appear to be higher in males when
compared with women except for NH.
When the obtained data were assessed statistically, a
significant difference was found between sexes in all the
parameters assessed except for NH (P < 0.05).
A statistically significant difference was determined
between the mean NSI values of males and females. The
mean NSI value in the total population was calculated to
be 0.84 ± 0.18 [Figure 3].
In our study, an intercondylar notch classification was also
made. Accordingly, two notch types A and U were defined
in our study. Ninety‑three of all knee specimens recorded

Success in TKA highly depends on the proper sizing of
the product. In this purpose, anthropological information
about proximal tibia has a crucial effect. As a result
of many different reasons such as altering gene pools
because of migrations, anthropological differences, and
lack of knowledge about different racial morphometry,
data used for TKA and prosthetic production secondary
to TKA is not very effective. Studies evaluating different
groups of Asian subpopulations indicates that knee
and body size difference of these populations result
with the improper fit for western products.[12] In their
study on three‑dimensional knee morphology, Mahfouz
et al.[13] revealed differences in the morphology of this
region among races. Relevant morphological assessments
of various populations have been made, but there is no
clear information on the Turkish population. It is expected
that this study will reveal the anatomical values of the
knee in the Turkish population.
A previous study conducted in 1994, compared direct
cadaveric notch measurements with radiographic and MRI
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NH
FML
NW
FMAP
FLAP
TGA
TML
TMAP
TLAP

NH
1
−0.127
0.009
0.077
0.078
−0.205**
−0.088
0.166*
0.163*

Table 2: Correlation between measured parameters correlation

FML

NW

FMAP

FLAP

TGA

TML

TMAP

TLAP

1
0.482**
1
0.502**
0.314**
1
0.658**
0.434**
0.714**
1
0.
0.190**
0.072
−0.026
0.123
1
0.748**
0.510**
0.081
0.488**
0.234**
1
0.349**
0.161*
0.749**
0.475**
0.086
−0.004
1
0.299**
0.036
0.674**
0.451**
0.029
−0.023
0.786**
1
*: P <0.001, **: P <0.01, r=1.00–0.76 very good correlation, r=0.75–0.51 good correlation, r=0.50–0.26 fair correlation, r=0.25–0.00 weak
correlation. NW: Notch width, NH: Notch height, NW: Notch width, FML: Femoral mediolateral, FMAP: Femoral medial condyle

anteroposterior, FLAP: Femoral lateral condyle anteroposterior, TGA: Trochlear groove angle, TML: Tibial mediolateral length,
TMAP: Tibial medial anteroposterior line, TLAP: Tibial lateral condyle anteroposterior line
measurements and resulted in no direct difference between
both measurement methods.[14] For this reason, we used
MRI for our metric evaluations.
The morphometric knee values among Chinese, Koreans,
Japanese, and Iranians were explored through different
studies.[15‑17] For the first time, we made a complete
calculation of the bony components of the knee in Turkish
people in a single study including both distal femur and
proximal tibia measurements also with intercondylar notch
type.
Significant differences between genders in terms of the
distal femur and the proximal tibia values except for the NH
were noted in our study. In their study on the distal femur
morphology in 2007, Conley et al. determined a significant
difference in the measurements of this region in men and
women.[18] Previously, it is found 33.2 ± 2.8 for males
and 29.0 ± 2.6 for females also in the Turkish population,
similarly on 200 people without abnormal knee.[19] Our
results are lesser than their value as 23.00 ± 0.37 for
males and 23.10 ± 0.37 for females. The difference was
statistically not significant between genders. However, the
obtained results are interesting. Yet, the presence of such
different values in the same population with similar age
groups and similar sample size suggests that people vary
even within themselves or that there may be also regional
differences in the Anatolian population.
NW is commonly related to ACL injuries. It is stated that
there is still a controversy as some authors claim that ACL
injured groups have narrower NW; on the other hand,
some authors report nonsignificance between each other.[20]
Park et al.[20] compared this value with the ACL injured
and control group. The result was found for 20.33 mm
and 18.52 mm in the control group for males and females,
respectively. Their results have shown a significant
difference between the injured and control groups. Our
results revealed 19.90 ± 0.26 for males and 17.20 ± 0.27 for
females for the normal knee. For an accurate comparison,
this value should be studied also in the ACL injured group
12

in the Turkish population. Index of notch shape (NSI)
served as a ratio between NW and NH. This ratio is related
to ACL deformations. It is stated that this index might
even be related to ACL ruptures.[1] In the presented study,
the mean value for NW was found 1.88 cm and NH was
found 2.30 cm for Turkish people. Hence that NSI was
found (0.84 ± 0.18). Previous records indicate that this ratio
was found in African as (0.60 ± 0.08) and (0.63 ± 0.09) in
the European people.[21] According to Ouyang et al.[22] “The
greater the ratio, the more rounded the intercondylar notch.”
Hence that according to this information, Turkish people
have a more rounded notch with the highest NSI ratio.
According to the results of our study, the FML value was
found to be 82 mm. The same value indicated in the White
people as 73.5 mm, in the African-origin as 69.1 mm,
in East Asia 71.4 mm and in the Indian as 65.4 mm.
Interestingly, this value revealing width of the femur was
found larger than all other populations in the Turkish
people.[23‑25] Hence that, the antropo‑morphologic type of
the knee in Turkish people found narrower at the sagittal
axis but wider at the transverse axis.
FMAP and FLAP are the measurements indicating medial
and lateral anteroposterior dimensions of the knee.
Previously, the mean value for FMAP was 61.7 mm for
White, 64.00 mm for African-origin and 58.00 mm for the
East Asian populations and FLAP was 61.7 mm for White,
63.2 mm for African-origin and 58.7 mm for East Asian
and 57.8 for Indian people.[10] Our study reveals that the
mean value of FMAP for Turkish people is 61.00 ± 0.62
and FLAP 57.1 mm. As compared to all given populations,
FMAP value is similar, but FLAP value for Turkish
people is the smallest.[10,24‑26] This is an interesting result,
because Turkish people anthropologically considered as
White‑Caucasian like many central and Eastern European
populations. Hence that, the femoral anteroposterior length
smaller than East Asian people is a significant result.
TGA is related to dysplasia of the extensor mechanism.[27] It
is stated that measurement of the angle is easy, quick, and
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a reliable method for the prediction of severity.[27] Sulcus
angle higher than 150° on an axial radiograph is considered
to indicate femoral trochlear dysplasia.[28] Toms’s
comparative work for CT, MRI and ultrasound found
similar results for all three methods on patients with patellar
instability.[29] It is stated that previous studies revealing the
sulcus for normal knee reported that the sulcus angle was
132° and the other was 138°.[30,31] Murshed et al. conducted
a study on 100 people also in the Turkish population.
They found 134.00° and 132.20° for males and females,
respectively. This angles are slightly larger than our results
which is 130.31°, 128.56°, and 129.63° for males, females,
and mean, respectively. The difference may be because of
the sample size which is 200 people in our study.
TMAP, TLAP, and TML are the dimensions for the
measurement of anteroposterior and transverse dimensions
of the proximal tibia. The value of TMAP was found
47.1 mm in the Turkish population which was 49.8 mm
in White people, 49 mm in East Asian, and 47.5 mm in
Indian.[23,24] TLAP was found to be 44.3 mm in Whites,
44.4 mm in East Asia, and 43.8 mm in Indians. Our result
for the Turkish people was 38.5 mm.[23] In comparison to
numerical TMAP and TLAP values, results for Turkish
people were found lower than all other races. The TML
value was found 77 mm in the Turkish population,
74.3 mm in White, 73.2 mm in African-origin 72.8 mm in
East Asian, and 72.8 mm in Indian people. The numerical
value of TML compared with the other race and in
Turkish people was found to be higher than all other
populations.[23,24] These results reveal that morphologically
proximal tibia of the Turkish population is narrower in
sagittal axis and wider in the transverse axis similar to the
distal femur.
Intercondylar notch shape is divided into three as A, U, and
W.[32] Even though, association between the shape and ACL
injury risk is not commonly clear, some of the researchers
suggest A type should be more vulnerable because of its
narrow shape.[1] Similarly, Al‑Saeed found 73% of the
patients with ACL tear with A type.[1] Presented study of
ours, revealed 46.5% of the cases as type A and 53.5% of
the cases as type U with no type W, on normal knee. In
order to find the answer of “Does these results mean that
nearly half of the Turkish population is more vulnerable
for ACL injury?” question, a larger sample group of both
normal and ACL ruptured patients should be compared.

Conclusion
According to the results of this study in Turkish people,
the distal femur shape has the slightly larger mediolateral
diameter and smaller or medium size anteroposterior
diameter compared to all other populations. Accordingly,
two femoral notch types as A and U were defined in our
study. 93 of all knee specimens recorded as Type A (46.5%
of total), 107 recorded as Type U (53.5% of total). The

W type notch that was revealed in previous studies was not
encountered in our study.
In addition, our results revealed a wider mediolateral
diameter and smaller anteroposterior diameter than other
races at the proximal tibia. This study will have crucial
clinical impact on the production of the specific prostheses
belong to the Turkish population and populations with
similar anthropologic tibial shape.
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