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ORIGINAL ARTICLE / OZGUN ARASTIRMA

Dimensions and pattern of growth of the femoropatellar groove: A
digital metric study on adult and fetal femora

Femoropatellar oluk boyutlar1 ve biiyiime paterni: Erigkin ve fetal femoral kemik iizerinde

dijital metrik bir calisma

Anne D SOUZA, Vrinda Hari ANKOLEKAR, Aparna VERMA, Mamatha HOSAPATNA, Sneha Guruprasad KALTHUR

ABSTRACT

Objectives: A detailed knowledge about the anatomy of the
femoropatellar groove (FPG) and its articulation is essential for the
better understanding of the patellar stability. Therefore, the present
study was carried out to describe the morphology of FPG in adults
and the pattern of its growth in fetuses.

Materials and Methods: Thirty-seven adult dry femora of
unknown age and 24 fetal femora of known gestational age were
included in the study. The dimensions of FPG and its angulations
were calculated digitally using Image J software and were analyzed
statistically.

Results: The femoropatellar angulation ranged from 136.38°
to 142.38°. The dimensions and angulation were correlated with
the gestational age. The dimensions of FPG and the altitude of
lower end of the femur increased significantly with the gestational
age (P<0.05). There was also a significant negative correlation
between the femoropatellar angulation and the gestational age
(P<0.05).

Conclusion: This study provides a database for the parameters
of the adult femora. It also describes the pattern of growth of
the lower end of fetal femur. These findings are essential in
determining the patellar stability during walking.
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Amac: Femoropatellar olugun ve eklemlerinin anatomisinin detayli
bir sekilde bilinmesi, patellar stabilitenin daha iyi anlagilmasini
saglar. Bu nedenle, bu ¢alisma yetiskinlerde FPG morfolojisini ve
fetiislerde bitylimenin paternini tanimlamak i¢in yapilmustir.

Gerecler ve Yontemler: Caligmaya, yaslar1 bilinmeyen 37
erigkin kuru femur ve 24 gestational yas1 bilinen fetal femur dahil
edildi. Femur ve angiilasyonlarmin boyutlar1 Image J yazilimi
kullanilarak dijital olarak hesapland1 ve istatistiksel olarak analiz
edildi.

Bulgular: Femoropatellar angiilasyon 136.38 © ila 142.38 °
arasindaydi. Boyutlar ve angiilasyon gebelik yas1 ile korelasyon
gostermektedir.  FPG’nin boyutlar1 ve femurun alt ucunun
yiiksekligi, gebelik haftasi ile anlamli olarak artmistir (P<0.05).
Ayrica, femoropatellar angiilasyon ile gestasyonel yas arasinda
anlamli negatif korelasyon saptanmistir (P<0.05).

Sonu¢: Bu calisma yetiskin femur parametreleri igin bir
veritabani saglar. Bu ayni zamanda fetal femurun alt ucunun
biiyiime paternini de agiklar. Bu bulgular, yiiriime sirasinda patellar
stabiliteyi belirlemede esastir.

Anahtar Kkelimeler: Femoropatellar oluk, Fetus, Uyluk, Diz
kapagi, Gestasyonel yas

Introduction

The femoropatellar joint (FPJ) is formed between the
trochlea of the femur and the articular surface of the
patella [1]. The morphology of the patella and trochlea
is of prime importance in providing a stable and smooth
platform for patellar movement along the trochlea [2].
The femoropatellar groove (FPG) or trochlear groove
helps to stabilize the patella. An abnormal shallow groove
predisposes to its instability [3]. It is known that femoral
obliquity is not genetically determined but is attained with
biped walking [4].
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Femoropatellar (FP) articulation plays a major role in
locomotion and other activities that involve knee flexion
and extension. FP instability can be defined as movement of
the patella out of its normal position, and can be divided into
dislocation and subluxation [5]. The patella plays a major
role in extensor mechanism by acting as a fulcrum [6].

The stability of the FPJ is achieved through a complex
interaction of a range of factors including the articular
geometry of the patella and femur, the magnitudes and lines
of action of the quadriceps muscle forces, the stiffness of the
retinacular structures and the relative alignment and internal—
external rotation of tibial and femoral shafts. Abnormality
of any of the above factors may cause patellar malalignment
within the femoral groove and leads to instability disorders
such as lateral patellar compression syndrome and recurrent
patellar subluxation or dislocation [7].

The stability of the patella in the trochlear groove is a
combination of bony, ligamentous and muscular restraints
[8]. The fundamental knowledge of anatomy of the
femoropatellar articulation leads to the better understanding
of patellar stability [9]. The altitudes of the femoral condyle
and the FP angulation are required during the evaluation of
knee joint congruence and its abnormalities [10].

Studies have also suggested that the shape of the lower
extremity of the femur is determined early in development,
long before standing and walking [11-13]. However,
literature lacks the data of the dimensions of FPG in Indian
context. Therefore, the present study was aimed to describe
the morphology of FPG and the altitude of the lower end
of adult and fetal femora. The study was also aimed at
correlating the pattern of growth of FPG and its angulation
with the gestational age using the fetal femora which would
add the reference values for the existing literature.

Material and Methods

The present cross sectional study was carried out using
fetal and adult femora procured from the Department of
Anatomy, Kasturba Medical College, India. Thirty-seven
dry adult femora of unknown age and 24 fetal femora of
known gestational age were included in the study. Clearance
for the study was obtained from the Institutional Ethics
Committee. Damaged femora and fetuses with any limb
anomaly were excluded from the study. Fetal femora were
dissected and were cleared from all the soft tissues.

End on view of the lower end of the femora were taken
using Nikon digital camera and were stored in JPEG format.
The maximum altitudes of the right and left femoral condyles
were measured at the extreme ends of the FPG. The minimum
altitude of the lower end of the femur was measured at
the center of the FPG. The dimensions of the FPG and the
angulation were calculated digitally using Image J software
and the data were stored in excel format for statistical analysis.
The measured dimensions are shown in Figure 1. The same
parameters were measured in both adult as well as fetal femora.
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Figure 1. End on view of the lower end of right femur showing
the parameters measured

a and b: Maximum altitude of the medial and lateral margins of the pa-
tellar groove

¢: Minimum height of the lowest point on the patellar groove

d and e: Width of the medial and lateral sides of the patellar groove

f: Angle of patellar groove

Mean and standard deviations were calculated for all the
parameters. All the fetal parameters were correlated with the
gestational age for estimating the pattern of growth.

Results

The mean and standard deviations of the altitude of the
lower end of femur and dimensions of FPG measured in
adult femora are shown in Table I. The femoropatellar
angulation ranged from 136.38° to 142.38° in adult femora.
The dimensions of right and left femora were not compared
statistically because they were not of the same individual.

The gestational age of the fetuses ranged from 16 to
36 weeks. The dimensions and angulation of the femoral
condyles and FPG were correlated with the gestational age.
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Table 1. The mean and standard deviations of the parameters measured

Parameter measured in cm Right Left
Maximum altitude of the medial margin of the patellar groove 4.9840.35 5.2£0.16
Maximum altitude of the lateral margin of the patellar groove 5.4440.40 5.50+0.14
Minimum height of the lowest point on the patellar groove 4.89+0.21 4.94+0.04
Width of the medial side of the patellar groove 1.30+0.38 1.88+0.16
Width of the lateral side of the patellar groove 2.30+0.09 1.90+0.10
Angle of patellar groove 136.38+2.59° 142.38°
The dimensions of FPG and the altitude of lower end of  Discussion

the femur increased significantly with the gestational age
(P<0.05).

In fetal femora, the mean and standard deviations of
the maximum altitude of the medial femoral condyle were
1.57+0.27 cm and 1.53+0.288 cm on the right and left
sides respectively. The mean and standard deviations of
the maximum altitude of the lateral femoral condyle were
1.6440.31 cm and 1.67+0.33 cm on the right and left sides
respectively. The mean and standard deviations of the
minimum altitude of the lower end of the femur at the center
of FPG were 1.5£0.31 cm and 1.49+0.32 cm on the right

and left sides respectively.

In fetuses the femoropatellar angulation ranged from
138.72° to 157.75°. There was a significant negative
correlation found between the gestational age and the
femoropatellar angulation (P<0.05). The change in the

femoropatellar angulation is depicted in Figure 2.

b. Right femur
GA: 37 weeks

a. Left femur
GA: 20 weeks

Figure 2. End on views of fetal femora indicating the change in
the femoropatellar angulation

155° at 20" week of gestation (a) and 147° at 37 weeks of gestation (b) de-
picted in black line.
GA: Gestational age

The literature mentions several studies concerning the FPG
and femoropatellar pathology in children and in adults.

Doskocil in 1985 published the first series concerning
the anatomy of the FPG in embryos of 4 to 10 weeks of
gestational age. He stated that, the patellar groove was
asymmetric, with a lateral lip bigger and wider than the
medial one, but it was a subjective and visual observation,
without any biometry or measurement [11]. Similar
observations were noted in the present study.

Doskocil also pointed out that during development there
is a distal migration of the patella to its final place, and
this occurs within the third month of intrauterine life. This
variation modifies the position of the patella in its femoral
groove and could be responsible for mechanical remodeling
of joint surfaces [11].

Biometric evaluation series of the patellar groove in
adults was carried out by Wanner et al., which comprised
32 right femurs from the Colorado University. He pointed
out that the lateral side of the FPG was more elevated than
the medial one, and that the lateral side of the FPG was
about twice as wide as the medial one. He also showed that
these parameters were very variable, but the angulation had
a remarkable stability [14]. An asymmetric patellar groove
with a lateral side that sticks out, associated with an oblique
femur, is a specific mark of biped walk for many authors [15,
16]. In the current study, there was a significant difference
in the parameters of the medial and lateral margins of the
FPG which were in agreement with Wanner’s observations.

Nietosvaara carried out an ultrasonographic study on
knees of 50 normal children aged from birth to 18 years
to measure the angles of the bony intercondylar and the
cartilaginous FPG. At all ages, the angle of the cartilaginous
groove was 134 to 155 degrees, although the osseous angle
was found to be inversely related to the child’s age. The
authors suggested that the configuration of the FPG is
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already well developed at birth [17]. In the current study, the
mean FP angulation observed was 138.72° to 157.75° on the
right and left sides respectively in fetal femora. It was also
observed that the femoropatellar angulation was inversely
proportional to the gestational age.

Many clinical investigators have related the radiological
appearances of the femoropatellar joint to femoropatellar
pain, malalignment, chondromalacia of the patella, abnormal
femoropatellar angulation, congruence, patellar subluxation
and dislocation, dysplasia of the patella and of the femoral
trochlea, patellar position and movement [18-21].

A study done by Glard et al., on fetuses of 13 to 38 weeks
of gestation showed a positive correlation between the FP
angulation and the dimensions of the lower end of the femur
[4]. However, in the current study the authors observed a
significant positive correlation for the parameters of lower
end of femur and a negative correlation for the FP angulation.

Conclusion

This study provides a range of dimensions of the lower end
of femur and the femoropatellar angulation which would
be added to the existing database. The study also provides
the pattern of growth of lower end of fetal femur. These
findings are essential in determining the patellar stability
during walking. The altitudes of the femoral condyles and
the angulation are also required during the evaluation of
knee joint congruence and its abnormalities.
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