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Ozet
Insan fetuslarinda ligamentum patellanin morfometrisi

Amag: Insan fetuslarinda ligamentum patella’nin detayli morfometrik verilerinin elde edilmesi amaglandu.
Gereg ve yontem: Calisma yaslar1 18.-32. haftalar arasinda degisen, patolojisi ve anomalisi olmayan 32 insan
fetusunda (18 erkek, 14 kiz) gerceklesti. Genel eksternal dlctimlerden sonra her bir fetusun diz bolgesi
diseksiyonu yapildi. Ligamentum patellanin komsu yapailarla olan iliskisi ve lokalizasyonu belirlendi.
Uzunluk, genislik ve kalinlik gibi morfometrik veriler elde edildi. Bulgular: Biitiin parametrelerin haftalara
gore ortalamalari ve standart sapmalar1 hesaplandi. Olgiilen parametreler ile gestasyonel yas arasimda anlamli
iliski vard1 (p<0.001). Cinsler arasinda parametreler yoniinden fark bulunamadi (p>0.05). Elde edilen tiim
sonuglar daha 6nce yapilan calismalarla karsilastirilarak tartisildi. Sonug: Calismamizda elde edilen verilerin
fetal donemde ligamentum patella gelisimi ile ilgili anomali, patoloji ve varyasyonlarin belirlenmesinde
obstetri, perinatoloji, adli tip ve fetopatoloji gibi bilim dallarindaki calismalara, teshis ve tedavilere katkida
bulunabilecegini diisiinmekteyiz.

Anahtar kelimeler: Ligamentum patella, morfometri, insan fetusu, diz, anatomi

Abstract

Objective: To gather detailed morphometric data of the patellar ligament in human fetuses. Method: Present
study is carried out on 32 human fetuses (18 males, 14 females) aged 18-32 weeks of gestation with no gross
pathology or anomaly. Following the general external measurements of the fetuses each knee region were
dissected. The relationships between the patellar ligament and surrounding structures and its localization
were determined. Morphometric data on length, width, thickness and diameters were gathered. Results:
Means and standard deviations of all parameters were calculated for each gestational week. There were
significant relations between measured parameters and gestational age (p<0.001). There were no sex differences
in parameters (p>0.05). All data were compared with previous studies and discussed. Conclusion: Data
obtained in this study will contribute to other studies carried out in the areas of obstetrics, perinatology,
forensic medicine and fetal pathology, aimed at identifying anomalies, pathologies and variations of the
patellar ligament and treatment of such cases.
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Introduction

Knee joint is the largest joint in the body with the
largest synovial membrane, joint space and synovial

apex patellae and tibial tuberosity traversing the
anterolateral surface of the patella (1). Patellar

fluid volume correspondingly (1). The patellar
ligament—which is an extracapsular ligament of the
knee joint-is a thick and sturdy ligament with a 8 cm
length, 2-3 cm width and 0.5 cm thickness that
extends from the quadriceps femoris muscle to the
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ligament is involved in the extensor mechanism of
the knee and is utilized as a graft in anterior cruciate
ligament ruptures (2—6).

In previous studies it is implied that patellar ligament
is developed in stage 20 [according to the classification
of O'Rahilly R (7, 8). The development of the patellar
ligament in the fetal period between 9 weeks and
term is important as a consequence of the possible
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relationship of its shape and dimensions with various
congenital malformations (9—11). Also the pathologies
associated with the patellar ligament in the adult may
be related to the fetal development. As a result, it is
stated that early diagnosis of such pathologies is very
important (9—11).

With regard to the patellar ligament Koyuncu E et
al. (12) studied the fetuses. Studies measured the
length and width of the patellar ligament. The studies
in the adults embrace the ultrasographic and magnetic
resonance images (MRI) studies, the pathological
conditions associated with the ligament, its functions
and anatomy (5, 13-21). The length, width and the
thickness of the patellar ligament is measured in the
ultrasonographic and MRI studies (4, 13, 20-22).
Ultrasonography is also utilized in the imaging of
the knee ligaments and the diagnosis of the pathologies
associated with these structures (10, 22).
In the studies associated with the pathological
conditions of the ligament its rupture and tendonitis
and symptoms related to these conditions are
mentioned (14, 18, 19, 22, 23). There are also studies
that mention the functions of the ligament in the knee
joint function (4, 5, 19). The thickness and width of
the ligament in its origin and insertion sites and its
length is measured in morphologic studies (16, 17,
21). In various studies the potential use of the patellar
ligament as a graft in anterior cruciate ligament
ruptures is mentioned (2, 3, 24, 25).

Especially during sport activities minor physical
traumas might trigger anterior knee sore among the
young population. That anterior knee sore might result
in discomfort for healthy life. In researches done it
is stated that the lateral deviations of patellar tendon
cause anterior knee sore. In addition, it is indicated
that where tendon adhesion occuring in patellar regio
is an important factor to lead to anterior knee sore
(5, 26-28).

In this study our aim was to obtain the detailed
morphometric data on the ligament and its localization
based on gross anatomical dissections in the fetuses
between 18-32 weeks of gestational ages.

Materials and Method

32 human fetuses (18 male, 14 female) between
18-32 gestational weeks [Crown Rump Length
(CRL)= 119-280 mm] were used in this study. None
of the fetuses had any gross anomaly. The fetuses
vere medicolegally obtained from Ankara Maternity
and Health Academic and Research Hospital. While
the gestational ages of the fetuses were obtained from

the hospital records when possible they were
determined according to a scale incorporating the
parameters CRL, head circumference (HC), biparietal
diameter (BPD), femur length (FL) and foot length
(29). Approval from the Ethical Committee has been
established.

Initially, general parameters, namely CRL, HC, BPD,
FL and foot length were measured on each fetus. All
measurements were performed as described below
using measuring tape, digital caliper, plastic and
metal rulers, silk suture thread and thin metal rods.
Crown Rump Length (CRL): The vertical distance
from the vertex to the bottom of the buttocks.
Head circumference: The distance around the skull
passing through the glabella, parietal tuber, and
external occipital protuberance (inion) of the occipital
bone.

Bi-parietal width: Transverse distance between parietal
tubers.

Femur length: Vertical distance between the tip of
the greater trochanter and knee joint.

Foot length: Distance between the posterior-most
point of the heel and the tip of the longest toe.
Two transverse incisions, one cranial to the patella
and the other caudal to the tibial tuberosity, and one
vertical incision in the median plane were done in
order to expose the patellar ligament. Firstly, in the
case of anatomical dissection the neighbourhood
relationship of patellar ligament with knee joint
capsule, patella, tibia, quadriceps femoris muscle,
medial and lateral retinaculum has been examined.
Then morphometric measurements of the patellar
ligament were done.

Localization of the patellar ligament: The localization
of the ligament in the region between the patella and
the tibial tuberosity was evaluated (Figure 1).

Figure 1: 24-week fetus. image of the patellar ligament.
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Patellar ligament length: The vertical distance

37

Table 2: Means (mm) and standard deviations of patellar ligament parameters by weeks.

between the origin and the insertion of the

ligament (Figure 1)' Age N  Right Left Right Left Right Left
. . (week) patellar patellar patellar  patellar  patellar  patellar
Patellar hgament width: The transverse ligament  ligament  ligament ligament ligament ligament
distance interconnecting the vertical lines on length length width width  thickness thickness

the lateral sides of the ligament at its midpoint

. 18 3 633+0,57 6,0040,00 4,00+£0,00 4,00£0,00 0,36+0,05 0,330,05
(Figure 1). 19 1 650000 633+0,57 4,10:0,00 4,15:0,00 0,50£0,00 0,50+0,00
Patellar ligament thickness: The sagittal 20 2 7.90+0,14 8,0040,00 5,0040,00 5,10+0,14 0,55+0,07 0,55+0,07
distance interconnecting the vertical lines 25 & (008 0 025 $60:056 0724009 0.75:0.07
. . . ,062+0, ,25+0, ,87x0, ,60=+0, , 720, , 750,
on the anterior and posterior sides of the 23 2 12155021 12,5040,00 6,0040,00 5.80£0,62 0.85:0,07 0,82+0,09
ligament at its midpoint (Figure 1). 24 2 1270:028 12.65:021 6.30£0,00 6,00£0,00 0,90£0,09 0.88:+0.07
The mean values and their standard 25 1 12,90+0,00 13,00+0,00 6,55+0,70 6,30+0,00 1,00+0,00 0,95+0,07
L . 26 2 13,15+0,07 13,1040,14 6,60+£0,00 6,45+0,07 1,05+0,07 1,00+0,00
deviation for t}}e parameters according to 27 1 13,50+0,00 13,30+£0,00 6,90+£0,00 6,70+0,00 1,10+0,00 1,10+0,00
sex and gestational age were calculated 28 2 14,15£021 14,10£0,14 7,00+0,00 7,00+£0,14 1,25+0,07 1,21+0,03
with SPSS. The relationship between the 29 3 14,83+0,20 15,00£0,20 7,70+0,30 7,80+0,30 1,30+0,10 1,260,15
parameters and the gestational age were 30 2 1555£021 15,70+0,14 8,45+0,07 8,40£0,14 1,50£0,00 1,37+0,00
. ) 31 2 16,00£0,00 15,90+0,14 9,1040,14 9,05+0,21 1,60+0,14 1,60+0,06
analyzed with Pearson correlation test. 32 3 16,50£0,50 16,43£0,51 9,63+0,15 9,56:0,11 1,76:0,05 1,73+0,05

Linear regression analysis were done

between the patellar ligament parameters

and the gestational age. Student's t test was used to
compare the parametric data according to sex and
the side of the ligament. p<0.05 was accepted as
statistically significant.

Results

The mean values of the general parameters for each
gestational week group involved (CRL, HC, BPD,
FL, foot length) were calculated (Table 1). There
were no differences due to sex between the female
and male group (p>0.05).

Table 1: Means of fetal parameters by weeks (mm).

Age N CRL Head  Bi-parietal Femur Foot
(week) circumference diameter  length  length
18 3 119 115 46 34 26
19 1 129 130 49 36 29
20 2 138 145 51 38 30
21 2 146 162 55 40 34
22 4 159 178 57 45 36
23 2 165 193 59 48 40
24 2 178 205 60 50 43
25 1 190 220 61 52 44
26 2 210 231 63 56 46
27 1 219 250 65 60 51
28 2 229 274 69 65 54
29 3 240 290 71 67 55
30 2 252 310 74 72 56
31 2 263 323 77 74 59
32 3 280 340 79 78 62

Patellar ligament and the surrounding structures were
exposed with careful dissections in all of the fetuses.

Subsequently, anatomical dissection, lig. patella and
knee joint capsule, patella, tibia, quadriceps femoris
muscle, medial and lateral retinaculum at the nearby
region have been made to be visible. It has been
determined that the relation between patellar ligament
and the other neighbour organs is normal in all the
researches and there is not any kind of abnormality.
Patellar ligament was between the patella and the
tibial tuberosity in all of the fetuses. The mean values
of the patellar ligament length, width and thickness
for each gestational week group are presented in
Table 2. Moreover, means and standard deviations
of patellar ligament parameters according to their
genus are shown in Table 3. The mean values and
their standard deviations for the length, width and
thickness of the right patellar ligament are 12.36+3.24
mm, 6.59+1.71 mm and 1.014+0.43 mm, respectively
(Table 4). The mean values and their standard
deviations for the length, width and thickness of the
left patellar ligament are 12.3043.30 mm, 6.57+1.71
mm and 0.9940.43 mm, respectively (Table 4). The
increment in the given parameters were in accordance
with the advancement of the gestational week and
the general parametric values (p<0.001, Figure 2).
There was no significant difference for the sex and
the side of the ligament for any parameter (p>0.05,
Table 4). Also there was a positive correlation
between the parameters of the patellar ligament
(p<0.001).
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Table 3: Means (mm) and standard deviations of patellar ligament parameters by
sexes.

Age N Right Left Right Left Right Left

(week) patellar patellar patellar  patellar  patellar  patellar
ligament  ligament ligament ligament ligament ligament
length length width width  thickness thickness

Male 18 12,22+3,35 12,10+3,37 6,60+1,76 6,57+1,77 1,00+0,44 0,99+0,44

Female 14 12,54+3,21 12,56+3,31 6,57+1,72 6,58+1,69 1,03V0,43 0,99+0,43
Total 32 12,36+3,24 12.30+3.30 6.59+1.71 6.57+1.71 1.01+0.43 0.99+0.43

Table 4: Means (mm) and standard deviations of general highest and lowest values
of patellar ligament parameters. Comparison of patellar ligament parameters between
sexes and right-left.

Patellar
ligament
parameters

General
means

Highest
mean
value

Lowest
mean
value

Comparison Comparison

between
sexes

between
right-left

Right
patellar
ligament
length

Left
patellar
ligament
length

Right
patellar
ligament
width

Left
patellar
ligament
width

Right
patellar
ligament
thickness

Left
patellar
ligament
thickness

12.36+3.24

12.30+3.30

6.59+1.71

6.57+1.71

1.01+0.43

0.99+0.43

16,50+0,50

16,43+0,51

9,63£0,15

9,56+0,11

1,76+0,05

1,73£0,05

6,33+0,57

6,00+0,00

4,00+0,00

4,00+0,00

0,36+0,05

1,73+0,05

P=0,669

P=0,679

P=0,894

P=0,990

P=0,832

P=0,969

P=0,245

P=10,835

P=0,073

P>0.05: There was no difference between the sexes and between right and left of

the groups.

Discussion and Conclusion

The development of the patellar ligament
in the fetal period is important as a
consequence of the possible relationship
of its shape and dimensions with the
congenital malformations (9-11). The
pathologic conditions of the patellar
ligament in the adulthood may be associated
with the fetal development. Therefore early
diagnosis of these pathologies is very
important (9-11).

Koyuncu E. et al (12) morphometry study
on the patellar ligament and his colleagues
have made fetuses. Study looked at length
and width of the patellar ligament. As a
result, as in our study increased during the
fetal period, and age-related parameters
correlated with the patellar ligament say.
The studies in the adults include the imaging
studies utilizing MRI and ultrasonography,
the pathologic conditions of the ligament,
its functions and its anatomy (5, 13-21).
The length, width and the thickness of the
patellar ligament was measured in the
ultrasonographic and MRI studies (4, 13,
20-22). There are also studies on the
ultrasonographic imaging of the ligaments
in the knee and the diagnosis of the
pathologic conditions associated with these
ligaments (10, 22).

We intended to obtain the detailed
morphometric data on the ligament and its
localization in the fetuses between 18 and
32 weeks of gestational age. No anomaly
of the relationships of the patellar ligament
was found during the dissections.

with of the patellar ligament

thickness of the patellar ligament

E %2 Table 5: Comparison of the length parameter results of patellar ligament

\5 14 in our study with the length parameter results of patellar ligament.

2 12

:§ 180 Vo= Patellar ligament length (mm)

*? 2 < i Author Mean Male Female P value

g 20 —~ Mahadevan V (1) 80 - - -

3 Andrikoula S (4) 43,0 - - -

PR — ——— Yoo JH (21) 402 407 38,0 0,001

;3 13 5 7 9 1113 1517 19 21 23 25 27 29 31 Basso O (17) 73,1 - - -

g Gestasyonel age (week) Present study 12,3 right left  right left  right left
lenght of the patellar ligament 12,2 12,1 12,5 12,5 0,669 0,679

Figure 2: Relation between gestational age and patellar ligament
parameters.
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Then we determined the localization of the patellar
ligament in the knee region. In the previous studies
on the patellar ligament and the textbooks it is stated
that the patellar ligament extends between the patella
and the tibial tuberosity (1, 4, 10). We also observed
that the patellar ligament extends between the patella
and the tibial tuberosity in all of the cases. We think
that the data we obtained on the localization of this
ligament would be useful for the evaluation of the
development of the ligament, its pathologies and its
relationships. Moreover, it is emphasized in the
researches that where tendon adhesion occuring in
patellar regio is an important factor to lead to anterior
knee sore (5, 26-28, 30). That’s why; we are firmly
of the opinion that knowing the ligamentum
localization would be helpful in order to diagnose
the patologies such as anterior knee sore early.
Fetal period, lasting from the ninth week of pregnancy
to birth, is a term body grows rapidly and organs
develop (29). In this period, patellar ligament, as
other fetal organs, gets bigger. In our study, about
the sizes of patellar ligament between the 18th —32nd
weeks of the fetal period, length, width and thickness
parameters of patellar ligament have been determined.
In the research we have made, we have not come
across any study about the sizes of patellar ligament
during fetal period as stated above. We have found
a study about the length of patellar ligament and its
width and thickness at the point it starts and ends in
adults (1, 4, 10). In the studies made and in reference
books, it is stated that the size of patellar ligament
in adults is much bigger in comparison with fetal
period (1, 4, 10). In our study, it has been determined
that size parameters of patellar ligament increase
gradually between the 18th — 32nd weeks during the
fetal period (Table 2). Accordingly, it can be said
that the size of patellar ligament continues growing
during the period after birth and this growing lasts
to the adulthood. The length parameter results of
patellar ligament in our study were compared with
the length parameter results of patellar ligament
performed among the adults in Table 5. Also, in our
study, it has been determined that there is no difference
between the sexes about the size of patellar ligament
between the 18th - 32nd weeks in fetal period (p>0.05,
Table 4). However, Yoo Jh. et. al. (21) have stated
in their study among the adults that except for the
proximal thickness of patellar ligament there is a
difference between the genus in the other
measurements, which was interpreted that patellar
ligament has continued to grow after the birth and

that the difference between the genus has come into
beingE after the birth. In addition, it has been found
out that the size of patellar ligament is not different
in terms of right and left (p>0.05, Table 4). We hope
the data about the size of patellar ligament, acquired
in our study, will be helpful for identification,
diagnosis and treatment of patellar ligament
pathologies during prenatal and postnatal period.
Patellar ligament functions in extensor mechanism
of knees (4, 5, 19). Ligamentum function loss can be
seen in pathologies like patellar tendinitis and partial
or complete ligamentum tears (19). It is stated that
complete ligamentum tears are mostly seen in the
young, in volleyball and basketball players and athletes
(19,23, 31, 32). It is indicated that this case is called
“jumper’s knee” and it causes mucoid degeneration
in ligament (19, 23, 31, 32). It is told in such cases
patella slips to proximal and extension loss occurs
in leg due to the interruption of extensor mechanism
of knee (19, 23, 31, 32). On such an occasion, man’s
activity level will be restricted and his quality of life
will decrease. And this shows us patellar ligament is
important for vital activity.

In addition, another clinical importance of patellar
ligament is that it is used as graft for anterior cruciate
ligament tears (2, 3, 24, 25). As it is known, anterior
cruciate ligament is one of the ligaments responsible
for stabilization of knee-joint (1, 33). In ligament
tears, the stability of knee-joint will be destroyed and
it will not function properly. And this will cause
restriction in man’s life. For normal functioning of
knee-joint, anterior cruciate ligament tear should be
mended. To mend this ruptured ligament, patellar
ligament is used as graft. And this, once more, reveals
the importance of patellar ligament in knee joint.
The localization of ligament and morphometric
parameters about ligament should be known
developmentally starting from fetal period. It is
important for early diagnosis and treatment of anomaly
and pathologies of patellar ligament, both functioning
in extensor mechanism of knee and used as graft for
anterior cruciate ligament tears.

As a result, we can conclude that the data acquired
in our study will contribute to determination of
anomaly, pathology and variations about patellar
ligament development during fetal period and to the
studies, diagnoses and treatments in the fields such
as obstetrics, perinatology, forensics and
fetopathology.
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