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ABSTRACT Introduction: Nutrient foramen is a natural opening into the shaft of a bone, allowing for passage of blood vessels
into the medullary cavity. The knowledge about the morphology and topography of the nutrient foramen is

essential in certain surgical procedures like fracture treatment and microvascular bone grafting. Aim: The present study analysed the
number, position, location and direction of nutrient foraminain 112 adult dry femur bones. Methods: This study conducted on 112 (59 right
and 53 left) dry adult fully ossified femur bones. All the important parameters were studied using osteometric board, vernier calipers and
other precision measuring instruments. Results: Femora had single nutrient foramen in 48.34% of the cases, 22.51% femurs had double
nutrient foramen and 3.31% of femurs had triple nutrient foramen. The location of the nutrient foramina is predominant on middle on third
of diaphysis (type 2). 55 (35.25%) of femora had nutrient foramina on medial lip of linea aspera, 22.43% on middle area of linea aspera, 34
(21.79%) on upper posterior surface, 13 (8.33%) on medial surface and 5 (3.20%) on lateral surface and 14 (8.97%) on lateral lip of linea
aspera. Conclusion: The information and details about these foramina is of clinical importance, especially in surgical procedures like bone
grafting and microsurgical vascularized bone transplantation. Itis also useful in calculating the length of a long bone from a given fragment

whichisimportantfor medicolegal and anthropological work.

Introduction

The nutrient foramina are cavities that conduct the nutrient arteries
and the peripheral nerves on the shaft of long bones. The nutrient
artery is the principal source of blood supply to a long bone and is
particularly important during its active growth period in the embryo
and foetus as well as during the early phase of ossification. (Kumar R
et al) During childhood, the nutrient arteries provide 70-80% of the
interosseous blood supply to long bones, when this supply is
compromised, medullary bone ischemia occurs with less
vascularization of the metaphyssis and growth plate. (Kumar R et al,
Forriol Campos et al) It has been suggested that the direction of the
nutrient foramen is determined by the growing end of the bone,
which is supposed to grow at least twice as fast as the non-growing
end. As a result, the nutrient vessels move away from the growing
end of the bone. As it is popularly stated, they 'seek the elbow and
flee from the knee), showing their varying directions in both limbs.
(Ukoha, Malukar, Patake SM) The nutrient foramina are important
not only morphologically but also from clinical aspect. Nutrient
foramina reflect not only bone vascularization but also pathological
bone conditions like fracture healing, developmental abnormalities
oracute haematological osteomyelitis. (Seema et al)

Materials and methods:

112 dry adult femur bones (59 right and 53 left) of unknown sex
were taken from department of Anatomy, SGT medical college,
Gurugram, Haryana. Each bone was carefully studied for the
presence, number and position of nutrient foramen taken into
account the laterality of bone. A magnifying lens was used to
observe the foramina. Only diaphysial nutrient foramina were
observed in all bones and a 24 gauge needle was passed through
each formen to confirm their patency. Foramina smaller than a size
24 hypodermic needle were considered the secondary foramina.
The dominant foramen was considered as the nutrient foramen. For
those bones which had double nutrient foramina, the large foramen
was taken into consideration during the estimation of foraminal
index. Location of nutrient foramen was determined by calculating
the foraminalindex (Fl) according to Hughes using the formula
Fl=DNF/TLx 100
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Where DNF = Distance from proximal end of the bone to the
nutrientforamen

TL=Total bonelength

Subdivisions of the foraminal position according to foraminal index
(FI) can be grouped into three types as follows:

Type 1:FIfrom 01 up to 33.33 - the foramen s in the proximal third of
thebone.

Type 2: Fl from 33.34 up to 66.66 — the foramen is in the middle third
ofthe bone.

Type 3:Flabove 66.67 —the foramenis in the distal third of the bone.
All the measurements were taken with osteometric board and
digital calipers.

The direction of the needle was noted as follow:

(a) Ifthe needle passes upwards, it was noted as upper direction.
(b) If the needle passes downwards, it was noted as lower direction.
(c) Ifthe needle passes horizontally, it was noted as horizontal.

Result:

1.Number of nutrientforamina:

Out of the 112 femur bones, 73 (48.34%) had single nutrient
foramina, 34 (22.51%) had double nutrient foramina and 5 (3.31%)
of femur bones had triple nutrient foramina. In the right femurs, the
present study showed 76.27% of single nutrient foramina. The
double foramen was observed in 20.33% of the cases and 3.38% of
femora had triple nutrient foramen. In left femurs, the present study
showed 28 (52.83%) of single nutrient foramen, 22 (41.50%) of
doubleforamenand 3 (5.66%) of triple nutrient foramen. (Table 1)

Table 1: Showing number of foramina in femur bones.

Side Single NF Double NF | Triple NF Total NF
n (%) n (%) n (%)
Right 45 (76.27) 12(20.33) 2(3.38) 75
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Left 28 (5.83) 22 (41.50) 3(5.66) 81
Total 73 (48.34) 34(22.51) 5(3.31) 156

Location of nutrientforamina:

Out of 112 femora, nutrient foramina in 34 (21.79%) of cases were
present on upper posterior surface, 13 (8.33%) on medial surface
and 5 (3.20%) on lateral surfaces, 35 (22.43%) on middle area of linea
aspera, 55(35.25%) on medial lipand 14 (8.97%) on lateral lip of linea
aspera.

In the present study, in right femur bones, 27 (36.98%) nutrient
foramina were on the medial lip of linea aspera, 16 (21.91%) on the
upper posterior surface, 11 (15.06%) between the two lips of linea
aspera, 9 (12.33%) on lateral lip of linea aspera, 7 (9.58%) on medial
surfaceand 3 (4.11%) on the lateral surface of femora.

In left femurs, the nutrient foramen were present 28 (35.89%) on
medial lip of linea aspera, 18 (23.07%) on upper posterior surface, 6
(7.69%) on medial surface, 5 (6.41%) on lateral lip of linea asperaand
2(2.56%) on lateral surface of femora. (Table 2)

Table 2: Showing location and number of nutrient foramina in
femurbones.

Location Right femora Left femora Total
Upper posterior 16 (20.51) 18(23.07) 34(21.79)
surface
Medial surface 7 (8.97) 6(7.69) 13(8.33)
Lateral surface 3(3.84) 2(2.56) 5(3.20)
Middle area of Linea 16 (20.51) 19 (24.35) 35(22.43)
aspera
Medial lip of Linea 27 (34.61) 28(35.89) | 55(35.25)
aspera
Lateral lip of Linea 9(11.53) 5(6.41) 14 (8.97)
aspera

3. Position of nutrient foramina: Out of the 156 foramina, 118
were located in the middle one third (type 1) of the shaft which
accounts for 75.64% and rest (24.35%) were in the proximal third
(type II). No foramina were located in the lower third of the shaft.
(Table3)

Table: 3 Showing position of nutrient foramina in femur bones.

Topography of Number of foramina n (%) Total
foramina
Right Left
Proximal third 22 16 38 (24.35)
Middle third 53 65 118 (75.64)
Lower third 0 0 0

4, Direction: Among 112 femora studied, nutrient foramina of all
the femorawere directed upwards.

5. Size: out of the 156 foramina, 113 (69.64%) were dominant and 43
(30.55%) were secondary foramina. (Table 4)

Table 4: Showing location of dominant (DF) and secondary nutrient
foramina (SF) in femur bones.

Middle area of |27 (23.89) 8 (18.60) 35 (22.43)
Linea aspera

Medial lip of 38(33.62) 17 (39.53) 55 (35.25)
Linea aspera

Lateral lip of 10 (8.84) 4 (9.30) 14 (8.97)
Linea aspera

Location Number of foramina n (%) Total
n (%)
DF SF
Upper posterior 24 (21.23) 10 (23.25) 34 (21.79)
surface
Medial surface |11 (9.73) 2 (4.65) 13 (8.33)
Lateral surface |3 (2.65) 2 (4.65) 5(3.21)

Discussion:

In the present study, 48.34% of femora had a single nutrient
foramen similar to the findings of Seema et al (48.85%), Mysorekar et
al (50%), Sendemir and Cimen et al (46%), Prashanth et al (47.7%)
and Collipal et al (44%) showed frequency of single nutrient
foramen while Pereira et al showed high frequency of single
nutrient foramina (97.4%) as compared to present study. 22.5% of
femurs had double foramina in the present study which was lesser
than the findings of previous authors Seema et al, Pereira et al,
Mysorekar et al, Sendemir & Cimen, Campos et al, Kizikanat et al. In
the present study, 3.31 % of femora had triple nutrient foramina
which were similar to the findings of Seema et al while Gumusburun
etalreported 10% incidence of triple nutrient foramina.

In the present study, nutrient foramen of the femur was located in
the medial lip of linea aspera in 36.42% cases, in upper posterior
surface 22.52%, 19.86% in the middle area of linea aspera, 9.27% in
the lateral lip of linea aspera, 8.61% in the medial surface and 3.31%
in the lateral surface whereas Collipal et al reported the location of
nutrient foramina in the linea aspera in 36.25% cases, 8.75% in the
lateral lip and 27.5% in the medial lip of linea aspera, 21.25% in the
medial surface and 6.25% in the lateral surface of diaphysis of bone.
Inthe present study, 100% nutrient foramina were directed upwards
similar to the findings of Datta M, Bhuvanewasri BJ, Gupta RK et al,
Roul B et al whereas differ from the findings of Kumar Rin which out
of 150 nutrient foramina, 148 were directed proximally and 2 were
directed distally. The men value of foraminal index (Fl) in the present
study was 39.46 close to the findings of Pereira et al (43.7), Forrio
Compos et al (38.42) and Gumuburun et al (44.82). in present study,
most of the foramina were located in the middle one-third of femora
which was in accordance with Forriol Campos et al, Prashanth et al,
KumarRetal, SeshayyanBJetal.

Conclusion:

The nutrient foramina may be a potential area of weakness of some
patients and when under stress because of increased physical
activity or decreased quality of bone, the foramen may allow
development of a fracture. Position of the fracture relative to the
nutrient foramen of the long bone and the patterns of edema are
the secondary signs in the key of the diagnosis of this type of
fracture. Exact location and distribution of the nutrient foramina in
the bone diaphysis is important to avoid damage to the nutrient
vessels during surgical procedures. As techniques such as
microvascular bone transfer are becoming more popular,
information relating to the anatomical description of these
foramina is vital to preserve the circulation of affected bony
structures. The nutrient artery zone of the femur has to be tackled
with utmost caution during surgical interventions for
subtrochanteric fractures as otherwise it may lead to severe
haemorrhage. This study may help orthopaedic surgeons in
planning the surgical treatment of fracture of femur with a possible
reduction in post-operative complications.
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