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Abstract
Higher percentage of the nutrient foramina on femur was double while tibia and fibula showed single nutrient
foramina. We studied the number, size, direction and foraminal index of diaphysis nutrient foramines of femur
tibiae & fibulae in manner in which other authors studied. For the study, 450 dry bones (150 femora, 150 tibiae
and 150 fibulae) of adult subjects of unknown sex & age were used from the Anatomy Museum of Government
Medical College Miraj & Other medical colleges in Maharashtra, India. Of the 150 femora, tibiae & fibulae
dominant foramina were 120(61.54%), 67(42.14%) & 32(20.38%) respectively and secondary foramina were
75(38.46%), 92(57.86%) & 125(79.62%) respectively. This information will be of great importance to
orthopedician surgeons performing surgical procedures of the lower limb fractures.
Aim and Objective: A detailed study was conducted for: Number and size of nutrient foramina in human lower
limb typical long bones; Direction of nutrient foramina; Foraminal index.
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Introduction
Role of nutrient foramina in nutrition and
growth of bones is evident from term “Nutrient”.
During active growth period in embryo, foetus,
early ossification phase and in vascular necrosis
nutrient artery is very important.1-3 Long bones
generally derive their blood supply from
diaphysial nutrient arteries and other arteries like
periosteal, metaphysial and epiphysial arteries.
Nutrient artery enters shaft through nutrient
foramen, runs through the cortex and divide into
ascending and descending branches in medullary
cavity. Each branch further divides into a
number of small parallel channels which
terminate in adult metaphysis by anastomosing
with the periosteal, metaphysial and epiphysial
arteries.2 Diaphyieal nutrient artery entry
diaphysis of the long in oblique way, their point
of entry and angulation is relatively constant. As
observed diaphyseal nutrient vessels move away
from the growing end of the bone. In lower limb
growing end of femur is lower end and of tibia is
upper end while fibula has lower end as growing
end. Blood supply of the long bones is also
derived from the periosteal, metaphysial and
epiphysial arteries, which are very important
forming a series free of intrabone anastomosis.
The nutrient artery of the femur is general
derived from the second perforating artery and
when two nutrient arteries are present, they tend
to detach from the first and third perforating

arteries. According to some fibula may show
obliquely downward directed diaphyseal nutrient
foramina as its growing end is toward medial
malleolus. The study showed detail blood supply
pattern of the femur, tibia and fibula bones by
identifying number, size direction and foraminal
index with respect to the diaphyseal nutrient
foramina. Periosteal artery supply outer 1/3rd and
nutrient artery supply medullary cavity, inner
2/3rd cortex and metaphysis this blood supply
pattern help us to understand success of nailing
of long bone fractures .It is an observational type
of study as a very important characteristic.
Variations have been described in the direction
of nutrient foramina only in the lower limb
bones. 8A considerable interest in studying
nutrient foramina resulted not only from
morphological, but also from clinical aspects.
Nutrient foramina reflect to certain degree the
bone vascularization. Some pathological bone
conditions such as developmental abnormalities,
fracture healing or acute hematogenic
osteomyelitis are closely related to the vascular
system of the bone.
Nutrient foramen is directed away from
growing end of the bone. Their direction are
indicated by a jingle, “to the elbow I go, from the
knee I flee." 2
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each that is 150 Femora, 150 Tibiae & 150
Fibulae.
Sample selection criteria: Apparently normal,
cleaned and dried human adult Femur, Tibia and
Fibula without any gross anatomical deformity
were selected for study, with no appearance of
gross pathological changes. Age and sex of
bones were not tried to determine. Bones of
medico - legal cases were excluded from study.
Side determination of Femur, Tibia and Fibula
was not attempted in present study. Foramina at
lower end of bones were ignored.
Photographs: Photographs were taken with the
help of sony high definition camera of 16 mega
pixels.
Material and Methods
Study area and place: A random study was
carried out on bones on the bones of Anatomy
Dept. at Government Medical College, Miraj and
other Anatomy Dept. of Government Medical
Colleges.
Sample size: The sample size of present study
was 450 bones. These 450 bones were divided
into three groups. Each group had 150 bones

Methodology
1. Nutrient foramina number was counted and
a detailed study was done for its size and
direction.
2. With help of a hand-lens nutrient foramina
were Identification as elevated margins and
by presence of a distinct groove proximal to
them.
3. Only well-defined diaphyseal foramina were
accepted.
4. Foraminal index was calculated.

Foraminal index formula:
Foraminal index = the distance from the proximal end of the bone to the nutrient foramen x 1004,5
Total bone length.
Total length of bone in centimetre was
estimated with help osteometric board:
Femur: the distance between the proximal
highest point of the head of the femur and the
most distal point of the medial condyle.
Tibia: the distance between the proximal margin
of the medial condyle and the medial malleolus
tip.
Fibula: the distance between the apex of the
head of the fibula and the lateral malleolus tip.

Result

Statistical Analysis
Statistical analysis was done by using the
Statistical Package of Social Sciences (SPSS)
and tables were tabulated by Microsoft office
excel 2010 and windows8.0. The range, mean
and standard deviation of Foraminal index were
calculated.

Fig. 1

Fig. 2: To see the sizze 24 No. hypodermic
needle (0.56 mm in diameter) was used
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Nutrient foramina smaller than the size of 24
hypodermic needle (0.56 mm in diameter) are
secondary nutrient foramina (S.F) while those
equal or larger are dominant nutrient foramina
(D.F)8,12

Fig. 4
Nutrient foramina numbers were as follows:
After examining each group which had 150
bones each, that is 150 Femora, 150 Tibiae &
150 Fibulae. We saw in case of femur 105 (70%)
single nutrient foramina while 45 (30%) double
nutrient foramina. Whereas tibia and fibula
showed 141 (94%) and 143 (95%) single nutrient
foramina respectively while it also reflected 9
(6%) and 7 (5%) double nutrient foramina
respectively.

Fig. 3

Fig. 5
Of the 150 femora, tibiae & fibulae dominant foramina were 120(61.54%), 67(42.14%) & 32(20.38%)
respectively and secondary foramina were 75(38.46%), 92(57.86%) & 125(79.62%) respectively.
Which were further tabulated as single dominant nutrient foramina, single secondary nutrient foramina,
doublele dominant nutrient foramina and double secondary nutrient foramina. This all result is
tabulated as follow:
Table 1: Nutrient foramina size
Bones
Nutrient foramina
number
Femur (n=150)
Single
Double
Tibia (n=150)

Single
Double

Fibula (n=150)

Single
Double

Dominant/
Secondary
DF
SF
DF
SF
DF
SF
DF
SF
DF
SF
DF
SF

Number

%

59
46
61
29
60
81
7
11
27
116
5
9

30.26
23.59
31.28
14.87
37.74
50.94
4.4
6.92
17.2
73.89
3.18
5.73
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Fig. 6
Foraminal index was as follow: Foraminal index of femur ranges from 30.39 to 65.75 of tibia from
35 to 69.34 and of fibula from 32.18 to 73.24 while mean of femur, tibia and fibula is 43.74, 47.62 and
48.05 respectively.
Table 2
Mean + Standard
Deviation
Of Foraminal index
Range Of
Foraminal index

Femur
43.74 ± 9.88

Tibia
47.62 ± 8.56

Fibula
48.05 ± 8.98

30.39
65.75

35
69.34

32.18
73.24

Lowest
Highest

Direction of nutrient foramina: All the studied femora showed the nutrient foramina which were
directed proximally, while opposite was seen in case of tibiae the nutrient foramina of all examined
tibiae were directed distally. But fibulae showed a different picture of the total 157 nutrient foramina
observed in the fibulae 124 (78.98%) was directed distally while the direction of 33 (21.02%) was
proximally directed.
Discussion
In this study, 30% of the femora examined
possessed double nutrient foramina, and 70%
possessed single nutrient foramen. Many authors
study showed highest percentage of femora with
double nutrient foramina which was not seen in
our study results,6,7 while others study reported
the presence of a single foramen in most of the
femora.8-10 Few studies also reported three
nutrient foramina but to low percentage that is
(2.19% - 10.7%).7-9 Few studies were very
interesting as their result showed femur with six
to nine nutrient foramina on diaphysis.10 While
other confirmed the absence of nutrient foramina
in some femora.6
Present study showed 94% of the tibiae with
double nutrient foramina and 6% tibiae with
single nutrient foramen. Past studies result
reflected 90% of the tibiae with one nutrient
foramen.6-8

95% of Fibulae showed of one nutrient
foramen and 5% of the Fibulae with two nutrient
foramina. But 80% of Fibulae with one nutrient
foramen & 20% of Fibulae with two nutrient
foramina were seen in study of many
authors,6,8,10 which was somewhat close to our
results. Few studies showed absence of nutrient
foramina on fibulae.6,12
In our study results femora showed
exceptional highest percentage of dominant
nutrient foramina, while in tibiae, fibulae showed
exceptional highest percentage of secondary
nutrient foramina. To some extent similar result
was observed in other studies of Longia et al.
(1980)8 whose result showed that about 66.67%
of the nutrient foramina were secondary.
The present study indicates that nutrient
foramina in the femora, tibiae were directed
away from the growing end which was in similar
fashion reported by Mysorekar, 19676 in his
study.
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Conclusion
1.
2.
3.
4.

Single & Double dominant type of foramina
were almost of equal percentage in femur,
Majority of Single foramina present in tibia
and fibula were majority of secondary type.
Nutrient foramina Direction follow growing
end theory.
This Study is of great importance to
Anatomists during dissection to study
normal course of nutrient artery & to
Orthopaedic surgeons performing surgeries
of the lower limb fractures to avoid bleeding
due to accidently perforating of the nutrient
artery during operations.
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