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ABSTRACT

Background: Nutrient artery gain access through nutrient foramen and provide vascular supply to bone. Number, size
and location of nutrient foramen has significant medical as well as surgical importance. Any insult to nutrient artery
during surgical procedure or during trauma may lead to devascualarization or poor prognosis.

Methods: The present study consist of 50 femurs, 50 tibia and 50 fibula, collected from department of anatomy,
BPKIHS. Mean length of bone, number, position and size and foraminal index of nutrient foramen was observed and
recorded accordingly.

Results: In femur 62% bone shows single nutrient foramen. Nutrient foramen was commonly located in medial lip of
linea aspera and in upper third of bone which was noted in 80% of bone. In tibia 82% of total bone shows single foramen
with absent of foramen in 6% bone. Foramen was commonly located above the soleal line and middle third of bone
which was noted in 56% of bone. In fibula 6% of total bone shows absent of nutrient foramen and majority of bone
shows single nutrient foramen (82%). Foramen was commonly located in lower part of posterior surface (60%) and in
middle third of bone.

Conclusions: This study provides details topographic knowledge about nutrient foramen which is important clinically
for proper planning of surgery and its outcome.
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INTRODUCTION

Growth and repair of bone is dependent on their
vascularization.! Nutrition to long bone is mainly provided
by nutrient artery especially during active growing period
and early phase of ossification.? Nutrient artery enter the
bone through small cavity in diaphysis called nutrient
foramen which follows the rule ‘towards the elbow I go,
from the knee | flee.’2® Nutrient foramen in located away
from growing end of bone due to differential growth of two
ends of long bone.*5 Nutrient foramen carrying nutrient
artery leads into canal and opens into marrow cavity.®
Within the marrow it divides into sinusoids and forms
small vessels that ramifies through cortex supplying
spongy bone and bone marrow.” Nutrient foramen has

fixed position for each bone but position and number may
vary. In femur nutrient foramen lies in Linea aspera,
directed proximally. In tibia present around Soleal line and
in fibula foramen is present midpoint of posterior surface,
directed distally. The absence of nutrient foramina in long
bones is well known.8°

It was reported that in instances where the nutrient foramen
is absent, the bone is likely to be supplied by periosteal
arteries.®>® Precise knowledge of nutrient foramen in long
bone is essential in some of the operative procedures to
prevent intraoperative damage to the nutrient artery.!* The
knowledge of location of nutrient foramen is important in
differentiating fracture line from nutrient foramen.
Nutrient foramen can be confused or mimic the
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longitudinal stress fracture on radiography.'23 The
nutrient foramen is distinguished from any other foramen
by the presence of distinct vascular groove outside the
nutrient foramen.'* In mandibular reconstruction as well as
dental implants have been using the vascularized fibular
grafts.> Therefore anatomical morphology of nutrient
foramen is essential for the clinician who is involved in
vascular graft procedures.®

The aim of the study was to determine the morphology and
topographic anatomy of dry adult long bones of lower
limbs.

METHODS

The study is descriptive cross-sectional study. Study was
carried at department of human anatomy, B.P. Koirala
Institute of Health Sciences from June 2020 to December
2020. Study on morphology of nutrient artery was
conducted in adult lower limb long bone consisting of
femur, tibia and fibula. Bones examined were obtained
from osteology section, department of human anatomy,
BPKIHS. Sex and age characteristic of the bone were not
determined. Clean, dry and fully ossified bone were
included in the study. Bone with any sign of fracture and
deformities were excluded from the study. Following
instruments was used in the study- (a) vernier caliper; (b)
18, 21, 23 and 24 gauze hypodermic needle; (c)
magnifying lens; (d) osteometric board; and (e) measuring
scale ruler

Following parameters were observed after side
determination of all bones-

Total length of bone

With the help of osteometric board and measuring scale
the maximal length of bone from proximal aspect to distal
end of the bone was measured and was recorded in
millimetre. After recording the measurement of bone,
mean range of total length was obtained

Total number of nutrient foramen

Nutrient foramen were identified by presence of well-
marked groove leading to a well-marked canal and raised
edge of foramen. The patency of the foramen was
confirmed by passing fine wire through the canal. With the
help of hand lens number of nutrient foramen was
observed and recorded accordingly by simple counting.
Only well-defined canal on diaphysis was observed

Location of nutrient foramen

All the borders and surfaces were thoroughly and closely
inspected for presence of nutrient foramen. Location of
nutrient foramen was recorded in relation to nearby
anatomical structure of bones.

Foramina within 1 mm from any border were considered
to be lying on that border of the bone. Location of nutrient
foramen in proximal, middle and distal part of shaft of
bones were recorded using Hughes formula:

FI b 100
=—X
L

where, FI= foraminal index, L= total length of the bone,
D- distance of the foramen from the proximal end.® (a) FI
less than 33.33mm the nutrient foramen was in the
proximal third of the bone (FI I); and (b) FI from 33.33mm
to 66.66mm the nutrient foramen was in the middle third
of the bone (FI I1); and (c) FI greater than 66.66mm the
nutrient foramen was in the distal third of the bone (FI 111).

Size of the foramen

Hypodermic needle of various size was used to measure
the size of foramen. Size of the foramen was considered as
large, medium and small sized according to gauge of the
hypodermic needle.’” (a) size of the 18-gauze needle was
considered to be between 1.27 mm or more and was
considered as large sized foramen; (b) size of the 20-gauze
needle was considered to be between 0.90 mm and 1.27
mm; (c) size of the 22-gauze needle was considered to be
between 0.71 mm and 0.90 mm; (d) size of the 24-gauze
needle was considered to be between 0.55 mm and
0.71mm. If 20-22 gauze needle passes through the
foramen, then it was called as medium size. Small sized
foramen was considered if 24-gauge needle passes through
the foramen satisfactorily.

Both large and medium size foramen was also classified as
dominant while small sized foramen as accessory foramen.
Prior to the study, ethical permission was taken from
Institute Review Committee (IRC), BPKIHS. Statistical
Package for Social Science (IBM SPSS Corp.; Armonk,
NY, USA) for Windows v.18.0 program was used for
statistical evaluation. Descriptive statistical parameters
were calculated. Descriptive statistics as number,
percentage and mean were used for data analysis and
calculated.

RESULTS

In this study, total of 150 dry adult lower limb long bone
were examined including 50 femur, 50 tibia and 50 fibula.

Femur

The total length of femur ranged from 385 mm-478 mm
and average or mean length of femur was found to be
393.20 mm on right sided and 421 mm on left sided femur
(Table 1). Of 50 femur, single nutrient was observed in
62%, double nutrient foramen in 20%, triple nutrient
foramen was observed in 12% bone and foramen was
absent in 6% of femur (Table 2). Foramen was mostly
located on medial lip of Linea aspera (Table 2). The
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distribution of size of foramen and foraminal index of
femur is represented in Table 5 and Figure 2.

Tibia

In examined tibia, mean length was found to be 343.86 mm
on right sided tibia and 350 mm on left sided tibia. 82%
tibia shows single nutrient foramen, double nutrient was
seen in 12% tibia and foramen was absent in 6% of total
tibia. 54% of total foramen was observed above soleal line
in posterior surface of tibia (Table 3). The distribution of
foraminal size and forminal index is shown in Table 5 and
Figure 2.

Fibula

Out of 50 fibula, single nutrient foramen was observed in
82% of bone, double nutrient foramen observed in 12%
and nutrient foramen was absent in 6% of total foramen
observed in fibula (Table 4). The average mean length of
fibula recorded was 345 mm on right side and 344 mm on
left side. 30% of total foramen was located on upper part
of posterior surface of fibula (Table 4). Foramen size and
forminal index distribution is represented on Table 5 and
Figure 2. The distribution of number of foramen of all
lower limb bone is shown in Figure 1.

Table 1: Mean length of lower limb long bones.

Bone N. of bones ean length (mm) _ S _
Right Left Right Left Right Left
Femur 30 20 393.20 421.0 13.91 87.34
Tibia 28 22 343.86 350.0 24.84 22.79
Fibula 35 15 345.0 344.0 8.1 15.2

Table 2: No. of foramen and location of foramen in femur.

No. of bone Location of foramen*

No. of foramen

Right % 2LA ML LL AS MS LS PS
0 3 10 0 0
1 20 66.7 11 55 7 18 14 04 03 02 02
2 05 167 5 25
3 02 6.7 4 20
Percentage (%) 14 36 28 08 06 04 04

Note: *2LA: between 2 lips of Linea aspera, ML: Medial lip of Linea aspera, LL: Lateral lip of Linea aspera, AS: Anterior surface, MS:
Medial surface, LS: Lateral surface, PS: Popliteal surface.

Table 3: No. of foramen and location of foramen in tibia.

Location of foramen*

No. of bone

Right % Left % SLA 1B AB SLB MS
0 02 5.3 01 4.5
1 23 82.1 18 81.8 27 04 04 13 02
2 03 10.7 03 13.6
3 0 0 0 0
Percentage (%) 54 8 8 26 04

Note: *SLA: Above Soleal line, IB: Interosseous border, SLB: Below Soleal line, AB: Anterior border, MS: Medial surface.

Table 4: No. of foramen and location of foramen in fibula.

No. of bone Location of foramen*

| No. of foramen

Right % Left % AS 1B MS PSU PSL
0 02 571 01 6.6
1 29 825 12 80 - - 05 15 30
2 04 114 02 13.3
3 o o o
Percentage (%) 10 30 60

Note: AS: Anterior surface; IB: Interosseous border; MS: Medial surface; PSU: Posterior surface upper art, PSL: Posterior surface lower
part.

International Journal of Research in Medical Sciences | August 2021 | Vol 9 | Issue 8 Page 2248



Mahat S et al. Int J Res Med Sci. 2021 Aug;9(8):2246-2251

Table 5: The size of the foramen of lower limb long bones.

Size of foramen

Fibula

(mm) Left (%) Left (%) Right (%) Left (%)
>1.27 7.8 10 3.5 5.8 -

>0.90 to <1.27 7.8 6.7 5.8 1.8 7.1 =

>0.71 to <0.090 255 21.1 10.6 8.2 17.1 15.2
>0.55 to <0.71 12.2 8.9 37.6 27.1 23.9 27.1

Note: >1.27: large sized foramen; >0.90 mm and<1.27 mm: medium sized foramen; >0.71 mm and <0.90 mm: medium sized foramen;

>0.55 mm and <0.71mm: small sized foramen.
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Figure 1: Showing the distribution of no. of foramen in lower limb long bone.
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Figure 2: Showing foraminal index of lower limb long bones.

DISCUSSION

Clinical knowledge of the size, number and location of
nutrient foramen is important as it may differ in growing
and non-growing end of the long bone and procedures
such as joint replacement therapy, fracture repair, bone
grafts and vascularized bone microsurgery.?*® One of the
predisposing factor for malunion or non-union is the
accidental manipulation or injury to nutrient artery
providing nutrition to long bones. Healing of fracture
mainly depends on bone vasculature.®

Femur

Our study showed that most of the nutrient foramina
presented on posterior surfaces of the femur, although
other surfaces of femur also shows presence of foramen
indicating nutrient foramen can vary with location.
Previous research by Sedemir et al shows similar
outcome.? However study done by Shrestha et al, Oyedun
et al and Seema et al shows all the foramen located on
posterior surface of femur.>62! In Present study majority

of the foramen shows foraminal index | (FI 1) indicating
high percentage of foramen located on upper third of bone.
Previous study carried by Poornima et al also shows
similar result.?? However study done by Pragya et al and
Seema et al shows majority of foramen on middle third of
bone.®2! In present study mean total length of femur is
392.2 mm (right) and 421 mm (left) which is similar to the
result obtained by Krischner et al and Kizilkanat et al.?%2*
Present study shows most of the femur having one nutrient
which was similar to study conducted by vinay et al and
Mazengenya et al.?>2® However present study shows 6%
of bone with no foramen which was contrast with the study
conducted by Pragya et al which shows no absence of
foramen.®

Tibia

Present study shows majority of bone had single foramen
and in 6% foramen was absent which is similar to report
of KU Prashant et al (98.6%) and Pereira et al (98.6%).%%
Report from Seema et al and Gumusburun et al shows
presence of three foramen and no absence of foramen from
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study done by Swapna et al and Seema et al.22%?® In
present study as determined by foraminal index, majority
of foramen was present in upper third of bone which was
similar to study carried by Mazengenya et al.? However
study done by Kazilkant et al and Mohan et al shows
majority of foramen on middle third of bone.?2® Majority
of foramen was located above the Soleal line in present
study. This result was accordance with Hari et al and
Tejwasi et al.®3! However study carried by Seema et al
shows majority of foramen under Soleal line.?

Fibula

Present study shows majority of bones with single
foramen which was similar to study carried by Sharma et
al and Seema et al.>?! Multiple foramen was absent in
Prashant et al study result whereas present study shows
maximum of two foramen.® Present study shows absence
of foramen (14.3%) which differs with study done by
Singhna et al and Pereira et al which shows no absence
of foramen.?”%2 The mean length of fibula on present study
shows 345 mm on right and 344 mm on left side which
was similar to the study done by Ambekar et al.? Present
study shows foramen commonly location on upper part of
posterior surface which correspond with the study
conducted by Jayprakash et al.3®* However study done by
Campos et al and Sendemir et al shows foramen commonly
located in medial surface of fibula.!?° Foramen was
commonly located at middle third of bone in present study
which correspond with study done by Prashanth et al.®

CONCLUSION

The knowledge of topographic morphology of the nutrient
foramina of long bones of lower limb will guide during any
fracture repair surgeries, tumour resection and also during
bone grafting surgeries for preserving the nutrition to the
bone as any fracture near foramen can cause poor
prognosis.

Regarding limitations of study, a greater number of bones
could have been included in the study. Sex and age
determinations of the bones could have been included in
the study.
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