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ABSTRACT

Background: The main blood supply to a growing bone is through its nutrient artery. It enters the bone through nutrient foramina (NF). Fibula is
commonly used as a bone graft. The anatomical location of NF on fibula is valuable during surgeries. Objective: Topographic assessment of nutrient
foramina on human fibulae. Study Design: Cross Sectional Observational Study. Settings: Anatomy Department, Postgraduate Medical Institute,
Lahore Pakistan. Duration: 4 months (from 1-12-2018 to 31-3-2019). Methodology: 100 fibulae were obtained from the bone bank of anatomy
department, Postgraduate Medical Institute, Lahore. The number of NF and their position on the fibular shaft were observed. Results: Single foramen
was observed in 90 (90%) fibulae, 4 (4%) had two foramina, while 6 (6%) had no NF. 86 (93%) foramina were seen on the middle third of the bone.
47 (50%) NF were present on the posterior aspect. 2 (2%) foramina were on the proximal third and 4 (4%) were on the distal third of the fibulae.

Conclusion: The posterior aspect and the middle third of the bony shaft bore most of the nutrient foramina.
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INTRODUCTION

Nutrient foramen (NF) is an opening that serves as a portal for
the vascular supply to the long bones.! Nutrient arteries, after
entering the NF supply most of the blood to the bones. 80% of
the blood to the growing bones is supplied by the nutrient
arteries.2 The vessels placed on the outer periosteum and the
inner medullary vessels exhibit a rich intracortical anastomosis.
Numerous metaphyseal and epiphysial, and a few diaphyseal
arteries provide blood to the long bones. The diaphysis of the
long bones is pierced by diaphyseal arteries which enter
obliquely.

The location of their entry is usually constant. Upon entering,
these arteries give ascending and descending twigs.® NF
becomes oblique in direction with growth. The obliquity from the
outside to the marrow cavity indicates the growing end and
hence, nutrient foramen is directed opposite to this end.45 The
location of NF in bones may change during development. Even
though the NF are directed opposite the growing end of bone,
but their location may vary.8

Fibula is widely used as a graft as it is a long, straight and a non-
weight bearing bone. Reconstruction surgeries after trauma and
tumor resection commonly employ fibulae as a vascularized
graft.” It is essential to have proper knowledge about the
Anatomical relation and variations of fibular artery to the bone
shaft before obtaining the free flaps. Major concerns of
harvesting these grafts are injuries to the neurovascular bundle
and compartment syndromes.? Also the survival of the vascular
bone graft depends on the blood supply it receives via the
nutrient artery. Therefore, the exact position of NF is helpful to
preserve the circulation.

METHODOLOGY
Study Design: Cross Sectional Observational Study.
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Settings: Anatomy Department, Postgraduate Medical
Institute, Lahore Pakistan.

Duration: 4 months (from 1-12-2018 to 31-3-2019).

Sample Technique: Non-probability sampling.

Sample Size: 100 dried human fibulae.

Inclusion Criteria: 50 right sided and 50 left sided fibulae
Exclusion Criteria: Broken bones and bones having any
pathology.

Methods: 100 dried human fibulae, were collected from the
bone bank of anatomy department, Postgraduate Medical
Institute, Lahore. The bones studied, were of unknown age and
gender. Broken and bones having any gross pathology were
excluded from the study. The side of the bone was identified.
There were 50 right sided and 50 left sided fibulae. The number
of NF and their location on the bones was noted. A hand lens
was used to confirm the location of the foramina. Different
borders and surfaces of the bone shaft were analyzed for the
position of foramina. To confirm the patency, a 24-gauge needle
was passed through each foramen.

The number and location of NF was expressed as percentage
and frequency. The distance of foramina was calculated using
a Vernier caliper and expressed as mean + SD. Foraminal index
Fl was calculated using Hughes formula.®

RESULTS

The presence, absence and the number of nutrient foramina
were carefully observed and tabulated (Table 1).

The surfaces and borders of fibula were observed for the
location of NF was tabulated (Table 2).

The mean fibular length, the mean foraminal index along with Fl
ranging was noted (Table 3). Majority of the NF were seen on
the middle third. For the bones which had more than one
foramen, the larger one was considered for the calculation of FI.
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So total number of foramina taken for the determination of Fl
were 92 (Table 4).

Table 1: The number of NF present on the fibula

No. of nutrient | No. of fibulae having these | Percentage
foramina (NF) nutrient foramina (n=100) %

0 6 6%

1 90 90%

2 4 4%

Table 2: The surface and border on which NF is present on
the fibula

Surface and border Number of fibulas Percentage
of fibula having NF (n=94) %
Posterior surface 47 50%
Lateral surface 4 4%
Medial surface 9 10%
Medial crest 30 32%
Anterior border 0 0%
Posterior border 3 3%
Interosseous border 1 1%

Table 3: The length of fibula, distance of NF and foraminal
index Fl

Parameter (n=92) Mean Minimum | Maximum
length of bone (cm) | 34.56 +4.79 30 40
Foramen distance from
the proximal end (cm) 1222.00 8 21
FI 34.7 26.6 67.5

Table 4: The position of nutrient foramen on the fibular
according to FI

Location of NF Number of fibula Percentage %
according to Fl (n=92) ge’
Type 1 Proximal 1/3rd 2 2%
Type 2 Middle 1/3rd 86 94%
Type 3 Distal 1/3r 4 4%
DISCUSSION

Nutrient foramen is the largest foramen on the long bones
through which nutrient artery for that bones passes. The number
and the direction of nutrient foramina in fibula vary. These
variations hold importance as fibula is used as a vascular graft
by orthopedic surgeons.

In the present study, 90% (90) of the fibulae had a single NF, 4
(4%) fibulae had double nutrient foramina, while in the 6 (6%) of
the fibulae the nutrient foramen was absent. The result
coincides with the researches done by Kizilkanat et al,® and also
with the findings of Pereira and his friends.” Sinha and his
colleagues observed that among 100 fibulae, 78% had a single
foramen while 22% bore two foramina."!

The study conducted by Vinay and Mangala Gowri showed that
3 fibulae had double nutrient foramina.'? Ambekar and Sukre
stated that 63.5% of fibulae had a single foramen, 7.7%
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possessed double and 1.9% of fibulae bore triple nutrient
foramina.'® Bones which had more than one foramen, the larger
among them is the NF, while others are accessory foramina.
The main NF contains an artery and vein, while the accessory
NF is a portal for an artery only."

6% fibulae had no nutrient foramen. Ongeti, found that NF was
absent in 5.5% fibulae. One reason behind this could be
congenital absence of a nutrient artery and the other can be if
the nutrient vessel is smaller than 0.5 mm. 1

In the present study, the mean length of fibula was 34.56 cm
and the foraminal index was 34.7% with Fl ranging between
26.6 t0 62.5 %. The results are close to the findings of Ambekar
and Sukre® and also coincides with the findings of the study
done by Kalyanasundaram et al."® Vinay et al found that among
the South Indians the mean fibular length was 32.58 c¢m."?
Kizilkanat and friends observed that the fibular length was 34.02
cm among the Turks5, while Mazengenya et al found that the
mean length of fibula was 36.76 cm in the black and 36.07 cm
in the white Africans."

The present study shows that the majority of the NF were
located on the posterior surface (50%) and on the middle third
of the fibula 94% (Type 2). The results coincide with the
research conducted by Gupta and Anusha.®

Ojaswini et al, reported 90.8% NF on the posterior aspect of
fibulae with 74% NF on the middle third, 9% on lower third and
4% on upper third of the shaft.'®

According to the research by Vinay and Mangala Gowri 87.8%
foramina were seen on the back of the bone.!2 Study done by
Arun K et al, on 186 fibulae, reported 29.62% nutrient foramen
on the posterior surface, with 29.62% of nutrient foramina were
located on upper part of the shaft, 38.62% on the middle and
29.1% on lower part of the fibular shaft.? Uzma et al, studied
100 fibulae and observed that 62.89% NF were located on the
posterior surface and in 30.9% were seen along the medial
crest. The main factors that affect nutrient foramen position are
the growth rates at ends of the shaft and bone remodeling.?"

CONCLUSION

The nutrient foramina in fibula were mainly on the middle third
of the bone and on its posterior aspect. However other locations
cannot be ignored. The knowledge about the topography of
nutrient foramen can serve preoperatively during the
procurement of vascularized fibular grafts and to avoid injury to
the nutrient artery.

LIMITATIONS
The gender, age and race of the bones were not identified.

SUGGESTIONS / RECOMMENDATIONS
Further study can be conducted to observe the variations of
nutrient foramina among the bone’s male and female subjects.
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