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Abstract

Introduction: The fibula is located lateral to the tibia in the leg. The fibula is the bone of choice for grafting and
to reconstruct large defects after tumor resection, because of its length, biomechanical stability, limited donor site
morbidity and predictable vascular pedicle. Objectives: The objectives of the study are: (1) To locate and describe
the position, number & direction of nutrient foramina of fibula. (2) To observe any variations in location,position
and number of nutrient foramina of fibula. Methods: The study sample comprised of 80 dry adult human
fibulae.Present study was conducted at bone bank of Department of Anatomy, Government Medical College,
Aurangabad. The data pertaining to the above parameters were noted, subjected to statistical analysis and were
photographed. Results: In the present study of 80 dry adult human fibulae, noted; (1.) Absence of nutrient foramen
(NF) in 2 (2.5%) fibulae. (2.) Single nutrient foramen was present in 71 (88.75%) fibulae. (3.) 5 (6.25 %) fibulae
showed double nutrient foramen. (4.) 2 (2.5%) fibulae showed triple nutrient foramen. (5.) The most common
location of nutrient foramen was on medial crest in 52 (58.42%) and least common on anterior border in 1 (1.25%)
fibulae. (6.) Out of total 89 foramena 84 (94.67 %) foramen were on the middle third of the fibula. Conclusion: The
present study showed 12.7% variation in number of nutrient foramen.Accurate anatomical knowledge about the
location and distribution of nutrient foramen is useful for orthopedic and plastic surgeons in planning the
vascularised fibular graft at middle third of the shaft. .
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Introduction

The word foramen is derived from Latin word
‘foro’ (to pierce).Foramena meansan aperture or
perforation through a bone or membranous
structure. The role ofnutrient foramen is nutrition
and growth of the bones [1]. The external opening
of the nutrient canal, has a particular position for
each bone usually referred to as the nutrientforamen
[2]. The principle source of blood to a long bone
particularlyduring its active growth period is the
nutrient artery. Nutrientforamina, allow blood
vessels to pass through the bone cortex [3]. The
fibula is located on the lateral side of tibia in the
leg. A little proximal tothe midpoint of the posterior
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surface, the fibular shaft is pierced by a nutrient
foramen, receives a branch of theperoneal artery.
The detailed anatomical knowledge of the peroneal
artery in relationto the fibula is the key to raising
osteofasciocutaneous free flaps incorpo-
ratingsegments of the bone. Free vascularized
diaphysis grafts may also be taken on aperoneal
arterial pedicle [4].

Generally the direction of the nutrientforamina
is determined by the growing end of the bone [5].
The fibula reverses the ossificatory pattern in respect
to other long bones [6]. Detailed data on the blood
supply to the long bones and the association withthe
areas of bone supplied has been continued to be a
major factor in the developmentof new
transplantation and resection techniques in
orthopaedics [7]. The exact knowledge of position
of the nutrient foramina of fibula is important to
proceed with the free transplants of the vascularized
bone graft. Commonly, the nutrient foramen is
located in the middle third of the posterior surface
of the fibula. The present study is undertaken, as
the knowledge of nutrient foramina of fibula is
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useful for, anatomists, forensic experts, orthopedic,
anthropologists and plastic surgeons for fibula graft
and micro-vascular bone transfer.

Aims & Objectives

1. To locate and describe the position, number and
direction of nutrient foramina of fibula.

2. Toobserve for any variations in location, position
and number of nutrient foramina of fibula.

Methodology

The present study was conducted on 80 dry adult
human fibulae in the Department of Anatomy,
Government Medical College, Aurangabad,
Maharashtra.

Materials Used

a. Sliding digital verniercalliper.
b. Osteometric board

After determining the side of the fibula, the length
of fibula was measured by osteometric board. NF
were identified by the presence of well marked
groove leading to them. The NF was studied in
variousregards i.e. the number of foramina on the
shaft, surface, border on which it is present,
direction from growing end, location in relation
with length of the fibula. Number, distribution and
direction of nutrient foramen in relation to specific
surfaces, border and growing ends of fibulae. Part
of bone possessed the absence, single or multiple
foramen were noted. For determining the
distribution of NF along the length of fibula each
fibula was divided into three parts (upper, middle
and lower 1/3rd) after measuring the length of the
fibula and dividing by 3. The length of fibula
measuring 30.1 to 35 cm were categorized as Type
I,35.1 to 40 cm as Type II, and 40.1 to 45 cm as Type
III. Allthe data were first collected in a standardized
excel sheet followed by tabulation for calculating
the percentages of distribution of nutrient foramen
along the length of fibulae.

Calculation of the Foraminal Index

The position of all nutrient foramina was
determined by calculating foraminal index (FI) using
the formula:

FI = DNF=TL x 100 (Hughes [8] formula)

DNF = the distance from the proximal end of the
bone to the nutrient foramen measured by vernier
digital caliper with an accuracy of 0.0lmm, later
converted into cms.

TL =Total fibula length in cm from proximal end
of bone to tip of lateral malleolus in cm by sliding
caliper.

Results

Variations in the Number of Nutrient Foramen

Out of 80 fibulae in 2 (2.5%) fibulaenutrient
foramen was absent, 71 (88.75%) fibulae showed
single NF, 5 (6.25%) fibulae had Double NF and 2
(2.5%) fibulae had Triple NF.

Distribution of Nutrient Foramina in Right 40 and
Left 40 Fibulae

Most common nutrient foramen was Single NF
observed in 38 (95%) right and 33 (82.5%) left fibula.
And less common foramen, Triple NF was seen in
one each of the (5%) right and (0%) left fibulae.

Variations in the Direction of NF

In the total number of NF 75 (93.75%) foramen
were directed away from growing end and
abnormal direction of NF were seen in 5 (6.25%)
foramen, i.e., towards the growing end, violating
the law of ossification.

Discussion

The fibula is an ideal graft for reconstructing a
long bone, especially when the skeletal defect s large
[9]. The growing end of long bones is always located
opposite to the direction of nutrient foramen. The

Table 1: Showing Variations in the Number of Nutrient Foramen

No. of foramen No. of fibulae Percentage
0 2 25
1 71 88.75
2 5 6.25
3 2 25
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Table 2: Distribution of nutrient foramina in right and left fibulae

No. of foramina Right Fibulae Left Fibulae
No. Yo No. Yo
0 1 25 1 25
1 38 95 33 825
2 3 7.5 2 5
3 2 5 0 0

Table 3: Direction of foramen towards and away from the growing end of fibulae in foramen

Side of Fibula No. of Fibulae Towards growing end Away from growing end
No. % No. %

Right 40 3 75 37 92.5
Left 40 2 5 38 95

Total 80 5 6.25 75 93.75

Variation in Distribution of Nutrient Foramen
Table 4: Number and location of nutrient foramina and their foraminal index of fibulae

Anatomical Site No of Foramina Range Mean £ SD p-Value
Anterior border 1 30.14 to 42.37 35.19+7.26 0.001
Interosseous border 4 48.23 t0 59.18 59.48+9.13 0.001
Lateral surface 2 39.48 to 47.59 51.12+4.23 0.001
Medial crest 52 27.38 to 49.47 35.74%3.64 0.001
Medial surface 2 28.79 to 49.28 28.11+2.86 0.001
Posterior border 1 41.61 to 60.12 43.89+5.01 0.001
Posterior surface 18 25.91 to 52.76 24.9143.54 0.001

direction of nutrient foramen is easily remembered Conclusion

by a‘dictum’ that says, “To the elbow I go and from
knee I flee”. In the milking cow position the
direction of nutrient foramina is always directed
downwards [16].

Vascular integrity of a long bone is vital, and
knowledge of the nutrient artery anatomy entering
the bone through nutrient foramen may be of value
to the orthopaedic surgeon. The surgical exposure
and periosteal stripping in open reduction and
internal fixation procedures of diaphyseal fractures
present further vascular insult to existing osseous

Present study shows vary similar findings with
previous observations made by various authors. Some
findings doesn’t appear similar with previous studies,
this might be due to geographical and racial variation.

Number of Nutrient Foramen
Table 5: Prevalence of variations in number of nutrient foramen by various authors

Researchers Year No. of NF in %
0 1 2 3
Priya R0 2010 47 89.1 6.1 0
Prashanth K11 2011 9.8 90.2 0 0
Sanjeev'? 2012 0 17 3 0
Gupta R 2013 4.46 78.58 12.5 2.67
Anusha P 2013 2 88 10 0
Present Study 2017 2.5 88.75 6.25 2.5
Position of Nutrient Foramina
Table 6: Prevalence of variations in position of nutrient foramina by various authors
Researchers Year Upper Third (%) Middle Third (%) Lower Third (%)
O Malukar?> 2011 4 79 9
Gupta R 2013 9.02 95 2
Anusha P 2013 4 94 2
Present study 2017 3.21 94.67 212
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Location of Nutrient Foramen

Table 7: Prevalence of variations in location of nutrient foramina by various authors

Researchers Year More frequent Less frequent
O Malukar?> 2011 90.8% on PS 2.2% on LS
Gupta R 2013 87.96% on PS 6.77% on LS
Anusha P 4 2013 95% on PS 24% on MS

Present study 2017 91.22 % on PS 10.86% on AB

injury.The morphometric study of nutrient foramen
with regard to the number, location and position is
assumed to be of great importance for clinicians,
radiologists, orthopaedicians and vascular
surgeons. Exact position and distribution of the
nutrient foramina in bone diaphysis is important to
avoid damage to the nutrient vessels during surgical
procedures to plan for vascularised free fibular
grafts is to include endostealas well as periosteal
blood supply. The morphometric analysis of the
position of the nutrient foramen of the fibula will
help in harvesting vascularized graft of the bone,
to preserve the circulation within bone, also to
reconstruct and close the bone defects.

References

1. Payton CG. The position of nutrient foramen and
direction of nutrient canal in thelong bones of the
madder-fed pig. ] Anat 1934;68:500-10.

2. Menck J, Dobler A, Dohler JR. Vaskularisation des
Humerus. Langenbeck’s ArchSurg 1997;382(3):123-7.

3. Gotzen N, Cross A, Ifju P, Rapoff A. Understanding
stress concentration about a nutrient foramen. J
Biomech 2003;36:1511-21.

4. Standring S, Borely NR, Collins P, Crossman AR,
Gatzoulis MA, Herly JC et al. Gray’s Anatomy - The
Anatomical basis of clinical practice, Leg. 40th
Ed.London: Elsevier; 2005.p.1493-4.

6. Mysorekar VR. Diaphyseal nutrient foramina in
Human long bones. ] Anat 1967;101:813-22.

7. Kirschner MH, Menck J, Hennerbichler A, Gaber O,
Hofmann GO. Importance ofarterial blood supply to
the femur and tibia for transplantation of
vascularizedfemoral diaphyses and knee joints. World
J Surg 1998;22:845-52.

8. Hughes H. The factors determining the direction of
the canal for the nutrientartery in the long bones of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

mammals and birds. ActaAnat 1952;15:261-80.

Gumusburun E, Adiguzel E, Erdil H, Ozkan Y, Gulec
E. Okajimas Folia AnatJpn 1996;73(2-3):125-8.

Priya R, Manjunath KY. Nutrient foramina of long bones
of lower limb. SouAsian Anthro 2010;10(2):147-51.

Prashanth KU. Morphological and topographical
anatomy of nutrient foramina inthe lower limb long bones
and its clinical importance. AM]J 2011;4(10):530-7.

Sanjeev K, Kathiresan K, Trinesh G, Nagalaxmi. Study
of Diaphysial nutrientForamina in human long bones.
AnatKar 2012;6(2):66-70.

Gupta R, Singh KA, Rajkumar. Morphological Study
of Nutrient Foramen inHuman Fibulae of North
Indian Region. Int ] Med Health Sci 2013;2(2):205-9.

Anusha P, Naidu MP. A study on the nutrient foramina
of long bones. Jour ofMed Sc and Tech 2013;2(3):150-7.

Malukar O, Joshi H. Diaphysial nutrient foramina in
long bones and miniaturelong bones. National Journal
of Integrated Research in Medicine 2011;2(2):23-6.

Singh V. General Anatomy. Skeleton. Noida: Elsevier
Limited; 2008.p.84.

Pereira G, Lopes P, Santos PV, Silveira HS. Nutrient
foramina in the upper andlower limblong bones:
Morphometric study in bones of southern Brazilian
Adults.Int ] Morphol 2011;29(2):514-20.

William PL, Roger W, Dyson M, Bannister LH. Gray’s
anatomy - Osteology.37th Ed. Philadelphia: Churchill
Livingstone; 1989.p.447.

Lewis OJ. The blood supply of developing long bones
with special reference tothe metaphyses. ] Bone JtSurg
1956;38:928-33.

Campos F, Gomez P, Alias G, Fernandez M, Valencia
R. A study of the nutrientforamina in human long
bones. SurgRadiolAnat 1987;9:251-5.

Hollinshead WH. Anatomy for surgeons. North
America: Hobber and Harper 1958;4(5):761.

Indian Journal of Anatomy / Volume 7 Number 1 / January - February 2018



