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Abstract 
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. 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 in the present study, 

observations will be made on the 150 adult dry human fibulae. Variations in the number, location and distribution of nutrient 

foramen will be observed, analysed and compared with earlier studies by various authors. Variation in the number of nutrient 

foramen will be accounted. Position of Nutrient foramen will be frequently noted.  

The present study showed 13.5% 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) which means an aperture or 

perforation through a bone or membranous structure. 

The role of nutrient foramen in nutrition and growth of 

the bones is evident from term ‘Nutrient’itself.1 

The external opening of the nutrient canal, usually 

referred to as the nutrient foramen, has a particular 

position for each bone.2 The nutrient artery is the 

principle source of blood to a long bone particularly 

during its active growth period. The artery to the shaft 

of the long bone is the largest, called the ‘Nutrient 

Artery’.3 

The fibula is located on the lateral side of tibia in 

the leg. Together with tibia, it resembles an ancient 

brooch or pin. The fibula is much more slender than the 

tibia and is not directly involved in transmission of 

weight. It has a proximal head, a narrow neck, a long 

shaft and a distal lateral malleolus. The shaft has three 

borders and surfaces, each associated with a particular 

group of muscles. A little proximal to the midpoint of 

the posterior surface (14-19 cm from the styloid 

process), the fibular shaft is pierced by a nutrient 

foramen, directed distally, which receives a branch of 

the peroneal artery. The detailed anatomical knowledge 

of the peroneal artery in relation to the fibula is the key 

to raising osteofasciocutaneous free flaps incorporating 

segments of the bone. Free vascularized diaphysis 

grafts may also be taken on a peroneal arterial pedicle.3 

The knowledge and 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. Thus, middle third of 

fibula must be used for transplant to reconstruct 

mandible, stabilization of spine and tibia, as well as for 

dental implants. In harvesting the fibula, this segment is 

always taken, as the graft is more reliable regarding 

anastomosis, which includes endosteal and a periosteal 

blood supply, provided by a constant arteriovenous 

system with vessels of anastomosable diameter.4 

The fibular grafts are particularly useful to restore 

large diaphyseal defects because of their shape and 

mechanical properties.5 The study is undertaken, as the 

knowledge of nutrient foramina of fibula is useful for 

anthropologists, anatomists, forensic experts, 

orthopedic and plastic surgeons for fibula graft and 

micro-vascular bone transfer. 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.6 

 

Material and Method  

The present  study wi l l  b e conducted  on 

150 dry adult  human f ibulae in the  
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Depar tments  o f Anatomy,  in Medical  

Col leges  o f  Central  Rajasthan in Aj mer,  

Jaipur .  F ibulae ob tained  from undergraduate  

medical  students o f our  ins t i tut ion and other  

Medical  College and  Research Inst i tute ,  

Rajasthan.   

The fibulae  wi l l  be ser ia l ly numbered  

from 1 to  150 using blue plas t ic  number  

plates .   

 

Materials  Used  

Sl iding ca liper ,  Vernier  digi ta l  cal iper ,  

1-200 b lue p las t ic  number pla tes,  Thin s t i f f  

wire ,  Magnifying hand lens ,  Samsung d igi ta l  

camera ,  Black marker  pen.   

Source of  data :  150  dry adul t  human fibulae  

from the Department of Anatomy,  Ajmer,  

Jaipur  and o ther  Inst i tute  o f Medica l  

Sciences,  Rajas than.  

Inclusion criteria :  150 dry adult  human 

f ibulae ir respec tive o f sex and race.   

Exclusion criter ia :  Deformed f ibula,  f ibula  

showing gross asymmet ry or  broken wi l l  be 

rejected  as unsui table fo r  the study.  

Number,  dist r ibution and  direc t ion of 

nut r ient  foramen in rela t ion to  spec i fic  

sur faces,  border  and growing ends of  fibulae 

wi l l  be  ana lyzed .  Keen o bservat ion wi l l  be  

done  for  d irect ion of nut r ient  foramen by 

using magnifying hand lens and then a thin  

st i f f  wire wi l l  be  passed  through the foramen 

to  confi rm i t s  direct ion.  Then i t  wi l l  be  

not iced tha t  which par t /par ts  o f bone  

possessed the absence,  sin gle or  mul t ip le  

foramen.  Nutr ient  Foramen in each fibula  

wi l l  be  enc irc led using black marker  pen.   

 

Statistical Analysis  
The co llected da ta wi l l  then be entered  

in  the Excel  shee t  and  analyzed by using 

di fferent  fo rmula tions .  The  descr ipt ive  

stat is t ics ,  chi -square tes t ,  s tudent  t -tes t  wi l l  

be appl ied for  analyz ing the data as  

applicable.  
 

Result 
The observat ions made  on the 150 dry 

adult  human f ibulae have been l i sted and the  

number,  locat ion and  dist r ibution of the  

nut r ient  foramen has  been co mple te ly  

tabulated  in  the  master  char t ,  and  

represented in  the  tab les .  

Out o f 150 fibulae observed,  in 9  (6%)  

f ibulae nutr ient  fo ramen was  absent ,  130  

(86.66 %) fibulae showed s ingle NF,  10 

(6 .50%)  fibulae  had Double NF and  1 (0 .6  

%) f ibulae had Trip le NF.  

 

Table 1: Study of No. of nutrient foramen in 150 

fibulae 

No. of foramen No. of fibulae Percentage 

0 9 06.00 

1 130 86.50 

2 10 06.50 

3 1 01.00 

Total 150 100 

Most common nutr ient  foramen was Single  

NF observed in 69 (85.98%) r ight  and 61  

(87.09%) le ft  f ibula.  And less common 

foramen,  Triple  NF was seen in one (1 .07%)  

le ft  f ibulae.  

 

Table  2:  Distr ibution of  nutr ient  fora mina 

in right  (80)  and left  (70)  f ibulae  

No. of 

foramen 

Right fibulae Left fibulae 

No. % No. % 

Zero 4 4.67 5 7.52 

One 69 85.98 61 87.09 

Two 7 8.41 3 4.30 

Three 0 0.93 1 1.07 

 

In 150  dry adult  human fibulae ,  20  

(13.50%) f ibulae sho wed var ia t ions.  Out o f  

these double NF were common wi th 7  

(33.33%) r ight  and 3(14.81%) le ft  f ibulae.  

And absence  of NF was on 4  (18.51%) r ight  

and 5 (25.92%) le f t  f ibulae.  Triple  NF was 

noted one in le f t  f ibulae  (3 .07%).  

 

Table  3:  Variat ion in nutr ient  fora mina of  

20 f ibulae  

Side of 

fibula 

Towards 

growing end 

Away from 

growing end 

Right 1 2 

Left 2 1 

 

Variat ions  in the Direct ion of  NF  

Total  number  o f NF was 153 in 141  

f ibulae,  131 (85 .36%)  foramen were d irected 

away from growing end  and  abnormal  

direc t ion of NF were seen in 22 (14 .63%)  

foramen,  i .e . ,  to wards  the gro wing end,  

vio la t ing the law of ossi f ica t ion.  
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Table  4:  Direct ion of  foramen towards and away from the growing end of  f ibulae in 153  

foramen 

 

Fibula 

 

No. of 

fibulae 

Towards 

growing end 

Away from growing end 

No. % No. % 

Right 76 13 8.78 71 45.36 

Left 65 9 5.85 60 40 

Total 141 22 14.63 131 85.36 

 

In 10 fibulae,  double NF was observed in 4  (38.46%) r ight  fibulae wi th d irec t ion one  

towards the gro wing end and another  away from the gro wing end was common.  Where as in 1  

le ft  f ibulae,  direct ion of  NF to wards and away from gro wing end was equal  (15.38%).  

 

Table  5:  Direct ion of  double nutr ient  fora men in  13 f ibulae  

Side of  

fibula 

Towards  

growing end 

Away from growing end 

Right - - 

Left 2 1 

 

Out o f 150  fibulae,  one le ft  f ibulae had tr iple  nut r ient  foramen.  the d irect ion of one NF was 

AFGE and  the  direct ion of two NF was TGE.  

 

Table  6:  Direct ion of  triple nutr ient  fora men in 1f ibula  

Side of 

fibula 

No. of 

fibulae 

No. of 

nutrient 

foramen 

Length 

wise 

distribution 

Number % p-value 

Right 76 83 UT 01 0.88 0.7154 

MT 80 96.46 

LT 02 02.65 

Left 65 70 UT 01 0.88 0.7154 

MT 68 97.82 

LT 01 0.88 

Total 141 153 UT 02 0.97 

MT 148 97.07 

LT 03 1.95 

 

Variation in Distribution of Nutrient Foramen 

In 76 right fibulae, 83 NF were observed, of which one (0.88%) foramen was in upper third, two NF (2.65%) 

were in lower third and rest of the NF 80 (96.46%) were observed on middle third. In 65 left fibulae, 70 nutrient 

foramen were observed, of which one each nutrient foramen was in upper (0.88%) and lower third (0.88%) and 

remaining 68 (97.82%) nutrient foramen was noted in middle third. 

The distribution of nutrient foramen was common in middle third 97.07% and less common in upper third 

0.97%. P-value was not significant.  
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Table  7:  Distr ibution of  153 nutr ient  fora men on the seg ments of  141 f ibulae  

Location NF on 76  Right 

fibulae 

NF on 65 Left 

fibulae 

Total nutrient 

foramen 

p-value 

No. Percentage No. % No. % 

MC 43 53.77 35 47.47 78 50.73 0.2155 

PS 27 33.01 31 42.42 58 38.04 

IB 7 8.49 01 2.02 08 5.36 

AB 01 0.94 00 1.01 01 0.97 

PB 02 1.88 01 1.01 03 1.46 

MS 00 00 02 4.04 02 1.95 

LS 01 1.88 01 2.02 02 1.95 

 

Variation in Location of Nutrient Foramen 

Nutrient foramina on medial crest were frequent with 43 (53.77%) on right and 35 (47.47%) on left fibulae, 

least frequent was on anterior border on one each right (0.94%) and left fibula (1.01%). P-Value was not significant. 

 

Table 8: Location of 153 nutrient foramina on Surfaces and borders of fibulae 

Number of Nutrient 

foramen 

Right fibulae Left fibulae 

No. % No. % 

0 04 18.51 05 25.92 

2 07 33.33 03 14.81 

3 00 3.07 01 03.07 

 

Foraminal Index 

The mean and standard deviation of foraminal index of nutrient foramina in upper third was 67.55 + 3.22. The 

mean and standard deviation of foraminal index of nutrient foramina in middle third was 46.74 + 8.86. 

The mean and standard deviation foraminal index of nutrient foramina in lower third was 24.76 + 1.81.The 

standard deviation was more in the middle third (8.86) compared to upper  and lower third of the fibula. The P-value 

was significant in relation to the number and location of nutrient foramen (P <0.001). 

 

Table 9: Distribution of the nutrient foramen based on the foraminal index of the fibulae 

Anatomical site No. of 

foramen 

Range Mean + SD p-value 

Anterior border 1 31.31 to 45.83 38.57 + 10.27 0.00000002 

Interosseous border 8 53.61 to 68.32 62.95 + 3.97 

Lateral surface 3 46.59 to 53.92 50.43 + 3.52 

Medial crest 77 34.54 to 65.97 44.33 + 7.04 

Medial surface 3 26.04 to 64.36 48.26 + 18.47 

Posterior border 2 42.98 to 64.85 50.31 + 12.64 

Posterior surface 57 23.48 to 71.68 47.99 + 10.05 

 

The range of foraminal index was 23.48 to 71.68. P < 0.00000002 was significant for location and foraminal index. 
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Table 10: Number and location of nutrient foramina and their foraminal index of 153 foramens of 141 fibulae 

Length of fibula 

in cm  

Right fibula Left fibula P-Value 

 
No. % No. % 

30.1- 34 (Type I) 23 27.43 18 26.08 0.2416 

 
34.1-38 (Type II) 55 66.38 43 60.87 

38.1-41(Type III) 05 6.19 09 13.05 

Total 83 100 70 100 

 

Correlation of the Length of Fibula with Number of Nutrient Foramen, and the Direction of Nutrient 

Foramen 

Out of 70 left fibulae, nutrient foramen on Type–I was 18 (26.08%), Type-II was 43 (60.08%) and Type-III was 

9 (13.04%).  

All together, out of 141 fibulae, nutrient foramen was frequently observed in Type-II and association between 

length of fibula and NF was not established, with P–Value was insignificant. 

 

Table 11: Association between the length of fibulae and nutrient foramen 

Foraminal index Mean + SD 95% CI p-Value 

Lower 1/3rd 67.55 + 3.22 (62.42 72.67)  

0.001 

 Middle 1/3rd 46.74 + 8.86 (45.50 47.98) 

Upper 1/3rd 24.76 + 1.81 (8.50 41.02) 

 

Table 12: The length of fibula, location of nutrient foramen with foraminal index 

153 NF on Mean ± SD Mini Max 

Fibula length 35.4 ± 2.14 30 40 

DNF 16.6 ± 3.31 9 27 

FI 47 ± 9.46 23.48 71.68 

The mean length of fibula in the present study was found to be 35.4 ± 2.14 cm. 

The average nutrient foramen was 16.6 ± 3.37. Compared to the average length of fibula, the nutrient foramen was, 

354÷166 = 2.13. 

The half the length of the fibula is 17.7 cm. The location of nutrient foramen is; 177 – 166 = 1.1 cm. The nutrient 

foramen is 1.1 cm (Approximately 1 cm), proximal to the midpoint of the fibula. 

The foraminal index was between 23.48 and 71.68 with mean FI of 47%. 

The P-Value was not significant in association of length of the fibula and the number of nutrient foramen. The single 

NF and double NF were more frequently observed in the Type II of the fibular length 

 

Table  13:  Associat ion between length of  f ibulae and direct ion of  nutr ient  fora men  

Length of fibula AFGE TGE Total p-value 

30.1- 34 33 08 41  

0.4041 

 
34.1-38 85 12 97 

38.1-41 13 2 15 

Total 131 22 153 
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Discussion 
In the present study, observations were made on 

the 150 adult dry human fibulae. Variations in the 

number, location and distribution of nutrient foramen 

was observed, analysed and compared with earlier 

studies by various authors. Variation in the number of 

nutrient foramen was accounting for 13.5%. Position of 

NF was frequently noted on the middle third of the 

bone (97.07%), 50.73% of the fibular nutrient foramina 

was located on the medial crest and 38.04% on the 

posterior surface. This study varies from other studies 

in presence of 5.36% of NF on interosseous border, 

0.97% each on anterior and posterior border. The 

direction of 85.36% of NF was distal (away from 

growing end), while 14.63% had a proximal (towards 

the growing end) direction. In the fibular length of 

34.1-38 cm (Type II), the distribution of single nutrient 

foramen was 130, double nutrient foramen was 10. 

In the present study absence of nutrient foramen 

was observed in 6% fibulae. This finding is similar to 

the findings of McKee NH,7 where absence of NF were 

observed in 5.6% who conducted study on 322 fibulae 

and similar to Ongeti,8 with 5.5% who conducted study 

on 200 fibulae. This may be due to congenitally absent 

nutrient vessel or due to nutrient artery of caliber less 

than 0.5 mm in such cases the bone is likely to be 

supplied by periosteal arteries.9 

In the present study 86.5% (130) of the fibulae 

possessed single nutrient foramen, while 6.5% (10) of 

the fibulae possessed double nutrient foramina and 1% 

(1) fibula had triple foramen, which is closer to the 

study conducted by Gupta R.10Gupta R10 was the only 

author who observed 4 nutrient foramen in 2 fibulae 

(1.79%) out of 112 fibulae. 

In bones with two nutrient foramina, it suggests 

that one of them would be the main NF and the other 

accessory NF; one contained an artery and vein, other 

only an artery. When three NF were present a solitary 

artery entered through one foramen, other contained 

both an artery and vein, and another contained a solitary 

vein.11 

In the present study, most of the nutrient foramina 

of the fibula were situated in the middle third of the 

bone (97.07%), the rest of the nutrient foramen (1.95%) 

was located in the distal third of the bone and 0.97% 

was placed on the upper third. These findings were 

closer to Gupta R and Anusha P.12 

The average length of fibula in the present study 

was 34.5 ± 2.14 cm. The average nutrient foramen was 

16.59±3.37. Compared to the average length of fibula, 

the nutrient foramen was, 345÷166=2.07. The half the 

length of the fibula is 17.7 cm. The location of nutrient 

foramen is; 177 – 166=1.1 cm. The nutrient foramen is 

1.1 cm (Approximately 1 cm), proximal to the midpoint 

of the fibula. 

Choi in 2001 has described position of nutrient 

foramen among Koreans, 3 cm proximal to the mid 

length of the fibula. The Kenyan fibula is 15-20 cm 

longer than the Mongolians. This position of NF 

showed always is noted to avoid injury to the nutrient 

foramen, which carries nutrient artery.13 

Adequate dissection around the position and the 

location of the nutrient foramen will minimize the 

length of the incision in harvesting the fibular 

vascularised graft. This will minimize the complication 

of compartment syndrome.14 

In this present study, 50.73% of the fibular 

foramina were located on the medial crest and 38.04% 

on the posterior surface. Similarly, Mysorekar6 

reported that 56% of NF were located on the medial 

crest while 33% over posterior surface of fibula. 

However, some authors observed more nutrient 

foramina on the posterior surface compared to those on 

the medial crest and medial surface. The present study 

varies from other studies in presence of 5.36% of NF on 

interosseous border, 0.97% each on anterior and 

posterior border. 

In the present study, the direction of 85.36% of NF 

was distal, while 14.63% had a proximal direction, in 

accordance with the Sanjeev,15 Gupta R,15 Anusha P.16 

Mysorekar16 quoted that variation, in the direction of 

nutrient foramina were found only in the fibula and NF 

were situated much below the middle third of the bone. 

If the nutrient artery in these fibulae arose from lower 

part of peroneal artery, the anomalous direction could 

be explained on this assumption. This could be due to 

peculiar ossification of bone. It is possible that in fibula 

one end may act as growing end for a certain period and 

then subsequently the other.17 

 

Conclusion 
The fibula is located on the lateral side of tibia. 

Together with tibia, it resembles an ancient brooch or 

pin.. The word foramen is derived from Latin word 

‘foro’ (to pierce) which means an aperture or 

perforation through a bone or membranous structure. 

The location of nutrient foramen has importance in 

relation to plan for the fibular graft, as the middle third 

of shaft is taken for implant. 

The objective of the present study was to locate 

and describe the position, number and direction of 

nutrient foramina of fibula, and to observe for any 

variations in the same. 

The present study was conducted on 150 dry adult 

human fibulae in the Department of Anatomy, J.L.N. 

Medical College, Ajmer. Measurements were taken 

using Vernier and digital calipers. The parameters were 

noted meticulously and the statistical analysis for 

nutrient foramen and foraminal index was made by 

using student’s t-test and was considered significant 

whenever p ≤ 0.05, to determine the relationship 

between the studied parameters. 

Most common nutrient foramen was single nutrient 

foramen 86.50% fibulae, with distribution of 50.73% 

foramen on medial crest, 38.04% foramen on posterior 

surface in accordance with classical description of 
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location of nutrient foramen from iterature. And least 

frequent location of foramen was on anterior border in 

0.97% fibulae, which has not been observed in any of 

the previous studies. The absence of foramen was in 6% 

fibulae, double nutrient foramen in 6.5%, triple nutrient 

foramen in 1%fibulae. The distribution of 97.07% 

foramen was on the middle third of the fibula. 

The average length of fibula in the present study 

was 34.5 ± 2.14 cm. The average nutrient foramen was 

16.59±3.37. Compared to the average length of 

fibula,the nutrient foramen was, 345÷166 = 2. 07. The 

half the length of the fibula is17.7 cm. The location of 

nutrient foramen is; 177 – 166 = 1.1 cm. The nutrient 

foramen is 1.1 cm (Approximately 1 cm), proximal to 

the midpoint of the fibula 

The direction of nutrient foramen, away from 

growing end was in 85.36% nutrient foramen and 

towards the growing end was in 14.63% nutrient 

foramen. The location of single and double nutrient 

foramen was frequently observed in the fibular length 

of 34.1 – 38 cm (Type II). The mean and standard 

deviation of foraminal index was 46.74 ± 8.86 for the 

nutrient foramen on middle third of the shaft. This 

observation correlates positively with the findings in 

similar studies conducted by various authors 

Association between length of the fibula with total 

number of nutrient foramen, location of nutrient 

foramen and direction of nutrient foramen was not 

sufficiently justified. 

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. The knowledge 

and 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. Thus, middle third of fibula must 

be used for transplant to reconstruct mandible, 

stabilization of spine and tibia, as well as for dental 

implants. In harvesting the fibula, this segment is 

always taken, as the graft is more reliable regarding 

anastomosis, which includes endosteal and a periosteal 

blood supply, provided by a constant arteriovenous 

system with vessels of anastomosable diameter.  
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