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Abstract 

Introduction: During corrective surgeries of the bone the position of the nutrient foramen and their variations 

is a must know to preserve the nutrient artery as it is the chief blood supply to the inner two thirds of the cortex 

of long bones. This will guide the surgeons into successful outcomes.  

Materials and methods: The study was done on 120 long bones of lower limb obtained from the Department 

of Anatomy of Government Thoothukudi Medical College, Tamilnadu, India. The position, number and 

direction of nutrient foramen were noted and foraminal index was calculated.  

Results: 64%, 34% and 2% of the femora respectively had single, double and no nutrient foramina. All the 

tibiae had single nutrient foramen while 83.3% of fibulae had single foramen and 16.6% had no foramen. 

Conclusion: This will add to the database obtained from other studies and help the surgeons. 
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Introduction 

The nutrient foramen is a cavity allowing the passage 

of a nutrient artery and a peripheral nerve into the 

diaphysis of a long bone[1]. The nutrient artery is the 

principal source of blood supply to long bones, 

especially during periods of active bone growth and 

also in embryonic stages[2]. 

It has been suggested that the direction of the nutrient 

foramina is determined by the growing end of the 

bone, which is supposed to grow at least twice as fast 

as the non-growing end. As a result, the nutrient 

vessels move away from the growing end of the 

bone[3].
 

This foramen, in the majority of cases is located 

away from the growing end hence the derivation of 

the axiom that foramina [4] 
 
seek the elbow and flee 

from the knee[5]. 

The topographical knowledge of these foramina is 

useful in certain operative procedures to preserve the 

circulation[6-8]. Therefore it is important that the 

arterial supply is preserved in free vascularised bone 

grafts so that the osteocytes and osteoblasts 

survive[9]. 

The nutrient foramen is located in a specific position 

in each bone. In femur, the nutrient foramen is 

directed upwards and most commonly located on the 

Linea Aspera. The main nutrient artery is derived 

from the 2nd perforating artery. If there are 2 nutrient 

arteries, they may arise from the 1st and 3rd 

perforators[10]. In tibia, the nutrient foramen usually 

lies near the soleal line and is directed downwards. 

The main nutrient artery is a branch of posterior tibial 

artery, but sometimes it may also arise at the 

popliteal bifurcation, or as a branch from anterior 

tibial artery[10]. In fibula, the nutrient foramen is 
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located slightly proximal to the midpoint of the 

posterior surface and is directed downwards. The 

nutrient artery to fibula is a branch of fibular 

artery[10]. Knowledge of the anatomy of nutrient 

foramen of fibula is very important while raising 

osteofasciocutaneous free flaps of fibula[11]. The 

vascularized fibular bone grafts are used for 

stabilization of lost mandible, spine and also tibia. 

Fibular grafts are also used for reconstructive 

surgeries after excision of bone tumours and other 

bony defects[12]. 

The knowledge of location of nutrient foramen in 

long bones is of paramount importance to the 

surgeons as minimal interference with the vascularity 

of the bone during surgical procedures or during 

fracture repairs will improve the surgical outcome 

substantially. 

Materials And Methods 

The present study was conducted on 120 long bones 

of lower limb (50- femur, 40- tibia and 30- fibula) of 

unknown age and sex. The bones were obtained from 

the Department of Anatomy, Government medical 

college, Thoothukudi, Tamilnadu. The bones which 

were complete and fully ossified were included for 

the study. Incomplete bones and those with 

pathological changes were not included in the study. 

Only the diaphyseal nutrient foramen was observed 

for the study. The number of nutrient foramina in 

each bone was noted. The size of the nutrient 

foramen was measured using a hypodermic needle. 

Nutrient foramina which did not allow the passage of 

a size 24 gauge needle were considered as secondary 

nutrient foramina. Nutrient foramina which allowed 

the passage of size 24 gauge needle were considered 

as dominant nutrient foramina[10]. The direction of 

the nutrient foramen was assessed by passing a 

hypodermic needle into the nutrient foramen. The 

location of the nutrient foramen in each long bone 

was noted in relation to the nearby anatomical 

structures. The distance of the dominant nutrient 

foramen (DNF) from the highest point of the 

proximal part of the long bones was measured with a 

vernier calipers. The total length (TL) of the bone 

was measured using an osteometric board. The 

location of the nutrient foramen in the upper, middle 

or lower third of the bone was determined using 

Hughes formula for foraminal index (FI). FI= DNF / 

TL X 100. The nutrient foramen was localised to the 

proximal, middle and distal third of the shaft of the 

bone based on the foraminal index as follows: FI less 

than 33.33 – the nutrient foramen was in the proximal 

third of the bone FI from 33.33 to 66.66 – the nutrient 

foramen was in the middle third of the bone FI 

greater than 66.66 – the nutrient foramen was in the 

distal third of the bone. All the observations were 

carefully tabulated and statistically analysed using 

Microsoft excel worksheet. 

Results  

The following are the results for Femur  

Out of the 50 femur which was used for the study 32 

femora (64%) had single nutrient foramen (Fig 1). 17 

femora (34%) had two nutrient foramen (Fig 2) and 

one femur (2%) had no nutrient foramen. 74.4% of 

the nutrient foramen are dominant as they allowed 

the passage of 24 gauge needle and 25.75% of them 

were considered to be secondary as they did not 

allow the passage of the needle. All the foramen were 

directed upwards. 

The total length of the femur was found to be 

between 37.2cm to 49.4cm, the average being 

42.28cm. The distance of the dominant nutrient 

foramen from the proximal end ranged between 

12.2cm to 29.3cm. The average was 18.62cm.  

The foraminal index was between 31.12 and 61.75. 

The average was 43.93. 4 femur had FI less than 

33.33, rest of the 45 femora had FI between 33.33 

and 66.66. The positions of the nutrient foramen were 

as follows 

   On linea aspera -18 

   Medial lip of linea aspera – 14 

   Lateral lip of linea aspera – 8 

   Medial to linea aspera – 11 

   Between spiral line and gluteal 

tuberosity – 9 

   Spiral line – 2 

   Gluteal tuberosity – 1 

   Medial to gluteal tuberosity - 3 

Results For Tibia Are  

Among the 40 tibiae that were examined, all the 

tibiae had nutrient foramen (Fig 1). All the foramen 

were directed downwards. All the foramen were 
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found to be dominant as they allowed the passage of 

the 24gauge needle. The distance of the foramen 

from the proximal end of the bone spanned from 

9.4cm to 13.4cm, the average being 11.74cm 

The average length of tibia was 35.96cm the smallest 

tibia was 31.1cm and the longest was 40.4cm. The 

foraminal index ranged 26.09 to 37.46. The average 

was 33.49. Of the 40 tibiae, 18 of them had FI 

between 33.33 and 66.66. The rest 22 had FI less than 

33.33. 

The positions of the nutrient foramen are 

Below soleal line & medial to vertical line – 6 

Below soleal line & lateral to vertical line – 32 

Above soleal line – 1 

Interosseous border – 1 

Results For Fibula Are  

30 fibulae were examined. 25 fibulae among them 

had single nutrient foramen (Fig 1) and 5 of the 

fibulae did not have any nutrient foramen. The 

foramen were about 11.2cm to 20.8cm from the 

proximal end of the bone, the average was 14.97cm. 

The length of the fibulae were between 29.9cm and 

40.4cm. The average was 34.91cm. The foraminal 

index whose average was 41.64 ranged between 

34.56 and 57.77. 

The positions of the nutrient foramen as follows 

On the medial crest – 14 

Lateral to medial crest – 6 

Medial to medial crest – 5 

Table 1: Comparing the observations of nutrient foramen of Femur with other studies 

Femur  Present study 

(%) 

Kalyasundaram 

mohan et al [13] 

(%) 

Prashanth et al 

[14] (%) 

Patel S et al [15] 

(%) 

Single foramen 64 64 47.7 60 

Double foramen 34 30 44.2 40 

Triple foramen - 6 3.5 - 

Absent foramen 2 - 4.6 - 

 

Table 2: Comparing the observations of nutrient foramen of Tibia with other studies 

Tibia  Present study 

(%) 

Kalyasundaram 

mohan et al [13] 

(%) 

Prashanth et al 

[14] (%) 

Patel S et al [15] 

(%) 

Single foramen 100 98 98.6 100 

Double foramen - 2 - - 

Absent foramen - - 1.4 - 

 

Table 3: Comparing the observations of nutrient foramen of Fibula with other studies 

Fibula  Present study 

(%) 

Kalyasundaram 

mohan et al [13] 

(%) 

Prashanth et al 

[14] (%) 

Patel S et al [15] 

(%) 

Single foramen 83.3 98.6 90.2 80 

Double foramen - 1.33 - 20 
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Absent foramen 16.6 - 9.8 - 

 

Figure 1: Pink head pins shows the position and direction of single nutrient foramen noted in femur, 

fibula and tibia respectively from left to right. 
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Figure 2: Pink head pins shows the position of double nutrient foramen noted in femur. 

 

Discussion 

The number of nutrient foramen observed in Femur, 

Tibia and Fibula were compared with similar studies 

done by Kalyasundaram mohan et al[13], Prashanth 

et al[14] and Patel S et al[15]. 

For femur the present study was coinciding with that 

of Kalyasundaram mohan et al[13] (Table 1), the 
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observations of Tibia were similar to the study done 

by Patel S et al[15] (Table 2), while the results of 

Fibula were not totally falling in line but was close to 

that of Patel S et al[15] (Table 3). 

Similarly, for each bone it’s average length, distance 

of dominant foramen from proximal end and 

foraminal index were compared with  Kalyasundaram 

mohan et al[13]
 
. 

The corresponding values for femur from present 

study were 42.28cm, 18.62cm and 43.93 as opposed 

to 42.29cm, 17.11+5.42cm and 40.55+8.32 from 

Kalyasundaram mohan et al[13]. So the results were 

found to be similar. 

The corresponding values for tibia from present study 

were 35.96cm, 11.74cm and 33.49 and that from 

Kalyasundaram mohan et al[13] were 36.58+2.38cm, 

12.70+3.64cm and 34.74+4.08. The values of present 

study were almost close to that of Kalyasundaram 

mohan et al[13]. 

The corresponding values for fibula from present 

study were 34.91cm, 14.97cm and 41.64. The 

observations from Kalyasundaram mohan et al[13] 

were 35.36+3.26cm, 14.12+3.75cm and 39.93+7.32. 

The present study were well within the range of 

Kalyasundaram mohan et al[13]. 

Conclusion  

The foramen may be a potential area of weakness in 

some patients and, when under stress because of 

increased physical activity or decreased quality of the 

bone, the foramen may allow development of a 

fracture. Position of the fracture relative to the 

nutrient foramen of the long bone and the patterns of 

edema are the secondary signs in the key of the 

diagnosis of this type of fracture[16]. 

The precise knowledge of the location, direction, 

number and size of the nutrient foramina of long 

bones of lower limb will help the orthopaedicians 

during fracture repair surgeries, tumour resection and 

also during bone grafting surgeries. The nutrient 

artery is essential to maintain the growth of 

osteophytes, hence the nutrient foramina should be 

preserved during tumour resection surgeries on the 

bones[13]. 
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