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Topography and Indexing of the Nutrient Foramina of the Adult 
Long Bones

Umeshwar Prasad Thakur,1 Pranav Kumar Yadav,2 Brijendra Kumar Sah,3 Ram Jiban 
Prasad,1 and Tirtha Narayan Shah4

ABSTRACT
The primary source of blood supply for long bones comes from the nutrient arteries that pass 
through the nutrient foramen. Understanding the location and structure of these foramens is 
important in surgical procedures to ensure that the bone’s blood supply is not disrupted. To study 
the morphology and topography of nutrient foramina and to determine the foraminal index of 
the upper and lower limb long bones. The long bones of the upper and lower limbs including 
47 humeri, 38 radii, 38 ulnae, 53 femurs, 57 tibiae, and 44 fibulae were studied. The number 
and position of primary nutrient foramina were noted and the foraminal index was calculated. 
Results showed that 82.9% of the humeri had a single nutrient foramen, and 17.0% had double 
foramina. For the radii, 97.4% had single nutrient foramen and 2.6% had double foramina. A 
single nutrient foramen was observed in all the ulnae. In the lower limb bone, the femurs had 
41.5% of single nutrient foramen, 56.6% had double foramina and only 1.9% had triple nutrient 
foramina. The tibiae showed 93.0% of the single nutrient foramen and only 7.0% had double 
foramen. In fibulae, only one nutrient foramen was seen. The mean foraminal index was 57.26 
for the humerus, 34.82 for the radius, and 39.32 for the ulna. Similarly, the mean foraminal index 
of the femur was 44.73, the tibia was 32.32 and the ulna was 46.18. Understanding the location 
of foramina is crucial inmaintaining bone vasculature during surgical procedures, which can 
improve the success rates of bone grafting, fracture fixation, and replacement surgeries involving 
the shoulder, elbow, and knee joints.
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INTRODUCTION 
Bones are essential components of the human 
skeleton and provide the structure and 
support for the body. They are made up of 
living connective tissues and are hardened 
by calcium.1 Long bones, found in the limbs, 
include the humerus, radius, ulna, femur, tibia, 
and fibula. They have a cylindrical shaft called 
the diaphysis, with an enlarged end at each 
end called the epiphysis. These bones grow 
through two different centers of ossification: 
the primary center for the diaphysis and the 
secondary center for the epiphysis.2 Long bones 
are made up of dense compact bone on the 
outer layer, while the inner layer is a spongy 
bone that houses bone marrow. The medullary 
arterial system is crucial for revascularizing 
damaged bone tissue and promoting healing. 
Overall, bones are constantly being remodeled 
to maintain their strength and adapt to the 
body’s needs, and play important roles in 
protecting organs, supporting movement, 
storing minerals, and producing blood cells.3 
The nutrient foramen is a significant opening 
found on the shaft of long bones that facilitates 
the entry of the nutrient artery, which plays 
a crucial role in nourishing and promoting 
growth. It is believed that the direction of the 
nutrient foramen is influenced by the end of 
the bone that is growing at a faster rate, which 
can be up to twice as fast as the non-growing 
end. Consequently, the nutrient vessels move 
away from the rapidly growing end of the 
bone. This phenomenon is often described as 
“fleeing from the knee and heading towards 
the elbow,” indicating the variation in the 
nutrient foramen’s location between the upper 
and lower limbs.4

The nutrient artery is responsible for supplying 
the medullary cavity, which contains bone 
marrow, as well as the inner two-thirds of 
the compact portion of the diaphysis and 
metaphysis. This artery enters the compact 
bone through Volkmann’s canal and provides 
nutrition to the Haversian system.5 In addition 
to its role in fracture healing, the vascular 
system of bones, which includes the nutrient 
artery, is also crucial for bone conditions such as 
developmental abnormalities and hematogenic 
osteomyelitis.6 Therefore, studying the blood 
supply of long bones and the specific areas 
supplied by the nutrient artery is essential 
for developing new techniques in the fields of 
transplantation and resection.7

The present study aims to determine the 
number and position of the nutrient foramina 
(NF) of the adult human humerus, radius, ulna 
of the upper limb and femur, tibia, and fibula 

of the lower limb and to observe the size and 
direction of the nutrient foramina. This study 
also focuses on determining the foraminal 
index.

MATERIALS AND METHODS
The study was conducted in the Department of 
Anatomy, Nepalgunj Medical College, Chisapani 
during the period of one month in December 
2022. The materials for the present study consist 
of 277 selected adult humans with cleaned 
and dried long bones having no appearance 
of pathological changes and fractures. The 
total length of individual bone was taken as 
the distance between the proximal point on 
the upper end and the most distal point of the 
lower end of all long bones. An elastic rubber 
band was applied around these foramina to 
determine the location of the foramina from 
its proximal end. The length will be measured 
in mm through an osteometric board. In the 
entire long bones after determining the sides, 
the nutrient foramina were studied based on: 
i. The number of foramen 
ii. Direction and size of nutrient foramen-18G, 

20G, 21G, 22G, 23G, 26G and 27G needles 
were used to confirm the size and direction 
of the foramen.

iii. All long bones were examined to know the 
position of nutrient foramen according to 
their anterior, posterior, medial, and lateral 
surfaces along with their borders. 

iv. Calculation of foraminal index.
v. Location of nutrient foramina according to 

FI was divided into three types, according 
to FI:
1. Type 1: FI above 33.33, the foramen was 

in the proximal third. 
2. Type 2: FI below 33.33 up to 66.66, the 

foramen was in the middle third. 
3. Type-3: FI above 66.66, the foramen was 

in the distal.

 

Fig. 1. Determining the length and location of the 
foramina of the humerus, radius, and ulna
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Results
In the present study, 83.0% of the humeri had 
a single nutrient foramen. The double foramen 
was observed in 17.1% of the humeri. 97.4% 
of radii had a single foramen while only 2.6% 
of the radii has double foramina. All the ulnae 
had a single primary nutrient foramen. In the 
lower limb bone, the femurs showed 41.5% of 
the single primary nutrient foramen, 56.6% 
double nutrient foramina and only 1.9% had 
triple nutrient foramina. The tibiae showed the 
majority of a single nutrient foramen in 93.0% 
of bones and only 7.0% of tibiae had double 
nutrient foramen. In fibulae, only one primary 
nutrient foramen was seen.

The topography of nutrient foramina of the 
humerus is shown in Table 1. Among them, 
81.8% of the foramina were on the anteromedial 
surface, 7.3% of the foramina on the posterior 
surface, and 10.9% of the foramina were on the 
medial border. All of the foramina were in the 
middle third of the humeri. The topography 
of nutrient foramina of the radius is shown 
in Table 2. 84.6% of the foramina was on the 
anterior surface, 12.8% of the foramina were 
on the posterior surface while only 2.6% 
foramina were on the interosseous border. 

Table 1: Morphological and topographical 
distribution of the nutrient foramina in the 

humerus
Surfaces/ 
borders of 
humerus

Number of 
foramina % of foramina

n=55 Right Left Total Right Left Total
Anteromedial 
surface 20 25 45 36.4 45.4 81.8

Posterior 
surface 1 3 4 1.8 5.4 7.3

Medial border 2 4 6 3.6 7.3 10.9
Upper third 0 0 0 0.0 0.0 0.0
Middle third 23 32 55 41.8 58.2 100.0
Lower third 0 0 0 0 0 0

Table 2: Morphological and topographical 
distribution of the nutrient foramina in the 

radius
Surfaces/ 
borders of 
radius

Number of 
foramina % of foramina

n=39 Right Left Total Right Left Total
Anterior 
surface 14 19 33 35.9 48.7 84.6

Posterior 
surface 4 1 5 10.2 2.6 12.8

Interosseous 
border 0 1 1 0.0 2.6 2.6

Upper third 9 6 15 23.1 15.4 38.4
Middle third 9 15 24 23.1 38.5 61.5
Lower third 0 0 0 0.0 0 0

Table 3: Morphological and topographical 
distribution of the nutrient foramina in the ulna
Surfaces/ 
borders of 
ulna

Number of 
foramina % of foramina

n=38 Right Left Total Right Left Total
Anterior 
surface 17 21 38 44.7 55.3 100.0

Upper third 2 3 5 5.3 7.9 13.2
Middle third 15 18 33 39.5 47.4 86.8
Lower third 0 0 0 0.0 0.0 0.0

 

Fig. 2. Determining the length and location of the 
foramina of the femur, tibia, and fibula

Table 4: Morphological and topographical 
distribution of the nutrient foramina in the 

femur
Surfaces/ 
border of 
femur

Number of 
foramina % of foramina

n=85 Right Left Total Right Left Total
Medial surface 6 7 13 7.0 8.2 15.3
Lateral surface 1 3 4 1.2 3.5 4.7
Posterior 
surface 14 21 35 16.5 24.7 41.2

Linea aspera 13 15 28 15.3 17.6 32.9
Spiral line 4 0 4 4.7 0.0 4.7
Popliteal 
surface 1 0 1 1.2 0.0 1.2

Upper third 6 8 14 7.0 9.4 16.5
Middle third 32 38 70 37.6 44.7 82.3
Lower third 1 0 1 1.2 0.0 1.2

38.4% of the foramina were in the upper third 
and 61.5% of the foramina were in the middle 
third of the radii. The topography of nutrient 
foramina of the ulna is shown in Table 3. All 
of the foramina were on the anterior surface. 

Thakur  et al
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13.2% of the foramina were in the upper third 
and 86.8% of the foramina were in the middle 
third of the ulnae.

The topography of the primary nutrient 
foramina of femurs is shown in table 4. Among 
them, 15.3% of the foramina were on the medial 
surface, 4.7% of the foramina on the lateral 
surface, 41.2% foramina were on the posterior 
surface, 32.9% of the foramina were on the 
linea aspera, 4.7% of foramina were on the 
spiral line and 1.2% of the foramina were on 
the popliteal surface. 16.5% of foramina were 
in the upper third, 82.3% of foramina were in 
the middle third and 1.2% of foramina were in 
the lower third of the femurs. The topography 

Table 5: Morphological and topographical 
distribution of the nutrient foramina in the tibia
Surfaces/ 
border of 
tibia

Number of 
foramina % of foramina

n=61 Right Left Total Right Left Total
Anterolateral 
surface 1 0 1 1.6 0.0 1.6

Posterior 
surface 28 31 59 45.9 50.8 96.7

Medial border 0 1 1 0.0 1.6 1.6
Upper third 24 23 47 39.3 37.7 77.0
Middle third 5 9 14 8.2 14.7 22.9
Lower third 0 0 0 0.0 0.0 0.0

Table 6: Morphological and topographical 
distribution of the nutrient foramina in the 

fibula
Surfaces/ 
border of 
fibula

Number of 
foramina % of foramina

n=44 Right Left Total Right Left Total
Posterior 
surface 15 15 30 34.1 34.1 68.2

Medial surface 9 5 14 20.4 11. 31.8
Upper third 0 1 1 0.0 2.3 2.3
Middle third 24 19 43 54.5 43.2 97.7
Lower third 0 0 0 0.0 0.0 0.0

Table 7: Diameter of the nutrient foramina of the individual long bone of upper and lower limbs

Bones 
Diameter of Individual long bone

1.27mm
(18G)

0.91mm
(20G)

0.83mm
(21G)

0.70mm
(22G)

0.63mm
(23G)

0.464mm
(26G)

0.42mm
(27G)

Total
Foramina

Humerus 00 00 02 09 07 17 20 55
Radius 00 00 00 03 05 13 18 39
Ulna 00 00 00 07 05 10 16 38
Femur 00 11 07 18 19 05 25 85
Tibia 06 17 17 06 09 05 01 61
Fibula 00 00 00 00 00 14 30 44

of nutrient foramina of tibiae is shown in Table 
5. A total of 96.7% of the foramina were on the 
posterior surface and 1.6% foramina were on 
the anterolateral surface and medial border 
both. 77.0% of the foramina were in the upper 
third and 22.9% of the foramina were in the 
middle third of the tibiae. The topography of 
nutrient foramina of fibulae is shown in table 
6. 68.2% of the foramina were on the posterior 
surface and 31.8% of the foramina were on 
the medial surface. 2.3% of the foramina were 
in the upper third and 97.7% of the foramina 
were in the middle third of the fibulae.

The mean foraminal index in the humerus 
was 57.26. This implies that the majority of the 
primary diaphyseal foramina in the humerus 
are in the middle third. The mean foraminal 
index in the radius was 34.82. This suggests 
that the majority of the primary foramina in 
the radius are in the middle third. The mean 
foraminal index in the ulna was 39.32. This 
also indicates that the majority of the primary 
foramina in the ulna are in the middle third of 
the bone. 

The mean foraminal index in the femur was 
44.73. This implies that the majority of the 
primary foramina in the femurs are in the 
middle third of the bone. The mean foraminal 
index in the tibia was 32.32. This indicates that 
the majority of the primary foramina in the 
tibia are in the upper third of the bone. The 
mean foraminal index in the fibula was 46.18. 
This suggests that the majority of the primary 
foramina in the fibula are in the middle third of 
the bone. It is observed that in all the long bones 
of the upper and lower limbs, the majority of 
the foramina are in the middle third of the bone 
except the tibia where the maximum foramina 
are located in the upper third.

The size/diameter of the nutrient foramina of 
all long bones are shown in Table 7. All the 
nutrient foramen in the upper limb bone are 
directed towards the elbow i.e., away from 
the growing end, and the nutrient foramen in 
the lower limb bone is directed away from the 
knee. There were no changes in the obliquity of 
the canal whether they are in the center or at 
the periphery of the bone.
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Discussion 
In the present study, in the humerus, single 
nutrient foramen has a higher percentage 
(83.0%) compared to that of double (17.0%). 
Many authors like Longia et al8 (85.0%), 
Bhojaraja  et al9 (77.0%) Chandrasekharan et al10 
(76.7%), also reported a higher percentage of a 
single nutrient foramen. According to Ukoha et 
al,11 it was reported that 26.0% of the humeri 
studied had no nutrient foramen. Kizilkanat et 
al12 found that in 1.0% of the humeri studied, 
there were four nutrient foramina present.

In the present study, 97.4% of radii had a single 
nutrient foramen and only 2.6% of radii had 
double nutrient foramina. Many authors like 
Longia et al,8 Kizilkanat et al,12 Parthasarathy  et 
al13 and Veeramuthu  et al,14 also reported single 
nutrient foramen in more than 90.0% radii and 
remaining had double nutrient foramina. Radii 
without nutrient foramen were also reported 
by Ukoha et al11 (16.0%) and Parthasarathy et 
al13 (4.2%). 

In the present study, all the ulnae examined 
had a single nutrient foramen similar to most 
author. Ukoha et al11 and Parthasarathy et 
al13 reported ulna without nutrient foramen. 
Longia et al8 observed the presence of three 
nutrient foramina in the ulna.

In the present study, 41.5% femurs had a 
single nutrient foramen, 56.6% had double 
nutrient foramina and 1.9% had triple nutrient 
foramina. Kizilkanat et al12 reported single 
nutrient foramenin 75.0% of femurs and double 
nutrient foramina in 25.0%. Bhatnagar et al15 
reported single nutrient foramen in 55.0%, 
double foramina in 43.3%. Similarly Pereira et 
al16 observed single nutrient foramen in 63.8%, 
double nutrient foramina in 34.9% and triple 
foramina in 1.3%. Also Mysorekar17 reported 
single nutrient foramen in 45% of femurs, 
double foramina in 50% and triple foramina in 
1.6%.

In the present study, 93.0% of tibia had a single 
nutrient foramen while only 7.0% had double 
nutrient foramina. Murlimanju et al18 reported 
single nutrient foramen in 98.6% of the tibiae 
and 1.4% of the tibia had no nutrient foramen. 
Patel et al19 studies showed that 100.0% of the 
tibia examined had only one nutrient foramen 
present.

In the present study, all fibulae examined had 
a single nutrient foramen. Murlimanju et al18 
reported single nutrient foramen in 90.2% 
of the fibulae and 9.8% of the fibula had no 
nutrient foramen. Another study by Patel et al19 

reported 80.0% of fibula had a single foramen 
and the remaining 20.0% had double foramina. 

In the present study, humeri had most of the 
nutrient foramina on the anteromedial surface 
(81.8%) followed by the medial border (10.9%). 
Kizilkanat et al12, Parthasarathy et al13 and 
Murlimanju et al18 all reported comparable 
results, with 62.0%, 60.0%, and 60.0%, 
respectively demonstrating similar findings. In 
Asharani  et al20 studies, it was noted that there 
were a greater number of nutrient foramina 
(57.0%) located on the medial border compared 
to the anteromedial surface. Similarly, radii had 
most of the nutrient foramina on the anterior 
surface (84.6%) followed by the posterior 
surface (12.8%). Challa et al21 reported similar 
findings 70.0% and 30.0% in the anterior 
surfaces and medial border respectively. Ulnae 
had all their foramina on the anterior surface 
while Challa and Nanna21 reported 78.4% 
foramina on their anterior surface only.

In the present study, femurs had most of the 
nutrient foramina on the different parts of the 
posterior surface (80.0%) followed by the medial 
surface (15.3%). Joshi and Mathur22 reported all 
the foramina present on the different aspects 
of the posterior surface. Similarly, the tibia had 
most of the nutrient foramina on the posterior 
surface (84.6%) followed by equal numbers of 
the anterolateral surface and medial border 
(1.6%).  Kamnath et al23 reported 97.2% on 
the posterior surface and 2.8% on the medial 
surface. Fibula had 68.2% of their foramina on 
the posterior surface followed by the medial 
surface (31.8%) while Kamnath  et al23 reported 
100.0% foramina on their posterior surface 
only.

The mean foraminal index in the humerus 
was 57.26. This implies that the majority of the 
primary diaphyseal foramina in the humerus 
are in the middle third. The mean foraminal 
index in the radius was 34.82. This suggests 
that the majority of the primary foramina in 
the radius are in the middle third. The mean 
foraminal index in the ulna was 39.32. This 
also indicates that the majority of the primary 
foramina in the ulna are in the middle third of 
the bone. 

The mean foraminal index in the femur was 
44.73. This implies that the majority of the 
primary foramina in the femurs are in the 
middle third of the bone. The mean foraminal 
index in the tibia was 32.32. This indicates that 
the majority of the primary foramina in the 
tibia are in the upper third of the bone. The 
mean foraminal index in the fibula was 46.18. 
This suggests that the majority of the primary 
foramina in the fibula are in the middle third of 

Thakur  et al
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the bone. It is observed that in all the long bones 
of the upper and lower limbs, the majority of 
the foramina are in the middle third of the bone 
except the tibia where the maximum foramina 
are located in the upper third.

The study confirmed previous reports 
regarding the number, position, and diameter 
of the nutrient foramina in the long bones of 
the limbs. It is crucial for surgeons to have a 
solid understanding of the location of foramina 
when performing bone operations. Surgeons 

must exercise caution when operating in areas 
where there is a high concentration of nutrient 
foramina. Knowledge of foramen location 
assists in the preservation of bone vasculature 
during surgical procedures, thereby enhancing 
the likelihood of successful bone grafting, 
fracture fixation, and shoulder, elbow, and 
knee replacement procedures.
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