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Study of nutrient foramina is useful in surgical procedures such as bone grafting, microvascular bone 
transplantation and in many bone fractures in order to preserve the circulation and it provides a useful 

adjunct  in pre-operative and intraoperative assessment to avoid disastrous ischemic complications  in lower limb long bones , 
so it is important to  study the morphological and topography of nutrient foramina .This study is carried out to know the variation 
and position  and number of nutrient foramina present in lower limb long bone i.e., Fibula.  The present study aims to Objective:
study the bula with respect to morphology and topography of nutrient foramina.  This study included 100 (50 right Methods:
and 50 left) adult dried bula bones with inclusion and exclusion criteria in the Anatomy department of various medical 
colleges in Maharashtra.  Out of 100 bones,46 right side and 44 left side bulas showed single nutrient foramina and 4 Results:
right side and 4 left side bulas had double nutrient foramina. On right side 80.3%foramen were present and on right side 
85.19% were present on posterior surface, while 12.96% foramen were present on right side and 17.86% were present on left side 
on medial surface of bula.  In the study we found that the nutrient foramina in bula is most commonly located on Conclusion:
posterior surface (80.36% for left bula and 85.19% for right bula), in the middle third of the shaft and they were directed 
downwards.
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INTRODUCTION:
The circulation of blood is necessary for the osteogenesis, 
maintenance of bone growth, bone vitality and repair of 
fracture and other injuries.90% of the supply to bone marrow is 

[1,2,3]supplied by nutrient artery.  Long bones of lower limb in 
their shafts have holes which are called nutrient foramina. The 

[4,5 6] nutrient vessels move away from the growing end and it is 
very important to preserve nutrient blood supply in bone grafts 

 [7,8,9,10]in order to promote fracture healing.  The topographical 
knowledge of these nutrient foramina is useful in operative 
procedures to preserve the circulation. Orthopedic surgical 
procedures like vascularized bone microsurgery requires the 
detailed knowledge of the blood supply. In free vascular bone 
grafting, blood supply by nutrient artery is extremely 
important and must be preserved in order to promote fracture 

 [11,12]healing.  Clinically bula is the commonest vital source of 
autologous cortical bone grafts to replace large bone defects, 

[13,14,15,16,17,18]especially in mandibular reconstructions.  This is 
because of the structure of bula, which meets all the 
biomechanical requirements of the recipient bone. Thus, the 
knowledge of the anatomy of nutrient foramina is signicantly 
important for orthopedic surgeons. Thus, the present study 
aims to study the bula with respect to morphology and 

[19]topography of diaphyseal nutrient foramen.

Study Design: 
Study has done by Random sampling. Study will be carried 
out in Department of Anatomy, of various Medical Colleges in 
Maharashtra. This is completely osteology-based study 
carried out in department. Sample size of 100 dry bones of 
bula.

Inclusion Criteria: 
All bula of adults, dry bones, free of deformity and fully 
ossied are studied in various Medical Colleges in 
Maharashtra.

Exclusion Criteria:
1. Fracture or replaced bones with implants
2. Any bone deformity.

Investigational Product Management:
Animals: Nil
Drugs: Nil

MATERIALS AND METHODS:
The study was conducted on a total of 100 (50 right and 50 left) 
adult human bulas were examined in different medical 
colleges in Maharashtra.

Following materials were used during the study – a) Bone 
osteometry, b) Magnifying lens, c) Metallic measuring scale, 
d) Guide wires, e) 24 hypodermic needle (0.56mm in 
diameter), f) Digital camera for illustration.

With the help of above instruments following observation were 
done.The following Parameters of bula will be analyzed on 
bula for study assessment

1. Maximum length of bula:
Upper point:  Tip of styloid process, Lower point: Tip of the 
medial malleolus. Fibula should be placed with front side 
upwards on the osteometry board. The measurement will be 
taken in centimeters.

2. Location of nutrient foramina:
The location of nutrient foramina examined whether it is on 
posterior surface, medial surface or lateral surface will be 
recorded.

Fig1: Showing the maximum length of bula and with the 
location of the nutrient foramina  

3. Number of nutrient foramina:
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Only the primary nutrient foramina were considered for the 
study. Position of the Primary nutrient foramina will be 
examined on posterior surface, medial surface and lateral 
surface of bula.

4. Size of nutrient foramina:
 Size of the primary nutrient foramina is measured by inserting 
size 24 hypodermic needle, and nutrient foramina less than 
size 24 hypodermic needle are considered as secondary 
nutrient foramina.

Fig 2: Showing the size of nutrient foramina 

5. Distance of nutrient foramina from proximal end of bula:
The distance of nutrient foramina from the tip of styloid 
process of the bula will be measured on osteometry board 
and measurements will be taken in centimeters.

Fig3: Showing the distance of nutrient foramina from the 
proximal end of bula

6.Direction of nutrient foramina: 
Nutrient foramina direction will be observed whether it is 
directed upwards or downwards will be recorded.

RESULTS:
1. Maximum length of bula: 
The mean value of maximum length for the right sided bula 
was 38 and the mean value for left sided bula was 38.

Figure 4: Graphical representation of maximum length of 
bula 

2. Number of nutrient foramina: 
On the Left side out of 50 bones, 6 bones showed double 
nutrient foramina and 44 showed single nutrient foramina. On 
the right side out of 50 bones ,4 bones showed double nutrient 
foramina and 46 bones showed single nutrient foramina. 

Figure 5: Graphical representation of number of nutrient 
foramina of bula 

3.Size of nutrient foramina: 
On the right-side bula, dominant nutrient foramina i.e., >24 
gauze size was 31 and secondary nutrient foramina i.e., <24 
gauze size 17 and equal to 24 gauze size was 6. On the left 
side bula dominant nutrient foramina i.e.,>24 gauze size 
was 24 and secondary nutrient foramina i.e., <24 gauze size 
was 22 and equal to 24 gauze size was 10.

Figure 6: Graphical representation of size of nutrient 
foramina on bula

4. Location of nutrient foramina: 
In this study we found nutrient foramina predominantly on 
posterior surface of bula. On left side bula: 45 bula shows 
nutrient foramina on posterior surface while 10 bula shows 
nutrient foramina on the medial surface, and 1 bula shows 
nutrient foramina on the anterior surface. On the right-side 
bula: 46 bula shows nutrient foramina on the posterior 
surface, 7 shows nutrient foramina on the medial surface and 
1 bula shows nutrient foramina on the anterior surface.

Figure 7: Graphical representation of location of nutrient 
foramina on posterior, medial and anterior surface of bula.

5.Distance of nutrient foramina from proximal end of bula: 
Distance of the nutrient foramina is calculated from the 
proximal end of the bula. location of the nutrient foramina for 
the left sided bula is approximately present at about 22 cm 
from the proximal end, for the right sided location of nutrient 
foramina from the proximal end is present at about 20 cm.
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1. Location Left N Right N 
 Mean Max Lt of Fibula (cm) 38 38 
Range 36-77 35-77
T test 0.43 (not signicant)

Number of nutrient foramina Left (N) Right (N) p-value
1 44 (88%) 46 (92 %)
2 6 (12 %) 4 (8 %)

Size of nutrient 
foramina 

Left
(N)

Right
(N) 

p-value

>24 24 (42.86 %) 31 (57.41 %) 0.3
24 10 (17.86 %) 6 (11.11 %)
<24 22 (39.29 %) 17 (31.48 %)

Location Left (N) Right (N) p-value
Posterior 45 (80.36 %) 46 (85.19 %) 0.80
Medial 10 (17.86 %) 7 (12.96 %)
Anterior 1 (1.79 %) 1 (1.85 %)
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Figure 8: Graphical representation of location of nutrient 
foramina 

6.Direction of nutrient foramina: 
On the left sided bula the dominant and secondary nutrient 
foramina of 49 bula showed the downward direction and 7 
showed the upward direction. On right sided bula, 49 
showed the downward direction and 5 showed the upward 
direction of the same. 

Figure 9: Graphical representation of direction of nutrient 
foramina.

Morphometric and topographical observations of nutrient 
foramen in bula.

DISCUSSION:
Bone is a living tissue. It receives nutrition for its growth and 
development through a nutrient foramen which is a well-
dened opening on the diaphysis of bone with elevated 

[19] margins and a distinct proximal groove. It gives passage to 
the blood vessels i.e., nutrient artery and the peripheral nerves 

[20]to the medullary cavity of a bone.  The major blood supply to 
long bones is from the nutrient arteries, especially during the 
active growing period in the embryo and fetus, as well as 
during the early phases of ossication. Long bones are 
supplied by a nutrient artery that enters individual bones 
obliquely through nutrient foramen. This foramen in the 
majority of cases is located away from the growing end hence 

derivation of that foramina seeks the elbow and ee from the 
knee. This is because one end of the limb bone grows faster 

[21]than the other.  Though the foramina are directed away from 
the growing end, their topography might vary at the non-
growing end. So the topographical anatomy of nutrient 
foramina may be of worth. The topographical knowledge of 
these foramina is useful in certain operative procedures to 
preserve the circulation. Therefore, it is important that the 
arterial supply is preserved in free vascularized bone grafts so 
that the osteocytes and osteoblasts will survive. When a bone 
graft is taken, the vascularization of the remaining bones has 
to be considered with the vascularity of this area allowing 
various options in grafting. It has previously been reported 
that the ideal bone graft for free transfer should include 
endosteal and periosteal blood supply with good 
anastomosis. The bony defect which is left behind following 
traumatic injuries, tumor resection procedures and 
pseudoarthrosis can all be reconstructed by bone grafting 
procedures and the preferred modality is free vascularized 
bone graft. The importance of preoperative angiography 
remains important to exclude the possible vascular anomalies 
in both recipient and donor bones for the microvascular bone 

[22]transfers.  The nutrient arteries entering at points on shaft 
determines the number of nutrient foramina.

In this study n-100 bula (50 left and 50 right) ae are studied. 
As per the comparison table mentioned in this study no author 
has done the side determined study for nutrient foramina. 

Table: Comparison of present studies with past studies:
1. Maximum length of bula: 
In this study, out of 100 bula the mean value of maximum 
length for both right and left sided bula was 38cm. The range 
for the left sided bula was 36cm -77cm and the right sided 
bula was 35cm -77cm. No comparative study was found for 
the Maximum length of bula.
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Distance Left (N) Right (N) p-value
Distance of N.F from 
proximal end of bula

22 20 0.43

Range 18-57 18-57

Direction Left(N) Right (N) p-value
Downwards 49 (87.50 %) 49 (90.74 %) 0.76
Upwards 7 (12.50 %) 5 (9.26 %)

Sr.no Parameter Left Right 
1. Maximum length of bula 38 38 
2. Number of nutrient foramina Single - 44 46 

Double - 6 4
3. Size of nutrient foramina <24 - 22 17 

 24 - 10 6 
>24 - 24 31 

4. Location of nutrient foramina of 
various surfaces 

Posterior - 45 46 
Medial -10 7 
 Anterior -1 1 

5. Distance of nutrient foramina 
from proximal end of bula

22 20 

6. Direction of nutrient foramina Downwards - 
49

49 

Upwards - 7 5 

S.n
o

Para
mete
r 

Myso
rekar
1967 
[9]

Sen
dem
ir & 
Cim
en 
1991
[10]

Kizi
kant
200
7[12
]

Priya
nka 
Sinh
a Et 
al
2016

Gumus
-burum 
[7]
1994

Lon
gia 
et al
1980

Present study 

1. Number of nutrient foramina
Sing
le 

92.8
%

74% 93% 78% 96% - Left-
44(78.57%)

Right-
46(86.79%)

Dou
ble 

3.3% 7.2% 5.4
%

22% 4% - Left-
11(19.64%)
Right-
7(13.21%)

2 Location of nutrient foramina
Post
erior 
surf
ace

33% 88.5
%

59.2
%

97.5
%

- - Left -
45(80.36%)

Right-
46(85.19%)

Med
ial 
surf
ace

55.8
%

9.8% 25% 2.4% - - Left-
10(17.86%)

Right-
7(12.96%)

3 Direction of nutrient foramina
Dow
nwa
rds 

95% - - 0 - 91.5
%

Left- 87.5%

Right- 90.74%
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2. Number of nutrient foramina:
The study done by Mysorekar showed 92.8% single nutrient 
foramina and 3.3% double nutrient foramina. In the study 
done by Sendemir and Cimen 74% showed single nutrient 
foramina and 7.2 % showed double nutrient foramina. In the 
study done by Kizikant, 96% showed single nutrient foramina 
and 5.4% showed double nutrient foramina while in the study 
done by Priyanka Sinha 78% showed single nutrient foramina 
and 22% showed double nutrient foramina. In this present 
study, on the left side out of 50 bones, 88% showed single 
nutrient foramina and 12% bones showed double nutrient 
foramina. On the right side, out of 50 bones, 92% showed 
single nutrient foramina and 8% bones showed double 
nutrient foramina.  

3. Size of nutrient foramina:
Size of nutrient foramen can be attributed to greater amount of 
blood supply to a particular site because of the increasing 
functioning on the dominant side. Nutrient foramina ≥ 24 
gauze size of Hypodermic needle (0.56 mm in diameter) were 
considered as dominant nutrient foramina (D. F) while lesser 
than the size was taken as the secondary nutrient foramina (S. 

[20]F).  However, in present study we found nutrient foramen 
which are > 24 gauze size needle i.e., dominant was 31 on 
right and 24 on left sided bula. while secondary nutrient 
foramina i.e., < 24 gauze size were17 on right and 22 on left 
bula. Knowledge of variations of the nutrient foramina is 
important preoperatively, if the surgeon intends that the 
implant includes endosteal vascularization and peripheral 

[23]vascularization.  No comparative study has been found for 
the size of nutrient foramina.

4. Location of nutrient foramina:
Knowledge of position of nutrient foramen has a probable role 
in the cases of vascular necrosis. It has been studied that the 
position of the nutrient foramina was directly related to the 
requirements of a continuous blood supply to specic aspects 
of each bone, for example the sites of major muscle 

[11]attachments.  In leg, the posterior compartment is the exor 
compartment which is bulkier, stronger and more active 
muscles than the extensor compartments. So, the posterior 
compartment needs more blood supply than the anterior 
compartment. Mysorekar et al found 55.8% nutrient foramen 
on the medial surface and 33% on posterior surface. Sendemir 
and Cimen noted that the 88.5% nutrient foramina on the 
posterior surface and 9.8% foramina on the medial surface 
bula. Kizikant noted that 59.2% foramina were on the 
posterior surface and 25% foramina were on the medial 
surface and Priyanka Sinha noted that 97.5% were on the 
posterior surface and 2.4% were on the medial surface of 
bula. In this study, the location of the nutrient foramina was 
predominantly on the posterior surface of bula. On left sided 
bula, 80.36% nutrient foramina were on posterior surface, 
17.86% were on the medial surface while 1.79% nutrient 
foramina on the anterior surface. On the right-side bula, the 
85.19% nutrient foramina were on the posterior surface, 
12.96% nutrient foramina were on the medial surface while 
1.85% nutrient foramina on the anterior surface of bula.

5. Distance of nutrient foramina:
In this present study, the distance of the nutrient foramina is 
calculated from the proximal end of bula. The location of the 
nutrient foramina for the left sided bula is approximately 
present at about 22cm from the proximal end and for the right 
sided bula the location of nutrient foramina is present at 
about 20 cm. No comparative studies were found for the 
distance of nutrient foramina with the exception that some 
have reported the majority of the foramina to be present at the 

[19] upper one third of the diaphysis of bula. The knowledge of 

variations in the location of nutrient foramina is important 
preoperatively, if the surgeon intends that the implant includes 

 [24]endosteal vascularization and peripheral vascularization. . 

6. Direction of nutrient foramina:
The direction of nutrient foramina depends on the growing 
end of the bone, which grows about twice as faster as the other 

[25]end.  Periosteal slip theory of Schwalbe and the vascular 
theory elucidated by Hughes best explain the normal 

[25] functioning and anomalies of nutrient canal direction. It was 
stated that variations in the direction of nutrient foramina were 

[26] found only in the bula. The Mysorekar noted that 95% 
nutrient foramina were downward directed and 5% were of 
upward direction. Priyanka Sinha noted that 100% of nutrient 
foramina were of upward direction. Longia noted that 91.5% 
nutrient foramina were of downward direction and 9.5% 
nutrient foramina were of upward direction. While in the 
present study, for the left sided bula the number of nutrient 
foramina directed downwards were 87.50% and directed 
upwards were 12.50% and for the right sided bula the 
number of downward directed nutrient foramina were 90.74% 
and upward directed nutrient foramina were 9.26%.

CONCLUSION: 
In this study, we found that the nutrient foramen in bula was 
mostly located on posterior surface, in the middle third of the 
shaft and they were directed downwards but, in some cases, it 
is located on the medial surface i.e., on left side 10 and on right 
7 as a secondary nutrient foramen and directed upwards. 
Morphological changes and topographical variations of the 
nutrient foramina of bula will be helpful for the Orthopedics 
surgeries while performing vascularized bone microsurgery 
and reconstructive surgeries.
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