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A Study of Variation of Nutrient Foramen of Dry Adult Humerus
Poudel A , Satyal B1 2

ABSTRACT
Introduction: Nutrient artery is the chief artery for the blood supply of the long bone and passes through the nutrient foremen which 
lie towards the medial border in the anteromedial surface below the midpoint in humerus. During the surgical procedures like bone 
grafting and microsurgical vascularized bone transplantation, the knowledge of nutrient foramen is important. The nutrient artery 
plays an important role in nonunion and delayed union of fracture bone. :  The aim of this study is to determine Aims and Objectives
the number, position and direction of the nutrient foramina of humerus.  50 humerus, 21 of right and 29 0f Materials and Methods:
left side were studied without any pathological disorders.  Single nutrient foremen was observed in 80% humerus. Double Results:
foramen in 16%. There was no foramen in 4% humerus. It was also concluded that 88% humerus had the nutrient foremen in 
anteromedial surface. Nutrient foremen were dominant in Zone II with 82%. All foramen were directed towards the lower end of 
humeri.  The presence of single foramen in the zone II was dominant. The nutrient foramina were also dominant in the Conclusion:
anteromedial surface of the humerus.
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INTRODUCTION
Due to an increase numbers of industrial and road traffic 
accidents, sports injuries and pathological factures in 
osteoporotic victims the fractures of the long bones are 
increasing in numbers. The medullary arterial system plays an 
important role in the revascularization of the necrosing cortex 
and the uniting callus of the fracture site .1  

The nutrient artery is a principal source of blood supply to long 
bones and is particularly important during their active growth 
period in the embryo and fetus, as well as during early phase of 
ossification . Nutrient foramina through which the nutrient 2

artery enters the bone, is directed obliquely, and edges of the 
oblique part are elevated for entrance of the nutrient artery  .3,4

To promote the fracture healing of any long bone, the nutrient 
artery should be preserved . Moreover, the presence of 5

preserved nutrient blood supply is essential for the survival of 
the osteocytes in cases of tumor resection, trauma, and 
congenital pseudoarthrosis.  Nutrient foramen is usually single 6

in number and located on the antero-medial surface of the 

humerus a little below the midpoint close to medial borer  .It 7,8

has been suggested that the direction of the nutrient foramen 
is determine 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 .  As stated popularly they “seek the elbow an flee 9

from the knee”, showing their variation in both the limbs. 
The number and location of the foramina are not constant in 
long bones  .The variation of their location during the growth in 10

the mammalian bone is also reported by Henderson . 11

Knowledge of the number and location of nutrient foramina is 
useful in some of the surgical proceure .12

Studies on the vascularization of long bones of various 
populations have been conducted to analyze the nutrient 
foramina morphometry, the nutrient blood supply, the vascular 
anatomy in reconstructive surgeries, and the microsurgically 
vascularized bone transplant,  but the nutrient foramina in 13-20

the humeri are rarely studied among Nepali population.
Therefore, our aim was to determine the number, direction, 
location of the nutrient foramen in adult dry humeri present in 
Nepalgunj Medical College and weather the nutrient foramina 
obey the general rule i.e., directed away from the growing end. 

MATERIALS AND METHODS
The study was conducted in the Department of Anatomy, 
Nepalgunj Medical College, Chisapani during the period of one 
month in November 2017. The materials for the present study 
consisted of 50 adult humans cleaned and dried Humeri (29 left 
and 21 right ). All the selected humeri were normal with no 
appearance of pathological changes and fracture. The total 
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length of individual humerus was taken as the distance 
between superior point on the head and most distal point of 
medial projection of trochlea of humerus. Length was 
measured in mm through osteometric board. In the entire 
humerus after determining the sides, the nutrient foramina 
were studied based on:

i. The number of foramina
ii. Direction and obliquity of nutrient foramen -18G, 

20G, 21G, 24G, 25G needle was used to confirm the 
direction and obliquity of the foramen.,

iii. Surface on which nutrient foramina were located- 
Humerus was examined to know the position of 
nutrient foramen according to the antero-medial, 
posterior and antero-lateral.

iv. Calculation of foraminal index Foraminal Index = (the 
distance from the proximal end of the bone to the 
nutrient foramen/ total length) X 100  .21,22

 All measurements were taken to the nearest 0.1mm 
using Vernier caliper .23

v. Location of nutrient foramina according to FI- 
location of foramina was divided into three types 
according to FI as follows:
Type 1: FI below 33.33, the foramen was in the 
proximal third.
Type 2: FI below 33.33 up to 66.66, the foramen was 
in the middle third.
Type-3: FI above 66.66, the foramen was in the 
distal.

Instruments used:
1. Hand lens- used to locate nutrient foramen
2. Osteometric board – used to measure the length of 

Humerus.
3. Vernier calipers, both curved and straight- used to 

measure distance of NF from the superior end.

Nutrient foramina were identified by their elevated margins 
and by the presence of distal groove proximal to them. Only 
well-defined foramina on the diaphysis were accepted. 
Foramina at the end of the bones were ignored.
All the numerical data were analyzed through SPSS 23.0.

RESULTS
Number of foramina
While observing the foramina in different zones, no foramen 
was seen in left and right humerus in zone I. Maximum number 
of foramina i.e. 81% (17) in right and 82.8% (24) in left were 
present in zone II.

Fig: 1 Showing the nutrient foremen in humerus

Zones
Right Left Total

Number % Number % Number %
(Null)
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3.4 2 4

Zone I  0  0  0  0 0 0
Zone II  17  81  24 82.8 41 82
Zone III

 
2

 
9.5

 
3
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Zone II and 
Zone III 1

 

4.8

 

0

 

0 1 2

Zone I and 
Zone II 0 0 1 3.4 1 2

Total 21 100 29 100 50 100

Table I: Showing distribution of nutrient foremen 
in respect to zone of humeri

In zone II total of 82% (42) humeri were observed. While 
observing in zone III 9.5% (2) were found in right humerus and 
10.3% (5) were seen in left humerus. Total of 10% (5) were seen 
in zone III. In 3.4% (1) cases the foramina were present in left 
and none in right side. In zone I and II total number of foramina 
was observed in 2% (1) humerus. While the foramen in zone II 
and zone III in right humerus was 4.8% (1) and that in left 
humerus was nil. Foramen in total humerus in zone II and III, 
only 2% (1) humerus was observed. There was no foramen in 
4.8% (1) cases in right side while 3.4% (1) in left side. There was 
no foramen in 4% (2) humerus in total.

No. of 
NF

Right Left Total

Number % Number % Number %
0

 

1
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3.4 2 4
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24

 

82.8 40 80
2

 
4
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13.8 8 16

Total
 

21
 

100
 

29
 

100 50 100

 

Table II: Showing distribution of number nutrient foremen of humeri

Total of 4% (2) humerus there were no foramen. No foramen 
was observed in 4.8% (1) in right humerus and 3.4% (1) in left 
humerus. One foramen was seen 76.2% (41) in right and 82.8% 
(24) in left humerus. When looked upon in total humerus the 
percentage was 80% (40) which had only one foramen. In 19% 
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(4) humerus in right side there were two foramina and in left 
side that was 13.8% (4). Adding both side humeri, 16% (8) 
bones had two foramina. 

 Location of Foramina
In 4% (2) humerus there were no foramen. It comprises of 4.8% 
(1) in right humerus and 3.4% (1) in left humerus. While 
observing foremen in AMS 90.5% (19) were observed in right 
humerus and that in left humerus was 86.2% (25). The foramen 
4.8% (1) in right and 3.4% (1) in left humeri was seen in PS. Total 
of 4% (2) was observed in PS. While going in ALS none was seen 
in right humerus and 3.4% (1) was seen in left humerus. In both 
AM and PS none of the foramen was observe in right humerus 
but 3.4% (1) was in left humerus. 

Surfaces  Right  Left Total

 
Number

 
%

 
Number % Number %

Null

 

1

 

4.8

 

1

 

3.4 2 04
AMS

 

19

 

90.5

 

25

 

86.2 44 88
PS

 

1

 

4.8

 

1

 

3.4 2 4
ALS 0 0 1 3.4 1 2
AM, PS 0 0 1 3.4 1 2
AM, AM 0 00 0 0 0 0
Total 21 100 29 100 100 100

Table III: Showing distribution of nutrient foremen in 
respect to surface of humeri

The mean total length for right side humerus was 301.48mm 
and to left side was 292.69. Distance from the proximal end to 
dominant NF was 142.52mm in right side and 143.38 mm in left 
side.

Parameters Right Left Total
Mean total length 301.48mm 292.69mm 297.09mm
Distance from 
proximal end to NF

 
142.52mm 143.38mm 142.95mm

Foraminal Index
 

47.27%
 

48.99% 48.12%
 

 

Table IV: Showing mean values of statistical measurements of humeri

The foraminal index for right side was 42.27% and for left 
humerus was 48.99%. The mean length for all the humeri was 
297.09mm, distance of dominant NF was 142.95mm and 
foraminal index was 48.12%.
The direction of foramina was directed downwards towards 
the distal end, without deviation from anatomical feature.

DISCUSSION 
Location of foramina
Situation of nutrient foremen is on the antero-medial surface 
close to medial border a little below the midpoint of humeri  8

.However the position and location of foramen may vary. The 

present study showed that 88% of the foramen were on 
anteromedial surface. This findings in accordance to the finding 
of Mansur et.al (88.86%), Halagatti et al (87%) and Yaseen et al 
(88.5%) . While comparing the foramen in cadavers by Khan 24,25,26

et al in Pakistan, they also noted the higher incidence (96%) of 
nutrient foramen situated in anteromedial surface . But 27

Gopalakrishna et al observed 70.97% and Vinay et al reported 
only 30.23% of nutrient foramen in anteromedial surface .28,29

This study also concluded that the presence of nutrient 
foremen in posterior surface to be 4%. Similar study conducted 
in Kathmandu by Mansur et al reported the incidence of 6.52%, 
Ukoha et al in Nigeria reported 7.5% and Gopalakrishna et al in 
their study observed 8.06% nutrient foremen on posterior 
surface which were similar to the study . The study 24,26,30

conducted by Anusha et al, Forriol et al, and Kizilikant et al 
observed the incidence of presence oh nutrient foremen in the 
posterior surface as 19%, 15.55% and 18.1% respectively . 31,32,33

The present study showed the majority of the nutrient 
foramina (82%) were found in zone II which was correlated with 
the study of Mansur et la who reported 94.84% in human dry 
bones, Khan et al who reported 96.20% of nutrient foramen in 
Pakistani cadevers . Studies reported from India by Kumar et 24,27

al and Ukoha et al from Nigeria showed the 100% foramina 
present in zone II . These reports are higher than present 30,34

study.

Direction of the Nutrient Foramen
All of the nutrient foramen in the present study were directed 
towards the lower end which is supported by many studies, 
which were constant and supports the law of ossification8, 

24,25,27,28,34.Kumar et al reported that the direction of nutrient 
foramen was towards the lower end but in one humerus the 
direction was towards the upper end . 34

The foraminal index in present study was found to be 48.12%. 
Foraminal index reported by Mansur et al was 55.20%, Pereira 
et al was 55.2%, Parmar et al was 55.2% Ukoheal et al was 
56.28% and Muralimanju et al was 57.6% . All of the 24,30,35,36,37

study showed the greater foraminal index than the present 
study. 

Number of Foramina
This study showed that the single foramen was present in 80% 
humeri. Study conducted by Peirera et al reported the 
incidence of 88.5% in southern Brazil and in India study by 
Bhatnagar et al showed the incidence to be 90% which were 
higher than the present study . Findings done by Mansur et al 35,38

in Kathmandu was 60.87%, Shaheen in Saudi Arabia was 60%, 
Mysorekar et al in Indian population was 58%, Joshi et al in 
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Gujarati population was 63%, which were lower than the 
present study .12,24,39,40

The present study showed double nutrient foramina in 16% 
humeri. Similar studies done by Solanke et al (4%), Bhatnagar et 
al (7.14%) showed the frequency of double foramina in less 
humeri than the present study . Whereas the greater 38,42 

frequency of the nutrient foramen were reported by Halagatti 
et al(17.5%), Carroll et al (28.16%) in London, Mansur et al 
(28.85%) in Kathmandu, Joshi et al (33%)and Shaheen et al 
(33.3%) .24,25,39,40,41

There are different reports on the presence of the triple 
nutrient foramen . But the present study did not show the 24, 25,26,38

triple foramen.  
Study done by Mansur et al (1.98%) and Kizilikant et al (0.99%) 
reported the presence of quadruple nutrient foramen . 24, 33

There were no four foramina in present study.
There was no nutrient foramen in 4% humeri. Study reported 
by Mansur et la and Kizilikant et al had the same frequency of 
absence of nutrient foramen in 1.98% humeri . A higher 24,33

incidence of absence of foramen was seen in the study done by 
Ukoha et al. which was 26%.  If there is the absence of nutrient 30

foramen, the bone is supplied by the periosteal arteries .8

CONCLUSION 
The presence of single foramen in the zone II was dominant. 
The nutrient foramina were also dominant in the anteromedial 
surface of the humerus. This study therefore confirms the 
previous reports regarding the number, position, direction of 
the nutrient foramina in the humerus. As nutrient artery may 
be damaged during the surgical procedures if location, number, 
and position are not known. The damage of nutrient artery may 
lead to non-union or delayed union of the fractured humeral 
shaft. Knowledge regarding variation of position, location and 
number of the nutrient foramina of humeri, placement of 
internal fixation devices can be done appropriately which leads 
to faster union of fracture of shaft of humerus. Anteromedial 
surface of intermediate zone if avoided by surgeons during any 
surgical procedures such as bone graft, microvascular bone 
surgery, bone repair leads to minimize the damage of nutrient 
artery of humeri.   
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