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Introduction: The diaphysial blood supply to the long bones mostly depends on the nutrient artery. Multiple
foramina in bones suggest that one ofthem would be the main foramen and others are the accessory foramina.
The growth and repair of a long bone is dependent on its blood supply through nutrient artery. So any fracture
passing through the foraminal area is likely to heal poorly. During any surgical procedure in this area, if the
nutrient artery is damaged it will lead to a poor outcome.Keeping this fact in view this comprehensive study on
morphometry of nutrient foramina of upper limb long bones was undertaken.

Materials and Methods:  A total number of 270 upper limb long bones (100 humerii, 90 radii and 80 ulnae) were
studied to find out the number, direction and location of nutrient foramina in each bone. The total length of each
bone and the distance of the nutrient foramen from its proximal end were measured to calculate the foraminal
index using Hughes formula. The antero posterior and transverse diameters of the bones at the level of nutrient
foramen were measured to assess the correlation between number of nutrient foramina and size of bone.

Results: Multiple nutrient foramina were observed in 36% of humerus, 22.5% of ulnae and 3.3 % of radii. Nutrient
foramina were mostly located in middle third of the bones (96.5% in humerus, 87% in ulna and 60% in radius).
The commonest position of nutrient foramina was either medial border or anteromedial surface in humerus. In
the radius and ulna they were situated mostly on the anterior surface. All foramina were found to be directed
towards the lower end.

CONCLUSION: This study will provide important morphological and topographical information about nutrient
foramina for orthopaedics procedures in the upper limb.
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foramen directed away from its growing end. The
nutrient arteries do not branch in their canals,
but divide into ascending and descending
branches in the medullary cavity. These approach

The diaphysial blood supply to the long bones
mostly depends on the nutrient artery which
enters the shaft obliquely through the nutrient
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the epiphysis, dividing repeatedly into smaller
helical branches close to the endosteal surface.
The medullary arteries of the shaft give off
centripetal branches to the medullary sinusoids
and centrifugal branches to the cortex which
pass through the endosteal canal to feed the
fenestrated capillaries in the Haversian system.
The endosteal vessels are vulnerable during
operations which involve passing metal implants
into medullary canal, as in intramedullary
nailing for fracture [1].
Nutrient artery of humerus arises near the mid
level of upper arm either from brachial artery or
profunda brachii artery as one or more branches
or from the muscular branches of these and
enters the nutrient canal near the attachment
of corachobrachialis. Multiple foramina in
humerus suggests that one of them would be
the main foramen and others are the accessory
foramina. In the radius typically there is one
diaphyseal nutrient foramen located on its
anterior surface. Similarly in the ulna one or two
major nutrient foramina are located on the
anterior surface directed towards the elbow. In
both radius and ulna the artery is a branch of
anterior interosseous artery [1]. The growth and
repair of a long bone is dependent on its blood
supply through nutrient artery. So any fracture
passing through the foraminal area is likely to
heal poorly. During any surgical procedure in this
area, if the nutrient artery is damaged it will lead
to a poor outcome of surgery. During open
reduction of fracture shaft excessive periosteal
stripping in this region will jeopardise the
vascularity of the bone [2,3]. If damage to the
nutrient artery during surgical procedures can
be avoided the viability of the fragments can be
well preserved and successive degenerative
changes can be prevented. Therefore a thorough
knowledge on nutrient foramen is critical for a
successful orthopaedic surgery with a better
outcome.

ossification were excluded from our study. Thus
100 humerii, 90 radii and 80 ulnae of unknown
age and sex from both right and left side were
included as our study materials. Each of the bone
included in our study was marked with a serial
number before we proceeded for our study. The
nutrient foramina were identified with the help
of a hand lens by their raised margin and the
distinct groove proximal to it.
A 24 gauge needle was used to confirm the
patency and direction of nutrient foramina. Only
well defined foramina on the diaphysis were
accepted and foramina found near the upper
and lower ends were rejected. The nutrient
foramina were marked by making a circle around
them with marker pen for further morphological
examinations. Each bone was carefully exam-
ined for the number and location of nutrient
foramina. The foramina located within 1mm
from a particular border were considered to be
present on that border. The total length of each
bone and distance of nutrient foramina from its
proximal end was measured with the help of
osteometric board. The antero-posterior
diameter and transverse diameter opposite the
locations of nutrient foramina were measured
with the help of a Vernier slide calliper (figure
no. 1). Wherever multiple nutrintent foramina
were there, the distance of each of the foramina
from the proximal end of the bone was
measured and their mean was considered as the
distance from proximal end. The same principle
was followed for measurement of antero-
posterior and transverse diameter in the bones
possessing more than one nutrient foramina. The
data were expressed as mean and standard de-
viations for quantitative variations and percent-
age for qualitative variations.
The foraminal index (FI) was calculated using
Hughes formula: FI= (DNF/TL) x 100 where DNF
is the distance of nutrient foramen from its
proximal end and TL is the total length of the
bone. The position of nutrient foramina was
divided into three types.
Type-I - FI<33.33 (NF is in proximal third)
Type II- FI 33.34 -66.66 (NF is in middle third)
Type III - FI > 66.67 (NF is in distal third)
Pearson’s formula was used to calculate the
correlation coefficient between number of

MATERIALS AND METHODS
The present study was conducted on long bones
of upper limb. Bones were collected from
osteology section of department of Anatomy, VSS
institute of Medical Science and Research.
Bones showing any damage, pathology like
healed fracture and those with incomplete
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nutrient foramina and different dimensions of
the bones. r > 0.3 was considered to be signifi-
cant correlation.

Table 1: Mean length, Antero-posterior and Transverse
diameter at the level of nutrient foramina.

RESULTS

Humerus: (Fig.2, Table-1,2,3,4,7,8): Out of 100
humerii examined 64 had single, 29 had double,
5 had triple and 2 had four nutrient foramina.
Absence of nutrient foramina was not observed
in any of the bones. From the total of 145 nutri-
ent foramina140 were in middle third (zone II),
only 3 were in upper third (zone I) and 2 in lower
third (zone III). The mean foraminal index was
53.94. Out of the 145 foramina, 57(39%) were
located on medial border, 53(36.5%) on
anteromedial surface and 31(21.4%) on the spi-
ral groove. 2 each was observed on the anterior
border and anterolateral surface. There was no
significant correlation between the number of
nutrient foramina and size of the bone.
Radius: (Fig.3, able- 1,2,3,5,7,8): Out of 90 radii
examined, 86 had single nutrient foramen and
3 had double nutrient foramina. Nutrient fora-
men was absent in one bone. Of the 92 nutrient
foramina 54 were situated in middle third (zone
II) and 38 were in upper third (zone I) with the
mean foraminal index of 35.28. Out of them
38(41%) were situated on the anterior surface,
30(32.6%) on the interosseous border, 23(25%)
on the anterior border and one was on the pos-
terior surface. There was no significant correla-
tion between the number of nutrient foramina
and total length of the bone (r =0.029). But the
anteroposterior and transverse diameter of ra-
dius opposite the site of nutrient foramen shows
significant relation to the numbers of foramina
(r = 0.41 and 0.36 respectively).
Ulna: (Fig.4, table-1,2,3,6,7,8): In the case of
ulna out of 80 bones examined 57 had single,
21 had double and only 2 of them had triple
nutrient foramina. Of the 105 nutrient foramina
67 were on the middle third (zone II), 31 on the
upper third( zone I) and only 8 were on the lower
third (zone III) with a mean foraminal index
40.219. There were 65 (61.9%) foramina on the
anterior surface, 21(20%) on the anterior bor-
der and 18 (17.14%) on the interosseous border.
In one case it was on posterior surface.   There
was no significant relation between the
numbers of foramina to the size of the bone.

Bone
Total length 
(mean+SD)

A.P. diameter 
(mean+SD)

Transverse 
diameter 

(mean+SD)
Humerus (n=100) 30.24+1.96 1.8305+0.1858 1.745+0.217
Radius (n=90) 23.79+1.81 1.08+0.17 1.33+0.22
Ulna (n=80) 25.415+1.76 1.23+0.1489 1.32+0.19

Table2: Mean foraminal index of humerus, radius and
ulna.

Table 3: Number of nutrient foramina.
Name & Number Of 

Bones
Single Double Triple Four Absent

Humerus (n=100) 64 29 5 2 0
Radius (n=90) 86 3 0 0 1
Ulna (n=80) 57 21 2 0 0

Table 4: Topographical distribution of nutrient foramen
in humerus (n=100).

Nf
Medial 
border

Anterior 
border

Antromedial 
surface

Anterolateral 
surface

Posterior 
surface

Total

Number 57 2 53 2 31 145
Percentage 39% 1.40% 36.50% 1.40% 21.40% 100%

NF
Medial/ 

Interosseous 
Border

Anterior 
Border

Anterior 
Surface

Posterior 
surface

Total

Number 30 23 38 1 92
Percentage 32.60% 25% 41% 1.08% 100%

Table 5: Topographical distribution of nutrient foramen
in radius.

Table 6: Topographical distribution of nutrient foramen
in ulna(n=80).

NF Lateral/Interosseous 
Border

Anterior 
border

Anterior 
surface

Posterior 
surface

Total

Number 18 21 65 1 105
Percentage 17.14% 20% 61.90% 0.95% 100%

Table7: Topographical distribution of nutrient foramina
based on foraminal index.

Bones Zone I Zone II Zone III
Humerus 3 140 2
Radius 38 54 0
Ulna 31 67 8

Table 8: Correlation coefficient (Pearson) showing
degree of correlation between numbers of NF and
different dimensions of bones.

Bones TL APD TD
Humerus 0.02 0.12 0.29
Radius 0.0296 0.41 0.36
Ulna 0.012 0.1 0.05
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Bones
Total length 
(mean+ SD)

Distance of nf from 
proximal end                      
(mean +SD)

Foraminal index 
(mean+SD)

Humerus (n=100) 30.24+1.96 13.35+5.586 53.94+9.6

Radius (n=90) 23.79+1.81 8.05+0.07 35.28+6.31
Ulna (n=80) 25.415+1.76 9.65+1.2 40.219+13.044
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Fig. 1: Osteometry board and slide calliper used for
measurement of different dimension ofbones.

Fig. 2: Different positions and number of nutrient fo-
ramina in Humerus

Fig. 3: Different position and number of nutrient fo-
ramina in radius.

DISCUSSION

Fig. 4: Different positions and number of nutrient
foramina in ulna.

Studies Single NF Double NF Triple NF Absent Commonest  Situation Mean FI
Murlimanju B.V. et al (2011) [4] 93.80% 3.10% _ 3.10% 57.60%
Sharma M  et al(2013) [5] 70% 25% 5% Medial border
Ukoha et al(2013) [6] 66% 18% _ 26%
Solanke KS et al(2014) [7] Antero-medial surface 52.65%
Joshi P et al (2018) [8] 94% 2% 6% Antero-medial surface 57.26%

Present study(2018) 64% 29 5% _ Medial border & Antero-
medial surface

53.94

Table10: Comparative analysis with earlier studies on Radius.

Table 9:Comparative analysis with earlier studies on Humerus.

Table 11: Comparative analysis with earlier studies on Ulna.

Studies Single NF Double NF Absent Commonest Situation Mean FI

Murlimanju B.V. et al(2011) [4] 94.40% 1.40% 4.20%
Anterior surface, anterior and 

interosseous border.
34.4

Sharma M  et al(2013) [5] 80% 15% 5%
Anterior surface, anterior and 

interosseous border.

Ukoha et al(2013) [6] 68% _ 32%
Anterior surface, anterior and 

interosseous border.
Solanke KS et al(2014) [7] Anterior surface 34.36
Joshi P et al (2018) [8] 96% 4% Anterior surface Zone II
Present study(2018) 95.50% 3.30% 1.10% Anterior surface 35.28

Studies Single NF Double NF Absent Commonest  
Situation

Mean FI

Murlimanju B.V. et al(2011) [4] 100% _ _ Anterior surface 34.4
Sharma M  et al(2013) [5] 95% 5% Anterior surface
Ukoha et al(2013) [6] 78% 22%
Solanke KS et al(2014) [7] Anterior surface 36.52
Joshi P et al (2018) [8] 96% 2% Anterior surface 34.53
Present study(2018) 71.25% 26.25% Anterior surface 40.21
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The incidence of multiple nutrient foramina in
humerus reported by different authors varies
widely from 2% to 40% [4-9]. In some of the
studies absence of nutrient foramina is as high
as 26%5. In contrast to this in our study we did
not find a single case of absence of nutrient
foramen, rather the incidence of multiple
foramina was very high (36%). This wide
variation suggests that some racial difference
exists in the number of nutrient artery
supplying a long bone. Invariably in all the bones
except in two cases one nutrient foramen was
located either on the medial border or on the
anteromedial surface. In 28 out of the 36
humerus(77.8% ) with multiple foramina one was
on the spiral groove and the other on the
medial border or antero-medial surface. V.R.
Mysoreker in his study reported that 51% of
specimen with multiple foramina had one each
in the spiral groove and one on the antero-
medial surface or medial border [9]. Koichiro
Ichimora et al in their study on origin and course
of nutrient artery in cadaveric dissection have
reported that in typical cases one nutrient
artery originating from brachial artery and
another accessory nutrient artery arising from
radial collateral artery passed though nutrient
foramen on the spiral groove [10]. All the above
findings are consistent with the present study.
Sharma M and Mansur DI also reported similar
topographical distributions of nutrient foramina
as in our study.
Incidence of multiple nutrient foramina was rare
in radius and ulna. The nutrient foramina were
mostly found in zone I and II on the anterior
surface, anterior border and interosseous
border. This is because the nutrient artery in
radius and ulna is a branch of anterior
interosseous artery. In one specimen each on
radius and ulna the nutrient foramen was on the
posterior surface.  Only V.R. Mysorekar has
reported 9% of nutrient foramen on the poste-
rior surface of radius and has explained that
radius gets artery supply also from posterior
interosseous artery.

CONCLUSION

surgeons in common orthopaedic surgeries in
this region. But the limitation of this study is
the number of variations we observed regard-
ing the position and number of nutrient
foramina. Because the position of the foramen
is not fixed a preoperative angiogram of the
arteries supplying the bones is very much
required for very advanced surgeries like
microsurgical vascularised bone transplant.

The present study gives a clear impression on
the common positions of nutrient arteries in
long bones of upper limb which will guide the
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