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ABSTRACT
Introduction: The nutrient foramina are the openings which
provide passage to the nutrient vessels on the shaft of long bones.
Nutrient arteries play a crucial role in development of the bones
particularly during its growth period in the embryo and foetus.
Aim: To find out the morphology, topography and variations of
nutrient foramina along with their Foraminal Index (FI) in typical
adult human long bones of superior extremity.
Materials and Methods: A cross-sectional study was done on
370 typical adult dried human long bones (93 Humerus, 196
Radius and 81 Ulna) of upper extremity which were obtained
from the Department of Anatomy, Government Medical College,
Baroda, Gujarat, India from January 2016 to June 2019. These
samples were studied for the presence of number, location and
direction of Nutrient foramen. Total length of the bone with the
help of osteometric board and distance of nutrient foramina from
upper end were measured with the help of sliding vernier calipers.
The FI were also determined with the help of Hughes formula.
Data was calculated using Microsoft (MS) Excel 2010 version.
Results: In present study, it was observed that out of 93
humerus, 69 (74.19%) humerus had a single nutrient foramina,

14 (15.05%) had double foramina and 10 (10.75%) had absent
nutrient foramen. Single nutrient foramina was present in 174
(88.77%) number of radius, double were observed in 02 (1.02%)
and 20 (10.20%) had no nutrient foramina. In case of ulna, 75
(92.93%) were having single, 4 (4.93%) were having double
nutrient foramina and 2 (2.46%) had absence of foramina. In
present study, nutrient foramina were directed away from the
growing end in all typical long bones. All the nutrient foramina
in humerus were directed distally, whereas in Radius and Ulna
those were directed proximally. Ninety two (85.98%) humerus
nutrient foramina were most commonly present in the middle
third of humerus bone. In 01 (0.93%) humerus, nutrient foramen
was present in the upper third of the bone. In radius, 109
(55.33%) nutrient foramina were present in the middle third
while 69 (38.76%) were present in the upper third of the bone. In
Ulna, 49 (57.64%), nutrient foramina were present in the middle
third and 34 (40%) nutrient foramen they were present in the
upper third of the bone.
Conclusion: Knowledge of the morphology, topography and
variations of nutrient foramina along with their FI is of clinical
importance.
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INTRODUCTION
Nutrient foramen is an opening into the bone shaft which permits
channel to the blood vessels of the medullary cavity of the bone
for its sustenance and progressive ossification [1]. The nutrient
artery is the chief source of vascular supply to a long bone and is
mainly important during its growth period in the embryo and foetus
as well as during the early phase of ossification [2]. The nutrient
foramen is directed away from the growing end of the bone. The
growing end of bone in upper limb is upper end of humerus and
lower end of radius and ulna. Nutrient foramen is directed near
elbow in upper limb (directed towards lower end of humerus and
upper ends of radius and ulna) while in lower limb it is directed
away from knee (upper end of femur and lower ends of tibia and
fibula), this is said to be due to one end of limb bones growing
faster than the other. The structural knowledge of these nutrient
foramina is useful in operative procedures to preserve the vascular
supply of the bone [3-5].
The study of nutrient foramina is important in both morphological
and clinical aspects. The blood supply is extremely vital for any long
bones and it should be preserved in order to promote the healing of
fracture. In addition, injury to the growing end in young age makes
the bone stunted [6]. The nutrient blood supply is necessary for the
survival of the osteocytes in cases of tumour resection, trauma and
congenital pseoudoarthrosis [7].
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The aim of the study was to find out the morphology, topography
and variations of nutrient foramina along with their Foraminal Index
(FI) in typical adult human long bones of superior extremity in Gujarat
region.

MATERIALS AND METHODS
The present cross-sectional study was conducted in the
Department of Anatomy, Government Medical College, Baroda,
Gujarat, India, from January 2016 to June 2019. The Institutional
Ethics Committee (IEC) approval was obtained (IECBHR/1282021). Total 370 typical long bones of human upper limb (93
humerus, 196 radius, 81 ulna) were observed and studied.
Inclusion criteria: All the normal and intact typical long adult human
bones of upper limb were included in the study.
Exclusion criteria: Those bones which were damaged or
pathologically abnormal were excluded from the study.

Procedure
The bones for investigation were washed properly, cleaned and
dried. Each bone was studied for presence of number, position and
direction of nutrient foramen. The nutrient foramen was recognised
by presence of a noticeable groove and elevated edges at the
beginning of the canal. The precise position of the nutrient foramen
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was made out whether it was present on the upper, middle or the
lower one third of the bone. The total length of long bones and
distance of nutrient foramen from the upper end were noted using
sliding calliper and osteometric board [Table/Fig-1].

Bone

Number of foramina (n)

Number of bones (n)

0

10 (R-4, L-6)

1

69 (R-34, L-35)

Humerus
(N=93)

Proximal end of the bone
Proximal end of humerus, radius and ulna were marked to be the
highest point of upper end for measurements. [Table/Fig-1] proximal
end of radius was marked from the highest point of upper end.
Direction: A fine pin with a flag was used to confirm the direction
and obliquity of foramen.
Position: Position of all nutrient foramina was determined by
calculating the FI using the Hughes formula [8]:
FI= (DNF/TL) * 100
DNF= the distance from the proximal end of the bone to the nutrient
foramen
TL= Total Bone Length
The position of the foramina was divided into three types according
to FI [8]:
FI= (DNF/TL) * 100
Type I: FI below 33.33, the foramen was in the proximal third of the
bone.
Type II: FI from 33.33 up to 66.66, the foramen was in the middle
third of the bone.
Type III: FI above 66.66, the foramen was in the distal third of the
bone.
The number of nutrient foramina were noted. [Table/Fig-2] depicts
humerus showing double nutrient foramina on the anteromedial
suface in middle third.

Radius
(N=196)

Ulna (N=81)

14 (R-6, L-8)

0

20 (R-10, L-10)

1

174 (R-90, L-84)

2

02 (R-1, L-1)

0

02 (R-1, L-1)

1

75 (R-33, L-42)

2

04 (R-1, L-3)

[Table/Fig-3]: Number of nutrient foramina in typical long bones of upper limb.
R: Right; L: Left

Humerus (N=93)

Radius (N=196)

Ulna (N=81)

Parameters
analysed

Right
(n=44)

Left
(n=49)

Right
(n=101)

Left
(n=95)

Right
(n=35)

Left
(n=46)

DNF (mm)

18.58±
4.05

18.78±
4.83

7.33±
2.62

7.57±
2.85

8.62±
2.30

8.89±
2.65

TL (mm)

30.08±
1.78

30.23±
2.08

23.54±
1.58

23.45±
1.74

25.25±
1.85

25.22±
1.85

FI

53.27

49.96

31.25

32.08

34.10

30.83

[Table/Fig-4]: Foraminal Index (FI) and measurements related with nutrient foramina in typical long bones of superior extremity.
DNF= Distance from the proximal end of the bone to the nutrient foramen; TL= Total length of the
bone; FI = Foraminal index

Ninety two number (94.85%) of humerus nutrient foramina were
most commonly present in the middle third of humerus bone
(1.03%). In one humerus, nutrient foramen was present in the upper
third of the bone. In Radius, 109 (61.58%), nutrient foramina were
present in the middle third and in 69 (38.76%) were present in the
upper third of the bone. In Ulna, 49 (59.04%) nutrient foramina were
present in the middle third and 34 (40.96%) nutrient foramina were
present in the upper third of the bone. In radius and ulna, no nutrient
foramen was found to be present in the distal third of the bone
where as in humerus, it was found to be in 4 bones (4.12%) [Table/
Fig-5]. All the nutrient foramina in humerus were directed distally,
whereas in radius and ulna those were directed proximally.
Humerus (Total
number of nutrient
foramina= 97)

Radius (Total
number of nutrient
foramina= 178)

Ulna (Total number
of nutrient
foramina= 83)

Type I
(<33.33%)

01 (1.03%)

69 (38.76%)

34 (40.96%)

Type II (33.3466.6%)

92 (94.85%)

109 (61.58%)

49 (59.04%)

Type III
(>66.67%)

04 (4.12%)

0

0

Foraminal
index (FI)

[Table/Fig-1]: Left humerus showing method of taking measurements of
distance of nutrient foramen from the upper end (proximal end of bone) using
osteometric board and sliding vernier calliper. [Table/Fig-2]: Left humerus showing double nutrient foramen on the anteromedial surface in the middle third of the
shaft (Type II). (Images from left to right)

2

[Table/Fig-5]: Classification of location of foramina of the bones on the basis of
Foraminal Index (FI).

DISCUSSION

RESULTS

The knowledge of diversity of nutrient foramina has profound
importance in orthopaedic surgeries for undertaking an open
reduction of a fracture to avoid injury to the nutrient artery and thus
lessening the chances of delay or non union of the fractures [9].
An arterial supply of long bone should be preserved as it is very
important for healing of a fractured bone [10].

Total 93 humerus studied, of which 44 were right-sided bones and
49 were left-sided bones. Total 196 radius studied, 95 were leftsided and 101 were right-sided. Out of 81 ulnas, 35 were rightsided and 46 were left-sided. In present study, double nutrient
foramina were observed in humerus in 14 bones (15.05%) [Table/
Fig-2,3], Whereas in radius only 02 bones (1.02%) were having
double nutrient foramina, while in ulna, it was found in 04 bones
(4.93%) [Table/Fig-3]. The DNF for right humerus was 18.58±4.05,
TL was 30.08±1.78 and FI was 53.27, respectively [Table/Fig-4].

The present study show that single nutrient foramen was present
in 74.19% of humerus, which is similar to Chandrasekaran
S and Shanthi KC and nearly similar finding was found by
Carroll SE and Ukoha UU et al., [11-15]. The incidence was
found to be higher in a study done by Roul B and Goyal M,
as compared to present study which suggests the possibility
of regional variations in morphology of bones [14]. Present
study showed that prevalence of double nutrient foramina were

STATISTICAL ANALYSIS
Data was calculated as means and standard deviations for
continuous variables, and percentage for categorical variables.
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found in 15.05% of humerus which is in accordance to the
findings of Chandrasekaran S and Shanthi KC; Halagatti MS
and Rangasubhe P, [11,13]. In the study done by Ukoha UU et
al., 26% of humerus showed absent nutrient foramina, in such
cases the periosteal blood vessels was entirely responsible for
the blood supply of the bone [15]. This is in accordance to the
report of this present study as 10.75% of humeri observed were
without nutrient foramina [Table/Fig-6] [9,11-14].
Chandrasekaran
S and Shanthi
KC [11]

Carroll
SE
[12]

Halagatti
MS and
Rangasubhe
P, [13]

Roul
B and
Goyal
M [14]

Joshi
H et
al., [9]

Present
study

Number
of bones
analysed

258

71

200

37

200

93

Single
nutrient
foramina

198 (76.74%)

48
(68%)

161 (80.5%)

35
(94.6%)

126
(63%)

69
(74.19%)

double
nutrient
foramina

53 (20.54%)

20
(28%)

35
(17.5%)

2
(5.4%)

66
(33%)

14
(15.05%)

Triple
nutrient
foramina

07 (2.71%)

03
(04%)

04 (02%)

0

08
(04%)

0

0

10
(10.75%)

Variables
studied

Absent
nutrient
foramina

0

0

0

0

[Table/Fig-6]: comparison of various studies with regard to number of nutrient
foramina in humerus [9,11-14].

In case of radius, 88.77% bones were having single nutrient
foramen, similarly, in other studies too, majority of the radius were
found to possess a single nutrient foramen [Table/Fig-7] [14-18].
In most of the other studies, radius with absent nutrient foramina
was not observed while in this study, it was observed to be
10.20% [Table/Fig-7,8]. In present study, double nutrient foramina
were present in 04 (4.93%) number of ulna which was less than
found by Patel SM and Vora RK, and higher than other studies as
shown in [Table/Fig-7,9] [17].

Bones
studied

Radius

Ulna

Number
of nutrient
foramen

Reddy
G et al.,
[16]

Ukoha
UU et
al., [15]

Roul
B and
Goyal
M, [14]

Patel
SM and
Vora RK,
[17]

Pereira
GA et
al., [18]

Present
study

Single
nutrient
foramen

96.3%

68%

97%

100%

99.4%

88.77%

Double
nutrient
foramen

3.7%

0

03%

0

0.6%

1.02%

Absent
nutrient
foramen

0

32%

0

0

0

10.20%

Single
nutrient
foramen

100%

78%

96%

92.5%

98.6%

92.93%

Double
nutrient
foramen

0

0

02%

7.5%

1.4%

4.93%

Absent
nutrient
foramen

0

22%

02%

0

0

2.46%

[Table/Fig-7]: indicates comparison of number of nutrient foramina in Radius and
Ulna with other studies [14-18].

Location of nutrient foramina: The present study showed that the
majority of nutrient foramina (85.98%) were found to be present in
middle third of the humerus (according to Hughes formula Type II)
which correlated well with the study conducted by Chandrasekaran
S and Shanthi KC (86.43%) [11]. In Radius, in 55.33% cases, nutrient
foramina were present in the middle third and 34.51% were present
in the upper third of the bone. Similar observation was reported
by Ukoha UU et al., [15]. In their study, it was found to be 57.1%
in upper third and 42.9% in the middle third of Radius. In present
16

[Table/Fig-8]: A Photograph of a right radius showing absent nutrient foramen.
[Table/Fig-9]: A Photograph of a right ulna showing double nutrient foramen on
anterior surface. (Images from lleft to right)

study, in Ulna, 57.64% bones presented nutrient foramina in the
middle third and 40% presented in the upper third of the bone which
corresponds to Roul B and Goyal M, that was found to be 62.16%
bones presented nutrient foramina in the middle third and 32.43%
presented in the upper third of the bone [14]. The knowledge of
the position and number of the nutrient foramina in long bones is
essential for orthopaedic surgeons during surgeries such as joint
replacements, fractures repair, bone grafting procedures.

Limitation(s)
Present study is an osteological study and comparison with
radiological studies is not done. This study has certain limitations
such as number of bones which are variable and regional variations
may be also there.

CONCLUSION(S)
Knowledge of the location, number and direction of the nutrient
foramen is not only important in understanding the development of
bone but also important in orthopaedic surgeries like microvascular
bone grafting procedures by avoiding injury to nutrient vessels.
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