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ABSTRACT

Introduction: The position of nutrient foramen on the shaft of
long bones is specific. It transmits nerve and vessels which
help in maintaining nutrition of bone. Blood supply by nutrient
artery is essential during early phases of ossification as well
as during growing period which passes through the nutrient
foramen.

Aim: To study the topography and location of nutrient foramen
on the shaft of the tibia.

Materials and Methods: For the present study, 70 adult dry
tibia of unknown age and sex were studied. The number,
direction and location of nutrient foramen were noted. Using
Hughes formula, foraminal index was calculated.

INTRODUCTION

The main source of arterial supply to long bone is derived from nutrient
artery which enters the bone through nutrient foramen [1]. Nutrient
foramen is generally directed away from the growing end of the bone
[2]. In tibia, nutrient foramen is generally directed downwards because
upper end is growing end, as it fuses with shaft in the 16" year in
females and in the 18" in males. While lower-end fuses with the shaft
at about 15" year in females and 17" year in males. Nutrient artery
to tibia is a branch of posterior tibial artery. Sometimes it may arise
from bifurcation of popliteal artery or anterior tibial artery [3]. Arterial
supply from nutrient artery is vital especially during early embryogenic
stages and periods of active bone growth [1]. Nutrient artery provides
70-80% of blood supply to the long bones in children and if the blood
supply is decreased, it may lead to ischaemia of bone resulting into
less vascularisation of metaphysis and growth plate [4]. It is very
important for surgeons to have precise knowledge of nutrient foramina
prior to surgery to ensure good success of surgical procedure and
to improve prognosis [5]. The tibia is commonly involved in several
surgical procedures like bone grafting, the knee replacement, external
and internal fixation of fractures and bone resection for tumours [6].
Therefore, this study was conducted to understand topography of
nutrient foramen on tibial shaft.

MATERIALS AND METHODS

This was an observational cross-sectional study conducted in the
Department of Anatomy, GMERS Medical College, Gandhinagar,
Gujarat, India, from April 2018 to June 2018. Prior approval from
the Central Research Committee of the institute was taken with
registration no. GMERS/MCG/CRC/16/2018. For the study, 70
dry adult tibia of unknown age and sex were obtained from the
department. Fully ossified and complete bones were included
and bones with pathological changes or any kind of deformity
were excluded from the study. Nutrient foramina which allowed
the passage of size 24 gauge needle were considered as primary
nutrient foramen [7]. Other smaller foramina which did not allow
the passage of the needle were not included [8]. Nutrient foramen
was identified by presence of a groove and a raised margin at its
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Results: A single nutrient foramen was present in all tibia. In all
the bones they were directed downwards except in two bones
where it was directed upwards. Nutrient foramen was situated
on posterior surface except in two bones where it was on lateral
surface of one bone and lateral border of other bone. Average
total length of tibia was 35.11 cm while average distance of
nutrient foramen from proximal end was 11.79 cm. In 45 tibia,
foraminal index was <33.33 which indicates that in 64.28% of
tibia foramen was on upper 1/3 of shaft.

Conclusion: The precise knowledge and topography of
nutrient foramen of tibia will help surgeons and orthopaedicians
in minimising damage to vasculature of tibia during various
surgical procedures.

beginning and its direction were determined by passing the needle
into the foramen.

Side determination of bones was done and following parameters
were observed and measurements were taken with the help of
osteometric board and vernier calliper.

(1) Number of primary nutrient foramen

@)
(3) Surface of the shaft where the nutrient foramen is located
4)

(4) Location of nutrient foramen on posterior surface of shaft— medial
to vertical line, lateral to vertical line, on the vertical line

Direction of the foramen

(5) Distance of nutrient foramen from proximal end of tibia (PF) (as
shown in [Table/Fig-1]): measured by vernier calliper

(6) TL (Total length of tibia) (as shown in [Table/Fig-2]): measured by
osteometric board.

[Table/Fig-1]: Distance of nutrient foramen from proximal end of tibia (PF).
[Table/Fig-2]: Total length of tibia (TL). (Images left to right)
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(7) Foraminal Index— Foraminal index was obtained by using Hughes
Formula [9].

Foraminal index = PF/TLx100

On the basis of foraminal index, location of foramen was determined
as follows [10]:

(i) Foraminal index <33.383 indicates that the foramen is in the upper
1/3 of the bone;

(i) Foraminal index between 33.33 and 66.66 indicates that the
foramen is in the middle 1/3 of the bone;

(i) Foraminal index >66.66 indicates that the foramen is in the lower
1/3 of the bone;

Observations were tabulated in Microsoft Excel worksheet and
average total tibial length, average distance of nutrient foramen from
proximal end of tibia and foraminal index were calculated.

RESULTS

In the present study, all the bones showed presence of a single nutrient
foramen. It was directed downwards and was located on the posterior
surface of shaft in most of the bones. In one tibia, it was located on
the lateral border [Table/Fig-3] and in the other; it was located on the
lateral surface [Table/Fig-4]. In two bones, it was directed upwards.

[Table/Fig-3]: Nutrient foramen on lateral border of shaft.
[Table/Fig-4]: Nutrient foramen on lateral surface of shaft. (image left to right)

Number, direction, surface, location on posterior surface of shaft,
average Total Length (TL), average distance of nutrient foramen
from Proximal End (PF), Foraminal Index (Fl), location of foramen on
the basis of foraminal index are shown in [Table/Fig-5,6].

Nutrient foramen Right Left Total

Single 35 35 70
Number

Double 0 0 0

Downward 34 34 68
Direction

Upward 1 1 2

Posterior surface 34 34 68

Lateral surface 0 1 1
Surface on shaft | \egial surface 0 0 0

Lateral border 1 0 1

[Table/Fig-5]: Showing number, direction and location of nutrient foramen on tibia.

The average total length of tibia was 35.11 cm. The average distance
of nutrient foramen from the highest point on the proximal part of
bone was found to be 11.79 cm. Foraminal index was <33.33 in 45
tibia. This indicates that in majority of bones, foramen is present on
the upper 1/3 of the bone [Table/Fig-7].

Right | Left | Total
Location of Nutrient foramen on posterior surface of shaft 34 34 68
Lateral to vertical line 29 32 61
Medial to vertical line 1 1 2
On vertical line 3 1 4
On soleal line 1 0 1

[Table/Fig-6]: Showing location of nutrient foramen on posterior surface of shaft

of tibia.

Parameter Right Left Total
Average total length of tibia (TL) (in 35.07 35.14 35.11
cm) ) ) ’
Average distance of nutrient foramen
from proximal end (PF) (in cm) .79 11.80 179
Number and Upper 1/3 | 22 (62.85%) | 23 (65.71%) | 45 (64.28%)
percentage of bones
showing Location of Middle 1/3 | 13 (33.14%) | 12 (34.28%) | 25 (35.37%)
nutrient foramen on the
shaft: Qn the basis of Lower 1/3 0 0 0
Foraminal index

[Table/Fig-7]: Showing average TL, PF and Location of nutrient foramen on the

shaft on the basis of Foraminal index.
TL: Total length of tibia; PF: Distance of nutrient foramen from proximal end

DISCUSSION

Blood supply to the long bones is mainly derived from nutrient artery
which is essential for bone growth. If the nutrient artery is damaged
while operating on tibia, it may result in ischaemia which will lead to
interference with healing process. Therefore, anatomical knowledge
of nutrient artery is crucial prior to surgery. In the present study,
findings are compared with other studies published in literature
[Table/Fig-8,9] [2,6,7,11-27].

In the present study, a single nutrient foramen was observed in all
the tibia. Many authors also found single nutrient foramen in most
of the bones [2,6,7,11-19,21-283]. Double nutrient foramina were
found in very few numbers of bones in the studies done by other
authors. Roul B et al., reported double foramina in 16.20% cases
while Udaya P et al., reported 13.51% and 10.39% of double
foramina on right and left sides respectively [20,24]. These findings
were slightly higher than that of other authors who also found two
nutrient foramina [2,7,11,12,14-17,22,23]. Three foramina were
observed by Swapna SA et al., (3.80%) and Udaya P et al., (2.70%)
in their studies [22,24]. Joshi P et al., observed absent nutrient
foramen in 6% of cases [25]. Prashanth KU et al., and Zahra SU et
al., observed absent nutrient foramen in 1.4% and 1.96% of tibia
respectively [13,26]. Gupta RK and Gupta AK, also found 1.86%
bones of right side and 4.34% bones of left side with absent nutrient
foramen [15]. Nutrition of bones in cases of absent nutrient foramen
is derived from periosteal vessels [3].

In most of the tibia, nutrient foramen was directed downwards in the
present study. This finding was in accordance with studies conducted
by most of the authors [6,7,14,18,21,23,24,26,27]. Authors found
two bones in which foramen were directed upwards. Mazengenya P
and Faremore MD, reported direction of foramen upwards in 0.6%
of tibia in black South Africans and in 1.7% of tibia in white South
Africans [17]. During development, initially, all nutrient arteries run
in caudal direction in the embryonic period. Then because of the
differences in the growth of ends of the long bones of the limbs,
nutrient artery is directed away from the growing end [28]. However,
this was not true in case of mammals as reported by Hughes H, and
Henderson RG [9,29].

In the present study, nutrient foramen was observed on posterior
surface of shaft of most of the tibia except in two bones. It was
located on the lateral surface in one bone and on the lateral border
of another bone. Most of the authors also have reported the location
of foramen on posterior surface in most of the bones [2,6,7,12-
14,16,18,21,28,24,26,27]. Kamath V et al., observed foramen on
medial surface in 2.82% of bones [6]. Mysorekar VR found 74% of
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Number of Nutrient foramen ( % of bones)
Author, Population studied and year of study Sample size One Two Three Absent
Right Left Right Left Right Left Right Left
Sharma M et al., [2] 50 (right-25, left-25) 96 4 - - - -
Kamath V et al., (Mangalore) [6] 71 (right-33, left-38) 100 - - - -
Mohan K et al., [7] 150 98 2 - - -
Kizilkanat E et al., (Turkish) [11] 100 98 2 - - - -
Pereira GAM et al., (Brazil) [12] 142 98.60 1.40 - - - -
Prashanth KU et al., (Mangalore) [13] 69 (right-32, left-37) 98.6 - - - 1.4
Ankolekar VH et al., (Karnataka) [14] 50 98 0 2 - - - -
Gupta RK et al., (Gujarat) [15] 312 (right-161, left-151) 97.51 94.70 0.62 - - - 1.86 4.34
Seema et al., (North India) [16] 60 (right-30, left-30) 93.34 | 96.67 6.60 3.30 - - - -
Mazengenya P et al (South African black people) [17] 180 (right-90, left-90) 99.40 0.60 - - - -
Mazengenya P et al., (South African white people) [17] 180 (right-90, left-90) 98.30 1.70 - - - -
Vadhel CR et al., (Gujarat) [18] 188 (right-94, left-94) 100 - - - - - -
Gupta C et al., (South India) [19] 50 (right-24, left-26) 100 - - - - - -
Roul B et al., (Raipur) [20] 37 83.70 16.20 - - - -
Agarwal SA et al., (Vindhya region) [21] 80 (right-40, left-40) 100 - - - - - -
Swapna SA et al., (Aurangabad) [22] - 94.30 1.90 3.80 - -
Vinay G et al., (South India) [23] 90 (right-45, left-45) 96.66 3.33 - - - -
Udaya P et al., (Telangana) [24] 151(right-74, left-77) 83.70 89.61 13.51 10.39 2.70 - -
Joshi P et al., (Rajasthan) [25] 50 (right-21, left-29) 94 - - - - 6
Zahra SU et al., (Turkey) [26] 91(right-40, left-51) 97.5 96.07 2.5 1.96 - - 1.96
Present Study 70 (right-35, left-35) 100 100 - - - - - -

[Table/Fig-8]: Showing comparison of Number of Nutrient foramen with other studies (Values are expressed as percentage ) [2,6,7,11-26].

Location of Nutrient foramen (% of bones)
AL_Jthor, Population stud- Sample size Mean length (cm) Foraminal index (cm) Upper 173 T
ied and year of study

Right Left Right | Left Right Left Right Left
Kamath V et al., [6] 71 (right-33, left-38) - 32.08 74.65 25.35
Mohan K et al., [7] 150 36.58+2.38 34.74+4.08 | - 42 58
Kizilkanat E et al., [11] 100 35.8 31.2 - - - -
Pereira GAM et al., [12] 142 37.31 32.9+6 | 32.3+2.8 - - - -
Prashanth KU et al., [13] 69 (right-32, left-37) - 32.5 98.3 (upper 2/51) 1.7 (3/5"M)
Ankolekar VH et al., [14] 50 37.3 38.7 35.92 34 91.66 88.46 8.33 11.54
Gupta RK et al., [15] 312 (right-161, left-151) 36.1 36.44 32.66 33.09 63.97 58 36.03 42
Seema et al., [16] 60 (right-30, left-30) 35.16+2.65 34.9+2.71 - - 99.5 0.5
Mazengenya P et al., [17] 180 (right-90, left-90) 38.44 31.45+2.52 31.87+3.63 - - - -
Mazengenya P et al., [17] 180 (right-90, left-90) 37.12 31.45+2.52 31.87+3.63 - - - -
Vadhel CR et al., [18] 188 (right-94, left-94) - - - - 99.5 0.5
Gupta C et al., [19] 50 (right-24, left-26) 37.75+3.45 37.68+1.61 34.66 34.83 - - - | -
Roul B et al., [20] 37 37.2 33.33 33.33 91.89 8.1
Agarwal SA et al., [21] 80 (right-40, left-40) 37.75 £3.32 32.96+6.06 92.85 7.5
Swapna SA et al., [22] - 36.19 - - 100 - | -
Vinay G et al., [23] 90 (right-45, left-45) 35.58 34.82 86.66 16.66
Udaya P et al., [24] 151 (right-74, left-77) 37.26+2.83 37.54+2.30 32.09+3.76 32.12+3.13 73.86 81.18 26.4 | 18.82
Joshi P et al., [25] 50 (right-21, left-29) 32.84+8.4 34.46+8.1 31.85+1.8 31.67+2.83 88 6
Zahra SU et al., [26] 91 (right-40, left-51) 35.54+2.53 36.17+2.96 32.39x2.21 32.05+4.6 72 28
Lakshmi V et al., [27] 50 (right-27, left-23) 37.4+2.61 33.7+3.32 58.82 4117
Present Study 70 (right-35,left-35) 35.1+2.3 35.2+1.96 33.8+5.43 33.5+5.56 62.85 65.71 33.14 34.28

[Table/Fig-9]: Showing comparison between Mean length and Foraminal index ( Values are expressed in centimeters ) and Location of Nutrient foramen according to

Foraminal index ( Values are expressed in Percentage ) with other studies.

bones into which foramen was located on posterior surface [28]. In spleal line. This finding was similar to the present study. Authors
their study on black and white South Africans, Mazengenya P and  found only one bone in which nutrient foramen was located on the
Feremore MD, reported slightly less occurrence of nutrient foramen  spleal line. Below the soleal ling, in 87.14% of bones, foramina were
on posterior surface, 75.6% and 77.8% respectively [17]. located lateral to vertical line; in two bones it was medial to vertical
Regarding location of nutrient foramen on posterior surface of shaft,  line and in four bones on the vertical line in the present study. Seema
it was observed by most of the authors that it is located below the et al., and Collipal E et al., found 3.77% and 4% of tibia having
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nutrient foramen on the soleal line [16,30]. Seema et al., [16] also
reported 0.50% of bones having foramen on lateral border. In the
present study, Total Length of tibia (TL) was found to be 35.1+£2.3
cm on right side and 35.2+1.96 cm on the left side. The present
findings were similar to other authors [Table/Fig-9]. Mazengenya P
and Faremore MD, observed average tibial length to be 38.44 cm in
black South Africans and 37.12 cm in white South Africans which
was slightly higher than the present study [17]. Kizilkanat E et al.,
observed it be 35.8 cm in Turkish population and Pereira GAM et al.,
found it to be 37.31 cm [11,12].

Average distance of nutrient foramen from proximal end (PF) was
found to be 11.8+1.93 cm on right side and 11.8+2.28 cm on left
side in the present study. Ankolekar VH et al., found this value to be
13 cm and 13.4 cm on the right and left side respectively [14]. Joshi
P and Mathur S, in their study on Rajasthani population, reported
this distance as 14.53+3.77 cm on right side while 14.0+2.99 cm
on left side [25]. In 45 tibia, Foraminal Index (FI) was found to be
<83.383 in the present study, which indicates that 64.28% of nutrient
foramina were located on upper 1/3 of tibia while it was between
33.33 to 66.66 in 25 bones which indicates that in 35.37% of bones
it was in the middle 1/3. Gupta RK and Gupta AK, also observed
similar findings in Gujarati population [15]. Vadhel CR et al., in their
study on Gujarati population found occurrence of nutrient foramen
on upper 1/3in 99.5% of bones which was higher than the present
findings [18]. Bhojaraja VS et al., documented that in 58.82 % of
tibia, nutrient foramen is on upper 1/3 while in 41.17% of cases, it is
in the middle 1/3 [27]. Kamath V et al., reported nutrient foramen in
upper1/3in 74.65% of bones and in middle1/3 in 25.35% of bones
[6]. Pereira GAM et al., and Mazengenya P and Faremore MD, in
their studies also found nutrient foramen more commonly on upper
1/3 more than on the middle1/3 [12,17]. Mohan K et al., found it on
upper 1/3 in 42% of bones while in 52%, it was on middle 1/3 [7].
No foramen was found in the lower 1/3 of the tibia.

LIMITATION

This study was conducted on 70 bones only, which was small
sample for the study. Authors could not incorporate more bones
because of resources limitations in the department. Bones available
in the department were of unknown age and sex, therefore gender
and age-based assessment were also not done in the present
study. Further larger studies involving more bones of known age
and sex from different geographical regions are advised to have
more detailed knowledge on the subject.

CONCLUSION

In tibia, nutrient foramen is situated mostly on the posterior surface.
Nutrient artery is essential for blood supply of long bones. Therefore
it is very important for surgeons to have sound knowledge of
precise topography of nutrient foramen which will help in preserving
vasculature of bone during various surgical procedures like fracture
fixation, bone grafting, knee replacement surgeries and tumour
resection. Understanding of exact location and distribution of
nutrient foramen will help in avoiding damage to nutrient vessels
during surgery. This will ensure less postoperative complications, as
well as this will also help in better outcome of operative procedure.
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