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ABSTRACT
Objectives: The aim of the present study was to analyse the morphology and morphometry of nutrient
foramen of tibia, knowledge of which becomes precise during bone surgeries for orthopaedic surgeons.
Methods: The study included 135 tibia (70 right and 65 left) irrespective of age and sex. Number,
direction, location were studied by direct observation. Size was analysed by using 24 size hypodermic
needle. Position of nutrient foramen of tibia was studied by calculating foramen index. For this length
and distance of the tibia were measured by using osteometric board.
Results: In our present study, out of 135 tibia (70 right and 65 left) studied,130 showed single foramen
in the upper third of tibia and 5 tibia in addition to single foramen showed another foramen in the
middle third. On both sides, we commonly observed that majority of nutrient foramen was positioned
lateral to vertical line, on the right being (74.28%), and on left side (72.30%). Similarly the most
common size of nutrient foramen observed were primary or dominant type on both the sides, right as
(87.14%) and left as (89.23%). The direction of nutrient foramen were also found to be similar on both
sides, majority directed vertically downwards, on right (95.71%) & on left (96.92%). The mean length
of tibia on right was 35.23 with SD 2.401 and on left it was observed as 35.91 with SD 2.110. The
mean foramen index of tibia on right was 30.60 with SD 3.804, and on left 31.45 with SD 2.906.
Conclusion: The present study provides a wide knowledge for orthopaedic surgeons about the
morphology of nutrient foramen while performing microvascular bone surgeries to preserve
microcirculation.
Keywords: Foramen index, morphology, morphometry, nutrient artery.

foramen. The nutrient foramen, in most of the

INTRODUCTION

The nutrient artery is the main source of blood
supply to any long bone and is very important not
only during its embryonic growth period, but also
during the early phase of ossification'. During
young age, long bones primarily receive about
80% of its blood supply from the nutrient arteries,
and in their absence, the vascularisation occurs
through the periosteal vessels’. These nutrient
arteries enter the long bones through the nutrient
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cases is located away from the growing end®
derivation of the axiom saying that direction of
foramina ‘seeks the elbow and flee from the
knee’*. The topography of nutrient foramina may
differ in its growing and non-growing end,
precise understanding of this becomes essential in
certain surgical procedures to conserve the
circulation®’. The preserved nutrient blood flow
also becomes much important for the survival of
the osteoblasts and osteocytes in cases of tumour
resection, traumas and congenital
pseudoarthrosis®.
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Thorough knowledge about the blood supply of
long bones is one of the important factor for
success of new techniques in bone transplant and
resection in orthopaedics® '°. During transplant
techniques, these statistical datas about the
distribution of nutrient foramina guides the
operating surgeons to select the osseous section
levels and place the graft without damaging the
nutrient arteries thus preserving the diaphyseal
vascularisation and also the transplant
consolidation.  Detailed study about the
vascularisation of long bones and the nutrient
foramina morphometry® ***" were reported in
different populations. But very few studies were
reported on nutrient foramina of tibia in South
Indian population. Hence an effort was made to
study the morphometry of nutrient foramina of
tibia in South Indian population.

MATERIALS AND METHODS

The study was done in the Department of
Anatomy, Vinayaka Mission Kirupananda
Variyar Medical College & Annapoorna Medical
College, Salem. For this, we collected 135 tibia,
(which includes70 right and 65 left) irrespective
of age and sex. The bones with gross pathological
deformity were excluded from our study. The
number, direction, location were noticed by direct
observation. Only those foramina’s with elevated
margins and distinct groove proximal to them
were accepted and foramina other than these were
not considered. Double foramen if any, was also
noticed.

The direction of nutrient foramen facing
vertically downwards or upwards was noticed.
Position of nutrient foramen on the posterior
surface of tibia in relation to borders was noticed.
Size was analysed by using 24 size hypodermic
needle. Foramina smaller than a size of 24
hypodermic needle were considered secondary
foramina® '*'"*® and these were not used for
analysing foramen index. Distribution of nutrient
foramen of tibia was studied by calculating
foramen index (FI). For this total length (TL) of
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the tibia and distance (D) between the nutrient
foramina and the highest point of intercondylar
eminence of tibia, both were measured using
Brocas osteometric board. But for bones with
double nutrient foramen, only the larger foramina
(primary) were considered during the calculation
of foramen index. By applying Hughes formula®,
FI was calculated as follows:

FI=D/L x 100
STATISTICAL METHODS
The frequency, percentage, mean and standard
deviation were calculated using SPSS 15
(Statistical Package of Social Services)

RESULTS

On the right side out of 70 tibia studied,73
nutrient foramina was noticed, which comprised
of 67 bones with single foramen (95.71%) and
three bones with two nutrient foramens
(4.28%)(Table-5) (Figure-2). Among 70 right
tibia, the most common position of nutrient
foramen found was lateral to vertical line, being
(74.28 %) & the most common type of nutrient
foramen was primary which was observed as
(87.14%) (Table-1).The direction of nutrient
foramen was mostly directed vertically
downwards (VD) on the right side (95.71%). The
mean distance (D) of tibia was found to be 10.79
+ 1.565, and the mean length of tibia (TL) on
right was 35.23 + 2.401. The mean foramen index
of tibia (FI) on right was 30.60 + 3.804 (Table-2)
On the left side out of 65 tibia studied,67 nutrient
foramina was noticed, which comprised of 63
bones with single foramen (96.92%) and two
bones with two nutrient foramens (3.07%)(Table-
5) (Figure-3). Among 65 left tibia, the most
common position of nutrient foramen found was
lateral to the vertical line, being (72.30 %) & the
most common type of nutrient foramen was
primary which was observed as (89.23%)(Table -
1).The direction of nutrient foramen was mostly
directed vertically downwards (VD )(96.92%).
The mean distance (D) of left tibia was found to
be 11.30 £ 1.237, and mean length of tibia (TL)
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was 35.91 £ SD 2.110. The mean foramen index
of tibia (FI) on left was 31.45 + 2.906. (Table -2)
(Figure -1)

As a result, we considered that out of 135 tibia
which includes 70 right (67 showing single
foramen and 3 showing double foramen) and 65
left (63 showing single foramen and 2 showing
double foramen), 130 showed single nutrient
foramina and 5 showed double foramina (10 in
number), the percentage of single nutrient
foramina being 93% and percentage of double
nutrient foramina being 7.14% (Table-5)

DISCUSSION

It is well known that one of the causes of delayed
union or non-union of fracture is lack of arterial
supply®. The morphological knowledge of
nutrient foramina is significantly important for
orthopaedic surgeons undertaking an open
reduction of a fracture to avoid injuring the
nutrient artery and thus lessening the chances of
delayed or non-union of the fracture?. These
nutrient arteries pass through the nutrient
foramina, the position of nutrient foramina in
mammalian bones are variable and may alter
during the growth®.

In the present study we observed 93% of single
nutrient foramen and 7.14% of double foramina
which almost coincide with studies reported by
Kirschner' et al ( 93.5% a foramen & 6.5% two
foramina) & Longia® et al (95% a foramen and
5% two foramina) Similar studies with double
nutrient foramina were also reported by
auth0r55‘8’12'21'23

The present study showed predominantly
primary/dominant type of nutrient foramina
88.14% for 135 tibia,{ right (87.14%) and left
side (89.23%) } which coincide with the study
reported by Kizilkanat' et al.

The position of nutrient foramina in our present
study was most commonly located on the
posterior surface of tibia. Similar results were
reported by authors®®*2122  As reported”’, the
position of the nutrient foramina was directly
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related to the requirements of a continuous blood
supply to specific aspects of each bone. Out of
140 foramina majority of nutrient foramina were
found in the wupper third 107 foramina
(76.42%){right 60 and left 47 foramina} and
remaining 33 foramina (23.57%) in the middle
third of tibia {right 13 and left 20}. No foramina
were found in the distal third of tibia. Similar
reports were stated by many authorsb, 20-23, like
majority of nutrient foramen were present in the
proximal third of the tibia.

Of the 140 foramina, 99 (70.71%) were lying
lateral to the vertical line, 17 (12.14%) were lying
on the vertical line, 12 (8.57%) were medial to
vertical line, 7 (5%) were on the interosseous
border (Table-6), 5 (3.57%) were miscellaneous -
one on medial border (0.71%) and 4 close to
interosseous border (2.85%). Our results were
similar to the report of Myosekar>.

In the present study, the mean length of right tibia
were observed as 35.23 cm + 2.401 (Range 30.4 —
41), the mean length of left tibia were 35.91 cm +
2.110 (Range 30.8 — 40.5) (Table-2).Our results
coincide with the study of Erika Collipal26. The
mean distance of right tibia between the nutrient
foramina and the apex of the intercondylar
eminence was 10.79 cm + 1.565, and the left tibia
was found to be 11.30 cm + 1.237. The findings
of our investigation were similar to the reports of
Erika Collipal26. The mean foramen index on the
right side were 30.60 + 3.804 and on left were
found as 31.45 = 2.906 the findings of which
were close in comparison with the previous
studies of Gumusburun22 et al.

Though our present study coincided with the
results of previous studies, it has some limitations
too, because we were not considered with age and
sex differences during our analysis. As we know
that some foramina may get ossified in old age
and moreover there might be variations in the
gender, we should get a forensic help to identify
the age and gender of the bone before analysis.
This would suffice and will provide thorough
information about variations in age and gender.
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Moreover many previous studies on tibia have
not defined the values separately for the right and
left side, which were provided in our results that
may help for future implications.

CONCLUSION

Our present study will help for future implication
of these data in a South Indian population group,
not only with their morphology and morphometry
but also to compare them with their sides for
analysis. Our study will provide a thorough and
precise knowledge about clinical importance of
nutrient foramina of tibia for orthopaedic
surgeons to proceed with a successful graft
transfer and also to avoid damage to the nutrient
vessels during surgical procedures.
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Side | No of No of Size Position
bones N_F S LV On VL MV OnlIB
(135) | Single No % No % | No& (%) | No& (%) | No& (%) | No& (%)

52 8 (11.42%) | 6 (8.57%) 4
R 70 |70 61 87.142 9 12.857 | (74.28%) (5.71%)

47 9 (13.84%) | 6 (9.23%) 3
L 65 65 58 89.23 7 10.76 (72.30%) (4.61%)

135 135 119 88.14 18 13.33 99 17 12 7

R-Right, L-Left, NF- Nutrient Foramen, No-Number, %-Percentage, P-Primary nutrient foramen,

S-Secondary

nutrient foramen, LV-Lateral to Vertical line, On VL — On Vertical Line, MV- Medial to vertical line, On IB — On

Interosseous Border
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Table-2 Right & Left Tibia with single nutrient foramen - showing the direction and distribution of
nutrient foramen in number and percentage

Side | No of Direction of Nutrient Foramen Distribution of Nutrient Foramen
t(’fggf VD UP S D L Fi
No % No % No % Mean STD Mean STD Mean STD

R 70 67 9571 |2 285 |1 1.42 |10.797 | 1.565 | 35.235 | 2.401 | 30.609 3.804
L 65 63 9692 |0 0 2 3.076 | 11.307 | 1.237 | 35.918 | 2.11 | 31.457 2.906

R-Right, L-Left, No-Number, %-Percentage, VD- Vertically Downwards, UP- Upwards, O-Oblique, D-Distance

of nutrient foramen from intercondylar eminence, TL- Total Length of tibia, FI- Foramen Index

Table — 3 Right & Left Tibia with double nutrient foramen - showing the size and position of

nutrient foramen in number and percentage

Size Position
Side No of bones | No of NF P S On MB Close to IB
No % No % No (%) No (%)
R 3out of 70 Double 1 142 |2 285 |1 1.428 | 2 2.85
L 2 out of 65 Double 1 1.53 1 1.53 - - 2 3.07

R-Right, L-Left, NF- Nutrient Foramen, No-Number, %-Percentage, P-Primary nutrient foramen, S-Secondary

nutrient foramen, On MB - On Medial Border, Close to IB- Close to Interosseous Border

Table-4 Right & Left Tibia with double nutrient foramen - showing the direction and distribution

of nutrient foramen in number and percentage

Side | No of Direction of Nutrient Foramen Distribution of Nutrient Foramen
bones 5 upP 0 D TL Fi
No % | No % No % Mean STD Mean STD Mean STD

3out |- - 2 2.85 1 1.42 | 20.48 0.7110 35.16 1.5969 59.33 3.724
R of 70

2out |- - 2 3.07 - - 20.2 6.636 35.5 11.351 56.83 18.68
L of 65

R-Right, L-Left, No-Number, %-Percentage, VD- Vertically Downwards, UP- Upwards, O-Oblique, D-Distance of
nutrient foramen from intercondylar eminence, TL- Total Length of tibia, FI- Foramen Index

Table -5 Showing the total number of nutrient foramina on right & left tibia

Side No of bones No of NF No of NF Total No of NF
(135) (Single) (Double)
R 70 67 3 (6) 73
L 65 63 2 (4) 67
Total 135 130 10 140

R-Right, L-Left, NF-Nutrient Foramina
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Table-6 Results of position of nutrient foramina (for 140) in percentage

Side Single Double Position of Nutrient Foramina
foramen Foramen LV On VL MV IB On MB Close to
(135) (5) (140) (140) (140) (140) (140) 1B
(140)
R+L | 70+65 - 52+47 8+9 6+6 4+3
99 17 (12.14%) 12 7(5%) - -
(70.71%) (8.57%)
R+L | - 3+2 - - - - 1+0 2+2
1 4
(0.71%) (2.85%)

R-Right, L-Left, NF-Nutrient Foramina

Figure-2. Right Tibia with double
nutrient foramen — showing a secondary
foramen in the upper 1/3 part lying
lateral to vertical line facing vertically
downwards, another primary foramen in
the middle third lying on Interosseous
border facino uowards

Figure-1. Left Tibia showing single primary
nutrient foramen lying close to interosseous
border, facing vertically downwards. NF-
Nutrient Foramen
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Figure-3. Left Tibia with double nutrient
foramen — showing a secondary foramen
in the upper 1/3 part lying on the soleal
line facing vertically downwards, another
primary foramen in the middle third lying
on interosseous border facing upwards.
PNF-Primary Nutrient Foramen, SNF-
Secondary Nutrient Foramen
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Figure-4.
nutrient foramen lying on the interosseous
border, facing upwards at the junction
between middle and lower 1/3 rd of tibia.
N-Nutrient foramen

Right Tibia with secondary




