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ABSTRACT
Background

Nutrient foramen is an opening into shaft of humerus which gives passage to the
blood vessels of medullary cavity. The knowledge of nutrient foramen is important in
surgical procedures like bone grafting and more recently in microsurgical vascularized
bone transplantation.

Objective

To determine the number, location and direction of nutrient foramen and whether
the nutrient foramens obey the rule of ossification, that is directed away from the
growing end of the bone or not.

Method

The present study consisted of 253 (108 right and 145 left) dried humeri excluding
any fracture or pathological abnormalities during the period of 15 December 2014 -
14 February 2015. Number and direction of nutrient foramen was observed in each
humerus. Location of nutrient foramen in relation with surfaces and zones of humeri
was determined.

Result

It has been observed that 60.87% of the humeri had a single nutrient foramen,
28.85% double foramen, 6.32% triple foramen and 1.98% of humeri had four
nutrient foramina where as 1.98% humeri did not have any nutrient foramina. It
was concluded that the majority (88.86%) of the nutrient foramina were present
on the antero-medial surface, 6.52% on the anterolateral surface and 4.62% on the
posterior surface of the shaft of humeri. It was also concluded that most (94.84%)
of the foramina present in the zone Il followed by zone Il (4.62%) then by zone |
(0.54%). All foramina were directed toward the lower end of humeri.

Conclusion

By knowing the number and location of the nutrient foramina in humerus would
be useful in preventing intra-operative injury of nutrient artery during orthopedic,
plastic and reconstructive surgery and will also be relevant in medico legal practice.
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INTRODUCTION

Nutrient foramen is an opening into the shaft of humerus
bone. It leads to oblique nutrient canal passing through
cortex and ultimately opens into the medullary cavity. The
nutrient artery enters into the medullary cavity through
nutrient foramen and the canal which is a rich source of
blood supply to the medullary cavity and inner two-third of
cortex of the humerus.!

The nutrient blood supply is crucial for any long bones and
it should be preserved in order to promote the fracture
healing.? Moreover, the presence of preserved nutrient
blood supply is essential for the survival of the osteocytes
in cases of tumor resection, trauma, and congenital
pseudoarthrosis.?

It is usually single in number and located on the antero-
medial surface of the humerus a little below its midpoint
close to the medial border. It is usually directed toward
the lower end of humeri.* The number and location
of foramina remains are non-constant feature in long
bones.> Henderson RG also reported that their location in
mammalian bones are variable and may alter during the
growth.® Knowledge of the number and location of nutrient
foramina is useful in certain surgical procedures.”

Though studies on the vascularization of long bones
of various populations were conducted analyzing the
nutrient foramina morphometry and the vascular anatomy
in reconstructive surgeries,®!* the nutrient foramina of
humeri were rarely studied among Nepalese population.

Therefore, the aim of this study was to study the precise
anatomy of nutrient foramina in adult human humeri of
Nepalese subjects. This knowledge was of tremendous
significance to orthopedic surgeons performing procedures
involving bone grafts, fracture repair, joint replacement
and vascularized bone microsurgery.

METHODS

The present study consisted of 253 (108 right and 145
left) dried and cleaned humeri which were available in
the Department of Anatomy, KUSMS and others medical
colleges in Kathmandu valley during the period of 15%
December 2014 and 14" February 2015. All the humeri
that were taken for the study were normal and with any
fracture or pathological abnormalities were excluded from
the study. Prior to the study, ethical permission was taken
from IRC — KUSMS (100/14). The side determination was
done for the entire humeri. In each humerus, nutrient
foramen was observed and studied carefully under proper
illumination.

The nutrient foramina were distinguished by the presence
of a well-marked groove leading to the foramen, and by
a well marked often slightly raised edge of the foramen
at the commencement of the canal. Location of nutrient

foramen in relation with surface and zone were observed
and recorded. Direction of nutrient foramen in relation with
growing end of humerus was noted. The position of nutrient
foramen was determined by calculating a Foraminal Index
(F1) using the Hughes formula:12 FI= (DNF\TL) x 100 where
DNF stands for distance from the proximal end of the bone
to the nutrient foramina and TL stands for total length of
the bone in millimeter. Determination of total length of the
individual humerus was taken as the distance between the
superior aspect of the head and the most distal aspect of
the trochlea of each humeri in millimeter.

The position of foramina was divided into three types
according to Fl as follows:

Zone I: Fl up to 33.33%, the foramen was in proximal third
of the bone.

Zone II: FI from 33.33% to 66.66%, the foramen was in the
middle third of bone.

Zone llI: FI above 66.66%, the foramen was in the distal
third of bone.

~— Zone-I

> Zone-I1

~— Zone-III

Figure 1. A photograph of humerus showing different zones.

All the numerical data were subjected to statistical analysis
using SPSS 19.0. The observations and measurements were
presented in descriptive statistics.

RESULTS

The following observations were found to conclude the
results of the study.

Number of foramina

As shown in Table 1, the single nutrient foramen was
present in 60.19% (65) of right humeri (Fig. 2D) and 61.38%
(89) of left humeri, double nutrient foramina in 31.48%
(34) of right humeri and 26.90% (39) of left humeri (Fig.
2A,B), triple nutrient foramina in 6.48% (7) of right humeri
and 6.20% (9) of left humeri and quadruple nutrient
foramina were found in 3.45% of left humeri whereas no
any quadruple foramina were found in right humeri. The
nutrient foramina were found to be absent in 1.85% (2) of
right humeri and 2.07% (3) of left humeri.

Page 79



KATHMANDU UNIVERSITY MEDICAL JOURNAL

Figure 1. A photograph of humerus showing number, location
and direction of NF

Table 1. Showing distribution of nutrient foramen of humeri.

No. of Right (n=108) Left (n=145) Total (n=253)
nutrient
foramen

No. of % No. of % No. of %
humerus humerus humerus

0 2 1.85 3 2.07 5 1.98
1 65 60.19 89 61.38 154 60.87
2 34 31.48 39 26.90 73 28.85
3 7 6.48 9 6.20 16 6.32
4 - - 5 3.45 5 1.98
Total 108 100 145 100 253 100

It has been concluded that 60.87% of the humeri had a
single nutrient foramen. The double foramen was observed
in 28.85% of the humeri. Triple foramen was found in 6.32
% of the humeri and 1.98% of humeri had four nutrient
foramina where as 1.98% humeri did not have any foramina.

Location of foramina

It has been observed that a total of 368 numbers of
nutrient foramina were found to be present in all studied
humeri. In relation to surfaces, it was found that antero-
medial surface (AMS) had 85.71% (132) of nutrient
foramina in right humeri (Fig 2A) and 91.12% (195) of
nutrient foramina in left humeri, posterior surface (PS) had
7.79% (12) of nutrient foramina in right humeri and 5.61%
(12) of nutrient foramina in left humeri and antero-lateral
surface (ALS) had 6.49% (10) of nutrient foramina in the
right humeri and 3.27% (17) of nutrient foramina in the left
humeri were found on anterolateral surface of the shaft of
humeri as shown in Table 2.

Therefore, it was concluded that the majority (88.86%)
of the nutrient foramina were found to be present on the
antero-medial surface of the shaft of humeri, followed by
6.52% of the nutrient foramina were concentrated on the

anterolateral surface and 4.62% of the nutrient foramina
were located on the posterior surface of the shaft of
humeri.

Table 2. Showing distribution of nutrient foramen in respect to
surface of humeri.

Surfaces  Right (n=154 NF)  Left (n= 214 NF) Total
Number % Number % Number %
AMS 132 85.71 195 91.12 327 88.86
PS 12 7.79 12 5.61 24 6.52
ALS 10 6.49 7 3.27 17 4.62
Total 154 100 214 100 368 100

As shown in Table 3, the incidence of nutrient foramina
present in Zone | of the shaft of humeri was found to be
1.30% (2) in right humeri whereas the nutrient foramina was
found to be absent in Zone | of left humeri. It was observed
that 147 nutrient foramina (95.45%) were present in Zone
Il of right humeri and 203 nutrient foramina (94.86%) in
Zone Il of left humeri (Fig 2B). It was also observed that 5
nutrient foramina (3.25%) were present in Zone Il of right
humeri and 11 nutrient foramina (5.14%) in Zone Ill of left
humeri in relation to the zones.

Table 3. Showing distribution of nutrient foramen in respect to
zone of humeri.

Zones Right (n=154 NF)  Left (n= 214 NF) Total
Number % Number % Number %
Zone | 2 1.30 - - 2 0.54
Zone ll 147 95.45 203 94.86 349 94.84
Zone lll 5 3.25 11 514 17 4.62
Total 154 100 214 100 368 100

Overall incidence of presence of nutrient foramina in the
middle one-third or Zone Il of the shaft of humeri were
94.84%, followed by the middle one-third or Zone Il (4.62%)
and by upper one-third or zone | (0.54%).

Direction of foramina

The direction of nutrient foramina was not showing any
deviation from normal anatomical feature even in single
case throughout the study. All the foramina were directed
downward or toward the lower end of humeri as shown in
Fig 2(E).

As shown in Table 4, the mean total length of humeri was
found to be 270.56 mm in right and 269.97 mm in left
humeri; and mean distance from proximal end of humerus
to the nutrient foramen was found to be 149.17 mm for
right and 150.11 mm for left humeri and the foraminal
index was found to be 54.87% on right humeri and 55.44%
on left humeri. Therefore, an average the total mean length
of humeri was found to be 270.22 + 20.54 mm; and mean
distance from proximal end of humerus to the nutrient
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foramen was found to be 149.71 mm and the mean
foraminal index was found to be 55.20%.

Table 4. Showing mean values of statistical measurements of

humeri.
Parameters Right (n=108) Left (n=145) Total
Mean total length 270.56 mm 269.97 mm  270.22 mm
Distance from proximal 149.17 mm 150.11 mm  149.71 mm
end to NF
Foraminal Index 54.87% 55.44% 55.20%

DISCUSSION

The knowledge of variations 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.® Intact arterial
supply is very important for healing of a fractured bone.** It
is well known fact that one of the causes of delayed union
or non-union of fracture is lack of arterial supply.?®

Number of foramina

The present study showed that single nutrient foramen
was present in 60.87% of humeri. A similar finding (60%)
was reported by Shaheen in Saudi Arabia.’* Almost
similar trend also reported by Mysorekar et al. (58%) in
Indian population and Joshi et al. (63%) among Gujarati
population.”*®* Many studies reported high percentage of
incidence of single foramina. A study done by Caroll et al.
in 71 humeri collected from University of Western Ontario,
London and observed that 67.61% of humeri had a single
nutrient foramen.'” The incidence was found to be higher
in a study conducted by Forriol et al. in 36 humeri collected
from Medical School of Alcala de Henares University
who reported the incidence of 75% of humeri with single
nutrient foramen as compared to the present study.’®
Similarly, a study conducted by Peirera et al. reported the
incidence of 88.5% in Southern Brazil and Bhatnagar et
al. reported the incidence of 90% of humeri with single
nutrient foramen in Uttar Pardesh (India).?*?°

The present study showed that the prevalence of double
nutrient foramina were found in 28.85% of humeri
which was similar to the findings observed by Carroll in
London who reported 28.16% of humeri.'” Similar studies
conducted by Bhatnagar et al. who reported 7.14% of
humeri, Halagatti et al. (17.5%) and Solanke et al. (4%)
found a lower incidence of double foramina in humeri to
that of present study.?*2?? In contrast to this result, Joshi et
al. reported 33% and 33.3% of double nutrient foramina
observed by Shaheen.'*®

Only few authors had observed the presence of triple
nutrient foramina in the humeri. Similarly, the present
study observed 6.32% of triple nutrient foramina in humeri
which was almost similar to the studies conducted by
Shaheen (6.7%) in Saudi Arabia and Kizilikant et al. (6.93%)

in Turkey whereas findings reported by Bhatnagar et al.
(1.42%), Halagatti (2%) and Yaseen et al. (2%) which was
comparatively lesser than the present result.162024

The present study also reported that quadruple nutrient
foramina were present in 5 humeri (1.98%) which were
comparatively higher to the study conducted by Kizilikant
et al. in Turkey who reported the incidence of four nutrient
foramina in 0.99% of humeri.?

In the present study, it has been also observed that 1.98%
of humeri did not have nutrient foramen which was similar
to the study conducted by Kizilikant et al. who reported
1.98%.2 A higher incidence of absence of the nutrient
foramina (26% of humeri) was reported by Ukoha et al.
in the humeri of Nigerians.?> Absence of nutrient foramen
in long bones is well known. In such cases, bones are
supplied by periosteal arteries.?® Knowing all these facts
and anatomical details of nutrient foramen is important for
surgeons involved in vascular surgery.?

However, most of the authors in their study agreed that
the majority of humeri had a single nutrient foramen at a
higher incidence compared to that of the double or triple
or the quadruple nutrient foramina.

Location of foramina

The nutrient foramina are situated a little below its
midpoint on the antero medial surface close the medial
border of humeri.* However; the location of foramina may
vary in position. The present study concluded that 88.86%
of foramina were situated on antero-medial surface of the
humeri which was in accordance to the findings of Halagatti
et al. (87%) and Yaseen et al. (88.5%).2?* In contrast to this,
a study conducted by Khan et al. in humeri of Pakistan
cadavers reported the higher incidence (96%) of nutrient
foramina situated on the antero-medial surface of the
shaft of the humeri.?” But many authors reported the lesser
incidence of the nutrient foramina on the antero medial
surface of humeri. Such as Gopalakrishna et al. observed
70.97% of nutrient foramina and Vinay et al. reported only
30.23% of nutrient foramina on the antero-medial surface
of humeri.?

The present study also concluded that 6.52% of nutrient
foramina were located on the posterior surface. Similar
study was conducted by Ukoha et al. in humeri of Nigerian
population and reported the incidence of 7.5% and
Gopalakrishna et al. in their study observed 8.06% of
nutrient foramina on posterior surface which were almost
similar to the finding of the present study.”>?® However, a
study conducted by Anusha et al. and observed the higher
incidence (19%) of the presence of nutrient foramina on
posterior surface than the present result.>® Forriol et al.
reported 15.55% of foramina in Spanish population and
Kizilikant et al. (18.1%) in Turkish population which was
comparatively also higher than the present result.’®?* But
a study conducted in Pakistani cadavers by Khan et al. and
reported that 2.66% of nutrient foramina were found to
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be present on posterior surface which was comparatively
lesser than the value of the present study.?”

The present study showed that the majority of nutrient
foramina (94.84%) were found to be present in zone Il (the
middle one-third) of the shaft of the humeri which was
correlated with the study conducted by Khan et al. who
reported 96.20% of nutrient foramina on the middle one-
third of humeri of Pakistan cadavers.?” A study conducted
by Ukoha et al. in humeri of Nigerian population found that
100% of the nutrient foramina were located on the middle
one-third of the humeri and a similar trend also reported
by Kumar et al. (100%) in Indian population which were
higher than the present result.**' However, Halagatti et al.
noticed that lower (84%) incidence of presence of nutrient
foramina in the middle one-third of the shaft of humeri.?*

Direction of foramina

Many studies had been conducted to observe the direction
of nutrient foramina in humeri to determine that whether
it follows the law of ossification or not. Berard reported
that the direction of the nutrient foramina of humeri was
constant and the nutrient canal was slanted towards that
end at which the epiphysis was first united with the shaft
of humeri.®

The direction of the nutrient foramina were directed
horizontally before birth but as the growth proceeds the
direction of nutrient foramina were directed from the
growing end of the humeri.®

The present study observed that the direction of all the
nutrient foramina of humeri was directed towards the
lower end of humeri which was supported by many
studies,?>?”?%31  which revealed that the direction of
nutrient foramina were constant and obeys the law of
ossification.?0242>3034 Similarly, Kumar et al. reported that
the direction of all nutrient foramina present in the humeri
were directed away from the growing end of humeri except
one which was directed towards the upper end.?! Similarly,
Khan et al. also opined that 98.67% of the nutrient foramina
were directed distally towards the lower end of humeri
which was accordance with the present result.?”
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