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ABSTRACT

Aim: The study is aimed to determine number, location and direction of nutrient foramen, to assess whether nutrient foramen
obeys rule of ossification, that is directed away from the growing end of the bone or not.

Methodology: The study constituted n = 122 (68 right, 54 left) humeri collected from the Department of Anatomy, Nimra Insti-
tute of Medical Sciences, Vijayawada, Andhra Pradesh, India. All the measurements were taken using standard anthropometric
techniques.

Results: Number, direction and location of nutrient foramen in relation with surfaces and zones of humeri were determined.
Maijority 79.51% of the humeri had single nutrient foramen, 13.93% double, 3.28% triple, whereas 3.28% humeri no nutrient
foramina. Majority 85.24% of the nutrient foramina were located on antero-medial surface, followed by 10.65% on posterior
surface and 6.56% on anterolateral surface of shaft of the humerus. In majority 85.24% of bones foramina were present in zone
I, followed by zone | (9.02%), then zone Il (5.74%). All foramina were found to be directed towards the lower end of humeri.

Conclusion: The results confirm that the knowledge of the number and position of the nutrient foramina in humerus would be
very useful in providing clinical information in preventing intra-operative injury of nutrient artery during orthopedic surgeries and
will be relevant as reference for surgical procedures.
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INTRODUCTION The nutrient artery of the humerus arises from the brachial
artery, enters the shaft divides into ascending and descend-
Humerus is largest and longest bone of upper limb and is ing branches in the medullary cavity and supply bone mar-
supplied by a nutrient artery which is a branch of brachial 1,y and inner two-thirds of cortex of the humerus [4]. The
artery. The nutrient foramen is an opening on the surface  gijaphyseal nutrient artery is the main source of blood supply
bone into the shaft of humerus bone, passing through cortex, 4 Jong bones, especially during active growth period and the
ultimately opens into the medullary cavity. The main nutri-  ery stages of ossification [2] and it should be preserved in
ent foramina is usually located on antero-medial surface of  derto promote the fracture healing [5]. Moreover, the pres-
the humerus a little below its midpoint directed downwards  jce of preserved nutrient blood supply is essential for the
[1], opens close to medial border, although various variations  grvival of osteocytes in cases of tumor resection, trauma,
have been reported in number and position of the foramina ;4 congenital pseudoarthrosis [6]. Nutrient arteries play im-
(2] portant role particularly during active growth period in the
Henderson [3] also reported that their location in mammalian ~€mbryo and fetus, uniting callus formation in fractured bone
bones are variable and may alter during the growth. Any ma- [1].

nipulation in this area in the form of close or open reduction  Tpe knowledge regarding the number and location of nutri-

may cause damage to nutrient arteries, leading to non-union et foramen helps the surgeon to avoid these complications
or delayed union
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during certain surgical procedures like bone grafting and
microsurgical vascularized bone transplantation [7] and ma-
nipulation in the fracture of humerus [8,9].

Though studies on the vascularization of long bones of vari-
ous populations were conducted, the nutrient foramina of hu-
meri among Andhra Pradesh population was rarely studied.

This study was aimed at analyzing diaphyseal nutri-
ent foramina with reference to variation in number,
location, position and direction of nutrient foramina
of the humerus of Andhra Pradesh population.

The aim of the present study was to determine any
variations in number, direction and location of nu-
trient foramen in humerus of Andhra Pradesh popula-
tion and see whether the nutrient foramina obey the
general rule that is, directed away from the growing
end of the bone.

MATERIALS AND METHODS

The present study was conducted consisting of 122 (68 right
and 54 left) dried and cleaned humeri collected from the De-
partment of Anatomy, Nimra Institute of Medical Sciences,
Vijayawada, Andhra Pradesh, India. All the bones were of
adults (>20 years) and of unknown sex. The size determina-
tion was done for the entire material collected. All the hu-
meri taken for the study were normal and with any fracture
or pathological abnormalities was excluded from the study.
Prior approval was taken from the College Ethical Commit-
tee to conduct the study.

In each humerus, the nutrient foramen was examined and
studied carefully under proper illumination for number, lo-
cation and direction of nutrient foramina on its diaphysis. A
magnifying lens was used to observe the foramina.

Osteometric board with sliding caliper, magnifying lens,
scale and alpin were used for measuring the required param-
eters.

Nutrient foramina (NF) was identified by the presence of a
well-marked groove leading to the foramen, and by a well-
marked often slightly raised margins at the edge of the fora-
men at the commencement of the canal. Only well-defined
foramina on the diaphysis were accepted. Foramina at the
ends of the bones were ignored.

Location of NF in relation with surface and borders were ob-
served and recorded. Direction of NF in relation with grow-
ing end of humerus was observed and noted by inserting an
alpin.

Total length of each bone and distance from proxi-
mal end of bone to each NF was measured with the
help of osteometric board and sliding caliper in mil-

limeters. Total length of each humerus was taken as
distance between superior aspect of the head and
most distal aspect of the trochlea. All measurements
were taken to the nearest 0.1mm using Vernier cali-

per [7].

Foraminal index was calculated which can help clinicians to
locate the nutrient artery.

The position of nutrient foramen in relation to zone was de-
termined by calculating a Foraminal Index (FI) using the
Hughes formula [10,11]:

FI= (DNF\TL) x 100
Where,

DNF - distance from proximal end of the bone to nutrient
foramina.

TL - Total length of bone in millimeter.

The position of foramina was divided into three zones as fol-
lows:

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

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

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

STATISTICAL ANALYSIS

All measurements were recorded separately for right and left
sided humeri using measuring scale, thread and vernier cal-
liper. All the collected data were represented as mean and
then analyzed with MS Excel 2007 software. The numerical
data was statistically analyzed by calculating the percentage,
mean and SD.

RESULTS

Number of foramina

The data of the distribution of number of the nutrient forami-
na (NF) recorded in the selected humeri is presented in Table
1. Of the total n = 122 subjects selected for the present study,
n=68 were of right sided humeri and n = 54 were left sided.

The frequency of bone with single NF was present in n =
55 (80.88%) and n =42 (77.78%) of right and left sided hu-
meri respectively, two NF in n = 9 (13.24%) right and n =
8 (14.82%) left humeri and three NF in n = 2 (2.94%) right
humeri and n = 2 (3.70%) in the left sided humeri whereas,
no humeri had four NF. The NF was absent in n =2 (2.94%)
right humeri and n = 3 (3.70%) in left sided humeri. When
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the right and left sided humeri were analyzed separately, the
frequency of variation in the number of NF was almost simi-
lar.

The data in the table shows that number of NF in humeri
was variable. Of the total n = 122 subjects, the percentage of
bones having one NF is 79.51% (n = 97), two in 13.93% (n
= 17) and three in 3.28% (n = 4) humeri and 3.28% (n = 4)
were found with no foramina.

Location of foramina

The data of frequency of distribution of NF in respect to the
surface of right (n = 68) and left (n = 54) sided humeri sub-
jects studied is presented in Table 1.

In relation to surfaces, NF were located on antero-medial
surface (AMS) in 82.36% (n = 56) in right sided humeri
and 87.04% (n = 47) NF in left sided humeri, NF located on
posterior surface (PS) was observed in 10.29% (n = 7) right
sided humeri and 7.41% (n=4) in left sided humeri and loca-
tion of NF on the antero-lateral surface (ALS) was found in
7.35% (n = 5) and 5.55% (n = 3) in the right sided and left
sided humeri respectively.

Of the total n = 122 subjects, majority (82.79%) of NF were
located on the AMS of the shaft of humeri, followed by
10.65% on posterior surface (PS) and then 6.56% ALS of the
shaft of humeri (Fig. 1).

Figure 1: Humerus showing location of nutrient foramen (NF).

Location of nutrient foramen in respect to zone
The distribution of NF in respect to the Zone (Fig 2) of the
shaft of humerus observed in the present study humeri sub-
jects is shown in Table 1. The incidence of NF present in
upper one-third or Zone I of humeral shaft was found in n =
6 (8.83%) right sided humeri whereas, in n =5 (9.26%) left
sided humeri. Majority of the bones n = 58 (85.29%) and
n =46 (85.19%) had NF located in the middle one-third or
Zone II of right and left sided humeri respectively. In n = 4
(5.88%), NF were present in lower one-third or Zone III of
right sided humeri and n = 3 (5.55%) in Zone III of the left
sided humeri.

The higher incidence of NF was recorded in n=104 (85.24%)
in Zone II of the humeral shaft, followed by upper one-third
or Zone I in n= 11 (9.02%) and least in lower one-third or
zone Il of n =7 (5.74%).

— Zone-I

— Zone-I1

~— Zone-II1

Figure 2: Humerus showing different zones.

Direction of foramina

In the present study, the direction of the NF showed no de-
viation from the normal anatomical feature even in a single
case. It was observed that all n = 122 (100%) NF (Table 1)
were directed distally downwards, towards the elbow joint or
towards the lower end of humerus i.e. away from the grow-
ing end.

Table 1: Distribution of Number, Location and Direction of nutrient foramina in 122 humerus

Number 0 2 2.94
1 55 80.88
2 9 13.24
3 2 2.94

2 3.70 4 3.28
42 77-78 97 79.51
8 14.82 17 13.93
2 3.70 4 3.28

I
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Location AMS 56 82.36
(surface) PS " 10.29
ALS 7.35
Location Zone | 6 8.83
(zone) Zone I 58 85.29
Zone II1 4 5.88
Direction Distal 68 100
Proximal o o

47 87.04 101 82.79
4 7.41 13 10.65
5.55 8 5.55
5 9.26 1 9.02
46 85.19 104 85.24
3 5:55 7 5.74
54 100 122 100
o 0 o o

AMS- antero-medial surface, PS- posterior surface, ALS- antero-lateral surface

The mean total length of the present study humerus bones
and mean distance from proximal end of humerus to NF
(right and left sided) and the Foraminal Index are presented
in Table 2. The mean total length was found to be 269.32 mm
in right and 268.17 mm in left sided humeri, the mean dis-
tance from proximal end of humeri to NF was 151.24 mm in
right and 150.85 mm in left humeri and the Foraminal Index
(FI) was recorded to be 53.46% for right humeri and 53.83%
for left humeri. Therefore, mean and SD values of total mean
length of humeral bones was 268.64+21.42 mm; and mean
distance from proximal end of humeri to NF was 150.82 +
16.46. The mean foraminal index was 54.25%.

Table 2: Mean values of statistical measurements of
the humeri studied

Mean Total 269.32 +18.43 26817+ 268.64+21.42
Length 18.89
Distance from 151.24 +15.87 150.85 150.82+16.46
proximal end 16.04
of the nutrient
foramina
Foraminal 53.46% 53.83% 54.25%
Index (FI)

DISCUSSION

The knowledge of variations of NF will be helpful for ortho-
paedic surgeons to avoid causing damage to the nutrient artery
during an open reduction to improve fracture healing [5].

Inspite of giving optimal treatment, some fractures either
heal slowly or fail to heal [9] and may be related to the sever-
ity of the injury, poor blood supply, age and nutritional status
of the patient or other factors [12,13]. The arterial supply
is very important factor for effective healing of a fractured

e e——

bone [9,14,15].

Number of foramina

In the present study, majority (79.51%) humeri bones had
single NF followed by double (13.93%) and then triple fo-
ramina in 3.28%, 3.28% humeri had no foramina similar to
earlier reports [5,12,16]. Similar findings were observed by
several authors. Forriol et al. [17] reported 75% bones had
single foramina from a sample size 36 collected from Medi-
cal School of Alcala de Henares University, Yaseen et al.
[18] 79% among 100 sample size and Ramya Sree et al. [19]
80% in Telangana region of sample size 218.

In contrast, several studies reported humeri with single fora-
men in only 58% [20] in Indian population. Similar findings
were reported with incidence of 60.87% [22] in Nepalese
population, 61.29% [23] in Haryana population, 63% [24]
incidence among Gujarati population.

Whereas, many studies reported higher incidence of single
NF compared to the present study results. Asharani and Ajay
Ningaiah [26] in their study on Karnataka samples reported
87%, Kizilkanat et al.[2] reported in 88% bones, 88.5% by
Peirere et al.[27] in Southern Brazil samples, 90% by Bhat-
nagar et al. [28] in Uttar Pradesh, India samples, 90% by
Khan et al. [29], 90.62% by Rita Kumari and Renu Prasad
[30], Laing [15] reported the incidence of single foramen in
93%, and Aashish and Sanjay [31] in 94.12% humeri.

The present study, 13.91% humeri bones had double NF
similar to the findings of Longia et al. [5], Kizilkanat et al.
[2], with their occurrence 13%, 13.91% and 22% humeral
bones respectively. Similar findings were also observed by
Halagatti and Rangasubhe [32] in 17.5%, Ukoha et al. [25]
in 18% humeri bones.

The incidence of double NF was lesser in studies made by
Bhatnagar et al. [28] in 7.14% and Solanke et al. [33] in only
4% bones.

s Issue 15 « August 2019 1
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In contrast to the present study results, higher incidence of
double NF was reported by Mysorekar [20] in 42%, Shaheen
[21] in 33.3%, Joshi et al. [24] in 33%, Mansur et al [22]
reported in 28.85%, Carroll [9] in 28.16% and Kumar et al.
[34] in 26% shaft of humeri.

Only few authors observed the presence of triple NF in ac-
cordance with the present study results recording triple NF in
3.28% humeral bones.

Kizilkanat et al. [2] reported triple NF in 7% humerus. Near-
ly similar results were reported by Kizilikant et al. [2] re-
ported 6.93% in Turkey, Shaheen [21] in 6.7% among Saudi
Arabia samples, Mansur et al. [22] in 6.32% of Nepal sam-
ples. Whereas, the findings of Bhatnagar et al. [28] were in
1.42%, and Halagatti and Rangasubhe [32] in 2%, Yaseen et
al. [18] in 2% comparatively lesser than the finding observed
in the present study (3.28%).

None of the humeri in our study had more than three NF
while, Mysorekar [20] and Kizilkanat et al. [2] have ob-
served humeri with even up to 4 NF.

In the present study, absence of NF was observed in 3.28%
subjects. The results are almost in agreement with results
reported by Vijayalakshmi et al. [16], Malukar and Joshi
[7], Kizilkanat et al. [2], Asharani and Ajay Ningaiah [26].
Ankana et al. [35] reported absence of NF in 5% humeri. A
higher incidence of absence of the nutrient foramina (26%
of humeri) was reported by Ukoha et al. [25] study on 150
humeri in Nigerian population. Absence of NF in long bones
is well known.

Location of nutrient foramen in respect to sur-
face of humeri

The NF is located a little below its midpoint on the AMS
close the medial border of humeri. However, location of the
foramina may vary in position.

In the present study, 82.79% of the NF is situated on AMS
of the humeri almost in accordance with the observations of
Halagatti and Rangasubhe [32] showing 87% and Yaseen et
al. [18] 88.5%.

In contrast to our results, higher incidence of NF located on
the AMS of the humeral shaft were reported by Khan et al. [29]
studies on 96% humeri of Pakistan population, Vikram Singh
et al. [23] in 89.92%,

However, several authors reported lesser incidence of NF on
the AMS of humeri. Gopalakrishna et al. [37] reported in
70.97%, Vinay et al. [38] in only 30.23%. These findings
are supported by another study made by Chandrasekaran and
Shanthi [12].

In the present study, majority (82.79%) of the NF were locat-
ed on AMS of the humeral shaft, followed by PS (10.65%)
and later ALS (5.55%), in accordance with results of Ya-

seen et al. [18] showing 11% and 3.5% on the PS and ALS
respectively. In addition, the percentage of location of NF
was recorded in 8.53% on PS and 1.55% on ALS, 2.67% on
the PS and 1.33% on the ALS by Khan et al.[29] and Vikram
Singh et al.[23] respectively. This finding is supported by the
observations of NF located on the PS by Ukoha et al. [25] in
humeri of Nigerian population with the incidence of 7.5%
and Gopalakrishna et al. [37] 8.06%.

However, a study conducted by Anusha and Naidu [39]
reported higher incidence (19%) of the presence of NF on
PS than the present study results. Similarly, Forriol et al.
[17] reported 15.55% of foramina in Spanish population and
Kizilikant et al. [2] (18.1%) in Turkish population compara-
tively higher than the present study results.

Location of foramina in respect to zone of
humeri

In the present study, majority of NF (85.24%) were found to
be located on zone II (the middle one-third) of the shaft of
humeri and are in correlation with the studies conducted by
Halagatti and Rangasubhe [32] who reported the incidence
in 84%, Aashish and Sanjay [18] in 86.11%, Asharani and
Ajay Ningaiah [26] in 87% of NF in the middle one-third of
the shaft of humeri.

Several authors in their studies reported high incidence of
NF in zone II (middle one-third) of the shaft of the humeri
similar to the present study results. Khan et al. [29] reported
96.20% 1in Pakistan cadavers, Mansur et al. [22] in 94.84%.
While, Ukoha et al. [25] found 100% incidence in the hu-
meri of Nigerian population, similar trend was recorded by
Kumar et al. [34] with 100% incidence in Indian population
which was much higher than the present study results.

In the present study, in 9.02% bones the NF were found to be
located in zone I and 5.74% in zone III of the humeral shaft.
Asharani and Ajay Ningaiah [26] observed 11% in zone II
and none of them were located in Zone I Yaseen et al. [18].
Asharani and Ajay Ningaiah[26] reported NF were located in
22% in Zone I and 2% in the Zone III.

Direction of foramina

In the present study, the direction of the NF showed no de-
viation from the normal anatomical feature even in a single
case. It was also observed that all NF were directed distally
downwards, away from the growing end.

Several studies were conducted to observe the direction of
NF in humerus to determine whether it follows the law of
ossification or not.

The data in the present study, showed that the direction of all
the NF of humeri was directed towards the lower end of hu-
meri supported by many studies (Halagatti and Rangasubhe
[32], Khan et al. [29], Gopalakrishna et al. [37], Kumar et al.
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[34] which revealed that the direction of NF were constant
and obeys the law of ossification [12,18,25,28,39]. Kumar
et al. [34] reported that the direction of the NF present in all
the humeri were directed away from the growing end of hu-
meri except one which was directed towards the upper end.
Similarly, Khan et al. [29] also found 98.67% of the NF were
directed distally towards the lower end of humeri except one.

Berard [40] reported that the direction of NF of humeri was
constant and the nutrient canal was slanted towards that end
at which the epiphysis was first united with the shaft of hu-
meri.

The direction of NF was directed horizontally before birth
but as the growth proceeds, the direction of NF were directed
from the growing end of the humeri [41].

Yaseen et al. [18] found deviation from normal anatomical
characteristics in which NF were directed obliquely towards
the elbow except one NF which was directed horizontally.
The present study concluded that the entire NF present in the
humeri was directed distally in agreement with many other
studies [29,32,34], which clearly indicates that it follows the
law of ossification.

Foraminal Index

In the present study, the mean total length of right and left
sided humeri showed negligible variation recording 269.32
mm and 268.17 mm respectively (Table 3). Solanke, et
al. [33] reported the mean length of right sided humeri as
28.53+1.78 cm and left sided humeri as 28.89 £1.75cm.
Mansur et al. [22] in their study on 253 adult humeri ob-
served that the mean length of right side humeri as 27.05 cm
and left sided as 26.99 cm, with foramen index 55.18%.

In the present study, the mean total length and standard de-
viation and the distance from proximal end of the NF (mm)
was observed to be 268.64 + 21.42 and 150.82 + 16.46 re-
spectively and the Forminal Index 54.25%.

Table 3: Mean values of statistical measurements of
the humeri studied

Mean Total
Length

269.32 268.17 268.64+21.42

Distance from
proximal end
of the nutrient
foramina

151.24 150.85 150.82+16.46

Foraminal Index

(FI)

53.46% 53.83% 54.25%

Pereira et al. [27] reported mean foraminal index as 55.2%
and Pramar et al. [42] also reported as 55.2% in accordance
with the present study results.

Ukoha et al. [25] recorded mean foraminal index of humeri
as 56.28% in Nigerian population and Muralimanju et al.
[43] reported 57.6% among Indian population slightly higher
in comparison to the present study results. However, Hala-
gatti and Rangasubhe[32] reported 52.65% mean foraminal
index for humeri, slightly lower than the other results.

CONCLUSION

The anatomical knowledge of number, location, and direc-
tion of nutrient foramina of humerus are very important for
orthopedic surgeons during various surgical operations on the
humerus like treatment of fracture, bone repair, bone graft-
ing, micro-surgical bone transplantation, in many fractures
and during extensive stripping of the periosteum so that they
can minimize the damage to the nutrient artery of humeri.
It helps to prevent intra-operative injuries in orthopedic, as
well as in plastic and reconstructive surgery. The knowledge
about the location and variations in the position of the nutri-
ent foramina may also be helpful for appropriate placement
of internal fixation devices during open or close procedures
to limit the chances of delayed or non-union during fracture
of the humeral shaft.
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