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Abstract Background: The knowledge of variations of nutrient foramina will be helpful for orthopaedic surgeons to avoid causing 
damage to the nutrient artery during an open reduction to improve fracture healing. Present study was aimed to study 
anatomical variations in diaphyseal nutrient foramina of humerus. Material and Methods: Present study design was 
descriptive and observational, conducted in 100 normal adult humans, cleaned and dried Humeri, with no appearance of 
pathological changes and fracture. Results: Among 100 normal adult humans, cleaned and dried Humeri, 50 were of right 
side and 50 of left side. Majority of right humeri had one nutrient foramen (82 %) followed by 2 and none nutrient foramen 
in 14 % and 4 % cases respectively. Majority of left humeri had one nutrient foramen (88 %) followed by 2, 3 and none 
nutrient foramen in 8 %. 4 % and 4 % cases respectively. Majority of nutrient foramen were located on Antero-medial 
Surface (83.64 % in right and 78.18 % in left). Majority of nutrient foramen were in zone 2 of humerus (89.09 % in right 
and 83.64 % in left). Conclusion: The knowledge of the nutrient foramina morphometry is consequently important in 
various orthopedic surgical procedures, such as joint replacement therapy, fracture repair, bone grafts, vascularized bone 
microsurgery and also in medico-legal cases. 
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INTRODUCTION 
The nutrient artery is a principal source of blood supply to 
long bones and is particularly important during their active 
growth period in the embryo and fetus, as well as during 
early phase of ossification. Nutrient foramina through 
which the nutrient 2 artery enters the bone, is directed 
obliquely, and edges of the oblique part are elevated for 
entrance of the nutrient artery.1,2 The main nutrient 
foramina of humerus are found in the middle 1/3rd of the 
anteromedial surface, although various variations have 
been reported in the number and position of the foramina.3 
In spite of giving optimal treatment, some fractures either 

heal slowly or fail to heal and may be related to the severity 
of the injury, poor blood supply, age and nutritional status 
of the patient or other factors.4,5 The knowledge of 
variations of nutrient foramina will be helpful for 
orthopaedic surgeons to avoid causing damage to the 
nutrient artery during an open reduction to improve 
fracture healing. Present study was aimed to study 
anatomical variations in diaphyseal nutrient foramina of 
humerus. 
 
MATERIAL AND METHODS  
Present study was conducted in the Department of 
Anatomy, at Kanachur Institute of Medical Sciences, 
Mangalore, India. Study design was descriptive and 
observational, study duration was of 2 years (July 2014 to 
June 2016). We studied 100 normal adult humans, cleaned 
and dried Humeri, with no appearance of pathological 
changes and fracture. Nutrient foramina were identified by 
their elevated margins and by the presence of distal groove 
proximal to them. Only well-defined foramina on the 
diaphysis were accepted. All measurements were taken 
using Vernier calliper. The total length of individual 
humerus was taken as the distance between superior point 
on the head and most distal point of medial projection of 
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trochlea of humerus. Length was measured in mm through 
osteometric board. Variables studied were number of 
foramina, direction and obliquity of nutrient foramen, 
surface on which nutrient foramina were located (antero-
medial, posterior and antero-lateral).  
Location of foramina was divided into three types as: 
Type 1: FI below 33.33, the foramen was in the proximal 
third. 

Type 2: FI below 33.33 up to 66.66, the foramen was in the 
middle third. 
Type-3: FI above 66.66, the foramen was in the distal. 

Data was collected and compiled using Microsoft 
Excel, analysed using SPSS 23.0 version. Statistical 
analysis was done using descriptive statistics. 

 
RESULTS  

Among 100 normal adult human, cleaned and dried Humeri, 50 were of right side and 50 of left side. Majority of 
right humeri had one nutrient foramen (82 %) followed by 2 and none nutrient foramen in 14 % and 4 % cases respectively. 
Majority of left humeri had one nutrient foramen (88 %) followed by 2, 3 and none nutrient foramen in 8 %. 4 % and 4 % 
cases respectively. 

Table 1: number of nutrient foramina 
Side and no.(n) of bones Incidence of no. of nutrient foramina (%) 

Absent (0) One (1) Two (2) Three (3) 
Right (n=50) 2 (4 %) 41 (82 %) 7 (14 %) 0 (0%) 
Left (n=50) 1 (2 %) 44 (88 %) 4 (8 %) 1 (2 %) 

Total (n=100) 3 (3 %) 85 (85%) 11 (11 %) 1 (1 %) 
 
Majority of nutrient foramen were located on Antero-medial Surface (83.64 % in right and 78.18 % in left). 

Table 2: Situation of nutrient foramina in relation to different surfaces of humerus 
Position of foramina Right (N=55) Left (N=55) Total (N=110) 

Antero-medial Surface 46 83.64% 43 78.18% 89 80.91% 
Posterior Surface 7 12.73% 9 16.36% 16 14.55% 

Antero-lateral Surface 2 3.64% 3 5.45% 5 4.55% 
Total 55 100.00% 55 100.00% 110 100.00% 

 
Majority of nutrient foramen were located in zone 2 of humerus (89.09 % in right and 83.64 % in left). 

Table 3: Showing distribution of nutrient foramen in respect to zone of humerus. 
Zone of humerus Right (N=55) Left (N=55) Total (N=110) 

ZONE-I 4 7.27% 6 10.91% 10 9.09% 
ZONE-II 49 89.09% 46 83.64% 95 86.36% 
ZONE-III 2 3.64% 3 5.45% 5 4.55% 
TOTAL 55 100.00% 55 100.00% 110 100.00% 

 
DISCUSSION 
The nutrient blood supply is crucial for any long bones and 
it should be preserved in order to promote the fracture 
healing. Absence of NF and hence the nutrient artery can 
deplete the blood supply to the ossifying bones and can 
result in ischemia of metaphysic and growth plate.6 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 nonunion 
of the fractures.7 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.8,9 Khan AS et al.,10 noted that 
out of 75 humerus bones, 68 (90.67%) were having single 
nutrient foramen and in 74 (98.67%) humerus bones, 
nutrient foramina were directed distally. Mean distance of 

the nutrient foramina from the medial epicondyle of the 
humerus was 9.92±1.93cm in all bones; 10.44±1.92cm on 
the left sided (n=41) bones and 9.36±1.95cm on the right 
sided (n=34) bones. Overall, 96% (n=72/75) of nutrient 
foramina were located on the middle 1/3rd of anteromedial 
surface, 2.67% (n=2/75) on the posterior surface and 
1.33% (n=1/75) on the antero-lateral surface. While 97.5% 
(n=33/34) of nutrient foramina on right humeri and 95.13% 
(n=39/41) of nutrient foramina on left humeri were located 
on antero-medial side. In study by Asharani SK et al.,11 
87% bones have one and 11% have two nutrient foramina 
respectively. In Majority of the bones studied, the nutrient 
foramen is located either on the medial border (57%) or on 
the anteromedial surface (43%). In the rest nutrient 
foramen is located on lateral border (3%), posterior surface 
(3%) or anterior border(2%). 87% have the nutrient 
foramen located in Zone II, 22% at the junction between 
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Zone II and Zone III and 2% in Zone III. The direction of 
foramen is towards the elbow joint i.e., away from the 
growing end. Mansur DI et al.,12 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 II followed by zone III (4.62%) then by 
zone I (0.54%). All foramina were directed toward the 
lower end of humeri. In study by Bhojaraja VS et al.,13 

mean length of humerus observed in the present study was 
30.7 cm. The NF was situated at 17.8 cm from the proximal 
end, 12.4 cm from the distal end and ~2.9 cm below the 
mid length of humerus. The mean foramina index and 
circumference of NF was 57.7 and 6.2 cm respectively. 
Majority of the humeri (77%) had single NF while in 3% 
of humeri NF was absent. Middle one-third and on the 
anteromedial surface of the humerus was the most 
common location of the foramen. Majority of the dominant 
foramen was large in size and all were directing toward the 
distal end. On this basis, having knowledge on the location 
of the nutrient foramen and the relevant anatomy, the 
surgeon can prevent a damage to the nutrient artery and can 
minimize the delayed union or a nonunion of the fracture. 
 
CONCLUSION  
The knowledge of the nutrient foramina morphometry is 
consequently important in various orthopedic surgical 
procedures, such as joint replacement therapy, fracture 
repair, bone grafts, vascularized bone microsurgery and 
also in medico-legal cases. 
 
 
 
 

REFERENCES 
1. Collipal E, Vargas R, Parra X, Silva H, de Sol M. 

Diaphyseal nutrient foramina in the femur, tibia and fibula 
bones. Int J Morphol 2007 Apr;25(2):305-8. 

2.  Krishna Garg. BD Chaurasia's Hand Book of General 
Anatomy. Blood supply of bones. 4th ed. 2011. CBS 
Publishers and Distributors Pvt. Ltd:43-44. 

3. Eminekizilkant Boyan N, Ozsahin ET, Soames R, Oguz O. 
Location, number and clinical significant of nutrient 
foramina in human long bones. Annals Anat 2000; 189: 
87-95. 

4. Chandrasekaran S, Shanthi KC. A study of nuteient 
foramen of adult humerii. J clin and Diagn Res. 2013; 7(6): 
975-977. 

5. Bucholz RW, Brown CMC, Heckman JD, Tornetta P, 
Mcqueen MM, Ricci WM. Bone and joint healing. In: 
Buckwalter JA, Einhorn TA, Marsh JL, Gulotta L, 
Ranawat A, Lane J, editors, Rockwood and Green’s 
Fractures in Adults. 7th edition. Philadelphia: Lippincott 
Williams and Wilkins. 2010; 1: 90. 

6. Forriol Campos F, Gomez Pellico L, Gianonatti Alias M, 
Fernandez-Valencia R. A study of the nutrient foramina in 
human long bones. Surg Radiol Anat 1987;9:251-5. 

7. Joshi H, Doshi B, Malukar O. A study of the nutrient 
foramina of the humeral [9] diaphysis. National Journal of 
Integrated Research in Medicine. 2011;2(2):14-17. 

8. Standring S.Gray’s Anatomy, 40th ed. CHURCHILL 
LIVINGSTONE ELSEVER, 2008:798. 

9. Bokariya P, Gudadhe D, Kothari R, Murkey PN, Shende 
MR. Comparison of humerus and femur with respect to 
location and number of nutrient foramina. Indian Journal 
of Forensic Medicine and Pathology. 2012;5(2):79-81. 

10. Khan AS, Shah Z, Inayat Q. Anatomical variations in 
diaphyseal nutrient foramina of humerus in cadavers from 
Khyber Pakhtunkhwa, Pakistan. Khyber Med Univ J 2014: 
6(1): 18-21. 

11. Asharani S K, Ajay Ningaiah. A STUDY ON THE 
NUTRIENT FORAMEN OF HUMERUS. Int J Anat Res 
2016;4(3):2706-2709 

12. Mansur DI, Manadhar P, Haque MK, Mehta DK, Duwal 
S, Timalsina B. A Study on Variations of Nutrient 
Foramen of Humerus with its Clinical Implications. 
Kathmandu Univ Med J 2016;53(1):78-83. 

13. Bhojaraja VS, Kalthur SG, Dsouza AS. Anatomical study 
of diaphyseal nutrient foramina in human adult humerus. 
Arch Med Health Sci 2014;2:165-9.

 
 

Source of Support: None Declared 
Conflict of Interest: None Declared  


