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ABSTRACT 
 
Nutrient foramen is a natural opening into the shaft of a bone, allowing for passage of blood vessels into the 
medullary cavity. This study aims to determine the number, location and direction of nutrient foramina of long 
bones of the upper limb in the Nigerian population. A total number of 250 long bones (150 humeri, 50 radii and 50 
ulnae) were used for the study. In the results, 66% of the humeri had a single foramen, 18% had double foramina 
and 26% had no foramen. For the radii, 68% had a single nutrient foramen and 32% had no nutrient foramen. 78% 
of the ulnae had a single nutrient foramen and 22% had no nutrient foramen. All the foramina except one (in the 
radius) were directed away from the growing end, that is, they were directed towards the elbow. Information and 
details about these foramina is of clinical importance, especially in surgical procedures like bone grafting and 
microsurgical vascularized bone transplantation.  
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INTRODUCTION 

Nutrient foramen is an opening into the bone shaft 
which gives passage to the blood vessels of the 
medullary cavity of a bone, for its nourishment and 
growth 1. The nutrient artery is the principal source of 
blood supply to a long bone and is particularly 
important during its active growth period in the embryo 
and fetus, as well as during the early phase of 
ossification 2. 

Bones are structures that adapt to their mechanical 
environment, and from a fetal age adapt to the presence 
of naturally occurring holes which allow blood vessels 
to pass through the bone cortex 3. When compromised 
especially in childhood, medullary bone ischemia occurs 
with less vascularization of the metaphysis and growth 
plate 4. 

It has been suggested that the direction of the nutrient 
foramina is determined by the growing end of the bone, 
which is supposed to grow at least twice as fast as the 
non-growing end. As a result, the nutrient vessels move 
away from the growing end of the bone 1. As is 
popularly stated, they ‘seek the elbow and flee from the 
knee’ 5, showing their varying directions in both limbs. 
Variations have been described in the direction of 
nutrient foramina in the lower limb bones 6. However, 
only a few studies have reported variation in direction 
of the nutrient foramina in the upper limb bones 7. 

The study of nutrient foramina is important in both 
morphological and clinical aspects. Some pathological 
bone conditions such as fracture healing or acute 

hematogenic osteomyelitis are closely related to the 
vascular system of the bone 8. Detailed data on the 
blood supply to the long bones is invariably crucial in 
the development of new transplantation and resection 
techniques in orthopaedics 2, 9. 

Studies on the vascularization of long bones of various 
populations have been conducted to analyze the 
nutrient foramina morphometry 2, 10, the nutrient blood 
supply 11, 12, the vascular anatomy in reconstructive 
surgeries13, 14and the microsurgically vascularized bone 
transplant 15, 16. 

However, there is still a need for a greater 
understanding of nutrient foramina in bones such as the 
humerus, radius and ulna. The aim of this study is to 
record the location, number and direction of nutrient 
foramina in long bones of the upper limbs of adult 
Nigerians. 

 

MATERIALS AND METHODS 

The study was conducted in the Department of 
Anatomy, Anambra State University, Uli. The materials 
for the present study consisted of 250 adult human 
cleaned and dried bones of the upper limbs. They were 
divided into three groups: 150 bones of humerus and 50 
bones each of ulna and radius. All selected bones were 
normal with no appearance of pathological changes. 
The specific age and sex characteristics of the bones 
studied were unknown. 
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The nutrient foramina were observed in all bones with 
the help of a hand lens. They were identified by their 
elevated margins and by the presence of a distinct 
groove proximal to them. Only well-defined foramina 
on the diaphysis were accepted. Foramina at the ends of 
the bones were ignored.  

Direction: A fine stiff broomstick was used to confirm 
the direction and obliquity of the foramen. 

Position: The position of all nutrient foramina was 
determined by calculating the foraminal index (FI) using 
the formula: 

FI = (DNF/TL) x 100  

Where DNF=the distance from the proximal end of the 
bone to the nutrient foramen; TL=Total bone length 17 

The position of the foramina was divided into three 
types according to FI as follows: 
Type 1: FI below 33.33, the foramen was in the 

proximal third of the bone. 
Type 2: FI from 33.33 up to 66.66, the foramen was in 

the middle third of the bone. 
Type 3: FI above 66.66, the foramen was in the distal 

third of the bone. 

All measurements were taken to the nearest 0.1 mm 
using an INOX sliding caliper 2. Photographs were 
taken by a Casio digital camera (12 mega pixels). Each 
photograph had a definition of 16x12 cm. 

Data Analysis: Data are expressed as means and 
standard deviations for continuous variables, and 
percentage for categorical variables.  

 

RESULTS 

Total 66% of the humeri had a single foramen, 8% had 
double foramina and 26% had no foramen. For the 
radii, 68% possessed a single nutrient foramen and 32% 
had no nutrient foramen. 78% of the ulnae had a single 
nutrient foramen and 11 (22%) had no nutrient 
foramen. All the foramina except one (in the radius) 
were directed away from the growing end. 

 

Table 1: Number of nutrient foramina observed in 
the long bones of the upper limb 

Bone Number of 
Foramina 

Number of 
bones (%) 

Humerus (n = 150) 0 39 (26) 
1 99 (66) 
2 12 (8) 

Radius (n = 50) 0 16 (32) 
1 34 (68) 

Ulna (n = 50) 0 11 (22) 
1 39 (78) 

 
Tables 1 to 6 give the details of the results in terms of 
nutrient foramina number, position and direction, and 
Figures 1 to 4 give pictorial details of the foramina in 
the humerus (Fig.1, 2), radius (Fig. 3) and ulna (Fig.4). 

Table 2: Foramen index and measurements 
associated with nutrient foramen in the long bones 
of the upper limb. 

Measurements Humerus 
(n=111) 

Radius 
(n=34) 

Ulna 
(n=39) 

DNF 18.97±1.85 8.85±1.28 10.33±1.31
TL 33.76±1.75 26.29±1.36 28.28±1.24
FI 56.28±4.90 33.74±4.94 36.70±4.56
Data are means and standard deviation 
Abbreviations: DNF = Distance from the proximal end of 
the bone to the nutrient foramen; TL = Total length of bone; 
FI = Foramen Index. 

 

Table 3: Position and direction of nutrient foramina 
observed in the long bones of upper limbs 

Bone Position Direction 
Type 1 Type 2 Type 3 

Humerus - 120 (100) - Distally 
Radius 20 (57.1) 15 (42.9) - Proximally (except  

one which is distal) 
Ulna 10 (27.0) 27 (73.0) - Proximally 
Figure in parenthesise indicate percentage. 
 

Table 4: Position of nutrient foramina observed in 
the Humerus  

Position Number of  
Foramina(%)

Anteromedial surface 109 (90.8) 
Posterior surface (in the middle of surface) 2 (1.7) 
Posterior surface (close to the medial border) 1 (0.8) 
Posterior surface (close to the lateral border) 6 (5) 
Medial Border 1 (0.8) 

 
 

 
Fig 1: A photograph of the anterior surface of a left humerous 
showing a single nutrient foramen (NF) on the anteromedial 
surface of the shaft. The foramen is locate in the middle third 
of the (Type-2) and is directed downward. 
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Fig 2: A photograph of a shaft of a humerous showing double 
nutrient foramina (NF). Both foramina are directed 
downward. 

 
Fig 3: A photograph of the anterior surface of a right radius 
showing a single nutrient foramen (NF) on the anterior 
surface close close to the interosseous border of its shaft. The 
foramen is located is located in the middle third of the bone 
(typ-2) and is directed upward. 
 

Table 5: Position of nutrient foramina observed in 
the Radius 

Position Number of 
foramina(%)

Anterior surface (Midway between interosseous 
and anterior border) 

16 (45.7) 

Anterior surface (close to interosseous border) 5 (14.3) 
Anterior surface (close to the anterior border) 11 (31.4) 
Posterior surface (close to the interosseous 
border) 

3 (8.6) 

Table 6: Position of nutrient foramina observed in 
the Ulna 

Position Number of 
 foramina (%)

Anterior surface (in the middle of surface) 5 (13.5) 
Anterior surface (close to interosseous border) 7 (18.9) 
Anterior surface (close to the anterior border) 24 (64.9) 
 
 

 
Fig 4: A photograph of the anterior surface of a right ulna 
showing a single nutrient foramen (NF) on the middle of the 
anterior surface of the shaft. The foramen is located in the 
middle third (type-2) and is directed upward. 

 

DISCUSSION 

Number of Nutrient Foramina: In the present study, 
a single nutrient foramen had a higher percentage (66%) 
in the humeral bones, compared to that of double (8%). 
Many studies reported a percentage approximately 
similar to that of the present result 4, 18. The range of 
occurrence of double foramina varied from 13% 6 to 
26% 7 and 42% 18. Also, some reported the absence of 
nutrient foramina in some humeri 1, 2; they stated that in 
such cases, the periosteal vessels were entirely 
responsible for the blood supply of the bone. This is in 
accordance to the report of this present study as 26% of 
humeri observed were without nutrient foramen (Table 
1). 

Total 68% of the radii examined in the present study 
had a single nutrient foramen (Table 1). In other 
studies, the majority of radii (more than 90%) were 
found to possess a single nutrient foramen 2, 19.  

Other authors reported a single nutrient foramen in 
more than 88% of ulnae 2, 7. This corresponds with the 
observations in the ulnae in the present study (Table 1). 

Position of Nutrient Foramina: In this study, 100% 
of the nutrient foramina were located along the middle 
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third of the humerus (Table 3). In accordance with the 
present results, other studies reported the position of 
the nutrient foramina within the middle third of the 
bone 2, 20. Also, 90.8% of all humeral nutrient foramina 
were observed on the anteromedial surface of the bone 
(Table 4). Similar findings had been reported by 
Kizilkanat et al. 2 and Kumar et al 7. 

In the present study, 42.9% of the total nutrient 
foramina were distributed most often in the middle 
third of the radius and 57.1% were in the proximal third 
(Table 3). The ratios of the present study were close to 
those reported by Kizilkanat et al. 2 and Kumar et al. 7. 
Also, 45.7% of all radial foramina were on the anterior 
surface of the bone (Table 5). Such results were in 
accordance with the previous studies 7, 19 who stated 
that the majority of nutrient foramina were located on 
the anterior surface of the bone. 

Regarding the ulna, the majority of nutrient foramina 
(73%) were in the middle third while 27% were in the 
proximal third of the bone (Table 3). No nutrient 
foramina were detected in the distal third of the ulnae. 
Some authors reported that the majority of nutrient 
foramina were located in the middle third 18 while 
others stated that most of foramina were in the 
proximal third 6, 7. However, all agreed that there were 
no nutrient foramina in the distal third of the ulna. Also, 
64.9% of the nutrient foramina were located on the 
anterior surface of the ulnae (Table 6). In all previous 
studies, the nutrient foramina were mostly observed on 
the anterior surface of the ulna 2, 19. 

Direction of Nutrient Foramina: In this study, all the 
nutrient foramina in humerus were directed distally 
(away from the growing ends). In the radii examined, 
the direction of the nutrient foramina was proximal 
(except for one) (Table 3). The nutrient foramina of all 
ulnae examined had a proximal direction. This is similar 
to the study by Kumar et al 7, only that the variation was 
seen in the humerus. 

Clinical Relevance: An understanding of the position 
and number of the nutrient foramina in long bones is 
important in orthopaedic surgical procedures such as 
joint replacement therapy, fracture repair, bone grafts 
and vascularized bone microsurgery 2. The foramen may 
be a potential area of weakness in some patients and, 
when under stress because of increased physical activity 
or decreased quality of the bone, the foramen may allow 
development of a fracture. Position of the fracture 
relative to the nutrient foramen of the long bone and 
the patterns of edema are the secondary signs in the key 
of the diagnosis of this type of fracture 21.  

The healing of fractures, as of all wounds, is dependent 
upon blood supply, Injury to the nutrient artery at the 
time of fracture, or at subsequent manipulation, may be 
a significant factor predisposing to faulty union. If 
surgeons could avoid a limited area of the cortex of the 
long bone containing the nutrient foramen, particularly 
during an open reduction, an improvement in the 
management of this problem might be attained 22. 

Recent results confirmed the hypothesis that 
vascularized bone and joint allograft survival depends 
strongly on the blood supply and control of rejection 23. 
Anatomical factors were suspected to be responsible for 
this phenomenon.  These anatomical facts are necessary 
for the success of free vascularized elbow allografts. In 
order to really undertake vascularized elbow joint 
allograft, the exact topography of nutrient foramina of 
the humerus, radius, and ulna must be specified to 
preserve diaphyseal vascularization of the recipient. The 
levels of osseous section are selected according to the 
localization of the diaphyseal nutrient foramina of the 
three bones in order to preserve diaphyseal 
vascularization of the recipient to support the 
consolidation with the osseous graft 23. 

 

CONCLUSION 

The study confirmed previous reports regarding the 
number and position of the nutrient foramina in the 
long bones of the limbs. It also provided important 
information to the clinical significance of the nutrient 
foramina. 

Accordingly, a well understanding of the characteristic 
morphological features of the nutrient foramina by 
orthopaedic surgeons is recommended. Exact position 
and distribution of the nutrient foramina in bone 
diaphysis is important to avoid damage to the nutrient 
vessels during surgical procedures. 

 

REFERENCES 
1. Malukar O, Joshi H. Diaphysial Nutrient Foramina In Long 

Bones And Miniature Long Bones, NJIRM; 2011, 2 (2): 23-26. 

2. Kizilkanat, E.; Boyan, N.; Ozsahin, E. T.; Soames, R. & Oguz, 
O. Location, number and clinical significance of nutrient 
foramina in human long bones. Ann. Anat., 2007, 189: 87-95. 

3. Gotzen, N., Cross, A., Ifju, P., Rapoff, A. Understanding stress 
concentration about a nutrient foramen. J. Biomech. 2003, 36: 
1511 – 1521. 

4. 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 – 255. 

5. Patake SM, Mysorekar VR. Diaphysial nutrient foramina in 
human metacarpals and metatarsals, J Anat, 1977, 124 (2): 299–
304. 

6. Longia, G.S., Ajmani, M.L., Saxena, S.K., Thomas, R.J. Study of 
diaphyseal nutrient foramina in human long bones. Acta Anat. 
(Basel) 1980, 107: 399 – 406. 

7. Kumar, S; Kathiresan, K; Gowda, M.S.T; Nagalaxmi. Study of 
Diaphysial Nutrient Foramina In Human Long Bones. 
Anatomica Karnataka, 2012, 6 (2): 66-70. 

8. Skawina, A., Wyczolkowski, M. Nutrient foramina of humerus, 
radius and ulna in Human Fetuses. Folia Morphol. 1987, 46: 17 
– 24. 

9. Kirschner, M. H.; Menck, J.; Hennerbichler, A.; Gaber, O. & 
Hofmann, G. O. Importance of arterial blood supply to the 
femur and tibia transplantation of vascularized femoral 
diaphiseal and knee joints. World J. Surg., 1998, 22: 845-52. 



 
 
NATIONAL JOURNAL OF MEDICAL RESEARCH   print ISSN: 2249 4995│eISSN: 2277 8810 

Volume 3│Issue 4│Oct – Dec 2013 Page 308 
 
 

10. Chen, B.; Pei, G.X.; Jin, D.; Wei, K.H.; Qin, Y. & Liu, Q.S. 
Distribution and property of nerve fibers in human long bones 
tissue. Chin. J. Traumatol., 2007, 10: 3-9. 

11. Kocabiyik, N.; Yalçin, B. & Ozan, H. Variations of the nutrient 
artery of the fibula. Clin. Anat., 2007, 20: 440-3. 

12. Thammaroj, T.; Jianmongkol, S. & Kamanarong, K. Vascular 
anatomy of the proximal fibula from embalmed cadaveric 
dissection. J. Med. Assoc. Thai., 2007, 90: 942-6. 

13. Dyankova, S. Vascular anatomy of the radius and ulna diaphyses 
in their reconstructive surgery. Acta Chir. Plast., 2004, 46: 105-9. 

14. Schiessel, A. & Zweymüller, K. The nutrient artery canal of the 
femur: a radiological study in patients with primary total hip 
replacement. Skeletal Radiol., 2004, 33: 142- 9. 

15. Guo, F. Observations of the blood supply to the fibula. Arch. 
Orthop. Traumat. Surg., 1981, 98: 147-51. 

16. Bonnel, F.; Desire, M.; Gomis, R.; Allieu, Y. & Rabischong, P. 
Arterial vascularization of the fibula microsurgical transplant 
techniques. Anat. Clin., 1981, 3: 13-22. 

17. Shulman, S. S. Observations of the nutrient foramina of the 
human radius and ulna. Anat. Rec. 1959, 134: 685-97. 

18. Mysorekar, V.R. Diaphysial nutrient foramina in human long 
bones. J Anat. 1967, 101: 813 – 822. 

19. Murlimanju B.V, Prashanth K.U, Latha V.P, Vasudha V.S, 
Mangala M.P, Rajalakshmi R. Morphological and topographical 
anatomy of nutrient foramina in human upper limb long bones 
and their surgical importance. Rom J Morphol Embryol 2011, 
52 (3): 859–862. 

20. Nagel, A. The clinical significance of the nutrient artery. Orthop. 
Rev, 1993. 22: 557 – 561. 

21. Craig, J.G., Widman, D., van Holsbeeck, M. Longitudinal stress 
fracture: patterns of edema and the importance of the nutrient 
foramen. Skeletal Radiol. 2003, 32: 22 – 27. 

22. Carroll, S.E. A study of the nutrient foramina of the humeral 
diaphysis. J. Bone Jt. Surg. 1963, 45: 176 – 181. 

23. Wavreille, G., Remedios, Dos, C., Chantelot, C. Anatomic bases 
of vascularized elbow joint harvesting to achieve vascularized 
allograft. Surg. Radiol. Anat. 2006, 28: 498 – 510. 

  


