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 Predominantly, the nutrient artery gives the blood supply to the long 

bones through the nutrient foramen. The present study analyzed the 

morphometric and morphological variations of Sri Lankan diaphyseal 

nutrient foramen of the humerus concerning the number, size, location, 

and direction along the shaft. A sample of 50 dry adult humeri was 

analyzed. The mean length of the bones was 29.53cm. The mean 

foramen index was 55.59. The current study encountered single, double, 

and triple nutrient foramina as well as the absence of such foramina. 

Five main locations of nutrient foramina were observed along the shaft 

of the humerus: anteromedial surface, medial border, lateral border, 

anterior border, and posterior surface. The nutrient foramen directions 

were towards the distal end or proximal end of the humerus. Most Sri 

Lankan humeri had single nutrient foramen. Most humeri had nutrient 

foramina on the anteromedial surface on the middle third of the shaft 

which is directed distally. The information regarding the nutrient 

foramina is important for the procedures such as bone graft, bone repair, 

and microsurgical bone transplantation. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Bones are highly vascular and mineralized connective tissue that is involved in several vital functions of the 

human body [1]. All the bones possess either small or large entrances known as foramina for the blood 

vessels to enter and thereby providing nourishment. The humerus is the longest and largest bone of the 

upper limbs [2], which is supplied by a group of four arterial systems, namely epiphyseal, diaphyseal, 

periosteal, and nutrient artery [3]. The nutrient artery, which is a branch of the brachial artery, enters the 

humerus through a foramen called the nutrient foramen. It is located on the anteromedial surface, which is 

slightly below the midpoint, directed downwards, and opens close to the medial border [4]. 

 

The nutrient artery plays an important role during the active growth period and also helps in uniting callus 

formation in bones that are fractured. After entering through the nutrient foramina into the shaft, the 
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nutrient artery divides into two branches, ascending and descending, in the cavity of the medulla. Each of 

those branches divides again into a small number of parallel channels that terminate at adult metaphysis by 

anastomosing with metaphyseal, epiphyseal, and periosteal arteries [5]. 

 

The direction of nutrient foramina has been suggested to be determined by the growing end of the bone, 

which grows supposedly at least twice the speed of the non-growing end. Therefore, the nutrient artery 

moves further away from the growing end [6]. As popularly stated, the nutrient foramen ‘seeks the elbow 

and flees from the knee [7], showing varying direction in both limbs [8]. 

 

Studying the nutrient foramina is important for both clinical and morphological aspects. Pathological 

conditions of the bone such as acute hematogenic osteomyelitis or fracture healing are quite closely related 

to the bone vascular system [9]. Studies on vascularization of the long bones of different populations have 

been conducted for analyzing the nutrient blood supply [10- 11], nutrient foramina morphometry [12], [13], 

vascular anatomy of reconstructive surgeries [14], and also microsurgery on vascularized bone transplant 

[15-16]. 

 

However, the number, direction, and position of the nutrient foramen may vary from one population to 

another. 

 

2. Objective 

The aim of this study is to precisely observe and record the variations in number, direction, and position of 

the nutrient foramen in adult Sri Lankan cadavers. These findings are of tremendous value to orthopedic 

surgeons who perform procedures that involve fracture repair, bone grafts, joint replacement, and 

microsurgery on vascularized bone. 

 

3. Methodology 

Fifty dry adult humerus of unknown gender was used in this study, which are preserved in the Osteology 

Lab of the Department of Anatomy, Faculty of Medicine, University of Kelaniya, Sri Lanka. All the bones 

were adult humeri of Sri Lankan origin. By observing the epiphyseal lines, the bones were confirmed as 

adults. The bones that are in good condition, with no fractures or pathological abnormalities, were used in 

the study. The bones that have been damaged or have gross pathological deformities were excluded. 

 

Each of the bones was allocated a unique number for identification purposes and the same number was 

assigned for data entry purposes. The length of the humerus was measured using an osteometric board. A 

hand lens was used to observe the number, location, and direction of the nutrient foramen with respect to 

the borders and surfaces. The well-defined, elevated margin and distinct groove running towards the 

foramen were used to identify the nutrient foramina. The location and direction of the foramina were noted. 

Foramen which is within 1mm from the border was considered to be located on the border. If the humerus 

had more than one nutrient foramen, the one with the largest diameter was taken as the major nutrient 

foramen.  

 

The patency of all nutrient foramen was confirmed by inserting a 24 guage steel hypodermic needle (Fig. 

1). The diameter of the major nutrient foramen was estimated using steel hypodermic needles of known 

guage. Steel hypodermic needles were inserted into the major nutrient foramen starting from the needle 

with the least cross-sectional area (27 guage) and found out which needle with the maximum cross-sectional 

diameter could accommodate within the foramen. The diameter of the major nutrient foramen was 

estimated by the outer diameter of the largest bore of the hypodermic needle that it could accommodate 
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[17]. Needle guage 21(0.82mm), 22(0.72mm), 24(0.57mm), 27(0.41mm) were used. 

 

 
Figure (1) A humerus ready to be analyzed with the nutrient foramen marked using guage 24 steel 

hypodermic needle. 

 

The Hughes formula was applied to calculate the Foramen Index (FI), by dividing the distance of the 

proximal end of the bone to the nutrient the foramen by the total length of bone which is then multiplied by 

100 [16]. 

FI= (DNF\TL) x 100 

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

TL - Total length of the bone. 

The position of the foramina was divided into three zones as follows: 

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

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

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

 

All numerical data were subjected to statistical analysis, calculating the mean, percentage, range, and 

standard deviation, using SPSS 25.0. The measurements and observations were presented as descriptive 

statistics. The level of significance was set to p<0.05. All the bones were photographed against a uniform 

background, with the nutrient foramen marked by a steel hypodermic needle. 

 

The Department of Anatomy receives dead bodies from the community via a body donation programme 

from the Faculty of Medicine, University of Kelaniya. Before donating the body, the guardian will give 

consent to the department to use the body for academic teaching and research purposes. Thereafter, all 

bodies are anonymized and reduce the risk of unintended disclosure when sharing data in teaching or 

research activities which leads to exempting a protocol from ERC review. 

 

4. Results 

The sample of 50 humeri was analyzed for the number of nutrient foramina, location of the major nutrient 

foramen, and diameter of the major nutrient foramen. Out of them, 24 bones belonged to the right side 

whereas 26 belonged to the left side. In the analysis, we found that the maximum length of humeri was 

34.5cm and the minimum length was 24.7cm. The mean length of humeri was 29.53cm. 

 

4.1 Number of nutrient foramina 

In the analysis, we found that 37(74%) humeri have single nutrient foramen, whereas one (2%) had absent 

nutrient foramina. Out of the 50 humeri, 11(22%) had two nutrient foramina and one (2%) humerus had 3 

nutrient foramina. The results are illustrated in Figure 2. 
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Figure (2) Percentage of humeri with single, double, or triple nutrient foramina. 

 

4.2 Location of the major nutrient foramen 

In the analysis, 5 main locations were observed along the shaft of the humeri which are as follows; 

anteromedial surface, medial border, lateral border, anterior border, and posterior surface. Interestingly, 

36(72%) on the anteromedial surface, 7(14%) on the medial border, 1(2%) on the anterior border, 5(10%) 

on the posterior surface, and 0% on the lateral border were observed. The results are illustrated in Figure 3. 

 

 
Figure (3) Location of major nutrient foramen on the shaft of humerus. 

 

4.3 Foramen Index 

The mean foramen index is 55.59. The foramen index varied between 39.38 and 69.26. According to the 

analysis, foramen index types varied as follows.  

Type 1-None of the humeri had nutrient foramina in the proximal third of the shaft 

Type 2-45(90%) had the nutrient foramen in the middle third of the shaft 

Type 3- 4(8%) had the nutrient foramen in the distal third of the shaft 

The commonest location of nutrient foramen was found to be on the anterolateral surface in the middle one-

third of the shaft. 32 bones out of 49 had that location for major nutrient foramen. The location and the type 

of nutrient foramen are depicted in Figure 4. 
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Figure (4) Location and type of nutrient foramen distribution among humeri. 

 

4.4 Diameter of major nutrient foramina 

The diameter of major nutrient foramina was estimated using steel hypodermic needles with known bore 

sizes(gauge). The results obtained are shown in Table 1 and Figure 5. 

 

Table I. The diameter of the nutrient foramina estimated by the guage of the largest steel hypodermic 

needle accommodated into the foramen. 

Needle gauge External diameter of the 

needle 

Estimated diameter of the 

nutrient foramen 

Results (%) 

21 0.82 mm >= 0.82mm 9(18%) 

22 0.72 mm 0.72mm to 0.82mm 12(24%) 

24 0.57mm 0.57mm to 0.72mm 15(30%) 

27 0.41mm 0.41mm to 0.57 mm 13(26%) 

 

 
Figure (5) Diameter of the major nutrient foramen of humeri estimated by the largest hypodermic needle 

accommodated into the foramen. 

 

4.5 Direction of nutrient foramina 

Out of the 50 humeri, only 1(2%) had the nutrient foramen directed to the proximal end whereas the rest of 

the foramina had directed to the distal end of the bone. 

 

5. Discussion 
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Previous two studies reported that the mean length of the adult humerus as 30.54mm [18] and 30.5mm [19]. 

Thus, the results of the present study consisted of the previous results regarding the length of the humerus. 

 

In the present study, we found that most humeri had only one nutrient foramen which is similar to the 

findings of most previous studies. It was stated that 90.62% of humeri had single nutrient foramen [20], 

whereas another had found that 80.86% of humeri had single nutrient foramen [21]. Findings on the 

presence of 2 nutrient foramina and 3 nutrient foramina were well correlated with findings of some of the 

previous research [20- 22]. But there were no humeri with 3 nutrient foramina in some research [7], [20], 

[23] (Table 2). 

 

Table II- Number of nutrient foramina observed by different authors. 

Author/year Presence of 1 1 

foramen 

Presence of 2 

foramina 

Presence of 3 

foramina 

Absent foramina 

[7] 66% 18% ----- 26% 

[20] 90.62% 7.8% ----- 1.56% 

[23] 90% 10% ----- 0% 

[22] 79% 19% 2% ----- 

[21] 80.86% 13.42% 0.29% 5.43% 

Present study 74% 22% 2% 2% 

 

In the present study, the majority of the nutrient foramina were found to be located on the anteromedial 

surface (72%) of the shaft which is in accordance with the [20- 22], [24]. None of the studies have found 

that nutrient foramina were present on the lateral border. Another study found out that 21.87% of humeri 

had nutrient foramina on the medial border [20], which is in accordance with the current study (Table 3). 

 

Table III. Location of nutrient foramina on humerus by different authors 

Author Anteromedial 

surface 

Medial border Anterior 

border 

Anterolateral 

surface 

Posterior 

surface 

[21] 84.23% ---- 10.93% ----- 1.56% 

[23] 96% ---- ---- 1.33% 2.67% 

[22] 88.5% ---- ---- 3.5% 11% 

[24] 89.92% ---- ---- 1.55% 8.53% 

[20] 65.62% 21.87% 10.93% ---- 1.56% 

Present study 72% 14% 2% ---- 10% 

 

The nutrient foramen was found in the middle third in most of the cases [21- 24]. In a few cases, it was 

found in the distal third. These findings have also consistent with some of the previous studies [20], [25]. In 

the present study also, the commonest location with respect to the foramen index was the middle third of the 

shaft. Thus, in the current study, the commonest location of the major nutrient foramen was the 

anteromedial surface in the middle third of the humerus. 

 

In the study conducted by Xue and colleagues, it was found that the mean diameter of the nutrient foramen 

is 1.11 mm [25]. Another study found the mean diameter as 0.82mm [26]. In contrast to that in the present 

study, the majority (30%) of the bones had a nutrient foramen with a diameter of 0.57-0.72mm. The 

direction of nutrient foramina was determined by the growing end of a typical long bone. In the current 

study, 98% of foramina were directed distally which is in accordance with previous studies. 

 

6. Conclusion 
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The study conducted on Sri Lankan humeri revealed that the nutrient foramen of the humerus was most 

commonly located on the anteromedial surface in the middle third of the shaft. Most of the humeri had only 

one nutrient foramen. And it’s directed distally. Anatomical knowledge of nutrient foramina is important 

for orthopedic surgeons during procedures such as bone graft, bone repair, and microsurgical bone 

transplantation, and also precise location of nutrient artery before elective surgery allows arterial 

anastomosis for vascular grafts. 
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