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The Clavicle is a modified long bone placed horizontally and 
subcutaneously at the root of neck. It also transmits the weight 
from upper limb to the axial skeleton. The inferior surface of shaft 
of clavicle  presents a subclavian groove.A Nutrient foramen lies at 
the lateral end of the groove running in a  lateral direction. [1] 
These nutrient foramina allow blood vessels and the peripheral 
nerves to pass through the cortex into the medullary cavity of a 
bone. From fetal age, the bones adapt to the presence of naturally 
occurring holes which are known as nutrient foramen

The location and number of nutrient foramina remains a non-
constant feature in long bones [2] .A nutrient foramen of clavicle is 
found in the lateral end of the subclavian groove running in lateral 
direction. This foramen transmits the nutrient artery and at times, 
the supraclavicular nerve[3]. In contrast, in one study it was 
reported that clavicle is supplied only by periosteal arteries and 
the nutrient artery is not found. [4] However, the nutrient 
foramina of the clavicle are clinically important as these are 
involved in the repair of clavicular fracture, which produces 
obvious neurovascular complication like supraclavicular nerve 
entrapment syndrome and brachial plexus injury. The traditional 
view that the vast majority of clavicular fractures heal with good 
functional outcomes following nonoperative treatment is no 
longer valid. Recent studies have identified a higher rate of 
nonunion and specific deficits of shoulder function in subgroups of 
patients with these injuries [5]. Thus, orthopedic procedures like 
nail plating, K wire fixation and more recently microsurgical 
vascularized bone transplantation are becoming popular.

The knowledge of nutrient foramen is important in surgical 
procedures like bone grafting and more recently in microsurgical 
vascularized bone transplantation. As these techniques are 
becoming popular, information relating to the anatomical 
description of these foramina is of vital importance to preserve the 
circulation of affected bony structure. It is also of relevance to the 
orthopedician involved in surgical procedure where patency of 
arterial supply is crucial and it should be preserved to promote 
fracture repair [6-7]. In free vascular bone grafting, the nutrient 
blood supply is extremely important and must be preserved to 
promote fracture repair, a good blood supply being necessary for 
osteoblast and osteocyte cell survival, as well as facilitating graft 
healing in the recipient [8-9].  Information relating to the 
anatomical description of nutrient foramen of clavicle is of vital 
importance to preserve the circulation of affected bony structure 
therefore this study was conducted to study the morphometry and 
topography of nutrient foramen in clavicle.

MATERIALS AND METHODS

This study was conducted on 100 (50 right & 50 left) adult 
human cleaned and dried Clavicle in Department of Anatomy, 
G.S.V.M. Medical College, Kanpur. Following Observation were 
recorded with the help of a).Magnifying lens b).Bone Osteometer 
c). sliding vernier caliper d).Guide wires and e).24 hypodermic 
needle ( 0.56 mm in diameter) -

1. Number of Nutrient Foramina- 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 bone 
were ignored. 

2. Position of Nutrient Foramina: Of all the Foramen present 
their distribution over different surface was observed by direct 
inspection.
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Background- The nutrient artery, which enters the bone shaft through the nutrient foramen, is 
the principal source of the blood to a long bone, particularly during its growth period in the 
embryo and fetus, as well as during early phases of ossification during childhood. From recent 
hypothesis it has been confirmed that vascularized bone and joint allograft survival depends 
strongly on the blood supply of bone. Objective- the present study was conducted to analyze 
nutrient foramen in 100 adult human Clavicle of North Indian Origin. The number and position 
of nutrient foramen were observed and their distribution over bone length was determined by 
Foramina Index. Direction of nutrient canal was also observed. Result & Conclusion- The study 
showed 70% clavicles with single nutrient foramen 20% of clavicles with double foramen and 
10% of clavicles with more than two foramen.  69.8% of clavicles had foramen over inferior 
surface while 30% of clavicles had foramen on posterior surface. The range of foramina index 
for dominant foramen was between 30% to 76.4% with 61.1% of dominant foramen located in 
middle one third of bone length. The nutrient canal was directed towards acromial end.
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3.Location of Nutrient Foramina:The location of only 
Dominant Foramina (admitting 0.24 size hypodermic needle) 
was considered and their distribution in bone length was 
determined by calculating a Foramen index (FI) using the 
Hughes'formula : 

DNF - The Distance from the proximal end of the bone to the 
NutrientForamen.

TL –Total length of the bone.

The location of the foramina was divided into three types 
according to Foramina Index ( FI ) as follow- [10-11]

Type 1: FI up to 33.33, the Foramen was in the proximal 3rdof 
the bone.

Type 2: FI from 33.33-66.66, the Foramen was in the middle 
3rdof the bone.

Type 3: FI above 66.66, the Foramen was in the distal 3rdof 
the bone.

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

All measurements were taken to the nearest 0.1 mm using a 
Sliding vernier Caliper [12] and the results were analyzed and 
tabulated using the Statistical Package of Social Sciences (SPSS) 
8.0 windows. The Range, Mean and Standard Deviation of 
Foramina Indices (FI) were determined.  

Number of Nutrient Foramen- On the right side one foramen 
in 70 % of clavicle , double in 20% and more than two foramina in 
10% of clavicle was seen.. On the left side 74 % of clavicles had 
one foramen while it was double in 20% and more than two 
foramina in 6% of clavicles. There was no significant difference 
between right & left sides. (Figure 1-2)

Position of Nutrient Foramen- On the right side 50 (71.4%) 
nutrient foramen were on inferior side while 20 (28.5%) 
nutrient foramen were on posterior side. Similarly  On the left 
side 48(65.18%) nutrient foramen were on inferior side while 
21 (31.8%) nutrient foramen were on posterior side . There was 
no significant difference between right & left sides.'P' value was > 
0.05,

Location of Nutrient Foramen-On right side the range of 
foramina index was 30.4 – 76.4 with the mean value  61.03 + 
9.55. On left side the range of foramina index was  30.0 – 75.7 and 
the mean value was 59.41 + 10.92.On comparing two sides 't' test 
value was 0.78 'p' value was > 0.05, thus the result was 
insignificant. 

The direction and obliquity of all the nutrient foramen 
observed on both sides was towards the acromial end.  ( Table- 1)

TABLE – 1 showing morphometric & topographic 
observations of nutrient foramen in clavicle.

TABLE – 2- showing comparison of present study with 
past studies

RESULTS
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DISCUSSION

The nutrient foramen is defined as the largest foramen 
present on the shaft of long bone allowing nutrient artery to 
enter the bone, the role of which is important in providing 
nutrition and growth of long bones. Healing of fractures, as of all 
wounds, is dependent upon blood supply [13-14]. Injury to the 
nutrient artery at the time of fracture, or at subsequent 
surgeries, may be a significant factor predisposing to faulty 
union [15-18]. 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.

Recent results confirmed the hypothesis that vascularized 
bone and joint allograft survival depends strongly on the blood 
supply of bone. Anatomical factors were suspected to be 
responsible for this phenomenon. Thus the knowledge of 
anatomy of nutrient foramina is significantly important for 
orthopaedic surgeons doing open reduction of fracture, in order 
to avoid injuring nutrient artery and there by lessens the chances 
of delayed or non-union of fracture[19].

The major blood supply to long bones usually enters at 
particular points on shaft that determines the number of 
nutrient foramen. In the study the right and left sides exhibited 
no significant differences so the mean value for right and left 
sides (n= 100 clavicles) was compared with past studies. In the 
present study 72% of clavicle were observed to posses single 
nutrient foramen and 20%of bone shows double nutrient 
foramen which is in correlation with previous  findings[20] but 
in one of the studies only 42% of bone had single foramen and 
52.5% of bone were with double foramen.[21]  In our study 16 % 
of clavicle showed the presence of more than two foramina 

Figure 1- Clavicle with a single dominant Nutrient 
Foramen on posterior surface

Figure 2.Clavicle with Two Nutrient Foramens : one  on  
posterior surface another on inferior surface.

which is in agreement with previous literatures [20-21] None 
of clavicle in this study was noticed to show absence of nutrient 
foramina. [21]. Thus the findings imply that usually shaft of 
clavicle contain only one significant canal which transmits the 
main nutrient artery of the bone. [ Table 2]

The well-known factors, which may affect position of nutrient 
foramen position, are the growth rates at the two ends of the 
shaft and bone remodelling. The topographical knowledge of 
these foramina is useful in certain operative procedures to 
preserve the circulation. Previous studies on clavicle suggest the 
posterior surface as the dominant position for nutrient foramen 
while in this study the inferior surface is predominant position 
for nutrient foramen with 69.8% of foramen on this surface 
which is different from literature reporting only 35.4% of 
foramen on the inferior surface.[21] but in consonance with 
Grays' anatomy.[1] In present study no foramen is found on the 
superior surface which is in correlation with findings [21] but 
differs with another study which reported 14% of foramen on 
this surface. [20][ Table 2]

An accurate knowledge of the location of the nutrient 
foramina in long bones would help in preventing intraoperative 
injuries in orthopaedic, as well as in plastic and reconstructive 
surgery. Preoperative planning of such procedures is vital for all 
such surgical interventions, together with an appropriate 
understanding of the extraosseous vascular supply for a 
successful outcome. With the knowledge of variations in the 
nutrient foramen, placement of internal fixation devices can be 
appropriately done. In present study 10.3% of foramen were 
present in medial one third of bone, 61% of foramen were 
present on middle one third, and 28.6% of foramen in lateral one 
third with foramina index ranging between 30 to 76.4% which 
correlates well with previous studies [20-21].Nutrient canal 
(through which nutrient artery enters the shaft) typically 
become slanted during growth, the direction of slant from 
surface to marrow cavity points towards the end that has grown 
least rapidly. This is due to greater longitudinal growth at the 
faster growing end. All long bones including clavicle have two 
epiphysial ends while miniature long bones have only one 
growing end. The direction of nutrient foramen of all bones was 
away from growing end in their sudy of 100 clavicles [20]. Berard 
was the first to correlate the direction of the canal with the 
ossification and growth of the bone [22]. Humphrey who worked 
on the direction and obliquity of nutrient canals postulated 
periosteal slipping theory, the canal finally directed away from 
the growing end [23]. Similarly Murlimaju BV etal reported that 
nutrient foramen in clavicle was directed towards the acromial 
end [21,23]. 

Conclusion

From the present study based on observation of Morphology 
and topography of diaphysial nutrient foramen in human 
clavicle, it was concluded that usually clavicle exhibited single 
nutrient foramen which was predominantly positioned on the 
inferior surface. The location of nutrient foramen relative to 
bone length were concentrated in middle one third of bone 
length followed by proximal one third and least likely in distal  
one third of bone length. The mean of foramina index of clavicle 
on right side was 61.03 + 9.55 and on left side was 59.41 + 10.92. 
The direction of nutrient foramen was towards the acromial end 
thus the sternoclavicular end being the growing end. The 
morphology and topography of nutrient foramen was similar on 
right & left sides. The present study will be helpful for preserving 
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the circulation of clavicle while performing surgical 
procedures like microvascular bone grafting, internal fixation 
and coracoclavicular ligament repair.
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