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Abstract
Introduction: Avascular necrosis (AVN) is a frequent 
complication of scaphoid fractures especially those 
involving the proximal segment of the bone. This has 
been attributed to its precarious blood supply which 
is further compromised by the fracture and surgery. 
Knowledge of the distribution of scaphoid nutrient 
foramina, which show variation across populations, 
is thus important in estimating the risk of vascular 
damage during surgical approaches and hence the 
likelihood of AVN. It may also be useful in determining 
techniques to mitigate this risk. The purpose of this 
study was to describe the distribution of scaphoid 
nutrient foramina in adult Kenyans. Methods: One 
hundred and four human scaphoids were studied. 
Each was divided into 3 segments: proximal, middle 
and distal, and the nutrient foramina in each segment 
counted and categorized into type I (no foramina), 

type II (1-2 foramina) and type III (>2 foramina). The 
number of nutrient foramina on the dorsal and volar 
aspects of the bone was also compared. Results: Type 
I nutrient foramina were most common (54%) in the 
proximal segment of the bone while the middle and 
distal segments had predominantly type III and type 
II foramina respectively. More foramina were present 
on the dorsal aspect with a dorsal-volar ratio of 4.23:1. 
Conclusion: The dorsal approach may result in more 
damage to nutrient foramina heightening the risk 
of avascular necrosis. Non-unions in the proximal 
segment may require vascularized bone grafts.
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Introduction
Scaphoid fractures are common injuries representing 
about 60-70% of all carpal fractures with 
approximately 20% of them occurring at the proximal 
pole (1-3). These injuries have an increased risk of 
delayed union and avascular necrosis (AVN) (4, 5). AVN 
has been reported to occur in 13 to 50% of scaphoid 
fractures, with an even higher incidence in those 
involving the proximal segment of the bone (4, 6). This 
has been attributed to the precarious blood supply of 
this region. The blood supply to the scaphoid comes 
mainly from the radial artery and the proximal pole 
has been shown to have limited interosseous supply 
(7, 8). Alternative blood supply comes from the dorsal, 
laterovolar and distal groups of extraossoeus blood 
vessels that enter the bone via foramina on the surface 
of the bone (7). Studying these foraminal pattern can 
inform on the vascularization of the bone (9). The 
types of foramina have been previously classified by 
Dubey et al (9). Knowing the distribution of vascular 
foramina may aid in evaluating the vascularity of the 

different segments of the bone. This may be useful in 
explaining the risk of AVN and in determining the role 
of vascularised grafts in the management of delayed 
and non union (9-11). Although the surgical approach 
to this bone depends on many factors, knowledge of 
the pattern of blood supply to the volar and dorsal 
surfaces of the bone may indicate the degree of 
vascular damage likely to be caused by the chosen 
surgical approach(12). While some studies have been 
conducted on vascular foramina, few describe the 
vascularity per segment and none have been conducted 
in the African region. This descriptive cross-sectional 
study therefore sought to describe the distribution of 
nutrient foramina in the bone in a Kenyan population.

Methods
One hundred and four dry adult human scaphoids were 
obtained from the Department of Osteology, National 
Museums of Kenya, Nairobi. Broken scaphoids and 
those that showed obvious gross malformations 
were excluded from the study. The scaphoid was 
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divided and demarcated into 3 equal portions: the 
proximal, middle and distal segments. The number 
of foramina per segment was then counted on both 
volar and dorsal surfaces of the bone with the aid of a 
magnifying lens. The average of two counts was taken 
to minimize errors. We modified the classification 
initially proposed by Dubey et al (9). The specimen 
were categorized into type I (no foramina), type II (1-2 
foramina) and type III (>2 foramina).

Results
There were fifty two pairs of bones; 21 being male, 
16 female and 15 of unknown sex. In the proximal 
segment, type I nutrient foramina were the most 
common (54%) with type III nutrient foramina being 
prevalent in the middle segment (51%). The distal 
segment showed a dominance of type II nutrient 
foramina (52%) (Table 1). No type I nutrient foramina 
was observed at the middle and distal segments. The 
average number of nutrient foramina in the proximal 
segment was 1 while that in the middle and distal 
segments was 4 and 3 respectively. There were more 
nutrient foramina in the dorsal aspect with a dorsal-
volar ratio of 4.23:1.

Table 1: Frequency of the Various Types of Nutrient 
Foramina 

Segment Type I (0 
Foramina)

Type II (1-2 
Foramina)

Type III 
(>2Foramina)

Proximal 
(Volar and dorsal) 112 (54%) 88 (42%) 8(4%)

Middle
(Volar and dorsal) 0(0%) 101(49%) 107 (51%)

Distal
(Volar and dorsal) 0(0%) 108(52%) 100 (48%)

*Each bone is counted twice, once for the dorsal 
side and once for the volar side

Discussion
The proximal segment had a more precarious blood 
supply evidenced by the high frequency of type I 
nutrient foramina and the lower number of nutrient 
foramina in the proximal segment. This may explain 
the increased occurrence of AVN and non union in this 
segment (4). This is somewhat consistent with the 
findings by Purushothama et al. that showed 15% of 
scaphoids had no nutrient foramina in the proximal 
segment and also by Ceri et al. that showed that 18% 
of scaphoids had no nutrient foramina in the proximal 
segment (13, 14). There is however conflicting data 
on the vascularity of the bone from other authors who 
contend that the proximal segment of the scaphoid 
is well supplied (15). A recent study that used MRI 
however showed that the proximal segment shows 
reduced blood supply. This study however failed to 

demonstrate a relationship between vascularity and 
fracture healing (16). This probably illustrates that the 
occurrence of non union and AVN is a complex process 
and vascularity is just one of the factors influencing 
it. The varying results could also be as a result of 
different techniques by various authors. While 
counting has consistently shown that the proximal 
segment has fewer vascular foramina than the distal 
segment, injecting particulates into vessels to the 
scaphoid has yielded different results (15). It is likely 
that some of the vessels that enter the proximal pole 
are microscopic and do not leave any visible foramina 
on the dried bone. This may also explain why the 
blood flow in this region is shown to be limited on MRI 
despite the finding of blood vessels when injecting 
techniques are used. Non union and AVN are common 
after fractures of the proximal segment (4). When non 
union of proximal segment fractures occurs, good 
results have been achieved with vascularized bone 
grafts (17). This gives credence to our contention that 
vascularity is at the core of the factors that lead to 
these complications.
There were more nutrient foramina on the 
dorsal surface with a dorsal-volar ratio of 4.23:1 
consistent with the findings of Dubey et al. (18). This 
demonstrates that the scaphoid receives more blood 
supply from its dorsal aspect. It also agrees with the 
study by Botte et al. which indicates that the dorsal 
aspect has the more important blood supply compared 
to the volar aspect (19). In contrast, however, some 
authors seem to suggest that the two surfaces have 
similar blood supply with at least three consistent 
vessels entering the bone through the volar surface 
(15). We contend that the presence of vessels may not 
necessarily mean adequate vascularity and perfusion 
studies may help elucidate this area. Studies have 
demonstrated that percutaneous placement of screws 
from either the dorsal or volar aspect may affect 
various neurovascular and tendinous structures and 
recommend the use of mini open incisions (20, 21). 
This would be accompanied by more soft tissue injury 
including injury to the vasculature to the bone and it 
may be prudent to use the approach that reduces this 
risk. Though there are several factors that influence 
the choice of surgical approach, the results of this 
study suggest that a volar approach to the scaphoid 
limits the extent of injury of the blood supply to the 
bone. 

Conclusion
The paucity of nutrient foramina in the proximal 
scaphoid segment provides an anatomical basis for the 
increased incidence of AVN and gives credence to the 
need for vascularized bone grafts in the management 
of delayed and non-unions in this segment. Although 
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the scaphoid can be approached from either the dorsal 
or volar aspect, this study suggests that the vascularity 
of the bone would be least traumatized following a 
volar approach.

Limitations
The material used for the study was drawn from 
a select population of Kenyans and therefore may 
not have been a true representation of the Kenyan 
population.
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