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Objective: To report the femoral head and neck diameter in both coronal and sagittal planes, the femoral head-neck ratio, 
and the difference between sex in a normal Thai population.
Material and Method: One hundred two femoral bones without visible previous disease or deformity of the head, neck,  
and shaft that included 50 male donors and 52 female donors, with an average age of 58.8 years (range 25 to 85) were 
included in the present study. The measurement of the femoral head and neck diameters was performed by using Vernier 
calipers (scale 150 x 0.02 mm). 
Results: The mean head and neck diameters in coronal and sagittal planes in male and female are 45.25, 45.23, 40.28, 
40.13 mms (p = 0.000), and 30.80, 25.65, 27.79, 22.08 mms (p = 0.000), respectively. The head-neck ratio in each plane 
in both male and female are 1.47, 1.45 (p = 0.257), and 1.77, 1.83 (p = 0.016), respectively.
Conclusion: The very small average diameter of femoral head, especially in Thai females, should warn surgeons to carefully 
consider and then, perform hip resurfacing arthroplasty to avoid early complication from neck notching and mal-position. 
The head-neck ratio of the present study group is high enough to anticipate that postoperative anterior impingement of the 
neck and acetabulum or limiting hip fl exion is unlikely to occur.
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 The morphology of femoral head, neck, and 
the normal head-neck offset or ratio is considered 
important to the normal hip motion or function. An 
abnormal relationship between the head and neck         
had been a speculated cause of impingement and 
osteoarthritis of the hip(1-3). The defi cient concavity of 
the anterior head-neck junction or an insufficient 
anterior femoral head-neck offset may cause anterior 
femoroacetabular impingement (FAI) of the hip(4-6), 
and cam impingement could occur in case of abnormal 
extension of femoral epiphysis(7).
 The femoral head, neck diameter and ratio 
have been becoming an interesting issue in the recent 
years following the report of the outcomes of hip 
resurfacing arthroplasty in many studies. As the 
femoral head and neck are preserved, the head and 
neck diameters and the head-neck ratio are more  
crucial for hip resurfacing. A larger diameter femoral 
component relative to the native femoral neck diameter 

(higher head-neck ratio) resulted in a greater range of 
hip motion to impingement(8). Small femoral component 
sizes have been reported by Amstutz et al(9) to result  
in more radiographic evidence of loosening and a 
signifi cantly worse survival rate. The infl uence of head 
size on the outcome of hip resurfacing has been 
emphasized by McBryde et al(10) in their study including 
2,123 hips (1,324 males and 799 females) with the 
diagnosis of osteoarthritis. The smaller head size could 
affect the accurate femoral component placement,          
and the position of the femoral component had been 
associated with the likelihood of neck fracture(11,12). 
McBryde et al(10) also suggested that caution should  
be exercised when planning a resurfacing in patients 
for whom the anticipated femoral head size is ≤ 42 
millimeters.
 The number of hip resurfacing arthroplasty 
for hip arthritis in young and active patients is 
increasing in many countries in South-East Asia, 
including Thailand. Asian people are known to have 
smaller skeletons. If small femoral heads are to be a 
factor affecting the outcome of hip resurfacing, data 
on the normal femoral head, neck diameters and 
femoral head-neck ratio might be benefi cial to surgeons 
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in this region to use and properly select patients for  
hip resurfacing in order to avoid early complications 
and revision. The purpose of the present study is to 
report the femoral head and neck diameters in coronal 
and sagittal planes, the femoral head-neck ratio             
and the difference between sexes, in a normal Thai 
population.

Material and Method
 The present study was approved by the Khon 
Kaen University Ethics Committee for Human 
Research. One hundred and twenty dried cadaveric 
femoral bones of both sides and both sexes were 
obtained from the department of anatomy. One hundred 
and two bones without visible previous disease or 
deformity of the head, neck and shaft were included, 
fi fty of which were from male donors and fi fty-two 
from female donors. The average age of these donors 
was 58.8 years (range 25-85). The measurement of the 
femoral head and neck diameters was performed by 
using Vernier calipers (scale 150 x 0.02 mm.). The 
calipers were carefully placed at the middle of the head 
or neck, perpendicular to the neck axis in both coronal 
and sagittal planes, as shown in Fig. 1 and 2.

Statistical analysis
 Mean, standard deviation, and 95% confi dence 
interval of the femoral head and neck diameters in both 
coronal and sagittal planes were calculated by using 

SPSS program (version 16). The femoral head-neck 
ratio in both planes was also calculated. Difference 
between male and female was analyzed using 
independent student t-test. 

Results
 Of all 102 femoral cadaveric bones, the mean 
femoral head and neck diameters, in coronal plane are 
42.72 and 29.27 millimeters, and in sagittal plane are 
42.63 and 23.84 millimeters, respectively. The femoral 
head-neck ratio in coronal and sagittal planes are 1.46 
and 1.80 (Table 1).
 The mean femoral head diameter in coronal 
and sagittal planes in male are 45.25 and 45.23 
millimeters, which are signifi cantly larger than 40.28 
and 40.13 millimeters in female (p = 0.000). The mean 
femoral neck diameter in coronal and sagittal planes 
in male are 30.80 and 25.66 millimeters, which are also 
signifi cantly larger than 27.79 and 22.09 millimeters 
in females (p = 0.000).
 In coronal plane, the femoral head-neck ratio 
in males is 1.47 which is not signifi cantly different 
from 1.46 in females (p = 0.257). This ratio in sagittal 
plane in males is 1.77 which is signifi cantly different 
from 1.86 in females (p = 0.016).

Discussion
 With the increasing popularity of hip 
resurfacing arthroplasty and good short to mid-term 

Fig. 1A Measurement of femoral head diameter in coronal 
plane

Fig. 1B Measurement of femoral neck diameter in coronal 
plane
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results with up to 96% prosthetic survival rates(13-15), 
outcomes from recent studies demonstrated that 
preoperative head-neck offset, head-neck ratio(16,17), 
postoperative head size, and femoral neck diameter 
ratio(18) could affect the postoperative hip fl exion, cause 
impingement of the femoral neck on the acetabular 
component, and is related to a higher risk of neck 
fracture. An increased rate of revision following hip 
resurfacing in women was noted in 2007 annual report 
of the National Joint Registry for England and Wales(19). 
Furthermore, the Australian Orthopaedic Association 
National Joint Replacement Registry in 2008 reported 
that female patients had a signifi cant rate of revision 
at fi ve years, with the cumulative percentage of revision 
of 6.5% comparing with 2.6% in male patients(20). 
Attention was then brought to sex as a factor infl uencing 
the outcome of hip resurfacing. However, the 

prospective study of McBryde et al(10) demonstrated 
that the increased risk of revision after hip resurfacing 
in females with a diagnosis of osteoarthritis was related 
to differences in the female component size (head size) 
and was only indirectly related to sex.
 Although it is well accepted that Asian people 
have a smaller skeleton, compared with Americans and 
Europeans, there has been no report in the medical 
literature about the size of the femoral head. The 
present study demonstrates that the mean femoral         
head diameter of Thai females is only 40 millimeters, 
which is quite small. Small femoral head size in hip 
resurfacing had a signifi cantly worse survival rate                
at eleven years in the study of Mai et al(21). More 
radiographic evidence of loosening in association with 
small component sizes was also reported by Amstutz 
et al(9). Small femoral head size could also affect the 

Fig. 2A Measurement of femoral head diameter in sagittal 
plane

Fig. 2B Measurement of femoral neck diameter in sagittal 
plane

Coronal plane mean (95% CI) Sagittal plane mean (95% CI)
Head diameter 

(mm)
Neck diameter 

(mm)
Head-neck 

ratio
Head diameter 

(mm)
Neck diameter 

(mm)
Head-neck 

ratio
Both sex 42.72 

(42.05-43.38)
29.27 

(28.73-29.81)
1.46 

(1.45-1.48)
42.63 

(41.96-43.31)
23.84 

(23.31-24.37)
1.80 

(1.77-1.82)
Male 45.25 

(44.60-45.90)
30.80 

(30.25-31.35)
1.47 

(1.45-1.49)
45.23 

(44.59-45.87)
25.66 

(25.14-26.17)
1.77 

(1.74-1.80)
Female 40.28 

(39.65-40.92)
27.79 

(27.07-28.52)
1.46 

(1.43-1.48)
40.13 

(39.50-40.77)
22.09 

(21.49-22.68)
1.86 

(1.79-1.88)

Table 1. Femoral head and neck diameters and ratio in coronal and sagittal planes
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accurate component placement. Notching of the neck 
was also more likely as the size of the femoral head 
decrease. Intraoperative notching of the femoral neck 
would increase the risk of neck fracture(22). To perform 
hip resurfacing for Thai female patients with hip 
arthritis, surgeons should give more consideration        
and be more careful. Although small size femoral head 
per se is not a contraindication to resurfacing, care 
should be taken to avoid notching and malposition of 
the femoral component. With the assumption that the 
skeletal size of people in many countries in Asia are 
of the same average size, result of the present study 
should be benefi cial to surgeons in other countries.          
A prospective study comparing the result of hip 
resurfacing for patients in this region with different 
head sizes will give further information to this 
concern.
 Despite the small femoral head diameter, the 
neck diameter of the present study samples in both 
sexes are proportionately small, resulting in a head-
neck ratio of 1.4 in coronal plane and 1.7 to 1.8 in 
sagittal plane. There is no result from a previous study 
for comparison, but this ratio is considerably high 
enough to anticipate that postoperative anterior 
impingement of the neck and acetabulum or limiting 
hip fl exion are unlikely to occur.

Potential confl icts of interest
 None.
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เสนผาศูนยกลางและสัดสวนของหัวและคอกระดูกฟเมอรคนไทย: การศึกษาจากศพ

สุกิจ แสงนิพันธกูล, วัชระ เตชาเสถียร

วตัถปุระสงค: เพือ่รายงานเสนผาศนูยกลางและสดัสวนของหัวและคอของกระดูกฟเมอรทัง้ในระนาบหนา-หลงั และซาย-ขวา และ 
ความแตกตางระหวางเพศของคาที่ศึกษาในคนไทยปกติ 
วัสดุและวิธีการ: การศึกษาใชกระดูกฟเมอรแหงที่ไมมีโรคหรือความวิกลรูปบริเวณหัว คอ และลำกระดูกจำนวน 102 ช้ิน จากศพ 
ผูบริจาครางเพศชาย 50 และเพศหญิง 52 ราง โดยมีอายุเฉลี่ย 58.8 ป (พิสัย 25-85) ทำการวัดเสนผาศูนยกลางของหัวและคอ 
กระดูกโดยใช คาลิเปอรเวอเนียร (สเกล 150 × 0.02 มม.)
ผลการศึกษา: คาเฉล่ียของเสนผาศูนยกลางของหัวและคอของกระดูกฟเมอร ในระนาบหนา-หลัง และซาย-ขวา ในเพศชาย 
และเพศหญิง คือ 45.25, 45.23 มม. 40.28, 40.13 มม. (p = 0.000) และ 30.80, 25.65 มม. 27.79, 22.08 มม. (p = 0.000) 
สัดสวนของเสนผาศูนยกลางของหัวและคอในแตละระนาบสำหรับเพศชายและเพศหญิง คือ 1.47, 1.45 (p = 0.257) และ 1.77, 
1.83 (p = 0.016) ตามลำดับ
สรุป: การท่ีพบวาคาเฉล่ียเสนผาศนูยกลางของหวักระดกูฟเมอรในคนไทย โดยเฉพาะเพศหญงิมคีานอย เปนขอควรระวงัท่ีควรทราบ 
สำหรับศัลยแพทยในการพิจารณาอยางระมัดระวังที่จะทำการผาตัดเปล่ียนผิวขอสะโพกใหม เพื่อจะสามารถหลีกเล่ียงการเกิด 
ภาวะแทรกซอนจากการเกิดรองที่คอ และการใสผิดตำแหนง สัดสวนของหัวและคอในการศึกษากลุมนี้มีคาสูงพอท่ีจะคาดวา              
หลังการผาตัดการเกิดการกระทบของคอและเบาสะโพก หรือ การจำกัดการงอของขอสะโพกไมนาจะเกิด
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