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ABSTRACT: Analysis of a sample of 1108 radii corresponding to 567 black and white North 
Americans in the Terry Collection at the Smithsonian Institution demonstrates that the diameter 
of the radial head is an accurate sex discriminator for human remains. A simple "radial-head 
method" of sex determination consists of measuring the maximum and minimum diameters of 
the head and comparing such measurements with the test cutoff points. The subject is female 
when the maximum radial head diameter (either left or right) is less than or equal to 21 mm, and 
male when the maximum diameter (either left or right) is greater than or equal to 24 ram. The 
same decisions apply to the minimum diameters of 20 mm or less and 23 mm or more, respec- 
tively. When the maximum diameter is 23 mm or the minimum is 22 mm, the subject is more 
likely male; when the maximum diameter is 22 mm or the minimum is 21 mm. the subject is 
more likely female. The sample frequency of any one of these latter diameters is never more than 
16%. 

Cross-validation of the method with a sample of 50 pairs of radii of the Terry Collection, differ- 
ent from the original specimens, resulted in 92~ sexing accuracy when using the left radius 
singly, 94% accuracy when using the right radius singly, and 96% accuracy when using both 
radii jointly. 

KEYWORDS= physical anthropology, human identification, musculoskeletal system, sex identi- 
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A basic problem in physical and forensic anthropology is determination of the sex of in- 
complete and fragmentary skeletal remains.  In the absence of the pelvic bones and the skull, 
the diameter of the femoral head is generally the most used criterion, even though it is not as 

precise as the pelvic method.  Other  methods reported in the literature employ diverse mea- 
surements of the scapula, the s ternum, the humerus,  the radius, and the tarsal bones; al- 
though generally not very precise, such methods can be useful in determining sex when the 
principal indicators mentioned above are unavailable, excessively f ragmented,  or otherwise 
indistinct. 

The objectives of this study are to show that  the diameter  of the head of the radius can be 
used to identify the sex of human remains with a high degree of accuracy and to develop a 
systematic method for this purpose. 

The idea that  the heads of the long bones can be used as sex discriminators can be traced 
at least as far back as the first decade of this century, when Dwight [1] stated: "it  is very 
evident that  the differences between the bones of the arm and thigh in the matter  of length 
are much less important  sexually than those of the diameters of the heads . "  According to 
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Stewart [2], "Jose Pons of Barcelona, Spain, tried out the method first (1955) on several 
dimensions of the f e m u r . . . "  

A study by Singh et al. [3] used the radius as a trait to discriminate sex in Indian popula- 
tions. Criteria included length, distal end width, and weight of male and female radii, as well 
as the circumferences of the head, tuberosity, and midshaft region. A method of "demark- 
ing points" was developed for determining sex with each of these measurements. It was 
found that "weight, length and distal end width [are] good discriminating factors for the 
identification of sex in both males and females" [3]. When applied to the circumference of 
the head of the radius, the demarking-point method determines sex in 34% of the right 
radii, and in 40% of the left radii. 

Materials and Methods 

All radii used are from the Terry Collection at the Smithsonian Institution. The collection 
consists of the skeletal remains of approximately 1600 modern black and white individuals; 
males predominate, as do blacks. All are documented by race, sex, age, and cause of death. 

The diameters of the proximal ends (heads) of both right and left radii of each individual 
were measured using the blunt end of a sliding caliper (Gneupel). The results were rounded 
to the nearest whole millimetre. Both maximum and minimum diameters were obtained by 
rotating the caliper around the head. The age, sex, and race of the individuals in the sample 
were recorded after measurement by using the identification number to retrieve the informa- 
tion from the Terry Collection files. 

The original sample consisted of 609 individuals. Sampling stopped when at least 100 
individuals of each racial-sexual subgroup had been measured; the least numerous subgroup 
is white females. Some individuals were later discarded from the sample on the basis of one 
or more of the following criteria: age less than 21 years at death, to ensure skeletal maturity; 
non-U.S, nationals; race other than white or black; damaged radial heads; obvious patho- 
logical conditions, such as fractures, osteophytes, porosity, 'and eburnation. 

The final study sample, totaling 567 individuals, has the following composition: 324 
(57%) males, of which 152 (47%) are white and 172 (53%) are black, and 243 (43%) fe- 
males, of which 103 (42%) are white and 140 (58%) are black. Overall, 255 (45%) individ- 
uals are white and 312 (55%) are black. The mean age of the females is 55 years (whites, 61; 
blacks, 52), and the mean age of males is 46 (whites, 53; blacks, 31). Data on both radii are 
not available for all individuals in the sample. 

Results 

The basic sample statistics presented in Table 1 indicate that there are no significant sta- 
tistical differences between the mean diameters of the left and right radial heads (unpaired) 
of any given subgroup. Furthermore, the table strongly suggests that there are significant 
differences between the diameters of the radii of the two sexes. The mean differences be- 
tween male and female radial head diameters range from 3.1 to 3.5 mm, depending on which 
of the four measurements are compared. These differences are generally twice as large as the 
standard deviations within any subgroup. 

Table 2 summarizes the results of the "tests of differences between means" for the maxi- 
mum diameters of the right radial heads of males and females in the sample. The tests indi- 
cate that the differences between means are statistically significant, that is, that the heads of 
male radii are definitely larger than those of female radii for both races. Similar results were 
obtained for the three other measurements of the radial head diameter. 

Table 3 compares the relative percentage distributions, adjusted for missing observations, 
for the maximum diameter of the head of the right radius for black females and males. The 
choice of this particular diameter measurement and racial subgroup for the purpose of this 
example is arbitrary. 
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TABLE 1--Basic sample statistics: radial head diameter of sample 
population radii (in millimetres). 

Whites Blacks 

Diameter Male Female Male Female 

Left, maximum 
No. of observations 152 98 171 139 
Mean 24.21 20.74 24.89 21.42 
S.D. 1.74 1.74 1.54 1.26 
Range 20-30 12-26 20-30 18-25 

Left, minimum 
No. of observations 149 97 165 137 
Mean 23.03 19.71 23.64 20.51 
S.D. 1.68 1.65 1.53 1.19 
Range 19-29 12-24 18-28 17-24 

Right, maximum 
No. of observations 151 99 170 136 
Mean 24.23 20.74 24.78 21.29 
S.D. 1.65 1.57 1.48 1.30 
Range 20-29 14-26 19-29 19-27 

Right, minimum 
No. of observations 146 96 165 135 
Mean 22.91 19.79 23.55 20.33 
S.D. 1.56 1.43 1.47 1.25 
Range 19-27 13-25 18-28 17-25 

TABLE 2--Tests of differences between means of female and male radii 
maximum diameter of the head of the right radius. 

Whites Blacks 

Basic Statistics Females Males Females Males 

No. of observations 99 151 136 170 
Mean 20.74 24.23 21.29 24.78 
S.D. 1.581 1.569 1.300 1.478 
S.E. 0.158 0.134 0.111 0.113 

Pooled Variance Estimate Whites Blacks 

F-Test for variance N.S." N.S. ~ 
Diff. between means 3.49 3.49 
T-value 16.72 21.63 
Degrees of freedom 248 304 
2-tail probability <0.001 < 0.001 
l-tail probability < 0.001 < 0.001 

,The variance of the white females was compared with that of the white 
males and no significant differences were detected by the F-test. However, 
when a similar test was performed for the black specimens, slight heterogeneity 
at or near the 5% level was detected. Since the loss of power is known to be so 
slight under this condition (Cochran [4]: Brown and Forsythe [5]), a Students 
t-test rather than a Welch's test of the means was used for consistency of pre- 
sentation among the races. 
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TABLE 3--Percentage distribution of maximum right radial head diameter for black females and 
black males. 

Adjusted Relative 
Percentage Distribution 

Proportional Distribution 
of Observed Diameters 

According to Sex 

Observed ( 1 ) (2) (3) (4) (5) 
Diameter, Black Black Both Black Black 

mm Females, % Males, % Sexes, % Females, % Males, % 

19 8.1 0.6 4.4 93.1 6.9 
20 16.2 0.0 8.1 100.0 0.0 
21 36.0 1.2 18.6 96.8 3.2 
22 24.3 3.5 13.9 87.4 12.6 
23 11.0 11.2 11.1 49.5 50.5 
24 3.7 21.8 12.8 14.5 85.5 
25 0.0 35.9 18.0 0.0 100.0 
26 0.0 15.3 7.7 0.0 100.0 
27 0.7 7.1 3.9 9.0 91.0 
28 0.0 2.4 1.2 0.0 100.0 
29 0.0 1.2 0.6 0.0 100.0 

The  first two columns of Table  3 give the  relative percentage dis t r ibut ions  of the  maxi-  
m u m  diameter  of the r ight  radial  head for b lack  males and  females. For the sake of simplic- 
ity, Column 3 assumes a "50-50"  dis t r ibut ion of males and  females in the b lack  popula t ion  
of North America.  The  same assumpt ion applies to Columns  4 and  S, also derived f rom 
Columns 1 and  2, which show the proport ional  d is t r ibut ion of each observed d iamete r  be- 
tween the two sexes. For example,  the 22-mm diameter  corresponds with b lack  females  in 
87 .4% of the  observat ions and  with black males in 12.6% of the observat ions.  

The informat ion in Columns 1 and  2, presented graphical ly in Fig. 1, shows the  very 
strong sexual d imorph i sm of the m ax i m um  diameter  of the r ight  radial  head  in b lack  males  
and  females. Figure 1 indicates that ,  among  black North  Americans ,  r ight  radial  heads  with 
diameters  of 24 m m  or more are predominant ly  male,  and  those with d iameters  of 21 m m  or 
less are predominant ly  female.  Indeed,  at least 85% of the sample observat ions of any one of 
these diameters  are e i ther  male or female, as indicated by Columns 4 and  5 of Table  3. 

The 23-mm diameter  occurs with almost  equal  f requency in bo th  sexes and  is thus  the  
least d iscr iminat ing measurement ;  however, it occurs in only 11.1% of the observat ions.  

Inspection of Fig. 1 shows tha t ,  for blacks,  the m a x i m u m  right  radial  head  d iamete r  of 23 
m m  is the appropr ia te  sectioning point  for sex identif icat ion purposes.  Radii  with d iameters  
greater  than  23 mm are identif iable as males,  and  radi i  with d iameters  less t han  23 m m  are 
identif iable as females.  The  sex of radii  with m a x i m u m  diameters  of 23 m m  is not  de te rmin-  
able in blacks using this  type of analysis. 

Table  4 summarizes  the results of the analysis as applied to m a x i m u m  and m i n i m u m  
diameters  of the r ight  and  left radial  heads  in the sample.  The  table  indicates tha t ,  in gen- 
eral,  one sex predomina tes  by at least 80% for any given radial  head measurement .  The  
exceptions, indicated with an  asterisk, range from 22 to 23 m m  for the m a x i m u m  diameters  
and  from 21 to 22 m m  for the m i n i m u m  diameters .  However, their  frequency is never more  
than  16%. 

Discussion 

Using the 80% cut t ing point  for classifying the d iameters  by sex, Table  4 indicates  tha t ,  
for bo th  races, sex is correctly identified in at  least 83% of all radii  with m a x i m u m  head  
diameters  of 21 m m  or less and  24 m m  or more, and  in at  least 82% of all radii  with mini-  
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FIG. l --Adjusted relative frequencies of right radial head maximum diameter in blacks. 

mum head diameters  of 20 m m  or less and  23 m m  or more. Fur thermore ,  several d iameters  
allow for correct identif icat ion of 90 or even 100% of observations.  

For whites, sexual ambigui ty  is highest  for a 22-mm m a x i m u m  diameter  and  for a 21-mm 
m i n i m u m  diameter ,  a l though the  fo rmer  is more likely to correspond with females. Also, a 
m a x i m u m  right  radial  head d iameter  of 23 m m  is somewhat  ambiguous  in whites, a l though 
with 78.7% male p redominance  it nearly satisfies the 80% classification cri terion.  

For blacks,  sexual ambigui ty  is highest  for a m ax imum diameter  of 23 m m  and for a 
m i n i m u m  diameter  of 22 mm,  both  of which are a lmost  evenly dis t r ibuted between males 
and  females. 

These results show the s trong sexual d imorph i sm of the d iameter  of the radial  head and  
suggest tha t  it can be used to determine sex more accurately than  with any other  method 
currently in use, except those based on the  pelvis. Thus,  the d iameter  of the radial  head can 
provide a reliable al ternat ive for sex de terminat ion  under  forensic or archeological condi- 
t ions when the pelvic bones  are missing, f ragmented ,  or otherwise indist inct .  As with any 
other  method,  this approach  is complementary  to other  types of analyses, and  all available 
evidence should always be applied in de te rmin ing  the sex of skeletal remains .  

These results can be  generalized and  combined  for bo th  racial groups into a simple radial-  
head method of sex de te rmina t ion  for North  American  black and  white populat ions,  as indi- 
cated in Table  5. The  subject  is considered female if the  max imum diameter  is less than  or 
equal  to 21 m m  or the m i n i m u m  diameter  is less than  or equal to 20 mm.  The subject is 
considered male if the  m a x i m u m  d iamete r  is grea ter  than  or equal  to 24 m m  or the  min imum 
diameter  is greater  t han  or  equal  to 23 m m .  Table  5 also provides the  more likely decision 
associated with the  ambiguous  diameters .  Figure 2 presents  the same decision method in 
graphic  form. 
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TABLE 4--Sample results of radial head analysis of sex determination classification of observations 
by predominant sex. 

Whites Blacks 
Observed 
Diameter, Predominant Percent Sample Predominant  Percent Sample 

mm Sex Classified Frequency, % Sex Classified Frequency, % 

Right, 
maximum 
21-- F 92-100 40.0 F 93-100 31.1 
22 F 58.8, 12.0 F 87.4 13.9 
23 M 78.7, 14.3 M 50.5, 11.1 
24+  M 86-100 33.7 M 85-100 44.0 

Left, 
maximum 
21 -- F 90-100 38.4 F 96-100 28.9 
22 F 67.1, 16.0 F 84.5 13.2 
23 M 83.6 9.5 F 59.7, 14.5 
24 -{- M 90-100 36.3 M 83-100 43.5 

Right, 
min imum 
20-- F 90-100 41.5 F 89-100 31.6 
21 F 53.8" 12.6 F 85.2 12.2 
22 M 80.1 15.8 F 50.6" 15.4 
23-1- M 87-100 30.1 M 92-100 40.9 

Left, 
min imum 
20-- F 92-100 41.0 F 82-100 27.4 
21 F 52.4, 14.8 F 92.4 15.8 
22 M 83.2 9.3 M 52.2, 14.6 
23 + M 91-100 35.0 M 83-100 42.2 

,Less than 80% of observations of this diameter correspond to one sex. 

TABLE 5--Radial head method of sex determination for North American blacks 
and whites. 

Observed Observed 
Diameter, Decision" Diameter, Decision, 

mm (Maximum Diameter) mm (Minimum Diameter) 

21 -- F 20- -  F 
22 U/F  21 U / F  
23 U / M  22 U / M  
24+  M 23+  M 

"F = female; U / F  = uncertain, more likely female; M = male; U / M  = uncertain, 
more likely male. 

Conclusion 

T h e  m e t h o d  was  t e s ted  a g a i n s t  a d i f f e ren t  s a m p l e  of  50 pa i r s  of  radi i  in t he  T e r r y  Collec-  

t ion.  T h e  s a m p l e  cons i s t ed  of 30 (60%)  m a l e s ,  of  wh ich  20 ( 6 7 % )  were  b l ack  a n d  10 ( 3 3 % )  

were whi te ,  a n d  of 20 ( 4 0 % )  f ema l e s ,  of  w h i c h  7 ( 3 5 % )  were  b l ack  a n d  13 ( 6 5 % )  were  whi te .  

T h e  m e a n  f e m a l e  age  was  59 years  (whi tes ,  62; b l acks ,  50),  a n d  the  m e a n  m a l e  age  was  50 

(whites ,  64; b l acks ,  42). T h e  m a x i m u m  a n d  m i n i m u m  d i a m e t e r s  of  e a c h  rad ia l  h e a d  were  

used  s epa ra t e ly  a n d  t h e n  jo int ly .  C r o s s - v a l i d a t i o n  in th i s  m a n n e r  r e s u l t e d  in 9 2 %  s e x i n g  
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accuracy using the left radius singly, in 94% accuracy using the right radius singly, and in 
96% accuracy using both radii jointly. 

As indicated by these cross-validation tests, the availability of both right and left radii 
contributes in general to the accuracy of the radial-head method of sex determination, since 
the information provided by one of them may complement that provided by the other. This 
is, of course, particularly important when dealing with the ambiguous diameters in Table 5. 

The method of sex determination developed in this paper is clearly applicable to black and 
white North Americans, who make up the bulk of the U.S. population; however, it would be 
desirable to extend the analysis to other racial groups in the U.S. population, and world- 
wide, to assess its general applicability. 



BERRIZBEITIA. HEAD OF THE RADIUS 1213 

Acknowledgments 

I am especially indebted to Dr. Betty J. Meggers, who opened the doors of the Smithso- 
nian Institution to me and thus made possible this research, to Dr. Ellis R. Kerley, my pro- 
fessor of Physical Anthropology at the University of Maryland, and to Dr. Douglas H. Ube- 
laker, Curator of Physical Anthropology at the Smithsonian Institution. I wish to express 
special thanks to Dr. Jorge Flores, Venezuelan medical researcher at N.I .H. ,  and to Anana- 
nias Escalante, biologist of the Universidad Sim6n Bolivar, Venezuela, for their valuable 
advise on the statistical aspects of the study. My sincere appreciation to Dr. Lee Ann Hayek, 
Chief Mathematical  Statistician of the Smithsonian Institution, to Dr. Jane Buikstra, Pro- 
fessor of Anthropology at the University of Chicago, and to Dr. Moritz Benado, geneticist of 
the Universidad Sim6n Bolivar, for their encouragement and comments on diverse drafts of 
this paper. Finally, I would like to thank the staff at the Computer  Center of the University 
of Maryland, for providing its specialized services and technical assistance. 

References 

[1] Dwight, T., "The Size of the Auricular Surfaces of the Long Bones as Characteristics of Sex: An 
Anthropological Study," Journal of Anatomy. Vol. 4, 1904/1905, pp. 19-37. 

[2] Stewart, T. D., Essentials of Forensic Anthropology. Charles C Thomas, Springfield, IL, 1979. 
[3] Singh, G., Singh, S. P., and Singh, S., "Identification of Sex from the Radius," Journal of the 

Indian Academy of Forensic Sciences. Vol. 13, 1974, pp. 10-16. 
[4] Cochran, W. G., "Some Consequences When the Assumptions for the Analysis of Variance are Not 

Satisfied," Biometrics. Vol. 12, 1947, pp. 22-37. 
[5] Brown, M. B. and Forsythe, A. B., "The Small Sample Behavior of Some Statistics Which Test the 

Equality of Several Means," Technometrics, Vol. 16, 1974. 

Address requests for reprints or additional information to 
Emily L. Berrizbeitia 
Laboratorio de Antropologia Fisica 
Museo de Ciencias Naturales 
Plaza Morelos 
Caracas, Venezuela 


