
Hum. Genet. 48, 117--120 (1979) 

© by Springer-Verlag 1979 

X-Linked Mental Retardation With Macro-Orchidism 
and the Fragile Site at Xq27 or 28 

G. R. Sutherland* and P. L. C. Ashforth 
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North Adelaide, S.A. 5006, Australia 

Summary. Data  are presented suggesting that the form of X-l inked mental  
re tardat ion with macro-orchidism and the form associated with a fragile site 
at Xq27 or 28 are the same entity. 

Introduction 

Menta l  re tardat ion  with macro-orchidism in males, with probably  X-l inked 
inheri tance,  has been described by Turne r  et al. (1975) and  Cantfi et al. (1976, 
1978). It has now been established that  one form of X-l inked mental  re tardat ion 
is associated with the fragile site on the distal end of the X chromosome (Harvey 
et al., 1977; Sutherland,  1977, 1979b). Data  are presented suggesting that these 
two forms of mental  re tardat ion  are the same entity. 

Materials and Methods 

Thirteen males with mental retardation and the fragile site at Xq27 or 28, identified from family 
histories and chromosomal surveys of retarded males (Sutherland, 1979b), were available for 
study. Measurements of testicular length (/) and width (w) were carried out with a ruler. The 
volume was calculated from the formula g / 6 . l . w .  2 (Cantfi et al., 1976). Control values were 
obtained from the literature and by measurement of ten retarded males with normal karyotypes. 
Penile length (stretched) was measured with a ruler, and midshaft circumference with a 
measuring tape. Control values were obtained as for testicular volume. 

Results 

The ages and  genital measurements  of the males with the fragile site at Xq27 or 28 
are shown in Table  1. All measurements  are in centimetres, and  the estimated 
accuracy of each measurement  is + 0.2 cm. The control  group of retarded males 
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Table 1. Genital measurements (cm) of males with fra(X)(q27 or 28) 

Subject Age Penis Testes 

(years) Length Circum- Right 
ference 

Left 

Length Width Volume Length Width Volume 
(ml) (ml) 

Family E a 

III7 26 13.0 9.0 6.5 
IV5 3Y12 5.0 4.5 2.5 
IV6 3Y~2 6.0 5.0 2.5 

4.5 69 6.0 4.0 50 
1.7 3.8 2.5 1.5 2.9 
1.5 2.9 2.5 1.5 2.9 

Family Ma a 

IV5 10~2 6.0 5.0 2.5 
IV6 61%a 6.5 4.5 2.5 
IV7 5712 5.0 4.0 2.5 

2.0 5.2 2.7 2.0 5.6 
1.0 1.3 2.5 1.2 1.8 
1.5 2.9 3.0 1.5 3.5 

P 13~12 12.0 7.5 5.5 

Fe 18 9.0 10.0 5.5 

Fi 23 9.0 9.0 5.0 

3.5 35 5.0 3.0 24 

3.5 35 5.5 3.0 31 

3.5 32 5.0 3.5 32 

Family B 

N 27 12.5 9.5 5.5 
A 28 10.0 11.0 6.0 

3.5 35 5.0 3.5 32 
3.5 39 5.0 3.0 24 

Mi 65 

E 16 

B" 30 

13.0 11.0 3.0 2.5 10 4.5 2.5 15 

14.0 8.0 7.0 3.5 45 7.0 4.0 59 

10 7.0 6.5 4.0 54 7.0 4.0 59 

a From Sutherland (1979b); other subjects have not been published. Individuals from family B are 
brothers 

ranged in age from 23 to 35 years (mean 29.0); penile length was 8- -15  cm (mean 
12.5 cm), penile circumference 8 - -12  cm (mean 9.2cm),  right testicular volume 
9 - - 2 4 m l  (mean 17.8ml), and  left testicular volume 9 - - 2 4 m l  (mean 16.2ml). 
Figure 1 compares the mean  of the right and  left testicular volumes of all those 
measured with no rma l  values taken f rom the literature. 

Discussion 

The data  in the l i terature regarding genital size are conflicting, due to various 
methods  of measurement  and  possible popu la t ion  differences (Farkas,  i972). 
Prader  (1974) gives 10--17 cm as the normal  length of the stretched penis after 
puberty;  the penile length of bo th  groups of postpuber ta l  males described in the 
present  report  approximates  to this range, but  this measurement  is significantly 
affected by the degree of stretching dur ing  measurement .  Prader (1974) gives the 
length of the stretched penis as 4 - - 8  cm and  the circumference as 3 - - 6  cm before 
puberty.  The prepuber ta l  males in this report  appear  to have penises of normal  
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Fig. 1. Average (left and right) testicular volume of males with the fragile site (X) and control 
group (e). The 90% line is the percentile given by Prader (1974) from ages 10--20 and his upper 
limit of normal up to the age of 10 years. All males aged 25 years or more are shown as >25 

size. Farkas (1972) gives the mean penile circumference, measured similarly to in 
the present study, as 9.6 cm, with a standard deviation of 0.83 cm and a range of 
7.7--12.0cm. The penile circumference of the present groups of postpubertal 
males is within this range. 

Testicular volume can only be estimated, either by measurement of length and 
width or by the use of  an orchidometer and comparative palpation. Using the 
orchidometer, Prader (1974) gives a prepubertal testicular volume range of 
0.75 ml to a maximum of 2 ml. Zachmann et al. (1974) give a mean volume of 
about 19 ml in postpubertal  males, with a volume of about 23 ml as the 90th 
percentile. Rundle and Sylvester (1962) reported larger volumes calculated from 
length and width measurements, but used a formula that would have given 
volumes about 35% greater than those calculated from the formula of Cantfi et al. 
(1976). 

The control group of retarded males in the present study had testicular 
volumes well within the range of Zachmann et al. (1974). The testicular volume of 
the postpubertal  males with the fragile site ranged from 32 to 69 ml for the right, 
and from 24 to 59 ml for the left, if subject Mi is excluded. Subject Mi is 65 years 
old and may have undergone some testicular atrophy. These volumes are not as 
great as those recorded by Cantfi et al. (1976, 1978), which ranged from 68 to 
128ml in adults, but are all above the 90th percentile. In three subjects in 
particular (Family E, III7; D; and B) the testicular volume is far greater than that 
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o f  n o r m a l  males.  The volumes  in the present  s tudy are more  in accord  with those 
found  by  Tu rne r  et al. (1975), which ranged f rom 25 ml in a 13-year-old up  to 
a p p r o x i m a t e l y  45 ml in adul ts .  

Al l  the p r epube r t a l  males,  except for  one, have tes t icular  volumes above  the 
uppe r  l imit  o f  n o r m a l  (Prader ,  1964). Cantfi  et al. (1976) indica ted  that  tes t icular  
size was p r o b a b l y  increased f rom bir th,  and  the mo the r  of  one of  the present  
subjects  said that  his genitals  had  always been larger  than those of  o ther  males in 
the family.  I t  wou ld  appea r  tha t  increased tes t icular  size is present  in this form of  
r e t a rda t i on  f rom bir th  and  not  only  af ter  puber ty .  

The  results  p resented  suggest that  the X- l inked  menta l  r e t a rda t ion  with 
m a c r o - o r c h i d i s m  descr ibed  by  Tu rne r  et al. (1975) and by Cantfi  et al. (1976, 
1978) is the same ent i ty  as X- l inked  menta l  r e t a rda t ion  associa ted  with the fragile 
site at Xq27 or  28. Repor t s  of  no rma l  ch romosomes  in males with macro-  
o rch id i sm by Turne r  et al. (1975) and  by  Cantfi  et al. (1976, 1978) cannot  be 
regarded  as definit ive,  since the need to use cul ture med ium deficient  in folic acid  
and thymid ine  for  the demons t r a t i on  o f  fragile sites (Suther land,  1979 a) was then 
unknown .  C h r o m o s o m e  studies  on the pat ients  descr ibed by  these au thors  should  
be repea ted  if possible ,  to de te rmine  whether  they have the fragile site on Xq. 
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