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The purpose of the present investigation was to compare the craniofacial morphology in
a group of subjects with K/immefelter syndrome (XXY) with a control group in order to
discover whether the abnormal chromosome constitution combined with the related endo-
crinologic aberrations had influenced craniofacial morphogenesis.

The sample was comprised of 37 adult subjects with true Klinefelter syndrome. The
control group consisted of 102 adult male students. For each subject, roentgencephalometric
films in the lateral and frontal projections were obtained. Twenty-nine angular and 27
linear dimensions were measured directly on each film.

The calvarium was smaller, the cranial base angle was smaller, and the gonion angle was
larger in the Klinefelter than in the control group. Furthermore, the subjects with
Klinefelter syndrome exhibited increased maxillary and mandibular prognathism which _
could berelated to the altered shape of the cranial base.

Introduction

In 1942 Klinefelter, Reifenstein, and Al-

bright described a syndrome characterized by

gynaecomastia, aspermatogenesis without re-

duced function of the Leydig cells, and in-

creased secretion of follicle stimulating hor-

mone. These anomalies had been reported

earlier, but they had not beforebeen consid-

ered to be related in their occurrence and thus

had not been regarded as a syndrome.

In 1956, it was demonstrated that many

patients with Klinefelter syndrome were chro-

matin positive (Bradbury et al., 1956; Jackson

et al., 1956; Plunkett and Barr, 1956; Ruis,

Johnsen, and Mosbech, 1956), and Nelson

(1956) introduced the term "true" Klinefelter

syndrome for the chromatin-positive patients

with the characteristic features of the syn-

drome. Jacobs and Strong (1959) showed that

chromatin-positive patients with Klinefelter

syndrome had 47 chromosomes, the extra one

being a sex chromosome X. It was thus estab-

lished that patients with true Klinefelter syn-

drome have the chromosome constitution 47,

XXY,
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Klinefelter syndrome has been found to

occur in 0.2-0.3 per cent of the male popula-

tion. About 25 per cent of the affected persons

are mentally retarded (Mosier, Scott, and

Cotter, 1960; Gustavson and Akesson, 1961;

and MacLean and Mitchell, 1962). Oral

anomalies seem to be rare, although cleft lip

and palate have been reported in these pa-

tients (Leon et al., 1959). Gorlin, Redman,

and Shapiro (1965) suggested that the palate

was shallow and the mandible prognathic in

these patients.

Variants of Klinefelter syndrome exhibit-

ing the sex-chromosome constitutions XXXY

and XXXXY have been observed. These pa-

tients have usually more severe clinical aber-

rations than those with true Klinefelter syn-

drome. Fraser et al. (1961) and Scherz and

Roeckel (1963) reported severe mental retar-

dation and a high frequency of cleft lip and

palate among patients with these variants,

while Albright, Smith, and Fraser (1942), Day

et al. (1963), Schade, Schoeller, and Toeberg

(1963), and Gorlin, Redman, and Shapiro

(1965) described mandibular prognathism

and Albright, Smith, and Fraser (1942) con-

genital absence of maxillary central incisors.

The purpose of the present investigation

was to describe in detail the craniofacial mor-
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phology in adults with true Klinefelter syn-

drome (XXY) in order to determine whether

the altered chromosome constitution, com-

bined with the related endocrinologic aber-

rations (Frgland, 1968), had influenced the

craniofacial morphogenesis. Since the subjects

are phenotypically men, a male control group

was used.

Material

Thirty-seven adult subjects with true Kline-

felter syndrome (XXY) were examined. These

patients had previously been reported from

cytogenetic, endocrinologic, psychiatric, and

psychologic points of view by Nielsen (1969).

In the present investigation, two individuals

were excluded from the original sample, one

because the sex-chromosome constitution was

XXXY and the other because of lack of co-

operation. Seventeen (46 per cent) of the 37

subjects examined had or had previously had

mental illness. None had cleft lip or palate or

displayed congenital absence of maxillary

central incisors.

The control group consisted of 102 male

dental students. Cephalometric radiographs

of these subjects were collected and analysed

by Solow (1966). The roentgencephalometric

films were remeasured by one of the authors

(C.H.1I.), and his measurements served as con-

trol data in the present study. All measure-

ments in the two groups were performed by

the same investigator (C.H.I.) in order to

reduce the possibility of systematic errors.
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Method

For each subject, roentgencephalometric

films in the lateral and postero-anterior pro-

jections and a radiograph of the right forearm

were obtained. The roentgencephalometric

technique has been described by Bjork (1968)

and Ingerslev and Solow (1975). For the lat-

eral projection, the enlargement of the mid-

sagittal plane was 5.6 per cent. No corrections

were made for the enlargement. The reference

points and lines are indicated in Figure 1. For

definitions see Bjork (1960), Solow (1966),

and Kisling (1966).

Twenty-nine angular and 27 linear dimen-

sions describing the craniofacial morphology

were measured directly on each film. This set

of variables was similar to the variables em-

ployed by Ingerslevy and Solow (1975) in a

study on sex differences in craniofacial mor-

phology. Measurements requiring occlusion

of the dental arches were not performed in

cases with unstable occlusion resulting from

loss of teeth. In order to relate the craniofacial

dimensions to other body dimensions, five

linear measurements were obtained from the

film of the right forearm.

Angles were read to the nearest half degree

and linear dimensions to the nearest half mil-

limeter, except for the transverse measure-

ments of the radius and ulna, which were read

to the nearest tenth of a millimeter.

The significance of the differences between

the variances was tested by Snedecor's F-test

 

FIGURE 1A. Reference points on the profile cephalometric radiograph.
Figure 1B. Reference lines on the profile cephalometric radiograph.
Figure 1C. Reference points on the postero-anterior cephalometric radiograph. For definitions see Bjork (1960), Solow
(1966) and Kisling (1966).
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and the significance of the differences between

the means by the Student t-test. The five per

cent and one per cent levels of significance are

indicated in the tables by one and two aster-

isks. In this study, only differences significant

at the one per cent level will be considered.

The statistical calculations were carried out

at NEUCC, the Northern Europe University

Computing Center, Copenhagen.

Results

STATISTICS

The statistical description of the distribu-

tions and the differences between the means

for the syndrome group and the control group

are presented in Table 1. Departures from

normal distribution were few and differed for

the two groups. The magnitudes of the depar-

tures were moderate. There was no agreement

between the occurrence of skewness and kur-

tosis within the groups.

For 19 of the 29 angular measurements and

for 11 of the 32 linear dimensions, the differ-

ences between the means in the two groups

were significant at the one per cent level.

- The differences in mean craniofacial mor-

phology are visualized in Figure 2. The trac-

ings are based on the mean dimensions for the

two groups.

MoRPHOLOGY

Calvarium. The linear dimensions, s-f, s-br,

and 1-ba, were all significantly smaller in the

Klinefelter group than in the control group.

The frontal bone was less prominent, f-n-s, in

the Klinefelter group.

Cranial base. The cranial base length, n-s,

was significantly smaller in the Klinefelter

than in the control group. The cranial base

angles, n-s-ba, n-s-cd, and n-s-ar, were all

found to be smaller in the Klinefelter group

than in the controls. There was, however, no

significant difference in the eth-s-ba angle or

in the antero-posterior diameter of the fora-

men magnum, ba-o. The inclination of the

foramen magnum, represented by the angle

NSL/FMP, was somewhat smaller in the

Klinefelter than in the control group.

Pharynx. The pharyngeal depth, ba-pm, and

the pharyngeal angle, pm-s-ba, did not differ

significantly in the two groups.

Nasal bone. The nasal bone had almost the

same length, n-na, in the two groups, but was

more protruded in the Klinefelter, s-n-na.

Orbits. The inner orbital distance, mo-mo,

did not differ significantly in the two groups,

whereas the outer orbital distance, lo-lo, was

smaller for the Klinefelter than for the control

group.

Maxilla. The length of the maxillary base,

sp-pm and ss-pm, did not differ significantly

in the two groups, but the width of the max-

illa, em-em, was smaller for the Klinefelter

group than for the control group. The maxilla

was more prognathic, s-n-sp and s-n-ss, in the

syndrome group than in the controls, and the

posterior border of the maxilla was located

further forward in the Klinefelter subjects, n-

s-pm. The upper anterior face height, n-sp,

was smaller in the syndrome group, but the

upper posterior face height, s-pm, did not

differ in the two groups. The maxilla showed

a smaller inclination in relation to the anterior

cranial base, NSL/NL, in the syndrome

group. Neither the inclination of the upper

incisors, IL,/NL, nor the inclination of the

upper occlusal plane, OL&/NL, differed sig-

nificantly from the control group.

Mandible. The length, pgn-cd, and width,

ag-ag, of the mandible did not differ signifi-

cantly in the two groups. The gonion angle,

ML/RL, was larger and the mandible was

more prognathic, s-n-pg, in the Klinefelter

group than in the control group. The posterior

 

   KLINEFELTER GROUP
————— MALE CONTROL GROUP

 

FIGURE 2. Tracings based on the mean X-ray ceph-

alometric dimensions for the two groups. The tracings

are superimposed on the nasion-sella-line (NSL) and

registered on the sella-point.



vertical dimension, cd-tgo, was smaller in the

Klinefelter subjects, whereas the lower ante-

rior face height, sp-gn, did not differ signifi-

cantly in the two groups. The inclination of

the mandible, NSL/ML, in relation to the

anterior cranial base, did not differ in the two

groups. There was no significant difference in

the alveolar prognathism in the mandible,

CL/ML, but the inclination of the lower in-

cisors, IL;/ML, was smaller in the syndrome

group than in the control group.

Inter-maxillary relationship. The sagittal and

vertical jaw relationships, ss-n-pg and

NL/ML, were significantly greater in the

Klinefelter group than in the control group,

whereas the interincisal angle, the overjet and

the overbite did not differ significantly. None

of the Klinefelter patients exhibited mandib-

ular overjet.

Right forearm. The distal breadth of the ra-

dial head, RDW, was smaller in the Kline-

felter group than in the control group. None

of the four other measurements of the right

forearm showed significant differences at the

one per cent level.

Discussion

In the interpretation of the findings, it

should be taken into account that the control

group cannot be considered to be representa-

tive of the Danish male population. Dental

students would be expected to differ physi-

cally, educationally, and socioeconomically

from corresponding age groups of the popu-

lation as a whole (Solow, 1966; Dahl, 1970).

However, the mean standing height of the

Klinefelter group, 176.9 cm, differed only a

little and not significantly from the mean

height, 178.7 cm, of the control group. Only

one of the five measurements on the radio-

graph of the right forearm was significantly

smaller in the Klinefelter group. On the other

hand, although the "somatic parameters" did

not reveal differences significant at the one

per cent: level, the mean values were all

smaller in the Klinefelter than in the control

group. This finding might also be a factor

with respect to the smaller dimension of the

brain case in the Klinefelter group.

Craniofacial morphology differed signifi-

cantly in the two groups. The calvarium was

located further back and downwards in rela-

tion to the anterior cranial base in the Kline-

felter group than in the control group, and at
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the same time, the cranial base angle was

smaller. This is consistent with the relation-

ship between the form of the calvarium and

the flexion of the cranial base found in a

normal sample by Bjork (1955). However, the

cranial base angle was only significantly

smaller in the Klinefelter group when mea-

sured to nasion, whereas the eth-s-ba angle

did not differ significantly in the two groups.

To obtain a visual impression of the possible

influence of the location of the nasion-sella

line on the craniofacial shape evaluation, the

two mean tracings were superimposed on the

eth-s-line (ESL) and registered on sella (Fig-

ure 3). Analyzed in this way, it would appear

that part of the differences in craniofacial

shape found in the present study could be

explained by a different location of nasion in

the two groups, i.e. the shape of the calvarium,

the inclination of the nasal bone, the inclina-

tion of the maxilla, and the increased prog-

nathism of the jaws etc.

The larger gonion angle and the smaller

posterior mandibular height in the Klinefelter

subjects seemed to indicate an underdevelop-

ment of the gonion region which again might

suggest an altered muscular function (Mgller,

1966). The smaller inclination of the mandib-

ular incisors could also be explained by the

deviant shape of the mandible.

 

 KLINEFELTER GROUP  
————— MALE CONTROL GROUP

 

FIGURE 3. Tracings based on the mean X-ray ceph-

allometric dimensions for the two groups. The tracings

are superimposed on the eth-sella-line (ESL) and regis-

tered on the sella point.
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Thus, the presence of an extra X-chromo-

some, combined with the related endocrinol-

ogic aberrations in Klinefelter syndrome

(Frgland, 1969), seem to influence craniofa-

cial morphogenesis. The major craniofacial

deviations were found in the shape of the

cranial base and the mandible. Gorlin, Red-

man, and Shapiro (1965) suggested, on the

basis of a roentgencephalometric investiga-

tion of one patient with Klinefelter syndrome,

four with Turner syndrome (XO), and a con-

trol group, that the loss or addition of an X-

chromosome influences mandibular and pos-

sibly maxillary prognathism (s-n-sm and s-n-

ss). Thus, according to Gorlin, Redman, and

Shapiro, patients with Klinefelter syndrome

should exhibit increased facial prognathism

whereas patients with Turner syndrome

should exhibit facial retrognathism.

The presence of increased facial prognath-

ism in Klinefelter syndrome is supported by

the present investigation, but the increased

prognathism seemed to be due to the altered

size and shape of the cranial base rather than

to differences in the size and position of the

jaws.

A recent roentgencephalometric investiga-

tion on 30 adult patients with Turner syn-

drome (Jensen, 1974) revealed total facial

   

    

  

KLINEFELTER GROUP
 _____ FEMALE CONTROL GROUP

FIGURE 4. The mean tracing of the Klinefelter group

superimposed on a mean tracing of a female control

group. The tracings are superimposed on the nasion-sella-

line (NSL) and registered at the sella-point.
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retrognathism in these patients and a flatten-

ing of the cranial base. The finding of facial

retrognathism confirms Gorlin, Redman, and

Shapiro's hypothesis (1965). However, the re-

trognathism in Turner syndrome is probably

also related to the altered shape of the cranial

base, and it might be hypothesized that loss

or addition of an X-chromosome influences

the shape of the cranial base and thereby the

measurement of facial prognathism.

One might further speculate that Kline-

felter patients resemble females more than

males since they are chromatin-positive and

have two X-chromosomes. In Figure 4, the

mean tracing of the Klinefelter group is su-

perimposed on a mean tracing of normal

adult females (Ingerslev & Solow, 1975). It

appears that the size of the calvarium is al-

most identical in the two groups whereas the

size of the jaws are larger in the Klinefelter

than in the female control group. The differ-

ences in craniofacial shape between the Kline-

felter subjects and the females are of the same

nature as those described between the Kline-

felter and the male control group.
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