
Received: 5 March 2003
Revised: 12 May 2003
Accepted: 3 June 2003
Published online: 1 October 2003
© ISS 2003

F. G. Dikkers
Department of Otorhinolaryngology,
University Hospital Groningen,
Hanzeplein 1, 9713 Groningen, 
The Netherlands

D. G. P. Mathysen
Department of Ophthalmology,
University Hospital Antwerp,
Wilrijkstraat 10, 2650 Edegem, Belgium

trol individuals. Progression of scle-
rosis of the craniofacial bones was
evaluated by analysis of the skull ra-
diographs of eleven van Buchem pa-
tients, taken at different age. Results
and conclusions: Radioclinical fea-
tures, including sclerosis of the cra-
nial and tubular bones and cranial
nerve deficit, become more promi-
nent in older patients. Defective
modeling of tubular bones, cortical
thickness and medullary width pro-
gress with age. Radioclinical abnor-
malities of van Buchem patients be-
come more prominent in older pa-
tients, which suggests that the van
Buchem gene is very actively in-
volved in bone metabolism through-
out life. Morphometric analysis of
the plain films supports the hypothe-
sis that the physiological function of
the van Buchem gene is to inhibit
bone formation and possibly to regu-
late bone remodeling.
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Van Buchem disease: lifetime evolution 
of radioclinical features

Introduction

Van Buchem disease is a rare autosomal-recessive scle-
rosing bone dysplasia that was initially described by van
Buchem et al. in 1955 [1]. It is also known as hyperosto-
sis corticalis generalisata, and is classified among the
craniotubular hyperostoses that are characterized by
bone overgrowth of the calvaria, the skull base, the man-
dible, the ribs, the clavicles and the diaphyses of the long
bones.

The purpose of this study was to evaluate the lifetime
evolution of the radioclinical features of van Buchem
disease, with special emphasis on the age-related varia-
tion in hyperostosis of the cranial and tubular bones and
on the defective modeling of the tubular bones.

Patients and methods

Thirteen van Buchem patients, from eight sibships, were included
in this study. Twelve patients were living in a small Dutch ethni-
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Abstract Objective: The purpose of
this study was to evaluate the life-
time evolution of the radioclinical
features in a large family with van
Buchem disease. Design and pa-
tients: The study population includ-
ed 13 patients, ranging between 6
and 69 years. The evolution of the
clinical features has been assessed
by retrospective analysis of the clini-
cal records of the patients. The age-
related evolution of the cortical hy-
perostosis and defective modeling at
the tubular bones was evaluated by
morphometric analysis of hand films
in 9 patients, compared with 9 con-
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cally isolated village, in which the current population has grown
from a restricted number of ancestors. All 12 patients share the
same ancestors, a couple that married in 1751 (Fig. 1). One addi-
tional patient, also originating from The Netherlands, was not con-
nected to this pedigree. This village has been geographically iso-
lated, as it was an island in the Zuyderzee until 1941, the year it
merged with the Dutch continent. This makes this village an eth-
nic isolate thereby explaining the high incidence of this rare dis-
ease in that particular area.

The current age of the patients ranged between 14 and
69 years, but radiological documents of these patients were avail-
able from the age of 6–69 years. Eight patients were male and five
were female.

The diagnosis of van Buchem disease was based on phenotypic
radioclinical abnormalities. All patients were proven to have the
chromosome 17q12–21 deletion that has been assumed to cause
the disease by suppressing the expression of the Sost gene [2].

The records of these 13 patients were reviewed retrospectively for
the lifetime evolution of both clinical and radiological features. Ra-
diographs of the hand (taken at a focus-screen distance of 1 m) and of
the wrist were available for 9 patients, as well as several radiographs
or CT scans of the skull (available in 11 patients), of the long bones,
and of the axial skeleton were available for a limited number of pa-
tients. The CT scans of the petrous bone were available for 4 patients
(Table 1). The lifetime evolution of the radioclinical characteristics
was evaluated on a qualitative basis for several patients.

Table 1 Evaluation of skull films of 11 van Buchem patients taken at different ages. NP not performed, MAI meatus acousticus internus

Patient/gender/ Thickening Thickening Thickening Hyperostosis Foraminal 
age (years) of calvaria of skull base of mandible of calvaria, skull base, stenosis (CT scan)

and mandible

1/Male/6 No No No Very mild: petrous bone/frontal bone NP
3/Male/6 No No No Minimal: petrous bone/frontal bone NP
3/Male/12 Mild: Mild: Mild Progressing compared NP

frontal bone petrous bone with the age of 6 years
12/Male/18 Moderate Moderate Moderate Moderate NP
11/Male/23 Moderate Moderate Marked Moderate NP
6/Male/24 Moderate Moderate Moderate Marked NP
10/Male/30 Marked Marked Marked Marked NP
5/Female/32 Marked Marked NP Marked NP
6/Male/33 Marked Marked NP Marked Narrowing MAI
4/Female/37 NP Marked: NP NP Narrowing MAI

CT mastoid
7/Male/45 Marked Marked Marked Marked Narrow facial canal and MAI
8/Female/65 Marked Marked Marked Marked Narrowing MAI
9/Male/69 Marked Marked Marked Marked NP

Fig. 1 Pedigree including 12
van Buchem patients, over ten
generations. Blackened symbols
represent affected individuals
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The plain films in 9 patients, at different ages, were scored for
five parameters (Table 2) and were compared with those of 9 nor-
mal control individuals (Table 3):

1. The relative diaphyseal broadening of the metacarpal bones and
of the phalanges, in comparison with their distal epiphyses, was
evaluated by calculation of both metacarpal and phalangeal dia-
epiphyseal ratio. The metacarpal dia-epiphyseal ratio consists
of the maximal mid-diaphyseal width of the second metacarpal
divided by its maximal distal epiphyseal width, whereas the
phalangeal dia-epiphyseal ratio consists of the maximal mid-di-
aphyseal width of the base phalanx of the second finger divided
by the maximal width of its distal epiphysis (Fig. 2). 

2. The cortical thickness at the radial side of the second metacar-
pal at the level of the mid-diaphysis.

3. The medullary cavity width at the level of the mid-diaphysis of
the second metacarpal.

4. The presence or absence of periosteal apposition (periosteal
excrescences).

A Pearson correlation was performed to assess the correlation be-
tween age and the above-mentioned measurements.

To evaluate if the metacarpal and phalangeal dia-epiphyseal ra-
tio, cortical thickness, and medullary cavity width were signifi-
cantly different in patients compared with controls, a bilateral un-
paired-samples t-test was performed.

In order to evaluate the intra-observer variability for each pa-
rameter, the measurements were repeated ten times and the aver-

ages with according variation coefficient (parameter reflecting the
intra-observer variability) are displayed in Tables 2 and 3. No sig-
nificant intra-observer variability for any parameter was observed.

The inter-observer variability was assessed by comparison
(paired t-test) of ten consecutive measurements performed by two
independent radiologists. No significant inter-observer variability
for metacarpal and phalangeal dia-epiphyseal ratio, nor for medul-
lary cavity width, were observed; however, for cortical thickness,
a slight inter-observer variability between the two radiologists was
observed.

Results

Clinical findings and lifetime evolution

In all patients (n=13), craniofacial abnormalities, includ-
ing a high forehead, frontal bossing and a widened and
thickened chin, were noted (Fig. 3).

Facial nerve deficit on at least one side was present in
all 13 cases.

Sensorineural hearing loss was present in 6 patients,
whereas mixed hearing loss was present in two other
cases. Only 1 patient had pure conductive hearing loss.
Four patients had hearings thresholds at normal levels.

Table 2 Evaluation of the plain films of 9 van Buchem patients in function of their age

Patient/gender/ Metacarpal Phalangeal Medullary Cortical Periosteal 
age (years) dia-epiphyseal index dia-epiphyseal index cavity width (mm) thickness (mm) excrescences

1/Male/6 0.72 (0.0375) 1.07 (0.029) 3.85 (0.063) 1.9 (0.116) No
2/Male/14 0.80 (0.025) 1.13 (0.174) 8.55 (0.018) 3 (0) No
3/Male/18 0.96 (0.011) 1.10 (0.02) 8.05 (0.020) 3 (0) Minimal
4/Female/37 0.86 (0.060) 1.15 (0.018) 6.75 (0.052) 4.5 (0) Minimal
5/Female/38 0.78 (0.186) 1.13 (0.018) 7.1 (0.030) 4.15 (0.058) Minimal
6/Male/40 0.85 (0.031) 1.15 (0.016) 6.2 (0.042) 5.3 (0.049) Minimal
7/Male/52 0.95 (0.024) 1.33 (0.021) 5.8 (0.060) 4.5 (0.074) Moderate
8/Female/66 0.93 (0.016) 1.29 (0.018) 10.1 (0.021) 3.8 (0.068) Marked
9/Male/69 0.96 (0.020) 1.32 (0.014) 8 (0.069) 4.4 (0.048) Marked

Each value represents the mean value of ten consecutive measurements independently
The values in parentheses represent variation coefficients

Table 3 Evaluation of the plain films of 9 normal individuals in function of their age

Patient/gender/ Metacarpal Phalangeal Medullary Cortical Periosteal 
age (years) dia-epiphyseal index dia-epiphyseal index cavity width (mm) thickness (mm) excrescences

1/Male/6 0.625 (0) 0.91 (0.031) 3 (0) 1.5 (0) No
2/Male/14 0.59 (0.037) 0.83 (0.013) 4.9 (0.043) 2 (0) No
3/Male/18 0.56 (0.039) 0.76 (0.052) 2.1 (0.079) 2 (0.042) No
4/Female/37 0.52 (0.013) 0.72 (0.038) 1.37 (0.158) 3.4 (0.060) No
5/Female/38 0.55 (0.035) 0.77 (0.038) 2.24 (0.057) 2.9 (0.073) No
6/Male/40 0.59 (0.017) 0.91 (0.035) 5.2 (0.050) 2.9 (0.054) No
7/Male/52 0.46 (0.026) 0.83 (0.024) 3.1 (0.102) 2.23 (0.022) No
8/Female/66 0.54 (0.011) 0.92 (0.020) 3.9 (0.081) 2.0 (0) No
9/Male/69 0.53 (0.015) 0.78 (0.040) 3.35 (0.072) 2.0 (0) No

Each value represents the mean value of ten consecutive measurements independently
The values in parentheses represent variation coefficients



calvaria, the skull base, and of the mandible (Fig. 4). A
CT scan of the petrous bone was available for 4 patients.
These scans showed narrowing of both the internal
acoustic canal and the facial canal (Fig. 5). Sclerosis was
symmetrical in all patients, and the pneumatization of
the paranasal sinuses was normal.

These radiological features were obviously more
prominent in older patients (see Table 1).

On the plain films of 9 patients, diaphyseal broaden-
ing of both metacarpal bones and phalanges was calcu-
lated by means of the dia-epiphyseal ratio. Diaphyseal
broadening is a parameter for the modeling defect that is
observed at the diaphyses of the tubular bones in van 
Buchem patients. The progressive relative diaphyseal
broadening reflects the pure diaphyseal involvement of
the long tubular bones, whereas the epiphysis is typically
spared (Fig. 6). This metacarpal ratio slowly declined
with age in control individuals (Pearson correlation coef-
ficient R2=0.42), reflecting nearly constant remodeling
of cortical bone, but progressively increased with age in
patients (Pearson correlation coefficient R2=0.42), begin-
ning in the second decade.

A significant difference between control individuals
and patients was observed (p<0.001; bilateral unpaired-
samples t-test), which reflects the progression of the de-
fective diaphyseal modeling with age in patients (Figs. 7,
8; Tables 2, 3).

The differences between patients and control individ-
uals in age-related evolution of phalangeal dia-epiphyse-
al index (Figs. 9, 10), which also represents a parameter
for the modeling defect at the phalangeal diaphyses, is
even more pronounced (p<0.001; bilateral unpaired-sam-
ples t-test).

In control individuals, no correlation between age and
the phalangeal dia-epiphyseal index is observed (Pearson
correlation coefficient R2<0.01), whereas a positive cor-
relation with age is seen in patients (Pearson correlation
coefficient R2=0.80).

Cortical thickness was 1.5 mm for both patients and
controls at the age of 6 years, but increased in patients
with age (Fig. 11; Pearson correlation coefficient
R2=0.47), whereas no such correlation was observed in
the control population (Pearson correlation coefficient
R2=0.03; Fig. 12).

The difference between control individuals and patients
is significant (p=0.001; bilateral unpaired-samples t-test).

The measurement of cortical thickness seems to be a
less reproducible parameter with respect to the other pa-
rameters that were measured, since a slight inter-observ-
er variability was observed; however, because the intra-
observer variability is still acceptable, there is adequate
evidence for a significant age-related increase in cortical
thickness in van Buchem patients.

The medullary cavity diameter was found to be grow-
ing in patients in function of their age (although the cor-
relation with age is weak; Pearson correlation coefficient
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The lifetime evolution of these characteristics was re-
viewed retrospectively by evaluation of clinical pictures
of the patient’s face (n=6) and by reviewing their medi-
cal records.

Both craniofacial abnormalities and cranial nerve def-
icit seemed to start at puberty and became more promi-
nent throughout life (Fig. 3). The loss of function of the
facial nerve followed a pattern of multiple exarcerbat-
ions and partial remissions in several patients.

Radiological findings

Eleven patients were examined by skull radiographs or
CT scans of the head or of the petrous bone. All patients
showed an increased thickness and hyperostosis of the

Fig. 2 Schematic presentation of the metacarpal and phalangeal
dia-epiphyseal ratio. The metacarpal dia-epiphyseal ratio (a/b)
consists of the maximal width of the mid-diaphysis of metacarpal
2 divided by the maximal width of the distal epiphysis of metacar-
pal 2, whereas the phalangeal dia-epiphyseal ratio (c/d) consists of
the maximal width of the mid-diaphysis of the base phalanx of the
second finger divided by the maximal width of its distal epiphysis



712

R2=0.2), whereas no correlation was found in control in-
dividuals (Pearson correlation coefficient R2=0.01;
Figs. 13, 14). Again, a significant difference between pa-
tients and control individuals was observed (p<0.001; bi-
lateral unpaired-samples t-test).

Periosteal excrescences at the metacarpal bones
(Fig. 6) and, to a lesser degree, at the phalanges, were
only seen in older patients (Table 2, 3).

Fig. 3A, B Clinical pictures of
the same van Buchem patient
(patient 8) at the age of A
45 years and B 65 years. The
characteristic craniofacial ab-
normalities consisting of a high
forehead, bilateral facial nerve
paralysis, and a protruding chin
are worsening with age

Fig. 4 Lateral radiograph of a postmortem specimen of the skull
of a patient with van Buchem disease. Extensive sclerosis of the
calvaria, skull base, and the mandible is seen. There is loss of the
diploë of the calvaria. (From [1])

Fig. 5 Coronal CT scan of the petrous bone of van Buchem pa-
tient (patient 6). Due to the extensive sclerosis of the petrous bone,
there is narrowing of the internal acoustic canal and facial canal
(arrow), leading to encroachment of the facial nerve and vestibu-
locochlear nerve
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Other radiological features (Figs. 15, 16, 17) observed
in our population of 13 van Buchem patients are summa-
rized in Table 4.

Discussion

The prevalence of van Buchem disease is very low, with
less than 30 cases reported [1]. The largest study of 15

Fig. 6 Radiograph of the right hand in a van Buchem patient (pa-
tient 7) at the age of 52 years. There is thickening of the cortex of
the metacarpal bones, as well as of the phalanges. The epiphyses
are typically spared. Apart from the cortical hyperostosis, there is
a diaphyseal modeling defect. Note also periosteal excrescences at
the ulnar side of metacarpal bones (arrows)

Fig. 7 Age evolution of the metacarpal dia-epiphyseal ratio in van
Buchem patients and its corresponding linear regression curve

Fig. 8 Age evolution of the metacarpal dia-epiphyseal ratio in
controls and its corresponding linear regression curve

Fig. 9 Age evolution of the phalangeal dia-epiphyseal ratio in van
Buchem patients and its corresponding linear regression curve
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patients was reported by van Buchem et al. in 1976 [3].
Besides a few isolated cases [5, 6, 7, 8, 9], one other
family with four affected patients was described by Dix-
on et al. in 1982 [4].

Six of our patients have previously been described in
detail by van Buchem et al. [3].

In a previous study, the genetic linkage between the
disease and markers from chromosome 17q12-q21 was
proved [1], which was followed by the identification of
the underlying genetic defect [2].

Clinically, the most striking features are craniofacial
abnormalities and cranial nerve deficit. All 13 patients
displayed a high forehead, with frontal bossing and a
widened and thickened chin (Fig. 3). Cranial nerve defi-

Fig. 10 Age evolution of the phalangeal dia-epiphyseal ratio in
controls and its corresponding linear regression curve

Fig. 11 Age evolution of the cortical thickness in van Buchem pa-
tients and its corresponding linear regression curve

Fig. 12 Age evolution of the cortical thickness in controls and its
corresponding linear regression curve

Fig. 13 Age evolution of the width of the medullary cavity in van
Buchem patients and its corresponding linear regression curve
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cit, especially facial nerve deficit, was present in all
cases, whereas sensorineural hearing loss was less com-
mon. Other manifestations of cranial nerve deficit of the
second, fifth, and tenth cranial nerves, like visual prob-
lems, due to optic atrophy, and neuralgic pain have been
described in the literature but were not found in this se-

ries [11]. In our population, the clinical symptoms start-
ed at puberty, although in a previous case report [7], fa-
cial paralysis at the age of 2 months has been described
as the first clinical sign of van Buchem disease. These
clinical features became more prominent with older age
(Fig. 3).

The clinical symptoms of van Buchem disease are
very similar to those of sclerosteosis. This autosomal-
recessive disorder also consists of a craniotubular hy-
perostosis, resulting in cranial nerve compression and
even in more severe intracranial pressure [12]. Severe
headaches may occur as a result of raised intracranial
pressure, and may even be complicated by sudden death
[13].

The onset of the skeletal deformities in sclerosteosis
has been compared to van Buchem disease, starting at
the age of 5 years, and progressing steadily thereafter
[13]. Additional features of sclerosteosis, that are not
recognized in van Buchem patients, are excessive height,
even gigantism [14], and hand abnormalities, including
syndactyly of the digits, radial deviation of the terminal
phalanges, and dysplastic or absent nails [15].

Van Buchem disease is classified as a form of cranio-
tubular hyperostosis [10].

The cranial bones display sclerosis of the calvarium,
of the skull base, and of the mandible (Fig. 4). The di-
ploë is lost and sclerosis of the skull bones results in ste-
nosis of the cranial neuroforamina, which causes en-
croachment of the cranial nerves (Fig. 5).

The epiphyses of the long bones are typically spared,
whereas the cortical bone of the diaphysis is thickened
(Fig. 6). In previous publications, it has been described
that sclerosis of the tubular bones, of the ribs, and of the
clavicles predominates on the endosteal side of the dia-
physeal cortex, thereby resulting in narrowing of the
medullary canal [3, 8, 9].

Fig. 14 Age evolution of the width of the medullary cavity in
controls and its corresponding linear regression curve

Fig. 15A, B Standard radiograph of the A chest and the B right
clavicle in patient 13 at the age of 42 years. Marked thickening
and hyperostosis of the clavicles, especially at the medial side.
Note also thickening and hyperostosis of the ribs
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This finding may be true for the calvaria, where we
have the impression that the diploë is completely lost;
however, our results show that medullary cavity width in
the metacarpal tubular bones progresses with age
(Fig. 13), despite the increase in cortical thickness
(Fig. 11). The cortical sclerosis on the tubular bones of
the hands is well reflected in the elevated value of the
cortical sclerosis in van Buchem patients, compared with
normal controls (Figs. 11, 12; Tables 2, 3).

On the other hand, some periosteal spikes may be
present on the altered bones, resulting in a very rough
bone surface of the diaphyses (Fig. 6). This is particular-
ly true in older patients (Table 2).

Although, classically, van Buchem disease is referred
to as an endosteal hyperostosis, in which overproduction
of cortical bone is referred to as a defective endosteal
resorption of cortical bone rather than as an increase 
in periosteal apposition, this is not confirmed by the
presence of relative widening with age of the medullary
cavity, nor by the occurrence of periosteal spikes at older
age.

From the radiological point of view, this finding
seems to support the hypothesis that the thickening of
cortical bone is due to an increased osteoblast function,
resulting in overproduction of bone at the periosteal side
of the cortical bone, rather than defective bone resorp-
tion at the endosteal side of cortical bone, due to an os-
teoclastic dysfunction. This may indirectly favor the hy-
pothesis that the physiological function of the van Bu-

chem gene lies in inhibiting the osteoblast, rather than in
stimulating osteoclasts. This is in line with the prelimi-
nary functional data related to the Sost gene.

In addition to increased bone density, a modeling de-
fect with lack of constriction of the diaphyses of long
bones occurs. This is well reflected by the increase of the
metacarpal and phalangeal dia-epiphyseal index in pa-
tients, compared with control individuals (Figs. 7, 8, 9,
10; Tables 2, 3). This implies that another important
physiological function of the gene might be to regulate
bone remodeling.

Other bony elements (of the axial skeleton) are less
affected. There may be sclerosis of the posterior ele-
ments of the spine and some sclerosis of the pelvis.

The radiological abnormalities of the craniofacial
bones and the tubular bones usually become obvious at
the end of the first decade of life and at the beginning of
the second decade, and are progressive throughout life.
The progression of the cortical sclerosis and defective
modeling at the tubular bones of the hands with age is
well illustrated both by the evolution of the metacarpal
and phalangeal dia-epiphyseal index and the cortical
thickness.

It is remarkable to notice that fractures are not de-
scribed in our study population, despite knowledge of se-
vere trauma antecedents in several patients.

The observation that both clinical and radiological
features of van Buchem disease progress with age sug-
gests that the van Buchem gene is not a developmental

Fig. 16A, B Standard radio-
graphs of the right elbow of the
same van Buchem patient (pa-
tient 3) at the age of A 14 years
and B 21 years. There is pro-
gressive hyperostosis at the di-
aphysis, resulting in narrowing
of the medullary cavity
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gene but rather a gene that is very actively involved in
bone metabolism, also at older age; therefore, the Sost
gene and its pathway might lead to the development of
new tools in fracture treatment and therapy for osteopo-
rosis [1].

The limitations of this study are the semiquantitative
analysis of the imaging files. Indeed, not all the patients
were examined by CT scan of the petrous bone and we
were unable to perform standard radiographs of the
whole skeleton at fixed intervals of the patients, because
this study was performed retrospectively, and because of
the different ages of the patients; however, for reasons
of radioprotection, it would be unethical to perform seri-
al skeletal surveys and CT scans of the petrous bones, as
this would not alter patient’s prognosis.

Conclusion

Van Buchem disease is a rare autosomal-recessive dis-
ease that is radiologically characterized by hyperostosis
of the cranial and the tubular bones, whereas craniofacial
abnormalities and cranial nerve deficit are the most strik-
ing clinical features. The disease progresses with age,
and the radioclinical features become more prominent in
older patients, suggesting that the van Buchem gene is
very actively involved in bone metabolism.

The presence of periosteal spikes and the age-related
increase in medullary cavity width may support the hy-
pothesis that the cortical sclerosis may be related to rela-
tive overproduction of bone at the periosteal side of bone,
rather than to a defective endosteal bone resorption.

Table 4 Other radiological features in van Buchem patients: relative frequency on available radiological documents

1 Progressive hyperostosis and thickening of the clavicles:n=4 of 4
2 Progressive hyperostosis and thickening of the ribs:n=4 of 4
3 Diaphyseal sclerosis, with epiphyseal sparing of the long bones, with progressive broadening of the diaphyses compared 

with the epiphysis: n=8 of 8
4 Sclerosis of the posterior elements (spinous processes and vertebral arches) of the spine: n=1 of 6

Fig. 17A, B Standard radio-
graphs of the left wrist of the
same van Buchem patient (pa-
tient 3) at the age of A 14 years
and B 17 years. There is a pro-
gressive modeling defect at the
diaphysis with broadening of
ulna and radius
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