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Abstract. W h e n  are  W o r m i a n  bones  s ignif icant  is not  
an easy ques t ion  to answer,  but  its re levance is impor -  
tan t  in re la t ion to bone  dysplas ias  such as os teogene-  
sis imperfecta .  Recogn i t ion  will differ  with age o f  
pat ient ,  r ad iog raph ic  object ivi ty ,  and  persona l  subjec- 
tivity. In o rde r  to a t t emp t  an answer,  the skull  rad io-  
g raphs  o f  81 cases of  osteogenesis  imperfec ta  o f  vary-  
ing ages were examined  for  the  presence o f  W o r m i a n  
bones.  These were c o m p a r e d  agains t  the incidence 
o f  W o r m i a n  bones  in 500 skull  r ad iog raphs  o f  n o r m a l  
children.  Signif icant  W o r m i a n  bones  as agains t  nor-  
mal  deve lopmen ta l  var iants  were cons idered  to be 
those more  than  10 in number ,  measur ing  greater  
than 6 m m  by 4 ram, and  a r r anged  in a general  mosa ic  
pat tern.  They were found  in all  the cases o f  os teogene-  
sis imperfec ta  but  no t  in the no rma l  skulls. The  occur-  
rence of  s ignif icant  W o r m i a n  bones  in o ther  bone  
dysplas ias  f rom our  ma te r i a l  and  tha t  o f  the l i te ra ture  
was recorded.  Othe r  incidenta l  f indings  in the skulls 
o f  the cases o f  osteogenesis  imperfec ta  were also ap-  
praised.  
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A t  a recent  o r t hopaed i c  meet ing  in Cape  Town a 
quest ion was asked  concern ing  the nature  and signifi- 
cance o f  W o r m i a n  bones.  The diff icul ty o f  giving 
an exact answer  and  the lack o f  l i te ra ture  on the 
subject  s t imula ted  this communica t i on .  

W o r m i a n  bones  are small ,  i r regular  bones  which 
are found  in the crania l  sutures.  They are  named  
after  the Dan i sh  ana tomis t ,  Olaus  W o r m i u s ,  who de- 
scr ibed them in a let ter  to T h o m a s  Bar tho l in  in 1643 
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[10, 11]. A l t e rna t ive  des igna t ions  are  Scha l tknochen  
[7], in tercalary,  and  in t rasu tu ra l  bones.  

W o r m i a n  bones  are de tached  por t ions  o f  the pri-  
mary  ossif icat ion centres  o f  the ad jacen t  m e m b r a n e  
bones.  They are present  in n o r m a l  individuals ,  bu t  
they are  also an i m p o r t a n t  feature  o f  os teogenesis  
imperfec ta  (OI) and  o ther  condi t ions .  Their  presence 
in famil ia l  s tudies may  uncover  unsuspec ted  cases in 
d i sorders  such as c le idocrania l  dysp las ia  [5]. F o r  pur-  
poses  o f  d iagnos is  in these d isorders ,  their  size, 
number ,  and  appea rance  are o f  impor tance .  

In  an a t t empt  to e lucidate  the pa tho log ica l  and  
d iagnos t ic  s ignif icance o f  W o r m i a n  bones  we have 
examined  skull  r a d i o g r a p h s  o f  81 pat ients  with prov-  
en OI. In  o rde r  to provide  a base- l ine we have also 
s tudied skull r a d i o g r a p h  f rom 500 n o r m a l  chi ldren.  
Our  f indings are presented  and discussed in this 
paper .  

Materials and Methods 

1. Normal Skulls 

The skull radiographs of 500 consecutive children aged one month 
to ten years, who attended the Red Cross Children's Hospital 
for an unrelated purpose, were examined. Difficulties in interpreta- 
tion were encountered due to radiographic overlap in the sutures, 
especially with the posterior sutures in the lateral projection. Fur- 
thermore, in the normal young child Wormian bones arranged 
in a linear fashion were so frequent and numerous that it was 
not possible to make any meaningful quantitative assessment. We 
therefore designated a "significant Wormian bone" (SWB) as one 
which bad a diameter greater than 6 mm in one axis and 4 mm 
in another at right angles, with an arrangement tending to a mosaic 
rather than linear pattern. Any portion of bone which showed 
multiple fissuring to the extent that interpretation was impossible 
was excluded. Many developing skulls had three to five such bones, 
but double this figure was unusual (1%). Counting these bones 
is not always an easy matter and we took 10 SWB's as a cut 
off point for a possible diagnostic indicator of abnormal develop- 
ment. This numerical evaluation did not include isolated clusters 
of fragmentation. SWBs are therefore defined as sutural bones 
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Fig. 1. Typical SWBs in mosaic pattern in a 10 day old baby with 
OI 

Fig. 3. Skull radiograph of a premature infant with OI, showing 
lack of  vault calcification. Al though the posterior skull shows irreg- 
ular ossification, SWBs cannot  be defined 

their first year of  which six were neonates. Thirty three were be- 
tween 10 and 30 years of  age and the rest scattered over the remain- 
ing decades up to 70 years. 

Difficulties in interpretation were encountered unless lateral, 
frontal, and Towne's  views of  the skull were available. When the 
sutures have closed, evaluation in the anteroposterior projection 
with radiographs in the 6 0 ~ 5  kV exposure range is required. 

3. Literature Survey 

The literature on Wormian  bones was obtained by a computerised 
retrieval service (MEDLARS)  and the illustrations in the condi- 
tions described were perused for SWBs. The disorders noted in 
s tandard Gamut  lists [12, 17] were also evaluated and the findings 
were correlated with those from additional material in our bone 
registry. 

Fig. 2. SWBs shown in frontal projection of the skull of  an adult  
with OI 

which are 6 m m  by 4 m m  or larger, in excess of  10 in number,  
with a tendency to ar rangement  in a mosaic pattern. 

2. Osteogenesis Irnperfecta 

The skull radiographs of 81 patients with proven OI from the 
University of  Cape Town Skeletal Dysplasia Registry were exam- 
ined for significant Wormian  bones or other abnormalities. Thirty- 
four of  the patients were under the age of  10 years, 15 being in 

Results 

1. Assessment of OI Skulls for SWBs 

All but 10 of the patients with OI  had more than 
10 SWBs and typical appearances are shown in Figs. 1 
and 2. Four of  these 10 persons were adults in w h o m  
the quality or technique of  the radiographs prevented 
accurate assessment; large Wormian bones were pres- 
ent but could not be evaluated quantitively. These 
results were deemed to be inconclusive. 

In the six neonates,  four had deficient ossification 
o f  the calvaria, while in two others, who were very 
premature, the skull size was too small to permit 
effective measurements (Fig. 3). In these cases the 
findings also were regarded as inconclusive. N o  rela- 
tionship was established between the number of  SWBs 
and the ages of  the OI patients. 
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Fig. 4A and B. Anteroposterior and lateral projections of the skull of a 30-year-old patient with OI. Gross basilar invagination is 
evident 

2. SWBs  in Other Conditions 

a) Consistent SWBs 

i) From Our Own Cases: 

Cleidocranial dysostosis 
Cretinism 
Pachydermopefiostosis (familial osteo-arthropathy) [2] 
Metaphyseal dysplasia (Jansen type) 

ii) From the Literature: 

Kinky-Hair syndrome (Menkes syndrome) [18] 
Acro'-osteolysis (Hajdu-Cheney syndrome) [1] 
Prader-Willi syndrome (Hypotonia - hypomentia - 

hypogonadism - obesity) [9] 
Trisomy F Translocafion [16] 

h) Inconsistent SWBs 

i) From Our Own Cases." 

Pyknodysostosis 
Sclerosteosis 
Osteopetrosis - infantile type 
Hydrocephalus 
Down syndrome 

ii) From the Literature." 

Arninopterin-induced fetal changes [14] 
Hallerman-Strieff syndrome 

(oculomandibulodyscephaly) [6, 15] 
Progeria [3, 8] 
Rickets 

3. Incidental Abnormalities in OI Skulls 

Platybasia or basilar invagination was present in six 
of  the adults with OI and in two it was particularly 
severe (Figs. 4 A  and B). One of  the patients was aged 
15 years but none of  the 34 children under 10 years 
of  age showed this feature. 

Excessive pneumatisation o f  the frontal sinuses 

Fig. 5. Skull radiograph of a 25-year-old patient with OI, showing 
gross overaeration of frontal sinuses 

and/or mastoids was present in 17 of  the OI patients 
who were above the age of  10 years. This is a difficult 
feature to assess but it was considered to be gross 
in four cases (Fig. 5). 

Discussion 

Multiple Wormian bones are a normal feature in the 
growing skull and the concept of SWBs as defined 
in this paper is only of  value if ft permits differentia- 
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t ion be tween n o r m a l  and  a b n o r m a l  s i tuat ions .  F o r  
this, r ecogni t ion  o f  a mosa ic  pa t t e rn  is impor t an t .  
The te rm " W o r m i a n  b o n e "  impl ies  a n o r m a l  devel-  
o p m e n t a l  s t ruc ture  and  the des igna t ion  " d y s p l a s t i c  
su tura l  b o n e s "  wou ld  be m o r e  a p p r o p r i a t e  when 
pa tho log i ca l  changes  are impl ied.  However ,  as the 
t e rm " W o r m i a n  b o n e s "  is ha l lowed  by t ime and  wide-  
ly used,  the re ten t ion  o f  this  e p o n y m o u s  des igna t ion  
is war ran ted .  

The mul t ip le  f r agmen ta t i on  o f  a single i so la ted  
large W o r m i a n  bone ,  such as the Inca  bone  was no t  
cons ide red  as SWBs as this is a c o m m o n  n o r m a l  var-  
iant  [13]. F u r t h e r m o r e  it mus t  be emphas i zed  tha t  
the e n u m e r a t i o n  o f  W o r m i a n  bones  in pa tho log ica l  
states is diff icult  (172 were coun ted  in an a n a t o m i c a l  
spec imen o f  OI  by H e k t o e n  in 1903 [10]). 

A p a r t  f rom O l  it is ev ident  tha t  SWBs occur  in 
a few o ther  d isorders ,  as ind ica ted  in Sect ion 2 a  o f  
the results,  while large su tura l  bones  which  are not  
a r r anged  in a mosa ic  pa t t e rn  or  in s ignif icant  
numbers ,  may  occur  in the cond i t ions  l is ted in Sec- 
t ion 2 b  o f  the results.  However ,  m a n y  o f  the d i sorders  
given in G a m u t  lists [12] do no t  mer i t  inclusion.  F o r  
instance,  in our  and  o the r ' s  experience ~ SWBs are 
no t  a fea ture  o f  d ie ta ry  r ickets.  

I t  has been sugges ted  tha t  W o r m i a n  bones  m a y  
serve as ma rke r s  o f  under ly ing  epi lepsy or  menta l  
r e t a r d a t i o n  [7~ 11]. The  s tudy of  this suggest ion in 
dep th  was no t  pa r t  of  our  project ,  bu t  it is s ignif icant  
tha t  in the 60 ch i ldren  referred with  p rob l ems  of  men-  
tal  r e t a r d a t i o n  dur ing  this pe r iod  we d id  no t  note  
the presence o f  SWBs.  In  add i t ion ,  we examined  the 
skulls o f  12 ch i ldren  suffer ing f rom men ta l  r e t a rda -  
t ion assoc ia ted  wi th  the fetal  a l coho l  s y n d r o m e  and  
found  no  SWBs.  

Skul l  g rowth  is affected by  du ra l  a t t achmen t s  and  
is re la ted  to b ra in  deve lopment .  The  deve lopmen t  of  
W o r m i a n  bones  occurs  at  an  early m e m b r a n o u s  stage 
of  skull  g rowth  and  it is diff icult  to cor re la te  this 
wi th  he te rogeneous  b ra in  d i sorders  or  re la te  it  specifi- 
cally to  any one type.  The  d e v e l o p m e n t  o f  SWB poin ts  
to a bone  g rowth  d i so rde r  ra ther  than  an under ly ing  
b ra in  d isorder .  A fmal  c o m m e n t  on  W o r m i a n  bones  
and  skull  g rowth  is t ha t  it  is no t  affected by  the 
mechan ica l  d i s to r t ion  o f  the  skull,  which  is a t rad i -  
t iona l  pract ice  in cer ta in  t r iba l  communi t i e s  [4]. 

Our  obse rva t ion  o f  a high f requency o f  p l a tybas i a  
in OI  is in acco rdance  wi th  prev ious  observa t ions .  
Excessive p n e u m a t i s a t i o n  o f  the f ron ta l  and  mas to id  
sinuses was a surpr i s ing  f inding,  which does  no t  ap-  
pear  to have been recorded  previously .  This  fea ture  
is p r o b a b l y  an incons is ten t  and  non-speci f ic  ref lec t ion 
o f  a b n o r m a l  skull  deve lopmen t  in OI.  

1 Taybi H (1981) Personal communication 

In  conclus ion,  we cons ider  tha t  the concept  of  
" s ign i f i can t  W o r m i a n  b o n e s "  will be of  value in the 
r ad iog raph ic  con f i rma t ion  o f  a cl inical  d iagnos is  o f  
OI. They  are no t  p a t h o g n o m o n i c  o f  OI ,  as they occur  
in o ther  condi t ions ,  bu t  the presence of  more  than  
ten SWBs is sufficiently unusua l  to wa r r an t  fur ther  
inves t igat ions  to ident i fy  an under ly ing  cause or  heri t -  
able d i so rde r  tha t  has affected skull  g rowth  in an 
early stage o f  deve lopment .  We  have also t r ied to 
d raw a t ten t ion  to the difficult ies o f  assessing W o r -  
mian  bones  and,  f rom the ma te r i a l  avai lable ,  have 
ana lysed  the cond i t ions  in which their  recogni t ion  
m a y  be o f  impor t ance .  
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