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The skeletal dysplasias are a large heterogeneous group of disorders characterized by generalized abnor-
malities of the skeleton. The severity of skeletal dysplasias ranged from individuals with normal stature
and survival but early-onset osteoarthrosis to perinatal lethality. This study aimed to investigate bone
remains with obvious skeletal abnormalities and to make a differential diagnosis. The remains belonged
to a young male individual preserved in the Military Mausoleum with Ossuary, National Museum of
Military History (Sofia, Bulgaria). It was established that the abnormalities were due to skeletal dyspla-
sia with increased bone density and craniometadiaphyseal dysplasia, wormian bone type was suspected
as a probable diagnosis. The individual was fit for service, which suggests a normal stature and mental
development without severe malformations.
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Introduction

The skeletal dyspasias, or osteochondrodysplasias, are a large heterogeneous group of
disorders characterized by generalized abnormalities of the skeleton. A chromosomal
classification of the skeletal dysplasias is in elaboration, but traditionally they are clas-
sified by parts of the skeleton which are involved [15]. Each dysplasia is rare, but the
overall birth incidence is estimated to be 1/5000 live births [1]. The most frequent clini-
cal implication is a disproportionate short stature, but it is not uniformly present. The
severity of skeletal dysplasias ranged from individuals with normal stature and survival
but early-onset osteoarthrosis to perinatal lethality. These disorders can be associated
with a variety of orthopedic, neurologic, auditory, visual, pulmonary, cardiac, renal, and
psychological complications [8]. Most skeletal dysplasias are associated with normal
intellectual development, but there are exceptions to this rule [15].

Differential diagnosis of the skeletal dysplasias required radiographs and complete
skeletal survey as well as assessment of the size, structure, and shape of the individual

7 Acta morphologica et anthropologica, 22 97



bones. The region of the skeleton that is affected along with the pattern of skeletal
abnormalities and bone density are crucial for a differential diagnosis [15]. Thus, the
aim of the present study was to investigate in detail bone remains with obvious skeletal
abnormalities and to make a differential diagnosis.

Materials and Methods

The objects of the present study were bone remains of a soldier who served and died in
the wars from the beginning of the 20" century. The remains were preserved in the Mili-
tary Mausoleum with Ossuary, National Museum of Military History (Bulgaria). The
remains belonged to a young male individual and consisted of a skull with previously
cut out calvaria, right and left humeri, left ulna, right and left tibiae. The mandible and
the other postcranial bone were not available.

The physiological age of the individual was determined according to the cranial
and postcranial bone development, observation of the cranial sutures and dentition [2,
7,13, 17].

The skull and the available postcranial bones were macroscopically observed and
measured. The characteristics of the angels and indices were given after Martin and
Saller scales [9]. The categories “very small”, “small”, “middle”, “large” and “very
large” were used after Alekseev and Debets [16]. The stature was calculated based on
the lengths of the limb long bones according to the method of Pearson and Lee [11]. A
digital radiography was performed on a Nikon XT H 225 system.

Description and discussion of the case

Estimation of the physiological age

The remains belonged to a juvenile individual (16-18 years). It was inferred taking into
account that all cranial sutures were open without traces of obliteration and the spheno-
occipital synchondrosis was discernible. Furthermore, the third molars were not erupted
as well as the second left molar. The radiographs showed an agenesis of these teeth, i.e.
missing tooth germs in the maxilla, resulting in hypodontia. The available teeth showed
minimal degree of dental attrition without abnormalities except for caries on the mesial
surface of the second right molar.

Dental formula:

Right Left
65XXXX XXXX567

*X — postmortem loss of the tooth

The epiphyses of the long bones had the appearance of separated segments, even
though they were fused with the diaphyses except for the distal epiphysis of the ulna,
which was detached and missing (Fig. 1).
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The skull

Fig. 1. The available long bones of the skeleton

The metric, angular and index characterizations of the skull were presented in Tables
1, 2, 3. The viscerocranium was broad but short and feebly profiled, i.e. it did not pro-
Ject s1gn1ﬁcantly when the cranium was oriented in the Frankfurt plane (Fig. 2). The
facial bones were small and underdeveloped. The nasal bones were noticeably wide
and depressed, which was precondition for a broad and flat nasal bridge (Fig. 2a). The
maxillary arch and hard palate were unusually broad and short, which probably was
related to the observed hypodontia (Fig 2¢). In addition, the canine fossae were very

deep (Fig. 2a).

Table 1. Measurements of the skull after Martin and Saller [9]. The categories were given after Alekseev

and Debets [16]

No Measurements mm Category
1 Maximum cranial length 183 Medium
5 Cranial base length 93 Very small
7 Foramen magnum length 47 Very large*
8 Maximum cranial breadth 144 Medium
9 Minimum frontal breadth 108 Very large
10 Maximum frontal breadth 134 Very large
12 Biasterionic breadth 116 Large
16 Foramen magnum breadth 33 Very large
17 Basion-bregma height 132 Medium

20 Porion-bregma height 112 Small

23 Cranial circumference 530 Large
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26 Frontal arc 127 Medium
27 Parietal arc 129 Medium
28 Occipital arc 112 Medium
29 Frontal chord 106 Small
30 Parietal chord 114 Medium
31 Occipital chord 92 Small
38 Cranial capacity /by Pearson for male skull/ 1449.87 cc Medium
40 Basion-prosthion length 85 Very small
43 Upper facial breadth 109 Large
45 Bizygomatic breadth 133 Medium
46 Middle facial breadth 101 Large
48 Upper facial height 67 Small
51 Orbital breadth 39 Very small
52 Orbital height 34 Medium
54 Nasal breadth 26 Medium
55 Nasal height 50 Small
56 Nasal bones length 18 -

49a (DC) Dacrial chord 27 Very large

57 (SC) Simotic chord 11 Large

DS Dacrial subtense 7.5 Very small
SS Simotic subtense 2.5 Small
60 Maxilloalveolar length 45 Very small
61 Maxilloalveolar breadth 67 Large
62 Palatal length 31 Very small*
63 Palatal width 43 Large
64 Palatal height 12 -
FC Canine fossa depth 10 Very large

* The value of the measuremant is out of the borderlines of the category

Table 2. Angular characterization of the skull after Martin and Saller [9]. The categories were given after
Alekseev and Debets [16]

No Measurements Degree Category Rubrication
72 Total facial angle 85° Large Orthognathous
73 Middle facial angle 87° Large Orthognathous
74 Alveolar angle 84° Very large Mesognathous
75 Nasal bones angle 66° - -

75(1) Angle of nasal projection 21° Small -
77 Naso-malar angle 153° Very large

<zm Zygomaxillar angle 148° Very large -
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Table 3. Index characterization of the skull after Martin and Saller [9]. The categories were given after
Alekseev and Debets [16]

Indices % Characterisctics Category
8:1 Cranial index 78.69 Mesocranic Medium
17:1 Height-length index 72.13 Orthocranic Small
17:8 Height-breadth index 91.67 Tapeinocranic Small
9:8 Frontoparietal index 75.00 Eurymetopic Very large
48:45 Upper facial index 50.38 Mesenic Small
52:51 Orbital index 87.18 Hypsiconchic Large
54:55 Nasal index 52.00 Chamaerhinic Large
61:60 Maxilloalveolar index 148.89 Brachyuranic Very large*
63:62 Palatal index 138.71 Brachystaphylinic Very large*
40:5 Alveolar/Gnathic index 91.40 Orthognathic Small
DS:DC Dacrial index 40.74 - Small
SS:SC Simotic index 33.33 - Small
16:7 Index of foramen magnum 70.21 - Very small

* The value of theindex is out of the borderlines of the category

The neurocranium was round in shape (Fig. 2b) with medium size and relatively
low. The frontal bone was broad and bulging with entirely preserved metopic sutures
(Figs. 2a, b). The occipital bone was broad and slightly bulging as well. At the posterior
part of the sagittal suture a depression was observed (Fig. 2b). Foramen magnum was
extremely large with notch in its posterior margin (Fig. 2¢). The basal angle lies at the
midpoint between normal and basilar kyphosis, i.e. extensive flection (Fig. 3). There
was also uncompleted pterygoalar foramen on the left side, formed by the partial ossi-
fication of the pterygoalar ligament. The paranasal sinuses were underdeveloped as the
frontal sinus was missing. The mastoid air cells were underdeveloped as well. A mild
osteosclerosis of the skull was observed.

Multiple Wormian bones (WBs) with mosaic pattern occupied an oval-shaped ter-
ritory at lambda (Fig. 4). They were relatively large in size (Table 4). Separate WBs
were also placed along the lambdoid suture (Table 5). In addition, epipteric bones,
postsquamosal bones and WBs in the occipitomastoidal suture were observed bilater-
ally (Table 6). According to Cremin et al. [4], WBs are of significance and could be
accepted as a possible indicator of abnormal development when they are 10 or more in
number with a diameter exceeding 6 X 4 mm, and arranged in a general mosaic pattern.
The association of WBs with definite pathological conditions was widely discussed in
our previous work [10].
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Fig. 2. Views of the skull: a) frontal; b) parietal; c) basilar; d) right lateral

a

Fig. 3. Digital radiographs of the skull: a) lateral view; b) frontal view
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Table. 4. Measurements of the Wormian bones in the region

of lambda in mm

Wormian bones in lambda

No length width
1 26 11
2 24 9
3 15 6
4 21 11
5 25 12
6 17 8
7 16 4
8 15 4
9 19 7
10 15 5
11 18 15
12 24 15
Total 41 47

Table 5. Measurements of the Wormian bones in the lambdoid suture in mm

Wormian bones in lambdoid suture

Right Left
No length width No length width
1 14 5 1 19 3
2 18 5 2 16 5
3 21 6 3 17 5
4 16 4 4 9 2
5 22 6 5 13 4
6 - - 6 17 6
7 - - 7 16 4
8 - - 8 8 3
9 - - 9 12 5
Table 6. Measurements of the other Wormian bones in mm
Bones Right Left
length width length width
22 10 14 4
Os epiptericum
- - 10 10
Os postsquamosum 16 14 14 9
Os Wormi suturae occipitomastoidea 5 6 20 12
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Fig. 4. Wormian bones: a) in lambda region; b) in lambdoid suture on the right side; c) in lambdoid
suture on the left side

Postcranial skeleton

The available long bones did not show traces from healed fractures or perimortem in-
flicts, but the lack of other postcranial bones was an obstacle for complete assessment.
The bones displayed thinning of the cortex and expansion of the medullary cavity. Their
shape and size were normal except for both humeri whose distal ends were bowed for-
ward (Fig. 5).

Fig. 5. Bowing of the distal ends of both humeri: a) right and left humeri; b) digital radiograph of the
right humerus; c) digital radiograph of the left humerus

The deltoid tuberosity region of the right humerus was swollen and displayed a
prolonged lesion — 22 mm long and 9 mm wide (Fig. 6). From the proximal end of the
lesion started a 12 mm long canal that runs parallel to the bone axis. The aperture of the
canal was round (6 x 6 mm). The canal did not communicate directly with the medul-
lary cavity of the bone (Fig. 6¢). This lesion probably is a consequence of a Brodie’s
abscess (subacute osteomyelitis) located on the diaphyseal cortex. Brodie’s abscesses
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Fig. 6. Bone lesion on the left humerus: a-b) close views of the lesion; ¢) digital radiograph of the lesion,
lateral view

are especially common in the metaphisis in children and occur less frequently in other
tubular, flat or irregular bones, including the vertebral bodies, and are diaphyseal in
location [12].

The left tibia was twice lighter in weight than the right one. The radiographs re-
vealed excessive cortical thinning with medullary expansion (Fig. 7). It has been es-
tablished that the immobilization causes a bone mass lost by reducing the bone mineral
density in the epiphyses and by reducing the cortical wall thickness achieved by ad-
vanced endosteal resorption in the diaphyses [5]. Thus, the immobilization of the left
leg of the individual due to some kind of trauma could be a reasonable explanation for
this localized extra thinning.

Fig. 7. Digital radiographs showing the cortical thick-
ness of both tibiae: a) right tibia; b) left tibia

The stature of the individual, calculated on the basis of the lengths of the tibiae and
the humeri despite the bowing (Table 7), was 164.4 cm. The stature was slightly below
the mean body height of the recruits in Bulgaria during the period from 1897 to 1920
year which varied around 166 cm [14]. The individuals affected by skeletal dysplasias
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most commonly had a disproportionately short stature due to short-trunk or short-limb.
Obviously, in our case the individual was with normal length of the limbs, and bearing
in mind that it was fit for service, probably was with normal trunk size as well.

Table 6. Lengths of the long bones in mm

Humerus Tibia

right left right left

321 315 367 370

The differential diagnosis showed that the observed skeletal abnormalities most
probably were due to craniotubular dysplasia with increased bone density. Craniometa-
diaphyseal dysplasia (CRMDD), wormian bone type is such a disorder with autosomal
recessive inheritance and cranial, metaphyseal and diaphyseal involvement. The ge-
neralized manifestation on the cranium includes: a large circumference of the skull; a
prominent forehead, frontal bossing and parietal bulging; multiple WBs; a delayed os-
sification of the cranial vault and wide open anterior fontanelle; a calvarial thickening;
a mild sclerosis of the skull base; obliterated paranasal sinuses and basal skull foramina;
hypoplastic malar bones; noted maxilla and mandible; high palate; increased caries and
dental hypoplasia. The most frequently manifested features on the postcranial skeleton
include: an abnormal modeling of tubular bones; lack of normal diaphyseal constriction
and poor metaphyseal flaring; osteoporotic bones with thin cortices; bowing of lower
limbs; coxa valga; wide long bones, short tubular bones; widen ribs and clavicles; chest
deformity; multiple fractures causing severe scoliosis. There were also reported isolated
cases of occipital horns, natal teeth, distorted pelvis and short stature [3, 6, 12]. Most
of the symptoms of this rare disorder resemble to a great extent those manifested in the
investigated bone remains.

Pyknodysostosis is another skeletal dysplasia with increased bone density and
similar manifestation on the cranium, but the difference came from the long bones ap-
pearance with generalized osteosclerosis, narrowed medullary cavity and short stature,
particularly the limbs. By this reason, we suspected CRMDD as more likely diagnosis.
However, absence of the other postcranial bones was an obstacle to the complete as-
sessment of the disorder manifestation. Certainly, even though we performed a detailed
skeletal survey, an investigation based solely on bone remains has to a great extent an
interpretative character, whereas the confirmation of such rare and specific disorder
requires more convincing proofs.

Conclusions

The observed abnormalities were due to skeletal dysplasia with increased bone density
and CRMDD was suspected as a probable diagnosis. The individual was fit for service,
which suggests a normal stature and normal mental development without severe mal-
formations.

Acknowledgement: This work was partially supported by FP7 project AComlIn “Advanced Computing
for Innovation”, grant 316087, and Bulgarian Ministry of Education and Science grant DO1-192/214.
The authors would like to acknowledge the kind assistance given by the staff of the National Museum
of Military History (Bulgaria).

106



References

Nelies]

10.

I1.

. Alanay, Y., R. Lachman. A Review of the Principles of Radiological Assessment of Skeletal Dys-

plasias. — J. Clin. Res. Pediatr. Endocrinol., 3(4), 2011, 163-178.

. Buikstra, J. E., D. Ubelaker. Standards for data collection from human skeletal remains. — Arkansas

Archeological Survey Research Series # 44. 1994.

. Castriota-Scanderbeg, A., B. Dallapiccoia. Abnormal skeletal phenotypes. Berlin Heidelberg,

Springer Verlag, 2005.

. Cremin, B., H. Goodman, J. Spranger, P. Beighton. Wormian bones in osteogenesis imperfecta

and other disorders. — Skeletal Radiology, 8, 1982, 35-38.

. Eser, P., A. Frotzler, Y. Zehnder, L. Wick, H. Knecht, J. Denoth, H. Schiessl. Relationship be-

tween the duration of paralysis and bone structure: a pQCT study of spinal cord injured individu-
als. — Bones, 34(5), 2004, 869-880.

. Gorlin, R. J., M. M. Cohen, R. C. M. Hennekam. Syndromes affecting bone: graniotubular bone

disorders. — In: Syndromes of the Head and Neck. 4" ed., Oxford University Press, 2001, pp. 285.

. Iscan, M. Y., M. Steyn. The human skeleton in forensic medicine. Springfield, Charles C. Thomas

Publisher, 2013.

. Krakow, D., D. Rimoin. The skeletal dysplasias. — Genet. Med., 12(6), 2010, 327-341.
. Martin, R., K. Saller. In: Lehrbuch der Anthropologie in sistematischer Darstellung. Stuttgart,

Gustav Fischer Verlag, 1957.

Nikolova, S. Y., D. Toneva, Y. Yordanov, N. Lazarov. Multiple Wormian bones and their relation
with definite pathological conditions in a case of an adult cranium. — Anthropol. Anz., 71, 2014,
169-190.

Pearson, K., A. Lee. Mathematical contributions to the theory of evolution. V. On the reconstruction
of the stature of prehistoric races. — Phylosophical Transactions of the Royal Society, ser. A, 192,
1899, 169-244.

. Resnick, D. Diagnosis of bone and joint disorders. — USA, W. B. Saunders Company, 2002.

. Scheuer, L., S. Black. Developmental Juvenile Osteology. — London, Academic Press, 2000.

. Stoev, R. Body height in recruits in Bulgaria. — Acta Morphol. Anthropol., 18, 2012, 95-101.

. Unger, S., A. Superti-Furga, D. Rimoin. A diagnostic approach to skeletal dysplasias. — In: Pediat-

ric bone (ed. F. H. Glorieux, J. M. Pettifor and H. Jiippner), USA, Elsevier Science, 2003, 375-400.

. Anekcees, B. I1., I'. ®. /ledenu. Kpannomerpus. Mocksa, Hayka, 1964
. T'epacumos, M. M. Boccranosnenue nuna 1o ueperry. — B: Tpynst Muc. DTHOTpadnm, HoBas cepus,

XXVIIIL. Mocksa, AH CCCP, 1955.

107



