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Abstract

Purpose Gaucher disease (GD) is a lysosomal storage disease caused by an autosomal recessive inherited deficiency of the
lysosomal enzyme glucocerebrosidase. The aim of this study is to describe jaw bones’ involvement and dental radiographic
features in paediatric Gaucher disease patients (type I and type III).

Methods The study population of this case—control study included: 42 Gaucher patients (study group) and 84 medically free
children (control group). The radiographic images of both groups were analysed for the following findings: generalised bone
rarefaction, localised rarefaction and enlarged bone marrow spaces, thinning of cortex, pseudocystic radiolucent lesions,
anodontia and dental anomalies. Dental age assessment of Gaucher patients using the Demirjian’s method was also performed.
Results Generalised rarefaction showed almost similar percentages in both types of Gaucher disease cases. Localised rarefac-
tion was noted in 30.77% and 18.75% of Gaucher disease type III and type I, respectively. Pseudocystic radiolucent lesions,
thinning of cortex, anodontia and dental anomalies were more prevalent in type III Gaucher patients. The mean chronological
and mean dental ages in both sexes of Gaucher patients were not statistically significant.

Conclusion Thinning of cortex, localised rarefaction and generalised rarefaction are the most common jaw bone findings
in Gaucher patients.

Keywords Gaucher disease - Jaw abnormalities - Dental radiography - Child

Introduction

Gaucher disease (GD) is the most common lysosomal stor-
age disorder caused by an autosomal recessive inherited
deficiency of the lysosomal enzyme glucocerebrosidase.
This leads to the accumulation of the lipid glucocerebro-
side in the lysosome of the macrophages which become
dilated Gaucher cells. Many of the disease manifestations
result from infiltration of Gaucher cells into organs of the
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reticulo-endothelial system, particularly the spleen, liver and
bone marrow (Saranjam et al. 2012).

Gaucher disease occurs in 1 in 50,000 to 100,000 peo-
ple in the general population and increases in communities
with consanguineous marriages, inbreeding, or geographic
isolates (Lukina et al. 2010; Nalysnyk et al. 2017). GD mani-
fests with broad phenotypic variation, ranging from neonatal
lethality to asymptomatic octogenarians (Sidransky 2012).
Three clinical forms of the disease are defined based on the
absence (type I) or presence (types II and III) of neurologi-
cal signs.

Type I is the most common type, with an ethnic predis-
position in Ashkenazi Jews. Patients of this form are usually
asymptomatic and show wide variation in the extent of signs
with common presenting features of hepatosplenomegaly,
hypersplenism, bleeding and bone pain. CNS involvement
is usually rare, but patients may develop Parkinson dis-
ease. The onset of signs can occur at any age (Beutler and
Gbowskira 2001; Zimran and Elstein 2010). Type II is more
acute and shows high mortality rate by the age of 2 years
(Lachmann et al. 2004). It has two common subtypes:
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neonatal, which has two null or recombinant mutations with
common signs of hydrops fetalis; congenital ichthyosis, with
lethal involvement of CNS. The infantile type presents one
null and one severe mutation as common genotype with
common presenting features of abnormal horizontal eye
movements, strabismus, opisthotonos, trismus and severe
CNS involvement (Zimran and Elstein 2010).

Type 111 is the chronic form where patients present some
features in childhood with at least one neurological sign.
(Schiffmann and Vellodi 2007). It encompasses three dif-
ferent subtypes, Subtype 3a usually presents with abnormal
horizontal eye movements and myoclonic seizures. Sub-
type 3b shows common presenting features of abnormal
horizontal eye movement, hepatosplenomegaly and growth
retardation. Subtype 3c, which is common in Palestinian
Arabs, Japanese and Spanish, presents with common signs
of abnormal horizontal eye movements and calcification of
cardiac valves (Zimran and Elstein 2010).

Bone association is one of the most common signs attrib-
uted to GD, mainly type I and type III, which is character-
ised by recurrent and sudden onset of painful episodes of
“bone crisis”. The underlying pathology of bone disease is
related to the accumulation of Gaucher cells that infiltrate
the bone marrow compartment and lead directly or indirectly
to localised bone defects, including cortical thinning, oste-
onecrosis and lytic lesions. Skeletal involvement follows the
three basic processes: focal disease (irreversible lesions such
as osteonecrosis and osteosclerosis), local disease (reversible
abnormalities adjacent to heavily involved marrow such as
cortical thinning and long bone deformity) and generalised
osteopenia (Wenstrup et al. 2002).

Pathological fractures or fractures even after minor
trauma are common complications of GD (Mistry et al.
2017). Osteopaenia is prevalent among type I GD patients
and low bone density becomes evident by the age of 5 years
with the highest prevalence rate in adolescence (Mistry et al.
2011). Long bone involvement is common in GD, whereas
maxillofacial bone involvements are less commonly seen.
These manifestations can be detected by routine dental
X-rays, are often asymptomatic and include generalised
bone rarefaction, enlarged marrow space, cortical thinning,
osteosclerosis, radiolucent psuedocystic lesions and demin-
eralisation of the mental region (Carter et al. 1998; Heasman
1991; Horwitz et al. 2007). The mandible has been reported
to be a nidus of Gaucher cell infiltration and/or bone crisis
in several case reports (Bender 1959; Sela et al. 1972; Lust-
mann et al. 1991; Schwartz et al. 1998; Baldini et al. 2018).

Studies reporting maxillofacial bone involvement among
Gaucher disease patients are relatively few and include small
numbers of patients, mainly case reports presenting 1 or 2
cases and case series presenting up to 28 cases (Horwitz
et al. 2007; Ahmadieh et al. 2014; Carter et al. 1998). The
purpose of this study was to describe jaw bones involvement
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and dental radiographic features in 42 paediatric Egyptian
Gaucher disease patients (type I and type III) using pano-
ramic radiographs and to compare the radiographic findings
of the study group with an age- and sex-matched control

group.

Subjects and methods

The population of this cross-sectional study included a total
of 126 children divided into two groups. The study group
included 42 patients diagnosed with GD through laboratory
investigations and were recruited from Abu El Reesh chil-
dren Hospital, Cairo, Egypt. The control group included 84
healthy children with matching age and sex, recruited from
the outpatient clinic of the Oral and Maxillofacial Radiol-
ogy department, Faculty of Dentistry, Cairo University; for
screening and diagnostic purposes.

Visceral and haematological involvement data were
recorded from the patient’s records as part of their routine
follow-up. Short stature was reported by comparing the
child’s height to the CDC growth curves. The date of birth
as documented in hospital records determined the chrono-
logical age of each child.

Dental history, extra-oral and intra-oral examination were
recorded by a single paediatric dentist at Abu-El Reesh Chil-
dren Hospital.

Panoramic radiographs were carried out using Proline
XC machine (Planmeca, Helsinki-Finland) with 60—68 kVp,
5-7 mA according to the child’s age and 18 s exposure time.

The radiographic assessment for digital panoramic
images was performed by an oral and maxillofacial radiolo-
gist of 15 years’ experience for bony and dental abnormali-
ties. Assessment was done twice with 2 weeks interval, and
in case of presence of inconsistent radiographic findings in
some cases, a third assessment was done 2 weeks later. Each
assessment session was of half an hour duration with hap-
hazard arrangement of digital images.

The radiographic images of both groups were analysed
for the following findings which were commonly reported
in previous studies: generalised bone rarefaction, localised
rarefaction and enlarged bone marrow spaces, thinning of
cortex, pseudocystic radiolucent lesions, anodontia and den-
tal anomalies. (Nobre et al. 2012; Saranjam et al. 2012).
Thinning of the inferior border of mandible in the anterior
region was judged by comparison with other parts of the
inferior border. Cyst-like radiolucent lesions were referred
to as pseudocyst, because biopsy was not feasible to confirm
diagnosis as all lesions were asymptomatic.

Dental age assessment of the Gaucher patients using
the Demirjian’s method (Demirjian et al. 1973) was also
performed. Determination of dental age was based on the
rate of development and calcification of tooth buds using
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Demirjian’s method which includes eight developmental
stages from A to H. The seven permanent left mandibu-
lar teeth from the central incisor to the second molar were
scored, using the score tables, based on their developmental
stage in the panoramic radiographs. The sum of seven indi-
vidual scores gives maturity score, which was converted into
dental age using Demirjian’s conversion charts.

Statistical package used for this study: R statistical pack-
age, version 3.3.1 (2016-06-21), copyright (C) 2016. All
variables were described in terms of frequencies and per-
centages. Pearson’s Chi-squared test was used to determine
whether any of the radiographic variable data were related
to the presence of GD. Odds ratios were calculated using
multinomial regression models where GD is the dependent
variable and radiographic signs are the independent varia-
bles. Also, interactions between different radiographic signs
were examined. The chronological age and dental age were
compared using the unpaired Student’s 7 test. The results of
all tests were considered to be statistically significant if p
value was <0.05.

Results

The study sample of the current study consisted of 42
patients with GD (study group): 26 males and 16 females
with a mean age of 9.54 +4.25 years. The control group con-
sisted of 84 healthy children as reported in medical history
taken from their guardians: 45 males and 39 females with a
mean age of 11.37+1.83 years.

The study group was further subdivided into two sub-
groups according to GD type (type I and type III). The hae-
matological results of the study group were as follows: mean
haemoglobin count was 10.16 +1.43 and 10.78 +1.59 and
platelet count was 158 +94.17 and 201.62 4+ 142.99 in type |
and type III, respectively. The normal range of haemoglobin
level in children and adolescents is 12—15 gm/dL and normal
platelet count ranges between 150,000 and 450,000 platelets
per microlitre. Systemic findings and current medications for
the study group are summarised in Table 1.

Analysis of the radiographic findings for GD cases versus
control cases is presented in Table 2. Generalised rarefaction
showed almost similar percentages in both type I and type III
GD cases. Localised rarefaction was more prevalent in type
III GD, and wide bone marrow spaces were more prevalent
in type I GD (Fig. 1). Pseudocystic radiolucent lesions, thin-
ning of cortex, anodontia and dental anomalies were more
prevalent in type III GD (Fig. 2).

Chi-squared test results showed that there was a signifi-
cant association between both types of GD and generalised
rarefaction, wide bone marrow spaces, pseudocystic radio-
lucencies, thinning of cortex, dental anomalies and absence
of abnormal radiographic features (p value <0.05).

Table 1 Systemic findings and current medication of the study group
(Gaucher disease)

Type I Type 11T

N (%) N (%)
Short stature 9 (56.25%) 4 (15.3%)
Dysphagia 0 (0%) 6 (23%)
Organomegaly 11 (68.75%) 16 (61.54%)
Bone pain 6 (37%) 8 (30%
Bone fracture 1(6.2%) 4(15.3)
Ca supplement 16 (100%) 26 (100%)
Bisphosphonates (regular) 1(6.2%) 2 (7.6%)
Bisphosphonates (intermittent) 2 (12.5%) 2 (7.6%)
Total cases 16 26

Values are presented as numbers (N) and percentages (%)

Regression model analysis revealed that patients with
generalised rarefaction, wide bone marrow spaces and
thinning of cortex are more likely to have type I GD. How-
ever, the presence of pseudocystic radiolucencies and den-
tal anomalies are not associated with type I GD (Table 3).

Patients with no abnormal radiographic features have
a lower risk for type I GD compared to those who have
abnormal radiographic features with an odds ratio of 0.1
(95% C10.03-0.39, p value =0.0009). On the other hand,
patients with generalised rarefaction, pseudocystic radio-
lucent lesions, thinning of cortex and dental anomalies
are more likely to have type III GD. However, wide bone
marrow spaces are not associated with type III GD (p
value =0.3464). Patients with no abnormal radiographic
features are less likely to have type III GD compared to
those who have abnormal radiographic features with an
odds ratio of 0.13 (95% CI 0.05-0.37, p value =0.0001).

The results of multinomial regression models using
interaction terms showed that there was no interaction
between different radiographic signs among both groups
of type I and type III GD (Table 3).

Intra-oral dental examination showed that five patients
presented with delayed permanent teeth eruption. Regard-
ing dental development determination using Demirjian’s
method, GD patients were divided into two groups only,
26 males and 16 females due to the small number of
patients in each age category. Dental age and chronologi-
cal age were found to be 8.95 (+4.01) and 8.42 (£ 3.53),
and 9.92 (+4.47) and 8.93 (% 3.92) years for males and
females, respectively. Although dental age was lower than
chronological age, no statistically significant difference
was found between them using unpaired Student’s ¢ test
(p value equals 0.4125 and 0.7038 for males and females,
respectively).
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Table 2 Multivariate descriptive

- c . Variable Control group (n=_84) Gaucher disease Pearson’s Chi-squared
analysis of the radiographic test
signs regarding Gaucher disease Type I (n=16) Type III (n=26)
p value*
Generalised rarefaction
Absent 84 (100%) 13 (81.25%) 21 (80.77%) 17.09 0.0002*
Present 0 (0%) 3 (18.75%) 5(19.23%)
Localised rarefaction
Absent 72 (85.71%) 13 (81.25%) 18 (69.23%) 3.62 0.1638
Present 12 (14.29%) 3 (18.75%) 8 (30.77%)
Wide bone marrow spaces
Absent 79 (94.05%) 11 (68.75%) 23 (88.46%) 9.35 0.0093*
Present 5(5.95%) 5(31.25%) 3 (11.54%)
Pseudocyst
Absent 83 (98.81%) 15 (93.75%) 22 (84.62%) 8.9 0.01162*
Present 1 (1.19%) 1(6.25%) 4 (15.38%)
Thinning of cortex (anteriorly)
Absent 81 (96.43%) 12 (75%) 16 (61.54%) 22.79 <0.0001*
Present 3(3.57%) 4 (25%) 10 (38.46%)
Anodontia
Absent 71 (84.52%) 13 (81.25%) 19 (73.08%) 1.75 0.4176
Present 13 (15.48%) 3 (18.75%) 7 (26.92%)
Dental anomalies
Absent 83 (98.81%) 16 (100%) 21 (80.77%) 15.16 0.0005*
Present 1 (1.19%) 0 (0%) 5 (19.23%)
Absence of abnormal radiographic features
Absent 26 (30.95%) 13 (81.25%) 20 (76.92%) 25.57 <0.0001*
Present 58 (69.05%) 3 (18.75%) 6 (23.08%)

Pearson’s Chi-squared test (3> and p value) results

Values are given as frequencies and percentages

*Statistical significance at p value <0.05

Fig. 1 Panoramic radiograph for Gaucher type I patient showing wide
bone marrow spaces and thinning of inferior border of the mandible
anteriorly

Discussion

Gaucher disease is a rare genetic disease manifesting in
three major types according to the presence or absence of
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Fig.2 Panoramic radiograph for Gaucher type III patient show-
ing rarefaction of bone (arrow), pseudocyst in lower molar regions
(circles), thinning of inferior border of the mandible anteriorly and
abnormal root morphology of lower third molar

neurological manifestations. Type I is the most common,
while type III is seen in 5% of patients and is mainly seen
in Northern Europe, Egypt and East Asia (Tylki-szuman-
ska et al. 2010).
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Table 3 Univariate multinomial regression models—outcome vari-
able: Gaucher disease

Independent variable Odds ratio 95% CI p value*
Generalised rarefaction

Type I 27.74 2.85-269.93 0.0042*

Type 11 24.96 2.84-219.68 0.0037*
Wide bone marrow spaces

Type I 7.18 1.79-28.85 0.0055*

Type 111 2.06 0.46-9.28 0.3464
Psuedocyst

Type I 5.53 0.33-93.37 0.2354

Type 111 15.09 1.6-141.92 0.0176*
Thinning of cortex

Type I 9 1.79-45.25 <0.0001*

Type 111 16.88 4.17-68.24 <0.0001*
Dental anomalies

Type I 2.73 0.23-32.01 0.8689

Type 111 19.77 2.19-178.39 0.0078*
Absence of abnormal radiographic features

Type I 0.1 0.03-0.39 0.0009*

Type 111 0.13 0.05-0.37 0.0001*

*Statistical significance at p value <0.05

Systemic findings of the current study showed that orga-
nomegaly, short stature and bone pain were common among
type I Gaucher patients (Grummer-Strawn et al. 2010). Low
haemoglobin count was reported in 71% and low platelet
count in 35.7% of Gaucher patients. Relatively similar
results were reported in the case series of Sheth et al. (2011).
Both haematological parameters increase the risk to bleed-
ing and delayed healing; therefore, consultation with the
haematologist before dental procedures that might induce
bleeding is mandatory in GD patients.

Type III cases in the current study presented with organo-
megaly, bone pain and bone fracture which relatively agreed
with Hill et al. (1996).

Bisphosphonate (BPs) therapy was used by 9.5% of the
total sample of Gaucher patients in the current study, and
95% were on enzyme replacement therapy (ERT). Various
bisphosphonates have been used by patients with GD as
monotherapy for osteopaenia/osteonecrosis as they promote
proliferation and differentiation of osteoblast-like cells. They
are also used as an adjunct to ERT which has proven to be
beneficial in alleviating organomegaly, anaemia and throm-
bocytopenia in patients with GD (Serratrice et al. 2016).
Bisphosphonates are known to inhibit osteoclastic bone
resorption; this hypothesis suggests a value for these agents
as adjuvant therapy for the treatment of bone complications
in GD. Bender and Bender (1996) also reported that ERT
improved the rarefaction of the mandible bilaterally with no
evidence of osteolysis.

Although BPs are anti-resorptive drugs that act on osteo-
clasts and maintain bone density; osteonecrosis of the jaw is
a rare reported complication of long-term intravenous bis-
phosphonate treatment and seems to be triggered by exposed
bone and subsequent bacterial contamination, typically after
dental extraction (Rasmusson and Abtahi 2014).

Most jaw manifestations in the current study were pre-
sent in the mandible, not in maxilla. This may be because
the mandible is considered a potential reservoir for Gaucher
cell infiltration (Wenstrup et al. 2002). Comparing Gaucher
patients type III and type I with the control group by means
of panoramic images, four manifestations had statistically
significant differences: generalised rarefaction, wide bone
marrow spaces, thinning of cortex and dental anomalies,
which implies that those manifestations are specific features
for GD.

Generalised rarefaction showed almost similar percent-
ages in both type III (19.23%) and type I (18.75%) GD cases
which agreed with Bender and Bender (1996), who observed
generalised rarefactions in only 5 out of 28 Gaucher type |
patients. However, it disagrees with Heasman (1991), Nobre
et al. (2012) and Karabulut et al. (1997), who found that
rarefactions were detected in all Gaucher cases. Those dif-
ferences can be explained by that in the current study, 95%
of Gaucher cases were on ERT which might have improved
bone rarefaction and reversed the necrotic and lytic changes
in bone.

Wide bone marrow spaces were noted in 31.25% of the
cases with type I GD, which contradicts the results of Nobre
et al. (2012) who recognised enlarged marrow spaces in nine
out of ten cases, and also disagreed with the findings of
Bender and Bender (1996) and Karabulut et al. (1997).

Thinning of cortex was more prevalent in type III Gau-
cher patients (38.46%) than type I patients (25%), which
disagrees with others studies that showed that this manifesta-
tion was one of the most prevalent findings (Heasman 1991;
Nobre et al. 2012).

Prevalence of bony manifestations as thinning of cor-
tex is crucial in management of patients with GD as they
might have increased risk of bone fractures even from minor
trauma (Mistry et al. 2017); therefore, tooth extraction and
minor oral surgeries must be performed as atraumatically as
possible in those patients.

Pseudocystic radiolucent lesions were more prevalent in
type III Gaucher patients (15.38%) versus (6.25%) in type I
patients, which partially agrees with Nobre et al. (2012) who
observed pseudocystic lesions in one panoramic radiograph
in his study. However, the results of this study disagree with
other studies where the most common radiographic observa-
tion in an affected mandible is the presence of pseudocystic
or honeycombed radiolucent lesions mainly in the premo-
lar-molar regions (Weigler et al. 1967; Michanowicz et al.
1967; Bildman et al. 1972; Lustmann et al. 1991; Horwitz
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et al. 2007). Biopsy may be required for more definitive
diagnosis of cyst lesions, which was not performed in the
current study as all the lesions were asymptomatic and the
current study is an observational study and as per patients
consent only clinical and radiographic examination were
included. Formation of pseudocystic lesions might be attrib-
uted to the presence of thin bone trabeculae and multiple
wide bone spaces which may coalesce together giving a
cystic appearance.

Anodontia (26.92%) and dental anomalies (19.23%)
were more prevalent in type III Gaucher patients that may
be explained by the accumulation of Gaucher cells, which
increase intraosseous pressure and compromise the vascular-
ity of the area by extrinsic compression or occlusion of these
vessels (Bender and Bender 1996; Horwitz et al. 2007).

Differences in prevalence of dental and jaw manifesta-
tions in the current study can be attributed to the increased
number of subjects in this study compared to other studies.

Regarding dental development determination; the dental
age using Demirjian’s method was lower than the chronolog-
ical age for most of the study sample, yet the mean chrono-
logical and mean dental ages in both sexes were not statis-
tically significant, which agrees with Carter et al. (1998).
They linked the delayed eruption of teeth to the delayed
achievement of peak bone mass, and, often, of full adult
height in some patients with GD.

Conclusion

Localised rarefaction and generalised rarefaction are the
most common jaw bone findings in both types of GD.

The presence of pseudocystic radiolucencies and dental
anomalies is more prevalent in type III GD, while wide bone
marrow spaces are more prevalent in type I GD.

Dental development results can be considered prelimi-
nary and further studies comparing larger number of Gau-
cher patients versus controls are recommended.

Clinical significance

The current results offer paediatric dentists an overview of
the possible systemic and dental manifestations accompa-
nying GD, which is crucial information when planning for
dental management of those cases.
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