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Abstract

Objective: This study aimed to assess osteopenia and tra-
beculation loss in the jaws of patients diagnosed with Type
1 Gaucher disease (GD) using cone-beam computed to-
mography (CBCT) images, unlike the routine computed to-
mography, and evaluate the correlation of jaw involvement
with systemic involvement of GD. Material and Methods:
A total of 16 patients, five males and 11 females, who were
followed up with the diagnosis of Type I GD were included
in the study group. Moreover, 16 age-and sex-matched he-
althy individuals in the study group were included in the
control group. The records of patients at the time of diag-
nosis were obtained, and the presence of generalized os-
teopenia of jaws was investigated in the CBCT images,
which were taken for maxillofacial examinations. Results:
In comparison, the incidence of generalized osteopenia of
jaws was significantly higher in the study group than in the
control group (p=0.001). In addition, six out of seven pati-
ents with hepatomegaly and seven of 11 splenomegaly/ope-
rated patients had generalized osteopenia. However, no
statistically significant relationship was observed between
the presence of hepatomegaly/splenomegaly and generali-
zed osteopenia. In addition, no significant difference was
observed among bone involvement, hematological parame-
ters, and jaw involvement in patients with Type 1 GD
(p>0.05). Conclusion: Trabecular bone loss and osteope-
nia increased in Type 1 GD; therefore, patients with Type 1
GD should be evaluated periodically in terms of jaw invol-
vement along with other parameters.
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Ozet

Amag: Bu calismada, Tip I Gaucher hastaligi (GH) tanisi
konmus hastalarin rutin bilgisayarl tomografiden farkli ola-
rak konik isinl bilgisayarli tomografi (KIBT) gorintilerinde
cenelerde osteopeni ve trabekiilasyon kaybinin incelenmesi
ve gene tutulumunun GH’nin sistemik tutulumuyla korelas-
yonunun degerlendirilmesidir. Gereg ve Yontemler: Tip I
GH tanisi ile izlenen 5 erkek, 11 kadin toplam 16 hasta ga-
lisma grubuna dahil edildi. Calisma grubundaki hastalara
benzer yas ve cinsiyette 16 saglikli birey kontrol grubuna
dahil edildi. Tani anindaki dosya kayitlari elde edildi ve mak-
sillofasiyal incelemeler igin alinan KIBT gériintllerinde ge-
nelerde generalize osteopeni varligi sorgulandi. Bulgular:
Calisma ve kontrol gruplari genelerin generalize osteopenisi
agisindan karsilastirildiginda, Tip I GH hastalarindan olusan
calisma grubunda bu bulgu kontrol grubuna goére anlamli
diizeyde ylksek bulundu (p=0.001). Hepatomegalik toplam
7 hastanin 6’sinda; splenomegalik/opere olan toplam 11
hastanin 7’sinde generalize osteopeni vardi. Ancak, galisma
grubunda hepatomegali/splenomegali ile generalize osteo-
peni arasinda istatistiksel anlamh bir iliski bulunmadi. Ay-
rica Tip I GH hastalarinin kemik tutulumu ve hematolojik
parametreleri ile gene tutulumu arasinda anlamh bir farkli-
lik bulunmadi (p>0.05). Sonug: Tip I GH’de trabektler
kemik kaybi ve osteopeni artmistir. Bu nedenle, Tip I GH
hastalari diger parametrelerle birlikte genelerin tutulumu
agisindan periyodik olarak degerlendirilmelidir.

Anahtar kelimeler: Gaucher hastaligi; cene tutulumu;
konik i1sinli bilgisayarli tomografi;
generalize osteopeni
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Introduction versible lesions, for e.g., osteonecrosis and

Gaucher disease (GD) is an autosomal re-
cessive inherited disease characterized by
glucocerebroside accumulation in the reticu-
loendothelial system because of glucocere-
brosidase (GBA) enzyme deficiency (1). The
incidence of GD is approximately one in
40,000-50,000 live births. The most com-
mon form is Type 1, which is the non-neu-
ronopathic type. It constitutes nearly 90%
of the patients. It is common in Ashkenazi
Jews, and the ratio of the disease carrier is
1:13 (2).

The patients with GD commonly present
with hepatosplenomegaly, osteopenia, bone
pain, and cytopenia. These findings gener-
ally occur because of the local effects of the
accumulated substances, organomegaly,
and organ dysfunction (3). The diagnosis of
GD should be confirmed through the meas-
urement of GBA activity in peripheral blood
leukocytes. Splenomegaly, which is seen in
approximately 90%-95% of patients with
GD, plays an essential role in the diagnosis
(4). As the disease progresses, changes
such as nodular lesions, infarct areas, necro-
sis, and fibrosis can be observed in the
spleen (Figure 1) (5).

Bone findings can be frequently observed in
Type 1 GD. However, Wenstrup et al. (6), in
their study, examining the skeletal aspects
of GD, divided GD-associated bone patholo-
gies into three groups: a focal disease (irre-

osteosclerosis); local disease (reversible ab-
normalities adjacent to the heavily involved
bone marrow, for e.g., cortical thinning and
bone deformities); and generalized osteope-
nia. However, this descriptive and morphol-
ogy-focused classification of bone patho-
logies in GD does not explain different
pathologies. Apart from this classification,
GD can also be observed as a sequence of
events (7). Glucosylceramide accumulation
and progressive infiltration of Gaucher cells
in the bone marrow may lead to thinning of
the cortex, pathologic fractures, bone pain,
bony infarcts, and osteopenia. Moreover,
these bony features may be associated with
macrophage-produced cytokines that dis-
rupt the osteoblast and osteoclast balance.
It is believed that the infiltration caused by
Gaucher cells in the bone marrow increases
the intra-bone pressure, thus causing is-
chemia and infarctions. The classic ‘remod-
eling’ disorder seen in GD is the Erlenmeyer
flask deformity observed in the long bones,
particularly in the distal femur in conven-
tional radiological imaging (Figure 2). Erlen-
meyer flask deformity is not a specific
finding of GD; however, it is observed in ap-
proximately 80% of patients (8) and can
help in diagnoses.

GD is a rare disease; hence, it is necessary
to suspect the disease first for an accurate
diagnosis. GD should be considered in pa-

FIGURE 1: a) The multiple nodular appearance of the spleen on T2-weighted coronal magnetic resonance image of a 33-year-old male patient with Gaucher disease.
b) The massive hepatosplenomegaly on T2-weighted coronal magnetic resonance image of a 39-year-old female patient with Gaucher disease.

(Courtesy of Prof. Dr. Fahri Bayram)
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FIGURE 2: a) Erlenmeyer flask deformity caused by an enlargement of the distal femur on T1-weighted coronal magnetic resonance image of a 44-year-old male patient
who was operated because of osteonecrosis and joint deformation; b) The osteonecrosis areas on the magnetic resonance image of the same patient (Courtesy of Prof.

Dr. Fahri Bayram)

tients with bone pain, chronic fatigue, throm-
bocytopenia and/or hepatosplenomegaly,
and low bone densitometry values for their
age (secondary osteoporosis). For dentistry,
early diagnosis of the disease is crucial to dis-
tinguish GD lesions from other bone diseases
such as mandibular osteoporosis or
ameloblastoma because of its similar radi-
ographic features. This study aimed to ex-
amine the osteopenia and trabeculation loss
of the jaws using cone-beam computed to-
mography (CBCT) images of patients with
Type 1 GD who were referred to our depart-
ment and evaluate the correlation of jaw in-
volvement with systemic involvement of GD.

Material and Methods

This study was evaluated by the Erciyes Uni-
versity Faculty of Medicine Clinical Research
Ethics Committee and approved with deci-
sion number 2019/11 (12.06.2019). The
study was conducted in accordance with the
Helsinki Declaration principles.

Study Group

A total of 16 patients (five males and 11 fe-
males) being followed up with the diagnosis
of Type 1 GD in the Erciyes University, Fac-
ulty of Medicine, Department of Endocrinol-
ogy and Metabolism, Gastroenterology, and
Hematology were included in the study. Pa-
tients had basic examinations, including

routine laboratory examinations, measure-
ments of liver and spleen sizes, bone symp-
tom findings, and dual-energy X-ray
absorptiometry (DEXA) examinations at the
time of diagnosis. The medical records ob-
tained during the first evaluation phase of
the patients with Type 1 GD were examined.
The patients” age at the time of admission,
complaints, parental consanguinity, family
history of a similar disease or sibling history,
physical examination findings at the time of
diagnosis, GBA gene mutations, GBA en-
zyme activity, history of splenectomy, the
age of initiation of enzyme replacement
therapy, and the total treatment duration
were recorded. Body mass index (BMI) was
calculated using the weight and height val-
ues of the patients at the time of diagnosis
(weight [kg]/height [m?]). Underweight was
defined as BMI of less than 18.5 kg/m?, nor-
mal weight as 18.5 to <25 kg/m?, over-
weight as 25.0 to <30 kg/m?, and obese as
30.0 kg/m? or higher.

Complete blood count values and biochemi-
cal examination results of the patients were
obtained at the time of diagnosis. Normal
values for hemoglobin were 12-16 g/dL for
women and 14-18 g/dL for men. Thrombo-
cytopenia was considered if the platelet val-
ues were below 130x10/mm3 and leu-
kopenia if the leukocyte values were below
4500/mm (9).
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Bone involvement assessment was per-
formed by assessing bone marrow in mag-
netic resonance images of a limited number
of patients and using DEXA (Hologic QDR
4500 Elite densitometer, Hologic Inc.,
Waltham, MA, USA) in all patients. Bone
mineral density measurements were made
using DEXA, including lumbar 1-4, verte-
brae, and femur.

Symptom severity scores of patients were
calculated using examinations performed at
the time of diagnosis. Symptom Severity
Score Index (SSI) was developed in 1989 to
objectively evaluate the phenotypic expres-
sion of Type 1 GD (10). However, the scor-
ing criteria were changed in 1992, and SSI
became useable in all GD types. In this
study, the modified symptom severity index
(Zimran Severity Score Index) of Zimran
was used (9).

Subsequently, patients were directed to the
Erciyes University, Faculty of Dentistry, De-
partment of Oral and Maxillofacial Radiology
for maxillofacial examinations. The changes
in the maxillofacial regions of patients were
evaluated, and the relationship between ini-
tial hematological parameters, visceral in-
volvement, and bone involvement was
examined.

Control Group

A total of 16 healthy individuals were in-
cluded in the study to compare the CBCT
findings of GD patients. The control group
was formed by retrospectively scanning the
patient records, and those patients were se-
lected who did not have any systemic dis-
ease or continuous drug usage. The
exclusion criteria of the control group were
as follows:

m Having a systemic disease that may affect
the bone metabolism

m Using a medication that can affect the
bone metabolism

= Images that do not have sufficient diag-
nostic quality in terms of making the neces-
sary evaluations

= Being below the age of 18 years
Presence of lesions involving the maxillofa-
cial area

m History of surgery and traumatic opera-
tions involving the maxillofacial area

Cone-Beam Computed Tomography Protocol
and Evaluation of Images

CBCT images of the patients included in the
study were obtained using the New Tom 5G
CBCT device (FP, Quantitative Radiology,
Verona, Italy). All images had the following
parameters: 110 kV and 3-5 mA, 0.25 mm
voxel size, 18x16 cm FOV (field of view),
0.25 mm slice thickness, and 5.4 s exposure
time. CBCT images were analyzed on a Dell
Precision T5400 workstation (Dell, Round
Rock, Texas, USA) using NNT software (NNT
version 3.0; NewTom, Verona, Italy), with a
32-inch Dell liquid-crystal display with a res-
olution of 1280x1024 pixels in a dark room.
A total of 16 CBCT images of patients with
Type 1 GD were questioned in terms of loss of
trabeculation and generalized osteopenia in
jaws.

All radiological examinations were per-
formed by two researchers working at the
Department of Oral and Maxillofacial Radiol-
ogy, Faculty of Dentistry, Erciyes University.
Moreover, 20% of the evaluations were re-
peated one month after the first evaluation
to determine the intra-observer reliability.

Statistical Analysis

The IBM SPSS.23 (IBM Corp., Armonk, NY,
USA) program was used for statistical analy-
sis. Normality assumptions of continuous
variables were examined using Skewness
and Kurtosis coefficients, Shapiro-Wilk test,
and histograms. Mean, standard deviation,
median, and rank average were given in the
descriptive statistics of continuous variables,
and frequency (n) and percentage (%) val-
ues were given in the definition of categori-
cal variables. The Mann-Whitney test was
used for comparison of continuous variables
that did not show normal distribution with
two-level variables, and the Kruskal-Wallis
test was used for comparison with three or
more levels. Relationships between categor-
ical variables were examined with chi-
square/Fisher exact analysis, and that
between continuous variables were exam-
ined with Spearman’s (Spearman’s rho) cor-
relation analysis. Spearman’s correlation
coefficient was calculated to determine the
consistency between the measurements ob-
tained at different times and the internal
consistency between the observers. The sig-
nificance level was accepted as p<0.05 in all
analyses.
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Results

A total of 32 patients (11 [68.75%] fe-
males, five [31.75%] males each in both
study and control groups) were included in
the study. No significant difference was ob-
served in age and gender distribution be-
tween the control and study groups
(p>0.05). The age of the patients included
in the study group ranged between 19 and
60 years, and the mean age was 34.56
years. Table 1 shows the distribution of the
initial characteristics of the patients with
GD. The most common gene mutation was
P.N409S homozygote. Of the 16 patients in-
cluded in the study group, 56.3% had os-
teopenia in lumbal vertebrae and 81.3% in
the femur (Table 2). Table 3 shows the re-
sults of the laboratory tests of patients in
the study group. The distribution of the
characteristics of visceral involvement and
SSI of the patients in the study group is
shown in Table 4. In the study group,

Table 1. Distribution of the initial characteristics of

the patients with Gaucher disease.

n (%)

Parental consanguinity

Absent 8 (50.0)

Present 8 (50.0)
Sibling history

Absent 3(18.8)

Present 13 (81.3)
Complaints at the time of admission

Fatigue, weakness, and bone pain 1 (6.3)

Presence of hepatosplenomegaly in the 1 (6.3)
patient presenting with excessive sweating

DEXA scans 7 (43.8)

Osteoporosis 1 (6.3)

Abdominal and bone pain 1 (6.3)

Abdominal pain and weakness 2 (12.5)

Abdominal pain 1 (6.3)

Splenomegaly 2 (12.5)
Body mass index

Underweight 2 (12.5)

Normal weight 9 (56.3)

Overweight 5(31.3)
GBA gene activity

Abnormal 16 (100)

Normal 0 (0)

Table 2. Distribution of the findings regarding bone

involvement.

DEXA: Dual-energy X-ray absorptiometry; GBA: Glucocereb-
rosidase.

n (%)
Lumbal vertebrae
Normal 2 (12.5)
Osteopenia 9 (56.3)
Osteoporosis 5 (31.3)
Femur
Normal 1(6.3)
Osteopenia 13 (81.3)
Osteoporosis 1(6.3)
- 1 (6.3)
Subjective skeletal findings
Absent 1(6.3)
Mild/intermittent pain 10 (62.5)
Chronic pain 5 (31.3)
Fractures
Absent 15 (93.8)
Post-traumatic fracture 1(6.3)

-; DEXA scan could not be performed because of leg prosthe-
sis in a patient.

43.8% of patients had hepatomegaly, and
50% had splenomegaly.

In CBCT images of patients with GD, gener-
alized osteopenia of jaws was observed in
10 (62.5%) patients and not in six (37.5%)
patients. In the control group, only one
(6.3%) patient had generalized osteopenia,
whereas no findings were observed in the
remaining 15 (93.8%) patients. In compar-
ison, a statistically significant difference was
found between the two groups (p=0.001).
Table 5 shows the comparison of the
DEXA results of patients with GD according
to the hepatomegaly and splenomegaly
groups; no significant difference was
found between the groups in any of the
parameters (p>0.05). In the study group,
no significant relationship was found be-
tween the hepatomegaly and splenomegaly
findings and generalized osteopenia of jaws
(p=0.145, p=1.000, respectively). In
addition, six (85.7%) out of seven patients
with abnormal hepatomegaly parameters
and seven (63.6%) out of 11 patients
whose splenomegaly parameter was abnor-
mal/who were operated had generalized os-
teopenia of jaws (Table 6).

No significant difference was found between
jaw and hematological involvement in pa-
tients with Type 1 GD (Table 7).
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Table 3. Laboratory findings of the patients with Ga-
ucher disease.

n (%)

Leukocyte

Lower than normal 6 (37.5)

Normal 7 (43.8)

Higher than normal 3 (18.8)
Hemoglobin

Lower than normal 6 (37.5)

Normal 10 (62.5)
Platelet

Lower than normal 6 (37.5)

Normal 8 (50.0)

Higher than normal 2 (12.5)
AST, ALT, GGT

Normal 16 (100)
ALP

Normal 15 (93.8)

Higher than normal 1(6.3)
TSH

Normal 14 (87.5)

Higher than normal 2 (12.5)
Ferritin

Normal 12 (75.0)

Higher than normal 4 (25.0)
Vitamin B12

Lower than normal 2 (12.5)

Normal 12 (75.0)

Higher than normal 2 (12.5)
Cholesterol

Normal 15 (93.8)

Higher than normal 1(6.3)
LDL

Lower than normal 13 (81.3)

Normal 3 (18.8)
HDL

Lower than normal 7 (43.8)

Normal 5 (31.3)

Higher than normal 4 (25.0)
Triglyceride

Normal 9 (56.3)

Higher than normal 7 (43.8)
Total protein

Lower than normal 1(6.3)

Normal 15 (93.8)
Albumin

Lower than normal 1(6.3)

Normal 15 (93.8)
Lyso level

Higher than normal 7 (43.8)

Not examined 9 (56.3)

Normal 15 (93.8)

Higher than normal 1(6.3)

AST: Aspartate transaminase; ALT: Alanine aminotransferase; GGT: Gam
ma-glutamyl transferase; ALP: Alkaline phosphatase; TSH: Thyroid-stimu-
lating hormone; LDL: Low-density lipoprotein; HDL: High-density lipopro-
tein.

When SSI scores were compared according
to jaw involvement, patients with and with-
out generalized osteopenia of jaws were not
different in terms of SSI score (p=0.267).
Patients who were underweight, normal, and
overweight in BMI were not different in terms
of SSI score (p=0.820). When examining the
relationship between generalized osteopenia
of the jaws and bone involvement in patients
with GD, patients with signs of jaw involve-
ment in their CBCT images did not show a
statistically significant difference in terms of
values (p>0.05) (Table 8).

Discussion

In this study, we examined the CBCT images
of 16 patients and found that the jaw in-
volvement was 62.5% in patients with Type 1
GD. Long bone involvement is common in
GD, whereas maxillofacial bone involvement
is less common. Jaw bone involvement is typ-
ically asymptomatic (11,12) and can be de-
tected as incidental findings in routine dental
radiographs (13). These radiographic findings
may include generalized rarefaction of the
jaw bone, loss of trabecular structure, en-
larged bone marrow cavities, and pseudo-
cystic radiolucent lesions. However, jaw
involvement associated with GD varies from
asymptomatic radiographic findings to painful
lesions.

Only a few studies with a small number of
patients exist in the literature regarding the
jaw involvement of GD. In addition, no study
comprehensively investigated the correla-
tion between the systemic involvement of

Table 4. Distribution of the visceral involvement and

SSI of the patients with Gaucher disease.

n (%)

Hepatomegaly

Normal 9 (56.3)

Abnormal 7 (43.8)
Splenomegaly

Normal 5(31.3)

Abnormal 8 (50.0)

Operated 3 (18.8)
SSI

Mild 15 (93.8)

Moderate 1(6.3)

SSI: Symptom Severity Score Index.
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Table 5. Comparison of DEXA scores according to hepatomegaly and splenomegaly.*

Groups
Hepatomegaly
DEXA L Total Z score Normal
Hepatomegaly
DEXA L Total BMD Normal
Hepatomegaly
DEXA Total Z score Normal
Hepatomegaly
DEXA Total BMD Normal
Hepatomegaly
Splenomegaly
DEXA L Total Z score Normal
Splenomegaly/operated
DEXA L Total BMD Normal
Splenomegaly/operated
DEXA Total Z score Normal
Splenomegaly/operated
DEXA Total BMD Normal

Splenomegaly/operated

n Mean rank Median p value
9 8.78 -2.00 .791
7 8.14 -2.20

9 8.56 .83 .958
7 8.43 .84

9 8.67 -1.40 478
6 7.00 -1.70

9 8.11 .78 .906
6 7.83 .77

5 6.60 -2.40 .280
11 9.36 -1.70

5 6.60 .79 .282
11 9.36 .86

5 8.70 -1.40 .667
10 7.65 -1.50

5 8.00 .78 1.000
10 8.00 .78

*Mann Whitney test. DEXA: Dual-energy X-ray absorptiometry; L: Lumbal vertebrae; BMD: Bone mineral density.

Table 6. Relationship between generalized osteopenia of jaws and hepatomegaly and splenomegaly in the study

group.
Normal n (%) Hepatomegaly n (%) p value
Generalized osteopenia of jaws Absent 5 (55.6) 1(14.3) .145
Present 4 (44.4) 6 (85.7)
Normal n (%) Splenomegaly/operated n (%) p value
Generalized osteopenia of jaws Absent 2 (40.0) 4 (36.4) 1.000
Present 3 (60.0) 7 (63.6)

GD, characterized by triple involvement:
bone involvement, visceral involvement, and
hematological involvement, and jaw in-
volvement in these abovementioned studies.
Several case reports have also stated that
the mandible is a nidus of Gaucher cell infil-
tration and/or bone crisis (14-18).

In previous studies, loss of the trabecular
structure of the jaws and an increase in os-
teopenia were frequently observed in pa-
tients with GD. Bender et al. (14) reported a
loss of trabecular structure in the premolar-
molar region and generalized osteoporosis
in the mandibular region in their case report
of a 13-year-old female patient, and they
stated that there was an increased loss of

trabecular structure, endosteal bone degen-
eration, and decreased bone thickness in the
follow-up report of the same patient (19).

Nobre et al. (20) found generalized os-
teopenia of jaws in the CBCT images in all
of the ten patients in their study. Similarly,
Zeevi et al. (12) found trabecular reduc-
tion/osteopenia/generalized rarefaction in
31 (83.8%) patients out of 37 cases com-
piled. Carter et al. (21) examined the
panoramic images of 28 patients and found
generalized osteopenia of jaws in only five
patients. Several radiographic findings can
only be confirmed by three-dimensional im-
aging, and two-dimensional conventional
techniques may be insufficient in imaging
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Table 7. Relationship between generalized osteopenia of jaws and triglyceride, hemoglobin, leukocyte, and plate-

lets in the study group.

Triglyceride
Absent

Present

Generalized osteopenia of jaws

Hemoglobin
Absent

Present

Generalized osteopenia of jaws

Leukocyte
Absent

Present

Generalized osteopenia of jaws

Platelet
Absent

Present

Generalized osteopenia of jaws

Higher than
Normal n (%) normal n (%) p value
4 (44.4) 2 (28.6) .633
5 (55.6) 5(71.4)
Lower than
normal n (%) Normal n (%) p value
3 (50.0) 3 (30.0) .607
3 (50.0) 7 (70.0)
Lower than Normal/higher
normal n (%) than normal n (%) p value
3 (50.0) 3 (30.0) .607
3 (50.0) 7 (70.0)
Lower than Normal/higher
normal n (%) than normal n (%) p value
2 (33.3) 4 (40.0) 1.000
4 (66.7) 6 (60.0)

Table 8. Comparison of DEXA scores according to the presence of generalized osteopenia of jaws.

Mean
DEXA L Total Z score
Generalized osteopenia of jaws
Absent -1.70
Present -1.91
DEXA L Total BMD
Generalized osteopenia of jaws
Absent .87
Present .85
DEXA Total Z score
Generalized osteopenia of jaws
Absent -1.45
Present -1.44
DEXA Total BMD
Generalized osteopenia of jaws
Absent .76
Present 77

Median Mean rank p value
277
-1.75 10.17
-2.30 7.50
.278
.88 10.17
.81 7.50
.953
-1.40 7.92
-1.60 8.06
.814
.78 7.67
.78 8.22

DEXA: Dual-energy X-ray absorptiometry; L: Lumbal vertebrae; BMD: Bone mineral density.

the bone architecture. Therefore, the results
obtained by Carter et al. (21) may be lower
than the real rates. Our findings were con-
sistent with the literature.

There is considerable heterogeneity in the
clinical presentation of skeletal manifesta-
tions among patients with GD. Zimran et al.
(9) developed the SSI to facilitate commu-

nication regarding visceral and bone symp-
toms of GD. Painful bone crises, pathological
fractures, and restrictive bone deformities
are all associated with severe disease and
impaired life quality in some patients with
GD (21). According to our findings, the dis-
ease severity scores showed that the aver-
age SSI value was 6£2.56. In terms of SSI
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values, 15 out of 16 patients (93.8%) had
mild disease, and one (6.3%) had moderate
disease. SSI values of our patients varied
between 3 and 13. Carter et al. (21), in their
study with 28 patients with GD, found the
scores of patients in the range of 2 to 19,
excluding two patients whose SSI data were
not available. Nobre et al. (20) found that
clinical and radiographic findings showed
great differences in their patient group, and
some clinical data were not correlated with
radiographic images. This clinical hetero-
geneity, which determines all forms of GD,
was probably because of more than 200 mu-
tations such as point mutations, insertions,
and deletions in the GBA gene (20,22,23).
In our study, no significant relationship was
found between SSI scores and the presence
of generalized osteopenia of jaws in CBCT
images and BMI.

Carter et al. (21) reported that the delay in
tooth eruption was associated with mild to
moderate general bone involvement rather
than severe bone involvement. Neverthe-
less, among the dental findings and sys-
temic parameters of GD, no correlation was
reported between the presence of general-
ized osteopenia of jaws and general bone in-
volvement and between the history of
splenectomy and tooth eruption. However,
in this study, the delay in tooth eruption
could not be evaluated because of the time
of diagnosis of adult patients. In addition, no
statistically significant difference was found
between the presence of generalized os-
teopenia of jaws in the CBCT images and
DEXA scores.

The DEXA scores of patients with GD did not
differ according to hepatomegaly and
splenomegaly groups. On evaluating the re-
lationship between the CBCT findings and
hepatomegaly and splenomegaly, no signif-
icant relationship was found between he-
patomegaly and splenomegaly and gene-
ralized osteopenia of the jaws. However, in
six (85.7%) of the seven patients with he-
patomegaly, trabeculation loss in the jaws
was observed, and it was observed in seven
(63.6%) of 11 patients with spleno-megaly.
No significant relationship was found be-
tween the abnormalities of laboratory tests
such as triglyceride, hemoglobin, leukocyte,
and platelet levels and generalized osteope-
nia of the jaws in patients with GD. In detail,

generalized osteopenia of jaws was ob-
served in five (71.4%) of seven patients
with higher triglyceride levels, three (50%)
of six patients with lower hemoglobin val-
ues, three (50%) of six patients with lower
leukocyte values, and four (66.7%) of six
patients with a lower platelet value. Our
findings were consistent with that of Carter
et al.'s study (21), wherein no statistically
significant relationship was reported be-
tween the dental findings of GD and its sys-
temic parameters. However, although GD is
a common disease among lysosomal storage
diseases, it is a rare disease in the general
population. Therefore, the limited number of
patients included in the study group can be
considered a limitation of the study. Studies
with larger sample sizes should be con-
ducted to verify the results we have ob-
tained.

Decreased bone density and cortical thin-
ning are observed in almost all patients with
GD (8). The trabecular and cortical bone
may be affected locally or widely. Osteope-
nia is associated with an increased risk of
bone fractures in both adult and pediatric
patients (24). In the literature, several case
reports and studies have confirmed that an
intense increase in osteopenia and losses in
the trabecular structure were observed in
the presence of jaw involvement of GD
(12,16,17,23,25). CBCT provides a three-di-
mensional analysis of maxillofacial struc-
tures in the jaw involvement of GD. In
addition, it allows qualitative and quantita-
tive evaluation of bone structures (26). Se-
rious problems such as osteomyelitis may
occur because of trabecular bone loss in the
mandible. Because of the decreased blood
flow, the sensitivity of the bone to infection
may increase with GD (27,28). In addition,
a risk of pathological fracture exists in areas
where trabeculae are weakened. Therefore,
the importance of oral hygiene should be
emphasized to prevent odontogenic infec-
tions and secondary osteomyelitis in the rel-
evant bone if there is any finding related to
GD. A soft diet should be recommended to
avoid pathological fractures of the jaw.

Conclusion

In conclusion, this study showed that the
losses in the trabecular structure of the jaws
were significantly higher in patients with GD,
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whereas a difference between the jaw in-
volvement and systemic involvement of GD
was not found. Patients with Type I GD
should be evaluated periodically because of
the risk of jaw involvement. Several of these
patients receive dental treatment without
knowing about the disease, and their symp-
toms are not considered in the planning of
the treatment because physicians have lim-
ited knowledge about disease symptoms.
However, while evaluating patients with
lysosomal storage disorders, taking a med-
ical history with a comprehensive examina-
tion and careful analysis of the signs and
symptoms of the disease are extremely cru-
cial. When GD is suspected in undiagnosed
patients, patients should be referred to the
appropriate departments.

Source of Finance

During this study, no financial or spiritual
support was received neither from any phar-
maceutical company that has a direct con-
nection with the research subject, nor from
a company that provides or produces med-
ical instruments and materials which may
negatively affect the evaluation process of
this study.

Conflict of Interest

No conflicts of interest between the authors
and / or family members of the scientific
and medical committee members or mem-
bers of the potential conflicts of interest,
counseling, expertise, working conditions,
share holding and similar situations in any
firm.

Authorship Contributions

Idea/Concept: Firdevs Asantogrol, Fahri
Bayram, Emin Murat Canger; Design: Fird-
evs Asantogrol; Control/Supervision: Fird-
evs Asantodrol, Fahri Bayram, Emin Murat
Canger; Data Collection and/or Processing:
Firdevs Asantogrol, Fahri Bayram, Hliseyin
Dursun; Analysis and/or Interpretation:
Firdevs Asantogrol, Fahri Bayram, Emin
Murat Canger, HUseyin Dursun; Literature
Review: Firdevs Asantogrol; Writing the Ar-
ticle: Firdevs Asantogrol; Critical Review:
Firdevs Asantodrol, Fahri Bayram, Emin
Murat Canger; References and Fundings:
Fahri Bayram, Emin Murat Canger; Materi-

als: Firdevs Asantogrol, Fahri Bayram,
Hldseyin Dursun, Emin Murat Canger.

References

1. Grabowski GA. Phenotype, diagnosis, and treatment
of Gaucher's disease. Lancet. 2008;372:1263-12
71. [Crossref] [PubMed]

2. Saudubray JM, Garcia-Cazorla A. Clinical approach
to inborn errors of metabolism in pediatrics. In:
Saudubray JM, Baumgartner MR, Walter J, eds. In-
born metabolic diseases. 5th ed. Germany:
Springer-Verlag Berlin Heidelberg; 2016. p.3-70.
[Crossref]

3. Boot RG, Renkema GH, Verhoek M, Strijland A, Bliek
J, de Meulemeester TM, Mannens MM, Aerts JM. The
human chitotriosidase gene. Nature of inherited en-
zyme deficiency. J Biol Chem. 1998;273:25680-
25685. [Crossref] [PubMed]

4. Charrow J, Andersson HC, Kaplan P, Kolodny EH,
Mistry P, Pastores G, Rosenbloom BE, Scott
CR, Wappner RS, Weinreb NJ, Zimran A. The
Gaucher registry: demographics and disease char-
acteristics of 1698 patients with Gaucher disease.
Arch Intern Med. 2000;160:2835-2843. [Crossref]
[PubMed]

5. Neudorfer O, Hadas-Halpern I, Elstein D, Abra-
hamov A, Zimran A. Abdominal ultrasound findings
mimicking hematological malignancies in a study of
218 Gaucher patients. Am J Hematol. 1997;55:28-
34. [Crossref] [PubMed]

6. Wenstrup RJ, Roca-Espiau M, Weinreb NJ, Bembi B.
Skeletal aspects of Gaucher disease: a review. Br ]
Radiol. 2002;75 Suppl 1:A2-12. [Crossref]
[PubMed]

7. Mikosch P. Miscellaneous non-inflammatory muscu-
loskeletal conditions. Gaucher disease and bone.
Best Pract Res Clin Rheumatol. 2011;25:665-681.
[Crossref] [PubMed]

8. Mankin HJ, Rosenthal DI, Xavier R. Gaucher dis-
ease. New approaches to an ancient disease. J Bone
Joint Surg Am. 2001;83:748-762. [Crossref]
[PubMed]

9. Zimran A, Kay A, Gelbart T, Garver P, Thurston D,
Saven A, Beutler E. Gaucher disease. Clinical, labo-
ratory, radiologic, and genetic features of 53 pa-
tients. Medicine (Baltimore). 1992;71:337-353.
[Crossref] [PubMed]

10.Zimran A, Sorge ], Gross E, Kubitz M, West C, Beut-
ler E. Prediction of severity of Gaucher's disease by
identification of mutations at DNA level. Lancet.
1989;2:349-352. [Crossref] [PubMed]

11.Saranjam HR, Sidransky E, Levine WZ, Zimran A,
Elstein D. Mandibular and dental manifestations of
Gaucher disease. Oral Dis. 2012;18:421-429.
[Crossref] [PubMed] [PMC]

12.Zeevi I, Anavi Y, Kaplan I, Zadik Y. Jaws features in
Type 1 Gaucher disease. J Oral Maxillofac Surg.
2013;71:694-701. [Crossref] [PubMed]

13.Bildman B, Martinez M Jr, Robinson LH. Gaucher's
disease discovered by mandibular biopsy: report of
case. J Oral Surg. 1972;30:510-512. [PubMed]

14.Bender I. Dental observations in Gaucher's disease.
Journal of Dental Research. 1938;17(5):359-
369.[Crossref]


https://linkinghub.elsevier.com/retrieve/pii/S0140673608615226
https://pubmed.ncbi.nlm.nih.gov/19094956/
https://link.springer.com/chapter/10.1007%2F978-3-662-49771-5_1
https://www.sciencedirect.com/science/article/pii/S0021925819598738?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/9748235/
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/485470
https://pubmed.ncbi.nlm.nih.gov/11025794/
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1096-8652(199705)55:1%3C28::AID-AJH5%3E3.0.CO;2-5
https://pubmed.ncbi.nlm.nih.gov/9136914/
https://www.birpublications.org/doi/10.1259/bjr.75.suppl_1.750002
https://pubmed.ncbi.nlm.nih.gov/12036828/
https://www.sciencedirect.com/science/article/abs/pii/S1521694211000908?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/22142746/
https://journals.lww.com/jbjsjournal/Citation/2001/05000/Gaucher_Disease___New_Approaches_to_an_Ancient.16.aspx
https://pubmed.ncbi.nlm.nih.gov/11379747/
https://journals.lww.com/md-journal/Citation/1992/11000/Gaucher_Disease__Clinical,_Laboratory,_Radiologic,.2.aspx
https://pubmed.ncbi.nlm.nih.gov/1435229/
https://www.sciencedirect.com/science/article/abs/pii/S0140673689905369?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/2569551/
https://onlinelibrary.wiley.com/doi/10.1111/j.1601-0825.2011.01898.x
https://pubmed.ncbi.nlm.nih.gov/22251146/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3370140/
https://www.sciencedirect.com/science/article/abs/pii/S0278239112013821?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23265852/
https://pubmed.ncbi.nlm.nih.gov/4503602/
https://journals.sagepub.com/doi/10.1177/00220345380170050201

Turk J Endocrinol Metab.

2021;25:261-271

Asantogrol et al.

271

Relationship Between Jaw and Systemic Involvement of Type 1 Gaucher Disease

15.

16.

17.

18.

19.

20.

21.

Sela J, Polliack A, Ulmansky M. Involvement of the
mandible in Gaucher's disease. Report of a case
with post-mortem findings. Br J Oral Surg. 1972;
9:246-250. [Crossref] [PubMed]

Lustmann ], Ben-Yehuda D, Somer M, Ulmansky M.
Gaucher's disease affecting the mandible and max-
illa. Report of a case. Int J Oral Maxillofac Surg.
1991;20:7-8. [Crossref] [PubMed]

Schwartz MR, Weycer ]S, McGavran MH. Gaucher's
disease involving the maxillary sinuses. Arch Oto-
laryngol Head Neck Surg. 1988;114:203-206.
[Crossref] [PubMed]

Baldini M, Casirati G, Ulivieri FM, Cassinerio E,
Khouri Chalouhi K, Poggiali E, Borin L, Burghignoli V,
Cesana BM, Cappellini MD. Skeletal involvement in
type 1 Gaucher disease: Not just bone mineral den-
sity. Blood Cells Mol Dis. 2018;68:148-152. [Cross-
ref] [PubMed]

Bender IB. Dental observations in Gaucher's dis-
ease; a twenty-year follow-up. Oral Surg Oral Med
Oral Pathol. 1959;12:546-561.[Crossref] [PubMed]
Nobre RM, Ribeiro AL, Alves-Junior SM, Tuji FM, Ro-
drigues Pinheiro Md, Pinheiro LR, Pinheiro J]. Den-
tomaxillofacial manifestations of Gaucher's disease:
preliminary clinical and radiographic findings. Den-
tomaxillofac Radiol. 2012;41:541-547. [Crossref]
[PubMed] [PMC]

Carter LC, Fischman SL, Mann J, Elstein D, Stabholz
A, Zimran A. The nature and extent of jaw involve-
ment in Gaucher disease: observations in a series of
28 patients. Oral Surg Oral Med Oral Pathol Oral Ra-
diol Endod. 1998;85:233-239. [Crossref] [PubMed]

22.

23.

24.

25.

26.

27.

28.

Fischman SL, Elstein D, Sgan-Cohen H, Mann J,
Zimran A. Dental profile of patients with Gaucher
disease. BMC Oral Health. 2003;3:4. [Crossref]
[PubMed] [PMC]

Horwitz J, Hirsh I, Machtei EE. Oral aspects of
Gaucher's disease: a literature review and case re-
port. J Periodontol. 2007;78:783-788. [Crossref]
[PubMed]

Katz K, Cohen 1J, Ziv N, Grunebaum M, Zaizov R,
Yosipovitch Z. Fractures in children who have
Gaucher disease. ] Bone Joint Surg Am.
1987;69:1361-1370. [Crossref] [PubMed]

Elstein D, Itzchaki M, Mankin HJ. Skeletal involve-
ment in Gaucher's disease. Baillieres Clin Haema-
tol. 1997;10:793-816. [Crossref] [PubMed]
Metzler P, Zemann W, Libbers H-T, Guggenberger
R, Lussi A, Obwegeser JA, Gratz KW, Jacobsen C.
Bone mineral density measurements performed by
cone-beam computed tomography in the bisphos-
phonate-related osteonecrosis-affected jaw. Oral
Radiology. 2012;28:101-108.[Crossref]

Noyes FR, Smith WS. Bone crises and chronic
osteomyelitis in  Gaucher's disease. Clin
Orthop Relat Res. 1971;79:132-40. [Crossref]
[PubMed]

Wasserstein MP, Martignetti JA, Zeitlin R, Lumerman
H, Solomon M, Grace ME, Desnick R]. Type 1
Gaucher disease presenting with extensive
mandibular lytic lesions: identification and expres-
sion of a novel acid beta-glucosidase mutation. Am
J Med Genet. 1999;84:334-339. [Crossref]
[PubMed]


https://www.sciencedirect.com/science/article/abs/pii/S0007117X71800410?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/4505411/
https://www.sciencedirect.com/science/article/abs/pii/S090150270580685X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/2019785/
https://jamanetwork.com/journals/jamaotolaryngology/article-abstract/615033
https://pubmed.ncbi.nlm.nih.gov/3276344/
https://www.sciencedirect.com/science/article/abs/pii/S107997961730092X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S107997961730092X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28693786/
https://www.sciencedirect.com/science/article/abs/pii/0030422059901574?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/13644917/
https://www.birpublications.org/doi/10.1259/dmfr/43023353
https://pubmed.ncbi.nlm.nih.gov/22988312/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3608373/
https://www.sciencedirect.com/science/article/abs/pii/S1079210498904322?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/9503462/
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-3-4
https://pubmed.ncbi.nlm.nih.gov/12875661/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC183852/
https://aap.onlinelibrary.wiley.com/doi/abs/10.1902/jop.2007.060341
https://pubmed.ncbi.nlm.nih.gov/17397330/
https://journals.lww.com/jbjsjournal/Abstract/1987/69090/Fractures_in_children_who_have_Gaucher_disease.9.aspx
https://pubmed.ncbi.nlm.nih.gov/3440795/
https://www.sciencedirect.com/science/article/abs/pii/S0950353697800418?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/9497865/
https://link.springer.com/article/10.1007%2Fs11282-012-0093-1
https://journals.lww.com/clinorthop/Citation/1971/09000/Bone_Crises_and_Chronic_Osteomyelitis_in_Gaucher_s.20.aspx
https://pubmed.ncbi.nlm.nih.gov/4938318/
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1096-8628(19990604)84:4%3C334::AID-AJMG5%3E3.0.CO;2-P
https://pubmed.ncbi.nlm.nih.gov/10340647/

