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Abstract

Gaucher disease is a systemic lysosomal storage disorder with a high prevalence among
Ashkenazi Jews. It is caused by an inherited deficiency of the lysosomal enzyme
glucocerebrosidase. Common signs and symptoms include hepatosplenomegaly, anemia,
thrombocytopenia, and skeletal involvement. Oral and dental manifestations are less commonly
seen. These manifestations are often asymptomatic, although they may be detected by routine
dental x-rays. There are several case reports and a few larger series published describing patients
with Gaucher disease who have mandibulo-maxillofacial involvement. This review aims to
examine the oral manifestations observed in Gaucher disease and to suggest practical guidelines
for dealing with these often worrisome signs. Among the critical issues are the benign nature of
Gaucher cell infiltration of the mandible and the critical importance of being prepared for post-
procedure bleeding and/or infections. Therefore, it is essential that dental practitioners be aware of
the possible oral and dental complications of Gaucher disease, as well as the available treatment
modalities.
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Introduction

Gaucher disease, the most common lysosomal storage disorder due to deficiency of the
enzyme glucocerebrosidase, results in glucocerebroside accumulation in the cells of
monocyte-macrophage system. These abnormally enlarged macrophages, “Gaucher cells”,
have a cytoplasm with an engorged, wrinkled tissue paper appearance and displaced round
nuclei (Zimran and Elstein, 2010). Many of the disease manifestations result from
infiltration of Gaucher cells into organs of the reticulo-endothelial system, particularly the
spleen, liver, and bone marrow.

Gaucher disease is inherited as an autosomal recessive disorder. While panethnic, it is most
common among the Ashkenazi Jewish population, with a carrier rate of 1:17 and an
expected birth frequency of 1:850 (Beutler et al, 1993). Two distinct forms of Gaucher
disease are also relatively more common in the Norrbottnian region of Northern Sweden
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(Svennerholm et al, 1991) and near the Palestinian town of Jenin (Abrahamov et al, 1995).
In the general population, the estimated frequency is in the range of 1:50,000 to 1:100,000
(Meikle et al, 1999). Among Ashkenazi Jews, the N370S mutation, which is associated with
milder expression of the disease (Zimran and Elstein, 2010) is most common.

Three major types of Gaucher disease are differentiated clinically, based on absence, type 1,
or presence and rate of progression of neurological features, types 2 and 3 (Zimran and
Elstein, 2010). Key clinical, genetic, and demographic features are summarized in Table 1.
While it has been suggested that the varied symptoms fall into a phenotypic continuum
(Sidransky, 2004), it is often useful to think of Gaucher disease as three distinct forms to
facilitate genetic counseling and management decisions.

There is enormous variability in disease severity of all types of Gaucher disease. Type 1
disease may be asymptomatic, discovered in the course of a population survey (e.g., among
Ashkenazi Jews) or incidentally during evaluation of an unrelated hematological disorder. In
symptomatic patients, the spleen may be barely palpable or massively enlarged and may
produce positional symptoms, such as early satiety or abdominal discomfort. Abdominal
pain is rare, and when present may be an indication of a splenic infarction or a sub-capsular
hematoma. Hepatomegaly is usually asymptomatic but, in very severe cases (e.g.
splenectomized patients), can be associated with liver fibrosis and/or cirrhosis with or
without portal hypertension. However, for most patients, liver function tests are within
normal limits, unless there is a hepatic co-morbidity such as viral or auto-immune hepatitis.

Bleeding is a common symptom and can manifest as frequent epistaxis, easy bruising,
hemorrhaging after surgical/or dental procedures or can be associated with pregnancy or
delivery. Bleeding is usually secondary to thrombocytopenia resulting from hypersplenism
and/or reduced platelet production, which can be caused by infiltration of the bone marrow
by Gaucher cells. Abnormal platelet function (Gillis et al, 1999) or abnormal coagulation
and/or fibrinolytic factors (Hollack et al, 1997) are also observed. Fatigue is another
common complaint, usually related to anemia, but not invariably. Reduced hemoglobin
levels are also primarily due to hypersplenism, but additional causes include iron deficiency
(also secondary to bleeding), vitamin Bq, deficiency, and autoimmune hemolysis. In
children, linear growth retardation is common, regardless of overall disease severity.

An increased tendency for infections occurs in rare cases, typically among more severely
affected or splenectomized patients. Severe pulmonary disease with cyanosis and clubbing
occurs in some patients with advanced liver involvement. Direct involvement of the lungs
with Gaucher cells has also been observed. Mild pulmonary hypertension as documented by
Doppler echocardiography is also observed in some patients (Mistry et al, 2002), especially
those who have undergone splenectomy. Pulmonary function tests may show some
abnormalities, such as reduced diffusion capacity (Kerem et al, 1996).

The gold standard for the diagnosis of Gaucher disease is the detection of low levels of
enzyme activity in peripheral blood cells compared to normal controls samples drawn on the
same day. Molecular analyses of genotype, at times, serve as an adjunct in assessing the
potential trajectory of disease severity (Zimran, 2011).

There is no cure for Gaucher disease; since its approval by the US Food and Drug
Administration (FDA) in 1991 (Barton et al, 1991; Grabowski et al, 1995; Zimran et al,
1995) intravenous infusions of enzyme replacement therapy (ERT) are widely used to treat
symptomatic patients. In most patients ERT induces reduction of hepatosplenomegaly,
ameliorates hematological abnormalities, and improves bone pain and bone mineral density
within 5 years of advent of therapy (Weinreb et al, 2002). Today, there are two FDA
approved ERTSs that are also widely approved in Europe and other countries: imiglucerase
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(Cerezyme, Genzyme Corporation, Cambridge MA, USA) and velaglucerase alfa (Vpriv,
Shire HGT, Cambridge MA, USA).

Gaucher cell infiltration in the long bones

Involvement of the bones is a common feature of symptomatic Gaucher disease. It is often
the most disabling aspect of the disease, placing a heavy burden on quality of life by causing
pain, restricting mobility, and interfering with the activities of daily living (Pastores et al,
2000; Stowens et al, 1985). In some surveys, approximately 75% of patients with type 1
Gaucher disease report that they have some degree of bone involvement (Germain, 2004).
With recent advances in diagnostic and imaging modalities, it has been observed that 90% of
patients with type 1 (Walton-Bowen et al, 2000) or type 3 (chronic neuronopathic) Gaucher
disease (Mikosch et al, 2010) have at least one clinical or radiologic manifestation
attributable to skeletal involvement, with about 20% exhibiting impaired mobility (Wenstrup
et al, 2002). It is important to note that ERT cannot reverse necrotic and lytic changes, and
therefore, orthopedic solutions, especially timely joint (hip, shoulder, knee, ankle)
replacements, are recommended (Itzchaki et al, 2004).

Skeletal manifestations of clinical relevance include bony infarcts, lytic lesions, cortical
thinning, loss of trabecular structure, fractures due to osteopenia, avascular necrosis of both
large and small joints, and in some children, height delay (Elstein et al, 1997). The exact
mechanisms by which Gaucher cells infiltrate the bone marrow and disrupt the bony
architecture, as well as how ERT may impact the bone (Rudzki et al, 2003), are areas of
intense interest and research (Goker-Alpan, 2011).

The Mandible in Gaucher disease

All of the long bones can be considered as potential reservoirs for Gaucher cell infiltration
and indeed, virtually all long bones are at risk in Gaucher disease (Wenstrup et al, 2002).
The mandible too is a long bone, and unlike the maxilla (Figure 1a), may be a target of bony
involvement (Figure 1b). About 100 cases have been published describing patients
presenting with some degree of mandibulo-maxillofacial involvement, often noted
incidentally on routine dental or panoramic x-rays (Carter et al, 1998). The most common
radiographic observation in an affected mandible is the presence of pseudo-cystic or
honeycombed radiolucent lesions mainly in the premolar-molar regions (Bender, 1938;
Moch, 1953; Spiegel, 1957; Bender, 1959; Weigler et al, 1967; Michanowicz et al, 1967;
Bildman et al, 1972; Heasman, 1991; Lustmann et al, 1991; Horwitz et al, 2007). Increased
osteopenia and a loss of trabecular architecture within the radiolucent areas are commonly
observed. Other radiographic findings include generalized osteoporosis, enlargement and
widening of bone marrow spaces, endosteal scalloping, and in some cases, apical root
resorption, all putatively due to the density of Gaucher cells in the apical regions (Bender,
1938; Bender, 1959; Bender et al, 1996; Carter et al, 1998). The cortical bone, however,
remains intact (Figure 2c¢). The areas of mandibular radiopacity have also been conjectured
to be due to temporary bone regeneration after extraction (Bender, 1959) or an osteosclerotic
reaction to the Gaucher cell infiltration (Heasman, 1991). In practical terms, however, it is
critically important to appreciate the fact that these cyst-like areas that may completely fill
the jaw on x-ray are not ‘empty’ or lacking bone to anchor the teeth. Even when there is
evidence of root resorption, the process can be relatively benign and can reverse
spontaneously. It is most likely that these cyst-like space-occupying lesions are Gaucher
cells that act like ‘petrified’ Gaucher bone. The lower jaw has normal alveolar bone, but
below, there seems to be an area of demarcation where the teeth end, the cortical bone
appears not to encompass any normal trabecular bone (Figure 1b). This can be appreciated
in the panoramic-style view of the mandible (Figure 2, panel a) where the area of
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translucencies are overt bilaterally. However, one can see bone anchoring the teeth (Figure
2, panel b) and the presence of unaffected cortical bone (Figure 2, panel c). This description
of loss of normal trabecularization is comparable to what is seen in other long bones in
Gaucher disease. Since the teeth remain anchored, this putative root resorption should be not
be treated only on the basis of the apparent areas of translucencies. Biopsies to ascertain the
nature of the bony matrix in the mandible, as well as bone grafting or dental extractions
because of concern about the abnormal x-ray appearance of the mandibular bony matrix,
should be tempered by a second evaluation of the clinical diagnosis in the context of
overwhelming Gaucher cell infiltration.

Bildman et al (1972) reported establishing diagnosis of Gaucher disease following a biopsy
of mandibular marrow tissue; others have confirmed Gaucher disease based on the presence
of Gaucher cells in biopsies from the mandible (Shira et al, 1953; Moch, 1953; Weigler et al,
1967; Sela et al, 1972; Hall et al, 1985; Lustman et al, 1991). However, it should be
emphasized that biopsy of the mandible in Gaucher disease is not recommended, unless
another condition (e.g., malignancy) is suspected. If Gaucher disease is suspected, an
enzyme assay and not a biopsy or a bone marrow sampling is the appropriate means to make
the diagnosis.

Dental extractions and other dental surgery

It was hypothesized that debridement of the lesions, and extraction of the teeth would
ameliorate the translucent areas in the jaw because of post-manipulation bone regeneration
(Moch, 1953; Michanowicz et al, 1967; Hall et al, 1985). This is true in patients with
Gaucher disease, as in otherwise healthy individuals, but the existence of Gaucher disease
per seis not a reason for curettage or primary extractions. In most cases reported in the
literature, post-operative healing was normal without hemorrhagic complications (Weigler et
al, 1967; Michanowicz et al, 1967; Bildman et al, 1972; Regenye et al, 1992; Bender et al,
1996; Browne, 1997; Horwitz et al, 2007). Nonetheless, prophylaxis against a bleeding
diathesis is recommended even in patients on ERT (see below) in cases of extractions, dental
surgery, or dental prophylaxis that may be extensive. Healing of the extraction site or
periodontal tissue may be transient, as lesions may re-appear (Bender et al, 1996).

Table 2 summarizes many of the cases reported in the literature. One riveting report
describes the 60-year follow-up of a single patient who also eventually was treated with
ERT when it became available (Bender, 1938; Bender, 1959; Bender et al, 1996).
Importantly, despite the decades-long history of Gaucher cell impaction in the jaw, the
patient’s dental history was marked by multiple extractions. Thus unless there is an
associated condition that requires dental extractions, the Gaucher cell infiltration is not an
ample justification to extract teeth. Moreover, although in the past, the option of dental
implants to replace the missing and extracted teeth was not recommended because of what
was considered to be the poor quality of the mandibular bony milieu (Horwitz et al, 2007),
this hypothesis may not be valid. In the past, hip, shoulder, knee or ankle replacements were
also not offered to patients with Gaucher disease because of the same concerns. However,
despite massive Gaucher cell infiltration in the hip, shoulder, knee, or ankle, surgical
prostheses are well-tolerated and well-incorporated (Lebel et al, 2001; Lebel et al, 2011).
Thus, the issue of implants in Gaucher disease merits further consideration and prospective
study.

The Maxillary Bone in Gaucher disease

Because it is not a long bone, the maxilla is far less often affected in Gaucher disease. In the
maxilla (Figure 1a) both the alveolar bone surrounding the tooth and the cancellous bone
have a normal appearance. There have been four case reports of maxillary involvement,
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generally with lesions in the canine-premolar area (Bender, 1938; Spiegel, 1957; Lustman et
al, 1991; Karabulut et al, 1997). Opacification of one or more of the maxillary antrums was
noted, as well as the presence of Gaucher cells.

Eruption of Teeth

Carter et al (1998) documented a strong correlation between delayed permanent dentition
and the presence of mild to moderate bone involvement in younger patients. The delayed
eruption of the teeth in virtually all children with Gaucher disease, and the subsequent
delayed eruption of the permanent dentition, is apparently parallel to the delayed
achievement of peak bone mass, and often, of full adult height in some patients with
Gaucher disease. Catch-up growth, both of height and peak bone mineral density, occurs
even without benefit of ERT (Dweck et al, 2002), although ERT is credited with reducing
the gap earlier (Kaplan et al, 1996).

Oral features

Typically none of the soft tissues in the mouth are sites of Gaucher cell infiltration, and
hence are rarely involved except consequent to some other ailment. An example is the
putative risk for amyloidosis in Gaucher disease (only five cases have been described in the
literature) which is accompanied by oral manifestations (Elstein et al, 2003).

It has been reported that salivary output in patients with Gaucher disease is decreased
relative to healthy controls (Dayan et al, 2003). There is currently no explanation for this
finding, and since it is not improved in patients receiving ERT, it remains a conundrum.

Browne (1997) reported a case of involvement of the mandible by Gaucher cells which was
also marked by a well-defined area of pigmentation on the internal surface of the buccal
mucosa on the right side of the mouth only, in addition to a generalized pigmentation of the
face, lips, neck and hands. Although facial discoloration, especially around the mouth, has
been reported (Zimran, 2010), in general oral skin pigmentation is rare in Gaucher disease.
Petechia have also been reported (Horwitz et al, 2007), but these may be related to a
bleeding tendency.

Lymph gland involvement in patients with Gaucher disease, including the submandibular
lymph nodes, is rare: lymph gland enlargement is generally due to a secondary process such
as transient infection or inflammation. However, enlarged lymph glands at some sites, such
as retroperitoneal, are usually densely infiltrated by Gaucher cells, yet they do not seem to
be affected by ERT (Hadas-Halpern et al, 2010). There have been reports of aggressive
lymphomas involving the parotid gland in two patients (Shvidel et al, 2007) as well as an
adenoma of the parotid gland in a single patient (personal observation).

Bleeding tendency

The most important ramification of Gaucher disease in the oral cavity is a tendency to
bleeding (Zimran, 2010). The bleeding tendency observed commonly in patients with
Gaucher disease can occur as a result of thrombocytopenia because of hypersplenism,
alterations in the coagulation cascade (Hollak et a/, 1997), or abnormal platelet function
(Gillis et al, 1999). Several clotting factor deficiencies have also been described, including
factors I1, V, IX, X, XI (Horwitz et al, 2007; Hollak et al, 1997; Fischman et al, 2003), but
these are co-morbidities that are not directly related to Gaucher disease.

ERT will increase platelet counts and often will improve platelet function abnormalities, so
that the tendency to excessive bleeding will be minimized in these patients. Nonetheless, a
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dentist should be prepared for the possibility of excessive hemorrhage when performing
dental procedures that cause bleeding, such as extractions, curettage, and surgeries (Carter et
al, 1998; Fischman et al, 2003). In a recent study, Givol et al (2011) noted that the severity
of thrombocytopenia did not predict the risk of bleeding; therefore, evaluation of
coagulation deficiencies and impaired platelet aggregation is indicated before commencing
dental procedures. If necessary, appropriate hematological replacement therapy prior to the
procedure including the administration of anti-fibrinolytics (e.g., hexacapron) and/or platelet
transfusion after the procedure in high risk patients (Givol et al, 2011) is advisable. Using
sutures is also often prudent in these patients.

There is an increased risk of post-operative oral infections in patients (Moch, 1953;
Schubiner et al, 1981), which is an expression of an overall greater risk for infections in
Gaucher disease (Aker et al, 1993), especially in patients not treated with ERT (Zimran et al,
1993). This is further enhanced in subjects who have undergone a splenectomy, for whom
the usual pre-surgery precautions should be taken. In all cases, it is prudent to ascertain
whether antibiotic prophylaxis is necessary for other indications. There have also been
reports of early-onset periodontitis in patients with Gaucher disease (Horwitz et al, 2007)
which can be effectively managed by proper oral hygiene instructions, scaling and root
planing as in other patients. It has also been suggested that increased periodontal disease per
se may be a co-morbidity that results from lack of bone density especially in women
(Renvert et al, 2011). Although conflicting literature exists (Wactawski-Wende et al, 1996),
increased progression of inflammatory destruction is seen in less dense or poorly
trabeculated bone. This situation is often ameliorated when bisphosphonates are used
(Shinoda et al, 2008).

Bisphosphonate therapy

Various bisphosphonates have been used by patients with Gaucher disease as monotherapy
for osteopenia/osteonecrosis or as an adjunct to ERT (Cox et al, 2008). As with other
persons on long-term bisphosphonate therapy for non-cancer reasons, the risk of
osteonecrosis of the jaw is low (Brock et al, 2011), but carefully following the length of
bisphosphonate use s and heightened awareness of this possible complication are
recommended.

Oral hygiene

Based on the experience in a large clinic (Fischman et al, 2003) it appears that overall
dental-oral health among patients with Gaucher disease is unaffected. In fact, they reported
that patients had fewer dental caries and better dental health than obligate carriers of
Gaucher disease (based on the Decayed, Missing, and Filled Surfaces index). This
unexpected observation may be due to greater awareness of the potential for infections
among patients with Gaucher disease and/or better oral hygiene.

Conclusion

In conclusion, we have enumerated some general recommendations for the dentist when
evaluating patients with Gaucher disease (Table 3). Although dental involvement is a less
common manifestation of Gaucher disease, it is nonetheless imperative for dental
practitioners to be aware of this disease, and to be familiar with the possible oral and dental
complications that could develop. Many of these recommendations relate to the
pathophysiology and progression of Gaucher disease For example, skeletal features of
Gaucher disease can be progressive and/or irreversible, even with appropriate treatment with
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ERT and this may apply to mandibular or maxillary involvement as well. Associated
hematologic or coagulation abnormalities may complicate the dental management of
patients with Gaucher disease. Appropriate hematologic replacement therapy must always
be considered prior to procedures. After dental procedures, comprehensive follow-up
sessions and close monitoring for complications are essential for optimal post-operative
recovery. Moreover, the importance of proper oral hygiene to maintain good oral health and
appropriate periodic evaluations cannot be over-emphasized in patients with Gaucher
disease, regardless of the degree of severity or the ongoing disease-specific medical
management.
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Figure 1a: upper jaw
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Figure 1b: lower jaw
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Figure 1.

Figure la: Serial presentation of CT findings of the upper jaw and teeth, showing normal
appearance of alveolar and cancellous bone (arrow).

Figure 1b: Serial presentation of CT findings of the lower jaw and teeth, showing normal
appearance of alveolar bone (upper arrow) but no trabecular bone although the cortical bone
is intact (lower arrow); There appears to be a demarcation line where the teeth end and
below which the bone is ‘hollow’. There is apparent root resorption on the lower anterior
teeth and blunting of the roots on the lower first molars bilaterally.
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Figure 2.

panel a: Large areas of translucency in mandible bilaterally (arrows) probably due to
Gaucher cell infiltration with cortical bone preserved; panel b right side: horizontal slice
showing preservation of bone between teeth (arrow); panel c: view of the right and left
lower jaw showing normal cortical bone.
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Table 3

Important consideration in the management of oral and dental manifestation in patients with Gaucher Disease

The gold standard for establishing the diagnosis of Gaucher disease is by detecting low levels of enzyme activity in peripheral blood
cells compared to (same-day) normal controls.

Biopsy and bone grafting or dental extractions should not be performed exclusively because of concern about the abnormal
appearance of the mandibular bony matrix on x-ray in the context of overwhelming Gaucher cell infiltration.

In cases where extractions have been performed, consider implants in patients with Gaucher disease using the same criteria as in
other patients.

There is delayed eruption of the teeth and permanent dentition in virtually all children with Gaucher disease, but both catch-up
growth (height as well as bone age) is to be expected even in the absence of ERT.

The severity of thrombocytopenia does not predict the risk of bleeding even among patients receiving ERT; therefore, evaluation of
coagulation deficiencies and impaired platelet function tests is prudent before commencing any dental procedures.

To prepare adequately for possible hemorrhaging, appropriate hematological replacement therapy prior to the procedure including
the administration of anti-fibrinolytics (e.g., hexacapron) and/or platelet transfusion after the procedure in high risk patients should
be considered. Suturing the area of the incision is prudent.

Provide comprehensive follow-up after procedures to monitor possible complications; stress good oral hygiene and appropriate
dental and periodontal follow-up for all patients.
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