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Abstract: The aim of the present study was to describe the oro- dental anomalies of different autosomal

recessive neurodegenerative disorders to add specific diagnostic findings to the clinical picture of these
disorders. Also, to  discuss the value of gingival biopsy as an easier diagnostic tool for these disorders.

15 patients suffering from autosomal recessive neurodegenerative disorders underwent extensive clinical
and neurophysiological investigations. Gingival samples were taken from all patients and studied using

transmission electron microscope. The patients were diagnosed as: 6 patients with Neuroaxonal dystrophy

(NAD), 1 patient with Hallervorden-Spatz syndrome (HSS), 5 patients with Neuronal ceroid lipofuscinosis
(NCL) and 3 patients with Wilson's disease (WD). The most common oral abnormalities in NAD and HSS

were long philtrum, thick and everted lips and high arched palate. The most common oral abnormalities

in NCL were thick and everted lips and high arched palate, whereas the oral abnormalities in WD were
cleft lip, thick and everted lips and high arched palate. The gingival biopsies in NAD, HSS and WD

revealed Spheroid bodies, while gingival biopsies of NCL revealed granualar osmiophilic deposits and

curvilinear bodies.
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INTRODUCTION

Neurodegeneration corresponds to any pathological
condition primarily affecting neurons. 

Neurodegenerative disorders represent a large group
of neurological disorders with heterogeneous clinical
and pathological expressions affecting specific subsets
of neurons in specific functional anatomic systems .[29]

Neurodegenerative Disorders Include:
Neuroaxonal Dystrophy: 
C They constitute a group of neurodegenerative

disorders which share a common pathologic
feature; the presence of segmental dystrophic
swellings or “spheroids” in the distal portions of
axons.

C The clinical picture is characterized by
psychomotor regression and hypotonia which
progress to spastic tetraplegia, visual impairment
and dementia.

C The conclusive diagnosis of NAD is made by the
histologic study of brain, nerve and muscle, skin
or conjunctival biopsy.

C The presence of spheroid bodies in the axons is
the most typical finding .[31]

Hallervorden-Spatz syndrome: It is similar to INAD

with the same occurrence, progressive course and
neuropathological finding. There may be considerable
overlap in the clinical symptoms .[23]

Neuronal Ceroid Lipofuscinosis:

C The NCL are the most common group of

neurodegenerative diseases in children and result

from accumulation of autofluorescent granules in
the cytoplasm of most nerve cells and, to a lesser

degree, of many other cell types .[43]

C The NCL have similar early symptoms and disease
progression.

C Initial diagnosis is often based on visual problems,

behavioral changes and seizures.
C Progression is characterized by a decline in mental

abilities, increased severity of seizures, blindness

and loss of motor skills .[6]

C At the ultra structural level, 5 different patterns of

osmiophilic lipopigments were found in NCL

including:
C Usual lipofuscin 

C Fingerprint deposits
C Granular profiles

C Curvilinear bodies 

C Microtubular aggregates  [11]
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Wilson’s Disease: Wilson's disease (WD) is a rare
autosomal recessive disorder of copper metabolism

resulting in copper-induced tissue damage that primarily

involves the liver and central nervous system . [9]

C Clinically, it usually manifests with progressive

liver cirrhosis, neurologic impairment, Kayser-

Fleischer rings (in the cornea) and/or renal

malfunction .[22,8]

C Ultra structurally, it is characterized by axonal

degeneration of the peripheral nerves .[27]

Aim of the Study:

C Investigate the ultra structure of the gingiva in

cases with different neurodegenerative disorders .[3,8]

C Discuss the diagnostic role of gingival biopsy and

whether it can replace other tissue biopsies for an

easier diagnosis of the disorders. 

C Describe the oro-dental anomalies in these

disorders that may reveal specific or diagnostic

findings which may add to their clinical pictures .[26]

Patients and Methods: Fifteen cases complaining of

loss of acquired milestones, without history of trauma

referred to Clinical Genetics and oro-dental genetics

clinics, National Research Center were selected in this

study.

All the patients underwent extensive clinical and

neurophysiological investigations including:

C Clinical Evaluation

C Pedigree Analysis 

C Neurological assessment 

C Neurophysiologic examination 

C Ophthalmologic assessment 

C Biochemical assessment 

C Brain CT and /or MRI 

C Oral and paraoral examination 

C Ultra structural study for the gingiva .[1]

Preparation of specimens for EM examination:

C Obtaining tissue specimen

C Fixation

C Buffering

C Post-fixation

C Dehydration

C Infiltrations and Embedding

C Sectioning 

C Staining[34]

RESULTS AND DISCUSSIONS

Results:

Neuroaxonal dystrophy (NAD) and Hallervorden spatz

syndrome (HSS) group:

Fig. 1: The most common oral abnormalities were

long philtrum, thick and everted lips and high

arched palate. 

Fig. 2: The most common oral abnormalities were

long philtrum, thick and everted lips and high

arched palate. 

Fig. 3a: S p h e r o id  b o d i e s  a n d  i n t r a -  a n d

intercellularvacuoles were found in all patients'

b iopsies.Other ultra structura l f ind ings

w e r e m e m b r a n o u s  s t o r a g e  m a t e r i a l ,

accumulation ofconnective tissue fibers and

widening ofintercellular spaces. 
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Fig. 3b: Spheroid bodies and intra- and intercellular

vacuoles were found in all patients' biopsies.

Other ultra  st ruc tu ra l f ind ings were

membranous storage material, accumulation of

connective tissue fibers and widening of

intercellular spaces. 

Neuronal Ceroid Lipofuscinosis:

Fig. 4: The oral abnormalities found in these patients

was thick and everted lips and high arched

palate. 

Discussion: In neurodegenerative diseases of childhood

diagnostic biopsy may be part of the diagnostic

armamentarium to arrive at a nosological diagnosis. As

brain biopsy is one of the more hazardous procedures,

biopsy of extracerebral tissues might be an easier

choice provided disease-relevant morphological features

manifest themselves outside of the central nervous

system. There are a few neurodegenerative diseases

which do not allow either biochemical or molecular

genetic diagnosis and, thus, rely on biopsy of

extracerebral tissues, so-called `essential' biopsies to

achieve a diagnosis during the patient's life.

Fig. 5a: E x a m i n a t i o n  o f  g in g iv a l  b io p s i e s

re ve a ledGra nu la r  Osmiophilic deposit s

(GRODs) in allpatients. Curvilinear bodies

were found inJNCL patient. Other findings in

gingivalbiopsies were widening of intercellular

spaces,increase in the amount of connective

tissuefibers and membranous inclusions. 

Fig. 5b: Examination of gingival biopsies revealed

Granular Osmiophilic deposits (GRODs) in all

patients. Curvilinear bodies were found in

JNCL patient. Other findings in gingival

biopsies were widening of intercellular spaces,

increase in the amount of connective tissue

fibers and membranous inclusions. 

Idoate Gastearena and Vega Vazquez  pointed out[25]

the importance of Cutaneous biopsy in the diagnosis of

neurodegenerative diseases, especially neurometabolic

and inborn errors of metabolism. The sweat glands,

especially the eccrine ones, and certain cellular

elements in the adventitial dermis like the Schwann

cells,  axons, endothelium and fibroblasts, are altered

in  inborn  errors  of  metabolism   and   in  certain
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Wilson’s Disease:

Fig. 6: The most important oral finding in this group

was the presence of cleft lip, thick and
everted lips and high arched palate. 

Fig. 7: Spheroid inclusions were found in all the 3

patients. 

neurodegenerative diseases. Valuable information about

neurodegenerative diseases as muscular dystrophies,

axonal neuropathy, Alzheimer disease and others can
be carried out by skin biopsy.

Extraneural tissue biopsies have also been

investigated at the ultrastructural level in lysosomal
and peroxisomal disorders, which are characterized by

specific storage affecting mainly the central nervous

system with involvement of the peripheral nervous
system and visceral organs. Most of these disorders

can now be diagnosed by using biochemical and

enzymatical assays and by molecular biology
techniques, without the need for a brain biopsy used

previously .  However when the enzymatic or
biochemical defect remains unknown and when DNA

studies are not informative, the study of such tissues

is still necessary. The choice of tissue is important.
Skin and conjunctival biopsies are less traumatic and

are cost-effective diagnostic tools allowing the

examination of a great diversity of structures. Skeletal
muscle and peripheral nerves are more frequently used

for patients with a late-onset or slower course of

disease . [13]

Electron microscopic examination of gingival
biopsy proved to be useful screening test for diagnosis

of storage disorders. Examples of storage disorders

easily diagnosed by electron microscopy of gingival
b io p s i e s  a r e :  G ly go ge n  s t o r a g e  d i s e a s e ,

mucopolysaccharidosis, and sialic acid  storage
disorder  pointed out that the gingival biopsy has[34]

proved to be the simplest, least traumatic, and a very

cost effective tool in the diagnosis of a large variety of
storage disorders.

Neuroaxonal Dystrophy and Hallervorden-spatz
Syndrome: Infantile neuroaxonal dystrophy  and

Hallervorden-Spatz syndrome  have several features in

common. In particular, pathologic examination shows
widespread axonal swelling and spheroid bodies in the

CNS in both diseases. Differential diagnosis is

hampered by the fact that there are early infantile cases
of HSS as well as late-onset cases of INAD. Similarly,

there may be considerable overlap in the clinical

symptoms . Of the 15 patients with neurodegerative[24]

disorders, 6 patients presented with clinical picture

suggestive of neuroaxonal dystrophy in which the

condition started with hypotonia, but with the progress
of the disease it changed to hypertonia and spasticity.

MRI showed cerebellar atrophy for all the 6
patients with neuroaxonal dystrophy, in agreement with

those of the previously reported cases .[36,15]

The hallmark of the HSS is the characteristic MRI
finding, called the “eye-of-the-tiger” sign. It is in the

form of bilateral symmetrical hypointense areas in the

globus pallidus due to iron deposition. The central high
signal intensity of the globus pallidus in HSS has been

attributed to gliosis, demyelination, increased water

content and axonal swelling and neuronal loss with
disintegration, vacuolization, and cavitation of the

neuropil . [33]

Regarding the MR imaging findings for the patient
whose case is presented herein, the classic eye-of-the-

tiger appearance was clearly seen on the initial T2-

weighted MR images. The oral abnormalities found in
these patients included long philtrum, thick lips, partial

ankyloglossia, macroglossia, bifid tip of the tongue,

median furrowed tongue, high arched palate, prominent
median palatine raphe, bifid uvula, retruded mandible,

habitual open mouth. Ena mel hypoplasia and
hypocalcification, spacing, crowding, wide overjet, deep

overbite and bruxism were among the dental

abnormalities. To our knowledge, these oral findings
were not previously described except mandibular

retrognathia, which was reported by Seven et al. .[32]

Diagnosis of neuroaxonal dystrophy relies on a
combination of clinical and pathological examination;

Axonal endings consistently showed spheroid bodies,

which could also be detected in skin and conjunctiva .[2]
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In the present study, we describe the potential of
gingival tissue biopsy in diagnosis. 

Regarding the ultrastructural findings for patients

with neuroaxonal dystrophy and Hallervorden-spatz
disease in this study, the classic spheroid bodies were

seen in the gingival biopsies for all patients and they
were similar to those described by Wakai et al.,  and[40 ]

Ferreira et al.  in cerebral, rectal, cutaneous, nerve[ 1 5 ]

and conjunctival biopsies.

Neuronal Ceroid Lipofuscinosis: In this study of 5

cases of childhood NCL, 3 were INCL; 1 was LINCL;
and 1 was JNCL. These proportions differ from those

described in other series and reviews on the subject,

where juvenile cases are far more frequent than the
other forms of neuronal ceroid lipofuscinosis. In fact,

the juvenile form of NCL is the most prevalent one

throughout the world; except for Finland, where the
CLN1 (the etiologic locus of INCL) has a comparative

higher incidence . The large number of INCL cases[10]

found in our study prompts the question whether the
ratio corresponds to the actual NCLs incidences in

Egypt. It most probably reflects some bias; due to the

small number of the whole series. The other possibility
is that JNCL cases might be underrepresented. This

diagnosis may be less frequently considered for older
children and adolescents presenting with ataxia,

dementia or behavioral problems, the first signs in the

majority of our cases.  Nevertheless, Clinical subtypes
of NCL disorders are all characterized by visual

failure, mental retardation, and abnormalities in EEG.

The CNS pathology in autopsy reveals a dramatic loss
of cortical and cerebellar neurons .[35]

Infantile NCL (INCL): The first three cases in this
group  e xh ibite d  a lmost  ide n t ic a l se que nc e ,

characterized by onset in infancy, psychomotor delay,

epilepsies, ataxia and myoclonus. They also shared
similar neuropathological findings, including severe

brain atrophy. These features are characteristic of

infantile NCL. Rapid progression of cerebral atrophy
is often observed in INCL , which was observed in[38,39]

all our patients.

Oral abormalities found in these patients were
thick, everted lips, macroglossia with protrusion of the

tongue, prominent median palatine raphe, high arched
palate, prominent premaxilla, thick and highly attached

upper labial frenum. Dental abnormalities were

spacing, attrition and delayed eruption. To our
knowledge, no orodental anomalies were previously

reported for this group of disorders.

Granular Osmiophilic deposits (GRODs) is the
classical ultrastructure finding in INCL  that was[20]

found in patient 8, 9 and 10. All of our cases showed

GRODs. This finding is in accordance with  who[6]

reprted the strict association of GRODs  and INCL
clinical form. 

Late Infantile NCL (LINCL): One case was
diagnosed as late infantile NCL based on the age of

onset that began at 5 years old with tonic-clonic
seizures, followed by ataxia and psychomotor

regression. Fundus examination showed optic atrophy.

Epilepsy was intractable and dementia and spasticity
were relentlessly progressive.

Sleep disturbance and irritability were observed in

this patient, which are seen in most children with NCL.
Often children have characteristic hand movements

rather like those seen in Rett syndrome. Mobility and

language skills are lost and vision deteriorates.
Spasticity of the limbs worsens later in the illness . [28]

Early appearance and rapid progression of

cerebellar atrophy are characteristic of late infantile
NCL , which was obvious in MRI of one case.[39]

Oral anomalies found in this patient were short

philtrum, thick everted lips and palatal abnormalities
including high arched palate, prominent median palatine

raphe and narrow vault. Anterior open bite was the

only dental abnormality found in this patient. To our
knowledge, no orodental anomalies were previously

reported for LINCL.
The ultra structural examination of storage material

in LINCL reveals most commonly curvilinear bodies .[12]

In few cases, the storage material appeared as a finger
print configuration, which is more typical of JNCL.

Some case showed GRODs . Gingival biopsy of our[16]

patient revealed GRODs only.  

Juvenile  NCL  (JNCL):  One case represent a case

of  juvenile  NCL.  The  condition started at the age
of  7  years  with  gradual  diminution of vision,

which  progressed  to complete loss of vision at the

age of 12. Visual failure is usually the leading
symptom in juvenile NCL, while in the infantile and

late infantile cases, visual failure is accompanied by

other more dominant symptoms . Behavioural and[42]

psychiatric p rob le ms,  including psychosis and

hallucinations were present. Fundoscopy reveals optic

atrophy.
EEG for this patient revealed high voltage

amplitude and subcortical epileptiform discharge, which
are often recorded in JNCL, but the EEG findings For

JNCL are less specific than other forms of NCL.

Cerebral atrophy associated with juvenile forms of
NCL is often subtle early in the course of disease, or

may remain completely absent . We would like to[4]

stress the presence of periventricular white matter T2
hyperintensity in case 12 in whom MRI was carried

out. This is in agreement with studies published by

Vanhanen . [4,5]
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The oral abnormalities found in this patient were
thick everted lips, macroglossia, bifid tip of the tongue,

high arched palate and macrostomia. To our

knowledge, no orodental anomalies were previously
reported for JINCL.

The ultrastructural findings of JNCL are fingerprint
profiles, sometimes mixed with curvilinear bodies .[18,19]

Further research established a juvenile form of NCL

with GRODs. Examination of the gingival biopsy of
our patient revealed curvilinear bodies and GRODs,

but no fingerprints.

Wilson Disease: Wilson’s disease is an autosomal

recessive, multisystem disorder due to impaired hepatic

excretion of copper. There is excessive accumulation
of copper in the CNS, liver, kidneys, cornea, and other

organs . This accumulating copper leads primarily to[14]

damage of the liver and brain.Some 40%–50% of
patients with Wilson’s disease present neurologically,

with tremor being the initial symptom in about half

such cases, either as an action, resting, or postural
tremor . Our three cases started with gait disturbance[41]

in the form of wing beating tremors. 

The Kayser-Fleischer ring, a brownish coloration
of the outer margin of the cornea in Descemet’s

membrane, is diagnostic of Wilson’s disease , which[17]

was found in patient 13, while patients 14 and 15

showed optic atrophy without Kayser-Fleischer ring. 

Wilson’s disease, with its varied clinical
manifestations, often poses a diagnostic and therapeutic

challenge . Scheinberg et al.  reported that early[8] [30 ]

manifestations of WD are generally hepatic or
neurological (40% each) while remainders present with

psychiatric, haematological, renal, or osteochondrotic

symptoms.
Degeneration of the basal ganglia, evident as

increased T2 intensity in the caudate and putamen, is

the most common MRI finding in neurologically
affected Wilson disease . Our three cases showed[37]

MRI changes in the form of cerebellar atrophy and

brain atrophy.
The most important orodental abnormalities in our

patients were cleft lip, in patients 13 and 15, high

arched palate and prominent median palatine raphe,
found in all patients, thick everted lips. Other orodental

anomalies included long philtrum, pseudolabial cleft
lower lip, fissured tongue, prominent premaxilla, highly

attached upper labial frenum and malposed teeth. To

our knowledge, these abnormalities were not previously
described.

Ultrstructural  examination  of  gingival biopsies

for  our  patients  revealed  spheroid  inclusions.
Other findings included intercellular vacuolation,

intracellular vacuoles containing finely granular

material.

Conclusions: Study of the orofacial manifestation
proved to be useful adjuvant to the diagnosis of some
autosomal recessive neurodegenerative disorders.

Gingival biopsy could reveal histological changes
similar to other body tissues less accessible for biopsy
and more traumatic.

Recommendations: Examination of the orodental
structures in large number of cases need to be done to
evaluate the results of the present study.
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