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neurological and cutaneous disease that is often asso-
ciated with various neurodegenerative symptoms of 
unknown cause, such as hearing loss, mental retardation, 
dysarthria, muscle atrophy, and contracture of the bicus-
pid foot. After infancy, neurological symptoms begin to 
appear following skin symptoms [6].

XP is classified into types A–G and V according to 
the causative genes, and the progression and severity of 
symptoms vary according to the type. The severity not 
only affects the prognosis but also significantly impacts 
the decline in quality of life [7]. In Japan, approximately 
half of all XP cases are type A and one-fourth are type 
V. In type A, central and peripheral neurological symp-
toms appear in almost 100% of cases in the early stages 

Background
Xeroderma pigmentosum (XP), which is an extremely 
rare and severe photosensitivity disorder, is a heredi-
tary disease with a high incidence of skin cancer in 
sun-exposed areas. It is caused by genetic abnormalities 
in the DNA damage process [1–5]. XP is an intractable 
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Abstract
Background Xeroderma pigmentosum (XP) is an extremely rare and severe form of photosensitivity. It is classified 
into types A–G or V according to the gene responsible for the disease. The progression and severity of symptoms vary 
depending on the type. Although dysphagia caused by decreased swallowing function and dental malposition due 
to stenosis of the dentition in the facial and oral regions is common, it has not been reported in detail. We report three 
cases of type A XP, in which central and peripheral neurological symptoms appeared early on and progressed rapidly. 
We describe the oral function of these patients, focusing on the swallowing function and dentition malposition.

Case presentation Two males (27 and 25 years old) and one female (28 years old) presented with diverse 
neurological symptoms. We focused on the relationship between the changes in swallowing and oral functions and 
conditions due to decline in physical function. Some effects were observed by addressing the decline in swallowing 
and oral functions. In particular, a dental approach to manage the narrowing of the dentition, which was observed in 
all three patients, improved the swallowing and oral functions and maintained the current status of these functions.

Conclusions In type A XP, early decline in oral and swallowing functions is caused by the early decline in physical 
function, and it is necessary to monitor the condition at an early stage.
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and progress rapidly [7, 8]. Moreover, the genes dam-
aged by ultraviolet rays are not repaired, leading to fre-
quent occurrences of skin cancer [9–12] and disorders 
of eyeball movement, such as nystagmus and vision loss 
[13–17]. In addition, malignant tumors may develop 
in the lips, tongue, and buccal mucosa of the oral cav-
ity [18], along with characteristic gingival desquamation 
and fissures on the tongue [19]. Progression of intellec-
tual disabilities and hearing loss is accompanied by loss 
of language function, difficulty in walking, and decline 
in trunk functions. The decline in tongue function and 
muscles related to chewing and swallowing also changes 
the amount of oral intake, and eventually may lead to 
a change in the nutrition route. Patients with enteral 
nutrition reportedly tend to have a deterioration in the 
oral environment [20]. The use of enteral nutrition can 
potentially worsen the disuse of oral organs such as the 
tongue. The dentition in the facial and oral regions is also 
common; however, only a few detailed reports have been 
published. In this report, we describe the oral function 
of patients with XP type A, focusing on the swallowing 
function and dentition malposition.

Case presentation
Case 1
We confirmed through family history taking that there 
were no cases of XP within three degrees of kinship. The 
patient was a 27-year-old man, and he weighed 2636 g at 
birth and was born by normal delivery. His condition was 
diagnosed as XP (type A) at 2 years of age because of skin 
sensitivity to sun exposure during infancy. He walked to 
school on his own until the age of 14 or 15 years but had 
frequent falls. At the age of 18 years, he had an unsteady 
and slow gait and exhibited intermittent voiding due to 
a worsening neurogenic bladder. At the age of 19 years, 
he had difficulty sitting up. He could still talk until the 
age of 20 years. His oral intake decreased because of dys-
phagia, and he became dyspneic because of laryngeal 
dystonia. At the age of 21 years, the patient underwent 
tracheotomy and gastrectomy. He had no history of oral 
intake since that time. The patient was unable to walk 
and had to use a wheelchair for mobility. Subsequently, 
the patient developed an intestinal fistula during nutri-
tion intake. A urinary catheter was placed at the age of 
23 years owing to repeated urinary tract infections. The 
patient’s family began to notice dental irregularities in 
his oral cavity around the age of 20 years, when he began 
to have difficulty swallowing. Percutaneous endoscopic 
gastrostomy (PEG) tube feeding gradually aggravated 
the dental irregularities; the mandible receded, the upper 
and lower dentition narrowed, the high palate became 
prominent, and tongue and lip bites increased (Fig. 1). In 
particular, the patient was prone to lip bites and lacera-
tions of the tongue owing to the prominent crowding of 

the mandibular anterior teeth; therefore, the lower right 
central incisor was extracted.

One year later, the patient was almost always in bed 
and had an open bite, facial muscle stiffness, a receding 
mandible, a prominent crowding of the mandibular ante-
rior teeth, and a posteriorly positioned tongue with root 
depression. There was a discordance between the size 
of the tongue and the volume of the oral cavity, which 
caused frequent lower lip bites due to lower lip retraction 
during swallowing of saliva. Therefore, a fixed orthodon-
tic appliance was used to expand the intraoral volume 
of the maxillary dentition with a V-shaped narrowing 
dental arch. After 1 month, a multi-bracket orthodon-
tic appliance was placed on the maxillary anterior teeth. 
During the treatment, there was a 3-month interruption 
due to hospitalization for health problems which led to 
the dynamic orthodontic treatment taking 11 months 
to complete after which a mouthpiece (Yamahachi Den-
tal MFG., CO., Aichi, Japan) was placed for retention 
(Fig. 1). The patient used the mouthpiece during the day 
and night. Since then, the mouthpiece had to be repaired 
owing to partial fracture of the edges; however, there was 
no change in the dentition, and the fit was good. Three 
years after the completion of dynamic orthodontics, the 
mouthpiece still fit well, and no soft tissue problems, 
such as lip bite or tongue laceration, were observed. The 
patient died at the age of 30 years owing to respiratory 
failure.

Case 2
We confirmed through family history taking that there 
were no cases of XP within three degrees of kinship. The 
patient was a 25-year-old man and he weighed 2284 g at 
birth and was born by normal delivery. The transition to 
breastfeeding and weaning had progressed significantly. 
He started walking at 1 year and 4 months and speaking 
at 1 year and 6 months. At 3 years of age, the patient was 
diagnosed with XP (type A). At 8 years of age, he started 
using hearing aids. At 13 years of age, he was able to walk 
independently, although he fell easily. At 14 years of age, 
the patient started to walk with assistance. At 16 years 
of age, he developed scoliosis and became unstable in 
the sitting position; therefore, he was placed in a sitting 
chair. At the age of 17 years, he started using a wheelchair 
because of an unstable gait. Simultaneously, he began to 
experience increased difficulty in swallowing. Owing to 
the decrease in his hand grip strength, he required full 
assistance with eating. At the age of 17 or 18 years, his 
oral intake fell from regular food (International Dyspha-
gia Diet Standardization Initiative [IDDSI]-7) to chopped 
food (IDDSI-5) and was later changed to mixed food 
(IDDSI-4); he required frequent suctioning. Although he 
underwent gastrostomy, he was able to eat orally. Around 
this time, the family began to notice changes in dentition 
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(changes in oral volume) that made oral care difficult, 
and by the age of 20 years, changes in dentition (nar-
rowing) became even more pronounced. At the age of 22 
years, the patient underwent tracheotomy and was in a 
constant state of mouth opening and depicted recession 
of the mandible, sinking of the root of the tongue, and 
crowding of the anterior mandibular teeth. He repeatedly 
bit the same spot on his lower lip, which became more 
frequent around the age of 25 years.

At his primary care physician’s request, we installed 
a mouthpiece to improve the dental arch. Owing to the 
narrowing of the upper and lower dentition, labial incli-
nation of the maxillary anterior teeth, lingual inclina-
tion of the mandibular anterior teeth, and crowding, the 
overjet was significant at 10 mm. Therefore, the lower lip 
was sucked into this area, resulting in a bite wound. To 
prevent further changes in the upper and lower jaw den-
tition, mouthpieces were made for both the upper and 
lower jaws, and the use of the mouthpieces was initiated. 
Although the mouth opening was two lateral fingers, the 
intraoral volume was quite narrow, and the bite reflex 
was present; therefore, the mouthpiece was repeatedly 
broken owing to repeated removal and re-fitting. The 
patient did not refuse to wear the appliance, and the fit 
was good, with no change in the dentition. The repeated 
biting of the lower lip was also improved (Fig. 2).

Case 3
We confirmed through family history taking that there 
were no cases of XP within three degrees of kinship. 
The patient was a 28-year-old woman, and she was born 
at 41 weeks by normal delivery, with a birth weight of 
2880  g. The patient showed good growth and devel-
opment, except for sunburn. At 10 months of age, she 
started to stand on her hands and started to walk at 1.5 
years of age but often fell. Just before turning 1 year old, 
her condition was diagnosed as XP (type A). At 3 years 
of age, she could speak words and two-word sentences, 
but her articulation was poor. At the age of 9 years, she 
experienced hearing loss, strabismus, and stuttering, and 
changes in dentition began to appear. Her meals com-
prised chopped food because of a decline in masticatory 
function. At 12 years of age, she developed a clubfoot and 
an unsteady gait. At age 14 years, she used a wheelchair 
but was able to crawl on all fours and hold on to her feet 
while walking. At age 16 years, due to difficulty urinat-
ing, she had a urinary catheter inserted and was also on 
a biphasic positive airway pressure device at night to 
help with breathing. She began to have more frequent 
episodes of aspiration during meals, and she began to 
receive both tube and oral feeding. Her diet was changed 
from chopped to paste food (from IDDSI 5 to 4). At this 
time, the dentition began to change markedly, and the 

Fig. 1 (a) Face of the patient before treatment; (b) Maxillary teeth arch before treatment; (c) Mandibular teeth arch before treatment; (d) Maxillary arch 
during the treatment with multi-bracket; (e) Teeth with mouthpiece after the treatment; (f) Plaster model of the teeth arch before and after the treatment
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amount of mouth opening decreased. At the age of 18 
years, aspiration of saliva and frequent dislocation of the 
temporomandibular joints were observed, and speech 
became little more than babbling. At 20 years of age, 
tracheotomy and PEG were performed simultaneously 
under general anesthesia, after which the patient was bed 
ridden. As she spent most of her time in bed, her trunk 
stability decreased considerably and rapidly. The oral cav-
ity showed a marked decrease in volume, sinking of the 
root of the tongue, and tightening of the perioral and 
facial muscles. The patient’s mouth opening was 1–1.5 
lateral fingers, and oral care was difficult. Insufficient oral 
care due to difficulty reaching the brushing sites resulted 
in increased phlegm adhesion. When the patient was 28 
years old, at the family’s request, an orthodontic inter-
vention was performed to improve intraoral volume. 
First, a fixed orthodontic appliance was fitted to increase 
the intraoral volume. One month after dental arch expan-
sion, a multi-bracket device was placed on the maxillary 
central incisor (Fig. 3). To improve the expansion of the 
V-shaped dental arch and to simultaneously improve the 
maxillary lateral incisors, which had no room to erupt, a 

multi-bracket device was added to the posterior teeth as 
well. The patient had epileptic seizures frequency, which 
made it difficult to make constant treatment progress; 
however, during the first year of orthodontic treatment, 
adjustments were made seven times at intervals of 1–2 
months, resulting in improvement in the lateral incisors. 
Furthermore, in the first year, guidance was provided to 
improve the poor oral hygiene condition associated with 
the initiation of orthodontic treatment.　Furthermore, 
it was difficult to improve the cuspids and premolars 
by enlarging the dentition because of the lack of space, 
and centrifugal movement of the molars was necessary. 
However, during the following year, the patient’s physi-
cal condition was often unstable, and three adjustments 
were made to recapture the space for the bicuspids while 
centrifugally shifting the molars. Repeated hospitaliza-
tions and discharges also made the intervention difficult. 
While the patient was showing signs of improvement, she 
died of pneumonia at the age of 30 years.

The characteristics of the three patients are listed in 
Table 1.

Fig. 3 (a) Face of the patient before treatment; (b) Plaster model of the teeth arch before treatment; (c) Maxillary arch with multi-bracket

 

Fig. 2 (a) Face of the patient before treatment; (b) Oral cavity before treatment; (c) Mouthpieces for both upper and lower jaws; (d) Images of the teeth 
arch
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Discussion
There is a delay in development compared with that in 
children with orthoplasia, but they can still acquire func-
tions [18, 21, 22]. The average age of the children is 12 
months, whereas in the present case, an average age of 16 
months was observed, which is somewhat late in terms of 
function. In terms of language function, the onset of lan-
guage acquisition occurs between 9 and 16 months of age 
in children with deformities. In the present case, language 
function began at 2 years of age, which is a little later than 
that in children with stereotypical features; however, age-
appropriate functions were somehow acquired. Children 
with orthoplasia are born with adult-level hearing, and 
their hearing function peaks at approximately 10 years of 
age. However, in XP, sensory nerves, including auditory 
nerves, are impaired earlier than motor nerves [23–25]. 
In all but one case in this study, hearing loss appeared at 
8 or 9 years of age, and hearing aids were no longer effec-
tive at 14 or 15 years of age. Moreover, there was no dif-
ference in progression of hearing loss in both the left and 
right ears and bilateral simultaneous or unilateral hearing 
loss progressed to sensorineural hearing loss [26]. The 
severity of the hearing loss is correlated with the degree 
of neurodegeneration [27]. In the present case, the loss 
of language function, which had been preserved till the 
age of 18–20 years, was accompanied by a decrease in 
hearing. In terms of motor function, gait disturbance is 
seen gradually in early school children [18, 23], and the 
patient is said to be unable to stand up around the age 
of 15 years [4]. The patients in this study also had diffi-
culty walking and used a wheelchair at an average age of 
17 years. Most neurological deficits appear earlier in the 
lower limbs than in the upper limbs [28]. Patients’ neuro-
logical symptoms may be prevented in early childhood, 
and early treatment of deformities and tremors may pro-
long their mobility period [4]. At around age 15 years, 

dyspnea, dysphagia, and choking caused by an upper 
respiratory tract infection appear, along with motor and 
sensory organ dysfunction. By the age of 20 years, trache-
ostomy is required due to vocal cord paralysis and laryn-
geal dystonia [4, 27, 29].

The patient is unable to secure nutrition by oral intake 
alone, and the enteral feeding method is changed to PEG 
to improve nutrition, and pneumonia due to aspiration 
occurs repeatedly [4]. The patient also experiences dys-
phagia [4]. In our study, after the appearance of dyspha-
gia, oral intake became difficult owing to frequent stools, 
leading to the need for PEG and tracheotomy. The mus-
cles primarily consist of type 1 fibers, which weaken due 
to disuse, and type 2 fibers, which weaken with age. Type 
1 fibers account for 60% of the fibers in the central and 
root parts of the tongue [30, 31]. Disuse-related deterio-
ration of oral hygiene, weakening of oral and swallowing-
related muscles, and changes in occlusion were observed 
owing to PEG leading to non-oral intake [32]. However, 
there are few reports on how dental irregularities prog-
ress with a decline in motor and sensory functions other 
than reports of gingivitis and oral cancer [18, 19]. In both 
cases in this study, the maxilla had a V-shaped steno-
sis, and the mandible showed marked tooth crowding. 
Patients 1 and 3 were treated using orthodontic enlarge-
ment at the family’s request, and patient 2 was treated 
with a mouthpiece to maintain the current status of the 
dentition. In the two orthodontic cases, changes in oral 
volume resulted in a dramatic decrease in the number of 
times mouth needed to be suctioned by the carer and an 
increase in the range of motion of the brush during oral 
care. The tongue was enlarged because of decreased flex-
ibility but swallowing of saliva was observed during oral 
care. In addition, because the perioral muscles became 
more flexible, the amount of mouth opening increased. 
Patient 2, who wore a mouthpiece, showed little change 

Table 1 Cases of patients with xeroderma pigmentosum in this study
Case 1 2 3
Age 27 25 28
Sex Male Male Female
Age when the patient received definitive diagnosis 2 3 0
Age when hearing loss appeared in the patient No hearing loss 8 9
Hypersensitivity to sunlight (+) (+) (+)
Skin cancer (+) (-) (-)
Age when the patient walked for the first time 1 year and 2 months 1 year and 4 months 1 year and 6 months
Age when the patient started to speak 2 years 1 year and 6 months 3 years
Age when the disability to walk appeared in the patient 21 17 14
Age when the patient received percutaneous endoscopic gastrostomy 21 19 20
Age when the patient received tracheotomy 21 22 20
Age when dysphagia appeared in the patient 20 18 16
Age when the malalignment of teeth arch appeared in the patient 20 19 16
Body weight at birth 2636 g 2284 g 2880 g
(Dysphagia, dental malpractice at age noticed by the caregiver)
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in the length and width of the upper and lower dentition 
over a 2-year period and had no change in the amount 
of mouth opening or the number of times he sucked his 
lips in. The disorder appears predominantly in the lower 
limbs and sensory nerves from early school age, and 
since no effective treatment for neurological symptoms 
has been established, early management and rehabilita-
tion are recommended [4, 12]. In this case, the patient’s 
dental irregularities were noticed at about the same time 
as the patient’s dysphagia and the time when PEG tube 
was inserted [33, 34]. As in case 2, even if it takes time 
to notice changes in the oral cavity, patients can maintain 
their current condition using a mouthpiece alone. Func-
tional impairments also become more severe with dis-
ease development and progression. However, it may be 
necessary to incorporate simple feeding and swallowing 
rehabilitation exercises such as head flexion, head lifting 
training, and stimulation of the orbicularis oris muscle at 
an early stage to control the decline in oral and swallow-
ing function [35–37].

Conclusions
Since the confirmation of oral function and perioral 
muscle development tends to be delayed, it is necessary 
to delay the progression of functional impairment and 
maintain and improve oral function along with early 
exercise therapy in accordance with development.

Abbreviations
IDDSI  International Dysphagia Diet Standardization Initiative
PEG  Percutaneous endoscopic gastrostomy
XP  Xeroderma pigmentosum

Acknowledgements
The authors particularly thank all staff members, the patients, and their family 
who were involved in this study.

Author contributions
AT was involved in the study conceptualization and methodology. AT, KY, RY, 
and RM validated the study findings. AT and RY conducted a formal analysis. 
AT and KY conducted the study investigation. AT and RM were involved in the 
study resources. AT, KY, RY, and RM were involved in data curation. AT, KY, RY, 
and HT were involved in writing—original draft preparation. AT and RY were 
involved in the study visualization. HT supervised the study. AT and KY were 
involved in project administration. All authors have read and agreed to the 
published version of the manuscript.

Funding
This research received no external funding.

Data availability
The datasets used and/or analyzed in the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Our institutional review board does not require ethical approval for case 
reports.

Consent for publication
Informed consent to publish this paper was obtained from the patients’ 
parents.

Competing interests
The authors declare no competing interests.

Received: 18 April 2023 / Accepted: 24 January 2024

References
1. Hebra F, Kaposi M. On diseases of the skin, including the exanthemata. New 

Synposium Soc. 1874;61:252–8.
2. Kaposi M. Xeroderma pigmentosum. Ann Dermatol Venereol. 1883;4:29–38.
3. Cleaver JE. Defective repair replication of DNA in xeroderma pigmentosum. 

Nature. 1968;218:652–6.
4. Moriwaki S, Kanda F, Hayashi M, Yamashita D, Sakai Y, Nishigori C. 

Xeroderma　pigmentosum　clinical practice guidelines. J Dermatol. 
2017;44:1087–96.

5. Lucero R, Horowitz D. Xeroderma pigmentosum. Florida, United States of 
America: StarPearls Publishing; 2022.

6. Nishigori C, Moriwaki S, Takebe H, Tanaka T, Imamura S. Gene alterations and 
clinical characteristics of xeroderma pigmentosum group A patients in Japan. 
Arch Dermatol. 1994;130:191–7.

7. Kanda T, Oda M, Yonezawa M, Tamagawa K, Isa F, Hanakago R, et al. Peripheral 
neuropathy in xeroderma pigmentosum. Brain. 1990;113:1025–44.

8. Ueda T, Kanda F, Aoyama N, Fujii M, Nishigori C, Toda T. Neuroimaging fea-
tures of xeroderma pigmentosum group A. Brain Behav. 2012;2:1–5.

9. Kraemer KH, DiGiovanna JJ, Tamura D. Xeroderma Pigmentosum. In: Adam 
MP, Feldman J, Mirzaa GM, et al. editors. GeneReviews®. Seattle (WA). Volume 
20. University of Washington, Seattle; 2003.

10. Tanaka K, Miura N, Satokata I, Miyamoto I, Yoshida MC, Satoh Y, et al. Analysis 
of a human DNA excision repair gene involved in group a xeroderma pig-
mentosum and containing a zinc-finger domain. Nature. 1990;348:73–6.

11. Sugasawa K. Xeroderma pigmentosum genes: functions inside and outside 
DNA repair. Carcinogenesis. 2008;29:455–65.

12. Nisigori K. Characteristics of xeroderma pigmentosum in Japan: lessons from 
two clinical surveys and measures for patient care. Photochem PhotoBiol. 
2019;95:140–53.

13. Tamura D, DiGiovanna JJ, Khan SG, Kraemer KH. Living with xeroderma 
pigmentosum: comprehensive photoprotection for highly photosensitive 
patients. Photodermatol Photoimmunol Photomed. 2014;30:146–52.

14. Kenyon GS, Booth JB, Prasher DK, Rudge P. Neuro-otological abnormalities 
in xeroderma pigmentosum with particular reference to deafness. Brain. 
1985;108:771–84.

15. Kraemer KH, Lee MM, Scotto J. J. Xeroderma pigmentosum. Cutaneous, 
ocular, and neurologic abnormalities in 830 published cases. Arch Dematol. 
1987:241–50.

16. Rizza ERH, DiGiovanna JJ, Khan SG, Tamura D, Jeskey JD, Kraemer KH. 
Xeroderma pigmentosum: a model for human premature aging. J Invest 
Dermatol. 2021;141:976–84.

17. Lopes-Cardoso C, Paes da Silva Ramos Fernandes LM, Ferreira-Rocha J, Teix-
eira-Soares C, Antônio-Barreto J, Humberto-Damante J. Xeroderma Pigmen-
tosum – a case report with oral implications. J Clin Exp Dent. 2012;248:25.

18. Tachi N, Sasaki K, Kusano T, Wakai S, Nagaoka M, Annaka S, et al. Peripheral 
neuropathy in four cases of group a xeroderma pigmentosum. J Child Neurol. 
1988;3:114–9.

19. Hasan S, Khan MA. Xeroderma pigmentosum with desquamative gingivitis a 
rare case report and detailed review of literature. J Cosmet Dermatol Sci Appl. 
2011;1:164–70.

20. Takeshita T, Yasui M, Tomioka M, Nakano Y, Shimazaki Y, Yamashita Y. Enteral 
tube feeding alters the oral indigenous microbiota in elderly adults. Appl 
Environ Microbiol. 2011;77:6739–45.

21. Speech and Language Milestones. Child Speech and Hearing, The Reference 
manual of Pediatric Dentistry. http://www.asha.org/public/speech/develop-
ment/chart.htm.

22. Scharf RJ, Scharf GJ, Stroustrup A. Developmental milestones [published cor-
rection appears in Pediatr Rev. 2016;37(6):266]. Pediatr Rev. 2016;37:25–47.

http://www.asha.org/public/speech/development/chart.htm
http://www.asha.org/public/speech/development/chart.htm


Page 7 of 7Tamura et al. BMC Oral Health          (2024) 24:163 

23. Hakamada S, Watanabe K, Sobue G, Hara K, Miyazaki S. Xeroderma pigmento-
sum: neurological, neurophysiological and morphological studies. Eur Neurol. 
1982;21:69–76.

24. Kraemer KH, Patronas NJ, Schiffmann R, Brooks BP, Tamura D, DiGiovanna 
JJ. Xeroderma pigmentosum, trichothiodystrophy and Cockayne syn-
drome: a complex genotype-phenotype relationship. Neuroscience. 
2007;145:1388–96.

25. Mercer D, Hurley A, Tsien F. Detailed audiological evaluation of a patient 
with xeroderma pigmentosum with neural degeneration. J Am Acad Audiol. 
2017;28:80–90.

26. Totonchy MB, Tamura D, Pantell MS, Zalewski C, Bradford PT, Merchant SN, et 
al. Auditory analysis of xeroderma pigmentosum 1971–2012: hearing func-
tion, sun sensitivity and DNA repair predict neurological degeneration. Brain. 
2013;136:194–208.

27. Mimaki T, Itoh N, Abe J, Tagawa T, Sato K, Yabuuchi H, et al. Neurological 
manifestations in xeroderma pigmentosum. Ann Neurol. 1986;20:70–5.

28. Wagner AL, Buchthal F. Motor and sensory conduction in infancy and child-
hood: Reappraisal. Dev Med Child Neurol. 1972;14:189–216.

29. Ohto T, Iwasaki N, Okubo H, Shin K, Matsui A. Life-threatening vocal cord 
paralysis in a patient with group a xeroderma pigmentosum. Pediatr Neurol. 
2004;30:222–4.

30. Ciciliot S, Rossi AC, Dyar KA, Blaauw B, Schiaffino S, Sanders I, Mu L, Amirali A, 
Su H, Sobotka S. Muscle type and fiber type specificity in muscle wasting. Int 
J Biochem Cell Biol. The human tongue slows down to speak: Muscle fibers of 
the human tongue. Anat Rec (Hoboken). 2013;296:1615e1627.

31. Sanders I, Mu L, Amirali A, Su H, Sobotka S. The human tongue slows 
down to speak: Muscle fibers of the human tongue. Anat Rec (Hoboken). 
2013;296:1615e1627.

32. Matsuo K, Sekimoto Y, Okamoto M, Shibata S, Otaka Y. Association 
between oral health status and oral food intake level in subacute stroke 
patients admitted to a convalescent rehabilitation unit. Gerodontology. 
2022;39:67–73.

33. Tamura A, Yamaguchi K, Ariya C, Totoki H, Tohara H. Dysphagia in a persis-
tently vegetative patient improved by Orthodontic treatment of severe 
dental misalignment. Spec Care Dentist. 2020;1–6.

34. Tamura A, Yamaguchi K, Yanagida R, Miyata R, Tohara H. At home orthodontic 
treatment for severe teeth arch malalignment and severe obstructive sleep 
apnea syndrome in a child with cerebral palsy. Int J Environ Res Public Health. 
2022;19:5333.

35. Matsuoka S, Iida J, Soma K. Relationship between mandibular displace-
ment and body sway in subjects with malocclusion. Orthod Waves. 
1999;58:208–13.

36. Shaker R, Kern M, Bardan E, Taylor A, Stewart ET, Hoffmann RG, et al. Augmen-
tation of deglutitive upper esophageal sphincter opening in the elderly by 
exercise. Am J Physiol. 1997;272:G1518–22.

37. Ferdjallah M, Wertsch JJ, Shaker R. Spectral analysis of surface electromyogra-
phy (EMG) of upper esophageal sphincter-opening muscles during head lift 
exercise. J Rehabil Res Dev., Wakabayashi H, Sashika H, Matsushima M. Head 
lifting strength is associated with dysphagia and malnutrition in frail older 
adults. Geriatr Gerontol Int. 2015;15:410–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Physical, oral, and swallowing functions of three patients with type A xeroderma pigmentosum: a report of three cases
	Abstract
	Background
	Case presentation
	Case 1
	Case 2
	Case 3

	Discussion
	Conclusions
	References


