Case Report

Witkop Tooth and Nail Syndrome and Orthodontics
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ABSTRACT

This case report presents the orthodontic treatment of a patient with Witkop syndrome, an auto-
somal dominant genetic disorder characterized by the absence of several teeth and abnormalities
of the nails. The patient, a 6-year 4-month-old boy, was referred to our clinic for treatment of
severe overjet and openbite. Radiographic and clinical evaluations showed peg-shaped maxillary
lateral incisors and the congenital absence of three mandibular incisors as well as spoon-shaped
fingernails. Treatment of openbite and overjet was initiated with functional appliances, and fixed
orthodontic appliances were inserted at age 10 years 3 months. The edentulous spaces are being
maintained for implants that will be provided once the patient’s growth is complete. Evaluations
of long-term treatment results to date have indicated improvements in both facial and dental

esthetics.
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INTRODUCTION

Witkop tooth and nail syndrome (TNS) is a form of
ectodermal dysplasia, a group of hereditary diseases
characterized by the absence or impaired function of
two or more structures (teeth, hair, nails, glands) orig-
inating from the ectoderm.!

First described by Witkop in 1965,2 Witkop TNS is
characterized primarily by hypodontia and nail dyspla-
sia, with little involvement of the hair and sweat
glands.®# Teeth of individuals affected by Witkop TNS
are often widely spaced, conical in shape and have
narrow crowns. Nails may be spoon-shaped (koil-
onychia*), ridged, slow growing, and easily broken
(onychorrhexist).! In rare cases, nails may spontane-
ously separate from the nail beds or may be absent
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*Koilonychia is a dystrophy of the fingernails in which they
are flattened and have concavities with raised edges; koilonych-
ia is also called “spoon nails.” The depression in the nail is
usually large enough to hold a drop of liquid.

tOnychorrhexis is a brittleness of the fingernails or toenails,
with splitting of the free edge of the nail. Onchorrhexis produces
longitudinal lines or striations in the nail plate.
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at birth. Toenails are usually more severely affected
than fingernails. Other symptoms include fine and
sparse hair.

Witkop TNS has been estimated to affect one to two
individuals in 10,000.% It is an autosomal dominant
trait, meaning that it is caused by a single copy of the
responsible gene that is usually inherited from a parent
who is also affected by the disease. Both males and
females may develop Witkop TNS.

The gene responsible for Witkop TNS was identified
in 2001 and is termed MSX1.¢ This gene is recognized
as important in tooth formation, and the mutation that
results in Witkop TNS appears to encode a protein that
is completely nonfunctional. Another mutation in the
same gene has been associated with oral clefting.

CASE REPORT
Presentation and Diagnosis

A 6-year 4-month-old boy was referred to the An-
kara University Department of Orthodontics for treat-
ment of openbite and overjet. The patient was in early
mixed dentition. Clinical examination identified a Class
I, division 1 malocclusion associated with a mild open-
bite and lip incompetence resulting from a retrognathic
mandible. The patient had widely spaced dentition; his
maxillary lateral, mandibular central, and mandibular
lateral incisors, and maxillary and mandibular decidu-
ous canines were tapered. Plaster models and extra-
oral photographs were obtained during the initial visit,
and a tongue shield was inserted to rehabilitate tongue
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Figure 1. (a,b) Pretreatment extraoral facial and lateral photographs. (c,d,e) Pretreatment study models. (f) The overjet on the study model
(documents before the insertion of the tongue shield; 6 months prior to T1 stage).

functioning and close an openbite of 3 mm (Figure 1a—
e).
After 6 months of tongue shield therapy (at age 6
years 10 months), a full set of radiographs was taken
from the patient. Radiographic examination revealed
the congenital absence of the right central, right lateral
and left lateral mandibular incisors (Figure 2). At that
time, there was no sign of any third molar develop-
ment, a finding confirmed by subsequent radiographs.
Based on these findings, the patient’s condition was
diagnosed as Witkop syndrome,” and the patient, his
parents, and his younger brother were examined phys-
ically.

Physical examination showed that both the patient
and his father had spoon-shaped fingernails (Figure
3). The patient was also found to have onychorrhexis
and agenesis of the toenails, which were said to have
been very small at birth (Figure 4). There were no ab-
normalities of the hair in either the patient or his father,
but both had very sparse eyebrows. There was no his-
tory or findings of sweat gland dysfunction. Although
atypical facial characteristics are not anticipated in
Witkop patients,® the skin of both the patient and his
father were markedly dry, pale, and transparent (Fig-
ure 5). Examinations of the patient’s mother and youn-
ger brother (still in deciduous dentition) showed both
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Figure 2. Periapical radiograph taken at the mandibular incisors re-
gion, showing the absence of three permanent incisors.

to have complete sets of normal teeth and no abnor-
malities of nail, scalp, hair, or eyebrows.

Another orthodontic evaluation was conducted at
age 9 years 3 months. The patient was still in early
mixed dentition, and the dentition was still widely
spaced. He had developed a 12.5-mm overjet and a
2.1-mm overbite (Figure 6a—e), and was evaluated as
skeletal Class Il (ss-n-sm: 7.7°) with a severe hyper-
divergent growth pattern (NSL/ML: 39.82°). The max-
illary and mandibular incisor inclinations were consid-
ered to be acceptable (ILs/NL: 114.4° and ILi/ML:
92.4°).°

Treatment Objectives

The following treatment objectives were determined:

» Facial esthetics: Improvement of convex profile; cor-
rection of skeletal relationship.

Figure 3. Koilonychia and onychorrhexis of the fingernails.
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Figure 4. Koilonychia of the toenails.

» Dental structure: Elimination of increased overjet;
alignment of existing teeth.

« Stability: Positioning and arrangement of teeth for
maximum stability, maintaining spaces for future
prosthetic appliances in place of congenitally miss-
ing teeth.

Treatment Methodology and Evaluation

A removable tongue shield was inserted when the
patient was first referred to the clinic at age 6 years 4
months. Six months later, at age 6 years 10 months
(before PP, = less than 69.5% of mature height),'° the
patient’s status was recorded, and the decision was
made to delay more involved orthodontic intervention
until he reached an age at which he would likely be
more cooperative for treatment. At age 9 years 3
months (before PP, = 75.2%),"° a Class Il activator
was applied in order to stimulate mandibular growth

Figure 5. Father of the subject.
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Figure 6. (a,b) Preactivator therapy, extraoral facial and lateral photographs. (c,d,e) Intraoral photographs (T2 stage).

and eliminate the overjet (Figure 6a—e). The patient’s
compliance was excellent, and a well-balanced skel-
etal relationship was achieved after 6 months of acti-
vator treatment. The patient continued to use the ac-
tivator for an additional 6 months for retention, after
which postactivator data were collected (Figure 7a—e).

At age 10 years 3 months (PP, = 78.4%),° dental
alignment was initiated using fixed standard Edgewise
mechanics. Intermaxillary Class Il elastics were used
in conjunction with the fixed appliance in order to im-
prove the skeletal correction achieved to date and to

maintain the skeletal Class | relationship. The spaces
of the congenitally missing mandibular incisors were
reserved with closed coil springs (Figure 8a—e).

Fixed appliance therapy continued for 21 months
until the patient reached 12 years of age (MP, =
80.9%).7° At this time, the fixed appliances were re-
moved, and a maxillary Essex plate and mandibular
Hawley plate with artificial teeth were inserted to main-
tain the dental improvements achieved to date (Figure
9a—f). In the future, treatment is planned to improve
the esthetics of the maxillary lateral incisors with lam-
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Figure 7. (a,b) Postactivator therapy extraoral facial and lateral photographs. (c,d,e) Intraoral photographs (T3 stage).

inate veneer and to insert implants in the spaces of
the missing teeth once the patient’s growth is com-
plete.

Measurements and Treatment Results

Lateral cephalometric films were superimposed
structurally (Figure 10a—c) using fiducial points to elim-
inate the effects of growth on cranio-dento-facial mea-
surements. In total, 31 reference points and two fidu-
cial points were marked on each lateral cephalometric
film. Fiducial points designated as n and s were lo-
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cated in the anterior cranial base on the initial films.
By superimposing the second, third, and fourth films
on the initial films,' these points were transferred to
the later films and designated as n, and s,.'>'3 All mea-
surements on the lateral cephalometric films were tak-
en with reference to the pairs of fiducials (Figure 11).

Table 1 shows the cephalometric evaluation of the
patient throughout the course of treatment, as follows:
T1: Completion of removable tongue-shield therapy (6
years 10 months); T2: Insertion of Class Il, Division 1
activator (9 years 3 months); T3: Completion of acti-
vator therapy, initiation of fixed-appliance alignment
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Figure 8. (a,b) Extraoral facial and lateral photographs taken during the fixed appliance treatment. (c,d,e) Intraoral photographs.

(10 years 3 months); T4: End of orthodontic treatment
(12 years).

DISCUSSION

Witkop TNS is an autosomal dominant hereditary
disorder characterized primarily by teeth and nail de-
formities deriving from the ectoderm. Other types of
ectodermal dysplasia involving the teeth and nails are
Fried TNS, deafness and onychoosteodystrophy with
retardation (DOOR syndrome) and Curry-Hall syn-
drome. Of these, Fried TNS most closely resembles

Witkop TNS. However, Fried TNS, like anhydrotic ec-
todermal dysplasia, is autosomal recessive.” More-
over, Fried TNS involves significant sparseness and
thinness of hair and eyebrows as well as an everted
lower lip.”'* DOOR and Curry-Hall syndromes also ex-
tend well beyond teeth and nail deformities; whereas
Curry-Hall syndrome involves polydactyly (presence of
more than the normal number of fingers or toes),’
DOOR involves deafness, other body anomalies, and
learning difficulty.

The severity of hypodontia in Witkop TNS varies

Angle Orthodontist, Vol 78, No 2, 2008
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Figure 9. (a,b) Posttreatment extraoral facial and lateral photographs. (c,d,e) Intraoral photographs (T4 stage). (f) The retention appliances
(maxillary Essix plate and mandibular Hawley plate with artificial teeth) used until the growth of the subject is completed.
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from mild to extreme."®4 Giansanti et al'®* have even
reported a case of adontia associated with this disor-
der. The present case could be categorized as one of
mild hypodontia.

It has been reported that nail dysplasia in Witkop
TNS is often worse in childhood, becoming less se-
vere with age. This may explain why signs of nail dys-
plasia are absent in most adult patients.®> While our
patient had spoon-shaped nails, significant nail abnor-
malities were not observed in the father, although his
nails were brittle. It is possible that because of his age,
the father of the reported patient did not exhibit nail
abnormalities, but it may be assumed that they were
present at a younger age.

Some patients with Witkop TNS have been de-
scribed as having sparse eyebrows and eyelashes, al-
though this finding is not necessary for the diagnosis
of the syndrome.® Because the hair has been involved
to a certain extent in many reported cases of Witkop
TNS, Chitty et al consider the designation “tooth and
nail syndrome” to be a misnomer.'® Both our patient
and his father had significantly sparse eyebrows.

Hudson and Witkop® reported an autosomal domi-
nant pattern of inheritance in Witkop TNS, but isolated
cases of the syndrome without a family history have
also been reported.’>17.1® Both male and female chil-
dren have been reported to inherit the disease from
either parent.® Akyuz and Atasu'® reported a case of
Witkop TNS in a 5-year-old boy who was born after a
consanguineous marriage. In the case reported here,
both parents and the younger brother of the patient
were examined. While neither the mother nor the
brother were observed to have any symptoms of Wit-
kop TNS, the father was observed to have slight nail
deformities and sparse eyebrows; therefore, it was de-
termined that the patient inherited the disease from his
father.

Orthodontic Treatment

Tongue shield. Left untreated, tongue thrust be-
comes a disfiguring habit.2° The best time for interven-
tion in such cases is considered to be the period of
early mixed dentition. In this case, a 6-month period
of tongue-shield therapy resulted in rehabilitation of
the tongue and the related elimination of a mild open-
bite.

Class Il division 1 activator. The ss-n-sm angle was
reduced and the maxillo-mandibular relationship was
balanced during the activator phase (T2-T3). The max-
illary incisors were mildly retroclined, and the mandib-
ular incisors were retained in their initial positions. Sta-
bility of the mandibular incisors was of vital importance
due to the congenital absence of three incisors, leav-
ing the dentoalveolar bone supported by a single per-
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Table 1. Lateral Cephalometric Evaluation of the Subject?
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Male Norm Values

(Ozbek and Iseri®) T1 T2 T3 T4
Cranial base
s-n 73.3 £ 3.2 mm 71.37 71.88 71.76 71.54
s-ba 45.3 = 3.9 mm 44.70 44.93 47.90 49.02
n-s-ba 129.7 = 4.5 mm 122.47 122.56 122.72 124.56
Maxilla
S-N-ss 81.6 = 3.4 mm 75.12 75.31 74.83 74.68
NSL/NL 9.1 = 2.9° 7.65 5.81 7.64 9.61
sp-pm 57.3 £ 2.4 mm 51.63 53.14 54.28 58.54
n-sp 58.5 = 3.0 mm 52.99 55.34 57.90 60.99
Mandible
s-n-sm 78.8 = 3.2° 68.30 67.61 69.63 68.62
NSL/ML 30.9 £ 4.5° 40.13 39.82 41.36 43.36
n-me 129.1 = 5.8 mm 112.55 118.13 122.27 129.13
s-go 91.3 £ 5.1 mm 64.78 68.19 71.01 75.25
ar-go 58.7 £ 4.3 mm 36.60 37.50 38.11 41.00
ar-gn 114.8 = 3.8 mm 89.09 91.73 94.87 98.81
pg-go 89.8 =+ 5.3 mm 64.50 66.00 69.50 70.15
ar-go-me 119.5 = 6.2° 125.28 122.68 126.06 127.11
Maxillo-mandibular relations
sS-n-sm 27 = 1.4° 6.83 7.71 5.20 6.06
NL/ML 21.8 = 4.2° 32.47 34.01 33.72 33.75
sp-me 72.7 = 4.3 mm 63.09 66.19 67.51 72.49
sp me/n me 0.50 0.56 0.56 0.55 0.56
Overbite 21+ 0.7 mm 0.58 2.10 2.03 2.74
Overjet 29 = 0.5mm 12.19 12.51 5.96 3.51
Dentoalveolar relations
ILs/NL 110.7 = 4.5° 114.37 114.37 107.94 92.71
ILi/ML 98.1 + 5.3° 85.24 92.35 92.84 85.42
ILs/ILi 129.3 = 6.5° 127.91 118.92 125.50 148.11
is-NL 30.8 £ 2.9 mm 24.42 27.45 28.85 29.56
ii-ML 43.4 = 2.2 mm 35.35 37.55 38.35 40.16
ms-NL 26.3 = 2.6 mm 17.90 18.98 19.77 22.40
mi-ML 35.3 £ 2.3 mm 26.45 28.04 29.40 31.47
Soft tissue?”
G-Sn:Sn-Me 1:1 1.08 1.00 1.15 1.15
Sn-St 20 + 2 15.31 15.81 18.85 19.96
Sn-St:St-Me 1:2 0.36 0.33 0.43 0.43
Sn-LLV:LLV-Me 1:09 1.12 1.12 0.85 0.84
Interlabial distance 0-3 mm 6.26 7.20 1.59 0.06
Upper lip 0 *2mm —0.36 —0.97 —5.87 6.18
Lower lip -2 *2mm -11.26 -12.18 -9.06 -11.59
Chin —4 2 mm —19.86 —22.23 —-21.71 —23.12

T1: end of the removable tongue shield; T2: insertion of the Class Il Division 1 activator; T3: end of activator, beginning of alignment with

fixed appliance; T4: end of treatment.

manent tooth in that region. In order to ensure stability,
the mandibular incisors (one permanent and one de-
ciduous) were capped by the activator.

As expected, the mandibular plane angle (NSL/ML)
increased slightly as a result of activator therapy (T2-
T3) and continued during the fixed appliance phase
(T3-T4). This persistent, undesirable posterior rotation
of the mandible may be a reflection of the typical facial
type of Witkop TNS.

Fixed appliances and intermaxillary Class Il elastics.

Angle Orthodontist, Vol 78, No 2, 2008

Following activator therapy, fixed appliances were in-
serted. Since the patient was still growing, intermaxil-
lary Class Il elastics were utilized with fixed appliance
therapy in an effort to support the mandibular growth
achieved with the activator. Petrovic et al?' have re-
ported that Class Il elastics act as functional applianc-
es capable of stimulating growth rate and increasing
the amount of condylar cartilage, thus lengthening the
mandible. Microscopic? and cephalometric® studies
have shown that intermaxillary Class Il elastics can
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Figure 11. Reference points and lines on the lateral cephalometric radiographs. Reference points: s: sella; n: nasion; s;: transferred sella; n;:
transferred nasion; po: porion; or: orbitale; ar: articulare; ba: basion; sp: anterior nasal spine; pm: posterior nasal spine; ss: point; as:apex of
maxillary incisor; is: incisal edge of maxillary incisor; ms: maxillary molar; ii: incisal edge of mandibular incisor; ai: apex of mandibular incisor;
mi: mandibular molar; sm: point B; pg: pogonion; gn: gnathion; me: menton; tg.me: tangent to menton; go: gonion; tg.ar: tangent to articulare.
Reference lines: NSL: nasion-sella line; FH: Frankfort horizontal line; NL: nasal line; OLs: maxillary occlusal plane; OLi: mandibular occlusal
plane; ML: mandibular line; FH[JSn: subnasale perpendicular to Frankfort horizontal line. Soft tissue measurements: A: G-Sn: middle third
face; B: lower third face; C: upper lip length; D: Sn-St: subnasale-upper lip stomion; D: St-Me: upper lip stomion-soft tissue menton; E: Sn-
LLV: subnasale-lower lip vermilion; F: LLV-Me: lower lip vermilion-soft tissue menton; G: interlabial distance: upper lip stomion-lower lip stomion;
A’: subnasale perpendicular to upper lip; B': subnasale perpendicular to lower lip; C': subnasale perpendicular to soft tissue chin at the level
of pogonion.

stimulate growth of the condyles, even in adult pri- dyles in their clinical studies using intermaxillary Class
mates. McNamara?® reported proliferation of the con- I elastics.

dylar cartilage in less than 2 weeks. Altug-Atac and Osseointegrated implants. The treatment plan in the
Erdem?* also reported significant growth of the con- case presented includes esthetic improvement of the

Angle Orthodontist, Vol 78, No 2, 2008



380

maxillary lateral incisors using laminate veneer and in-
sertion of implants in the spaces left by the congeni-
tally missing teeth; however, provision of these pros-
thetic devices will be delayed until the patient’s growth
is complete. Iseri and Solow?® have drawn attention to
the fact that osseointegrated implants with artificial
teeth should not be applied in childhood or early adult-
hood due to the continued eruption of the natural
teeth. Thilander et al?® reported infraocclusion of im-
plants due to the continuous eruption of adjacent teeth
and craniofacial changes during postadolescence.
When implants are applied before the appropriate
time, later revision or replacement of the artificial teeth
may be required.

CONCLUSION

Because of their ongoing use of radiographs during
treatment, dentists and orthodontists can play a large
role in diagnosing syndromes such as Witkop TNS. In
this case report, the orthodontic treatment of a boy
with Witkop TNS is presented. Treatment included
tongue shield, Class Il Division 1 activator and fixed
appliances, respectively. The patient is currently using
retention appliances until his growth is completed, at
which time he will become a good candidate for lam-
inate veneers and osseointegrated implants.
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