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Abstract
Objectives The role of tongue reduction surgery (TRS) in preventing excessive mandibular growth and anterior open bite in 
children with Beckwith–Wiedemann Spectrum (BWSp) is still controversial. This cross-sectional study aimed at comparing 
craniofacial growth pattern in children affected by BWSp either treated or not treated with early TRS for severe macroglos-
sia. Considering the invasive nature of such surgery, the present study could help in clarifying the need for TRS to reduce 
or prevent growth disturbances.
Materials and methods Orthopantomography and lateral skull x-ray images were taken either from surgically treated or 
non-surgically treated patients, aged 5 to 8 years, to compare dentoskeletal features and craniofacial growth by cephalometric 
analysis. Molecular testing results were collected from their medical records.
Results Eighteen BWSp patients were consecutively recruited: 8 underwent TRS at 14.9 ± 2.2 months of age, while 10 did 
not. Anterior open bite and dental class III were more frequently observed in the surgically treated group, but none showed 
skeletal class III. No statistically significant differences were observed in growth pattern, but children treated with TRS 
showed a tendency towards both maxillary and mandibular prognathism with protruding lower lip. Growth pattern seemed 
to be not related to molecular subtypes.
Conclusions These preliminary data suggest that early TSR does not improve craniofacial growth pattern and dentoskeletal 
features in BWSp children.
Clinical relevance Reductive glossectomy may not be justified for preventing or avoiding oro-facial deformities in BWSp; 
therefore, early monitoring of maxillofacial development of each affected child has a great clinical significance.

Keywords Beckwith–Wiedemann syndrome · Craniofacial growth pattern · Glossectomy · Macroglossia · Tongue 
reduction surgery, Malocclusion

Introduction

Beckwith-Wiedemann Syndrome (BWS) (OMIM#130650) 
is a rare overgrowth disorder due to (epi)genetic alterations 
in growth-regulating genes on chromosome 11p15 [1]. 
Given the complexity of phenotypic expression and (epi)
genotypic anomalies, it has been reclassified in 2018 as 
Beckwith-Wiedemann spectrum (BWSp) [2]. Its main phe-
notypic manifestations include exompholos, macroglossia, 
visceromegaly, and cancer predisposition [3, 4].

Macroglossia is a cardinal trait of BWSp, affecting 
80–99% of cases [2]. It results from the hyperplasia of skel-
etal muscle fibers, with variable phenotypic features and 
degrees of severity [5]. As a consequence, the standardi-
zation of its treatment is still challenging. In the neonatal 
period, tongue reduction surgery (TRS) is essential in case of 
impairment of vital functions such as airway obstruction and 
swallowing problems with failure to thrive due to extremely 
severe macroglossia [6, 7]. Otherwise, glossectomy is usu-
ally delayed until after the first year of life if functional defi-
cits (sialorrhea, dysphagia, sleep apnea, and language delay) 
are still present [8, 9]. Prevention of dentofacial deformities 
is another accepted indication for early TRS [8, 10]. Many 
authors advocated that the increased pressure of the tongue 
on frontal teeth might result in oro-facial growth distur-
bances [8, 11]. Nonetheless, the role of TRS in preventing 
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dentoskeletal alterations is not fully elucidated yet. Indeed, 
some studies suggested that TRS prevents mandibular prog-
nathism and open bite [10, 12, 13], while others report simi-
lar dentoalveolar alterations and facial growth patterns either 
in treated or untreated children [14, 15].

Therefore, the aim of this cross-sectional study was to 
compare the dentoskeletal features and craniofacial growth 
between untreated and treated BWSp patients with early 
TRS. This may contribute to clarify the need of such surgi-
cal procedure in controlling the mandibular growth and the 
development of class III skeletal malocclusion.

Materials and methods

Study design and patient selection

This study was designed as a prospective, cross-sectional, 
single-center study. The protocol was approved by the Insti-
tutional Ethics Committee (protocol number 1103–2019) 
and complies with the ethical principles of the Helsinki dec-
laration. All parents/guardians provided written informed 
consent before children enrolment.

Children with clinical diagnosis of BWSp [2] were 
consecutively recruited among those referred by pediatric 
geneticists from Children Hospital to the Section of Pedi-
atric Dentistry of the University of Turin from September 
2019 to January 2022. Only patients with severe macroglos-
sia requiring early TRS, regardless of whether they had 
undergone one or more surgical interventions or not, were 
enrolled. Furthermore, only children aged between 5 and 
8 years at the time of the dental visit were included in the 
study, while subjects younger than 4 and/or with a history of 
previous orthodontic treatment were excluded.

Surgical treatment

The diagnosis of macroglossia was based on subjective clini-
cal criteria, and it referred to a tongue protruding beyond the 
teeth and the alveolar ridge in resting position [16]. Con-
sidering the size of the patients’ tongue and the associated 
functional deficits, such as difficulties in management of 
saliva (drooling), swallowing, or speech difficulties, early 
TRS using the keyhole technique was proposed to all par-
ents. This combined procedure involves an anterior wedge 
excision and a posterior V-shaped drawing, allowing a uni-
form tongue reduction, while preserving its neurovascular 
structure [17]. The same surgeon explained the advantages 
and disadvantages of the surgical intervention and the risk 
for intraoperative and postoperative complications. Patients 
were also informed about the possibility that the lingual size 
might gradually decrease and the oral cavity might accom-
modate the tongue with the growth of children [4].

Data collection

Data collected included demographics, results of genetic 
tests, clinical symptoms, type of surgery performed, age at 
which surgery was performed, need for secondary reduc-
tion surgery, referral of speech, and/or taste difficulties 
after TRS. Orthopantomography and lateral skull x-ray 
images were taken from all patients to evaluate dentoskel-
etal features and growth tendency. Traditional cephalomet-
ric landmarks and linear and angular dimensions (Fig. 1) 
were traced according to the Björk-Jarabak method [18, 
19] by a single specialist in pediatric dentistry; all were 
repeated twice, with a 4-week interval in between, to mini-
mize errors as described in literature [11]. The measure-
ments recorded were as follows:

• Antero-posterior skeletal pattern: class I = ANB < 0°; 
class II = ANB between 0° and 4°; class III = ANB > 4°; 
vertical skeletal pattern: normal = SpP^GoGn between 
15°and 25°; hypodivergent = SpP^GoGn < 15°; hyper-
divergent = SpP^GoGn > 25°. These parameters were 
recorded to evaluate the mandibular position in relation 
to the maxillary one.

• Maxillary position: normal = SNA between 80° and 
84°; maxillary retrognathism = SNA < 80°; maxil-
lary prognathism = SNA > 84°; mandibular posi-
tion: normal = SNB between 78° and 82°; man-
dibular retrognathism = SNB < 78°; mandibular 
prognathism = SNB > 82°. These data gave information 
about the protruded/retruded position of both maxilla 
and mandible.

• Vertical growth pattern based on the ratio expressed in 
percentage between the posterior (S-Go) and the ante-
rior facial height (N-Me) according to Jarabak [19]: 
clockwise growth = S-Go/N-Me < 62%; straight-down 
growth = S-Go/N-Me between 62 and 65%; counter 
clockwise growth = S-Go/N-Me > 65%. These data gave 
information about the growth tendency: in a clockwise 
growth, the mandible grows anteriorly and upward; in 
a counterclockwise growth, the mandible grows back-
ward and downward.

• Upper lip profile: normal = Ls-E between − 4 and 0 mm; 
retrusion = Ls-E <  − 4 mm; protrusion Ls-E > 0 mm; 
lower lip profile: normal = Li-E between − 4 and 0 mm; 
retrusion = Li-E <  − 4 mm; protrusion Li-E > 0 mm. 
These parameters gave information on the influence of 
dentoskeletal features on esthetics.

Children were also scored with a composite prognostic 
index based on vertical growth pattern in relation to the 
intermaxillary divergence [20].
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Statistical analysis

Quantitative variables were expressed as mean ± standard 
deviation (SD) or median and interquartile range (IQR), while 
categorical variables were presented as frequencies. The sta-
tistical significance of the differences between children treated 
and not treated with TRS was evaluated using independent t 
test (for normally distributed variables) and Mann–Whitney 
U test (for non-normally distributed variables). Chi-square 
and Fisher’s exact test were applied for group comparisons 
of qualitative data. Significance level was set at 5%, and the 
Statistical Package for the Social Sciences (IBM SPSS version 
25.0, USA) was used for data analysis.

Results

A total of 34 Caucasian BWSp patients were screened 
and 18/34 met the inclusion criteria. All showed a severe 
macroglossia at birth, but none of them experienced either 
feeding or breathing life-threatening complications requir-
ing TRS during the first months of life. Eating with the 
tongue protruding beyond the lips and anterior spillage of 
food or fluid from oral cavity and wetting clothing were 
the main concerns reported by parents before surgery. 
Among the enrolled children, 8/18 children (3 males and 5 
females, 6.4 ± 1.3 years) underwent TRS (treated group) at 
14.9 ± 2.2 months of age (range 12–19 months). The same 

Fig. 1  Cephalometric land-
marks and lines used in the 
present study. A total of 13 
landmarks were included in the 
analysis: N, nasion; A, point A 
(most concave point in the ante-
rior maxilla); B, point B (most 
concave point of mandibular 
symphysis); S, sella (mid-point 
of sella turcica); Sna, anterior 
nasal spine; Snp, posterior 
nasal spine; Me, menton (most 
inferior point of mandibular 
symphysis); Go, gonion (mid-
point of the mandibular angle); 
Gn, Gnathion (most anterior-
inferior point of the bony chin); 
En, pronasale (most prominent 
point of the nose); Li, labialis 
inferior (most anterior point 
on the lower lip); Ls, = labialis 
superior (most anterior point on 
the upper lip); PogC, soft tissue 
pogonion (most anterior point 
on the soft tissue chin). The 
lines connecting the landmarks 
were as follows: N and A point 
(NA line), N and B point (NB 
line), S and N (SN line), Gn 
and Go (Mandibular plane), S 
and Go (S-Go line), N and Me 
(N-Me line), soft tissue PogC 
and soft tissue En (E-line), Snp 
and Sna (Palatal Plane)
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maxillofacial surgeon performed surgery using a keyhole 
technique. None of the children required repeated surgery 
to achieve an appropriate tongue reduction. The remain-
ing 10 patients (5 males and 5 females, 6.2 ± 1.2 years) 
did not undergo TRS because the parents declined surgery 
(untreated group).

No difference was found between the two groups in 
terms of gender distribution, age and frequency of molec-
ular genotypes (Supplementary Table 1). However, gain 
of methylation at imprinting centers 1 (IC1-GoM) was 
observed only in the treated group. All children showed 
an intraoral position of the tongue at the time of the cepha-
lometric analysis, regardless of whether had undergone 
early TRS. Anterior open bite and dental class III were 
more frequently observed in the surgically treated group 

(p = 0.06); none of the 18 patients included in the study 
showed a skeletal class III, while skeletal classes I and 
II were evenly distributed between the two groups. No 
statistically significant difference in growth tendency and 
prognosis was observed, but 2/18 patients (one in the 
treated and one in the untreated group) showed a counter 
clockwise growth pattern. Regarding cephalometric data, 
children treated with TRS showed significantly higher val-
ues of SNA, SNB, and Li-E compared with the untreated 
controls (p < 0.05) (Table 1).

An exploratory analysis was done to assess the distri-
bution of growth tendency and molecular subtypes in rela-
tion to tongue surgery. A trend in the data was not apparent, 
although a statistical analysis was not performed due to the 
small sample size.

Table 1  Maxillofacial 
morphology, growth 
pattern, and cephalometric 
measurements according to 
tongue reduction surgery

For cephalometric measurements, refer to the legend of Fig. 1
SD standard deviation, IQR interquartile range

Group

Variables Treated
(N = 8)

Untreated (N = 10) Total (N = 18) P-value

Dental class, n (%) 0.065
  I 5 (38.5) 8 (61.5) 13 (72.2)
  II 0 (0.0) 2 (100.0) 2 (11.1)
  III 3 (100.0) 0 (0.0) 3 (16.7)

Skeletal class (ANB), n (%) 1.000
  I 4 (40.0) 6 (60.0) 10 (55.6)
  II 4 (50.0) 4 (50.0) 8 (44.4)
  III 0 (0.0) 0 (0.0) 0 (0.0)

Divergence (SpP^GoGn), n (%) 0.867
  Normal 1 (50.0) 1 (50.0) 2 (11.1)
  Hyperdivergence 7 (56.3) 9 (43.8) 16 (88.9)
  Hypodivergence 0 (0.0) 0 (0.0) 0 (0.0)

Growth pattern (S-Go/N-Me), n (%) 0.789
  Clockwise 3 (60.0) 2 (40.0) 5 (27.8)
  Straight-down 4 (36.4) 7 (63.6) 14 (61.1)
  Counter clockwise 1 (50.0) 1 (50.0) 2 (11.1)
  Open bite, n (%) 7 (55.6) 4 (34.6) 11 (61.1) 0.066

Prognostic score, n (%) 0.427
  Positive 0 (0.0) 1 (100) 1 (5.6)
  Negative 2 (40.0) 3 (60.0) 5 (27.8)
  Neutral 8 (66.7) 4 (33.3) 12 (66.7)

SNA (°), mean ± SD 86.9 ± 5.1 81.3 ± 2.4 0.020
SNB (°), mean ± SD 81.5 ± 5.6 76.9 ± 2.1 0.028
ANB (°), median (IQR) 4.5 ± 3.3 4.0 (1.5) 0.696
SpP^GoGn (°), mean ± SD 31.1 ± 5.6 27.8 ± 2.5 0.118
S-Go (mm), mean ± SD 66.1 ± 10.8 66.4 ± 7.3 0.939
N-Me (mm), median (IQR) 106.5 (13.7) 107.5 (5.6) 0.997
S-Go/N-Me (%), mean ± SD 61.6 ± 3.2 62.9 ± 3.6 0.409
Ls-E line (mm), mean ± SD 1.7 ± 1.5 1.0 ± 2.1 0.425
Li-E line (mm), mean ± SD 3.3 ± 2.3 1.3 ± 1.7 0.049
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Discussion

The present study showed that early TRS has no impact on 
craniofacial growth and dentoskelatal morphology. Early 
surgery performed in patients younger than 2 years of age 
using the keyhole technique resulted in growth patterns 
similar to those of untreated controls, with the exception 
of more frequent maxillary and mandibular protrusion. 
This surgical procedure decreases the tongue size in all 
dimensions, meanwhile preserving its neurovascular struc-
ture, mobility, and appearance [21, 22]. It improves speech 
and articulation, but it negatively impacts on taste percep-
tion due to the loss of the tongue tip, even if no marked 
sensory deficit has been described [23–25]. The average 
age at surgery was 14.5 ± 2.1 months, which is consistent 
with the range of most studies [22, 26].

Although macroglossia has often been related to skel-
etal class III malocclusion and downward mandibular rota-
tion [11], none of the enrolled children showed skeletal 
class III growth pattern and only two of them exhibited 
counter clockwise growth tendency. Consistent with a pre-
vious study, no association between maxillofacial pheno-
type and (epi)genotype emerged [20].

According to some authors, TRS in BWSp children is 
aimed at controlling facial growth as early glossectomy 
should minimize the impact of macroglossia on it [8, 10, 
27], reducing the time and complexity of later orthodontic 
treatment and/or orthognathic surgery [12, 13, 26]. Any-
way, data reported in literature are difficult to compare 
due to the lack of guideline and validated scoring criteria 
for the severity of macroglossia and standardized timing 
for surgery. Furthermore, most of the studies reporting 
favorable craniofacial outcomes after TRS are case reports 
or case series on patients of different race/ethnicity [10, 
12, 13]. Currently, there are only few studies on Caucasian 
BSWp children that compared surgically treated patients 
and untreated controls and all reported similar dentoalveo-
lar alterations and mandibular growth regardless of TRS 
[8, 15]. Consistently, Kawafuji et al. speculated that the 
enlargement of the mandibular body might be due not to 
the macroglossia, but to the IGF2 effect, suggesting so that 
it might be a facial trait of the syndrome [11].

This study supports such findings: although TRS is 
essential in treating BWSp patients in case of life-threat-
ening conditions, such as upper air obstruction and poor 
nutritional status, reductive glossectomy aimed at prevent-
ing mandibular growth seems not to be justified. TRS is an 
invasive procedure and either patients/parents/caregivers 
have expressed concerns about outcomes, especially with 
respect to taste, tongue function, and appearance [28].

These data should be interpreted within the limitations 
of the current study that enrolled only Caucasian children 

who underwent TRS younger than 2 years of age using 
the keyhole procedure. However, it should be taken into 
consideration that all children were referred from a sin-
gle center in North Italy and were treated by the same 
pediatric surgeon. It is also possible that cases diagnosed 
as severe macroglossia had varying tongue dimensions 
and lengths of protrusion due to the lack of an objective 
method for a consistent assessment of tongue appearance 
and function. Anyway, the two groups of children were 
matched by the same clinical indications for TRS.

Furthermore, the number of children was small, even if 
consistent with the sample size of other studies due to the 
rarity of BWSp, and this could have resulted in a reduction 
of the statistical power of our study. That is why we need 
more investigation on larger samples of affected individuals, 
together with a precise record of the extent and size of the 
macroglossia and glossectomy. This is not only to standard-
ize criteria for patients’ selection, but also for timing the pro-
cedures; for all these reasons, follow-up studies to optimize 
long-term results and to improve the overall quality of life 
of children with BWSp [29] are required.
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