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Infraoccluded first permanent molars and
their association with facial and skeletal
development
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Introduction: Permanent molar infraocclusion, usually caused by ankylosis, has been scarcely studied. Unilat-
eral first molar infraocclusion (UFMI) restricts alveolar bone development locally, leading to asymmetrical dental
arches and occlusion. This study investigates whether its effect extends beyond dental structures to affect facial
and skeletal asymmetries. Methods: A retrospective analysis was conducted on consecutively recruited pa-
tients with UFMI in comparison with age- and gender-matched controls. The percentage of patients with
occlusal cant (OC), chin deviation (CD), and the mean vertical asymmetry index (VAI), rami length difference
ratios (RLD), and condyle length difference ratios were evaluated. For clinical significance, the percentage of
patients with VAI and RLD values >3% was compared. The effect of age and jaw were studied. Results:
The UFMI group consisted of 29 patients, 16 males and 13 females, mean age of 13.4 * 3.8 years. Patients
with UFMI displayed significantly more CD and OC and higher VAI and RLD ratios vs the controls (59.0% vs
14.0%, 38.0% vs 7.0%, 3.2% vs 1.0%, and 4.0% vs 2.0%, respectively). VAl >3% was found in 34.5% of patients
with UFMI and none of the controls (P <0.001). RLD ratios >3% were found in 51.7% of UFMI vs 24% controls
(P = 0.030). CD and OC prevalence significantly increased with age in the UFMI group. Maxillary UFMI influ-
enced more than mandibular UFMI. Conclusions: UFMI is linked to significant facial and skeletal asymmetry,
particularly in older age groups. These findings highlight the potential relevance of early diagnosis and interven-
tion to mitigate potential long-term influence on facial growth and development. (Am J Orthod Dentofacial Orthop

2025;H:H-1)

ermanent first molar infraocclusion is a result of

the cessation of tooth eruption.' 1t can arise
because of a physical barrier in the path of erup-

tion, dental trauma, infection, or genetic factors; how-
ever, ankylosis plays a pivotal role in its pathogenesis.'
Ankylosis refers to a condition in which a tooth
becomes fused to the surrounding bone, resulting in a
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lack of mobility or movement.” It occurs when the peri-
odontal ligament, which normally attaches the tooth to
the bone, is replaced by bone tissue, causing a direct
connection between the tooth and the bone, which pre-
vents normal tooth eruption and occlusal development,’
leading to infraocclusion or submergence, in which the
affected tooth is positioned lower than the surrounding
teeth.”©

Ankylosis can affect both primary and permanent
dentitions and is twice as common in the mandible
than in the maxilla.” The primary molars are the most
commonly affected, with prevalence rates ranging 1%-
30% depending on the population and the specific defi-
nition used by the authors.””® Although there is a lack of
data on its prevalence in permanent dentition, it is esti-
mated to be 10 times less than in deciduous dentition,
with the most affected tooth being the permanent
molar.”>?

The etiology of ankylosis is not fully understood, but
several theories and mechanisms have been sug-
gested,”>”"" including impaired local bone and
periodontal ligament metabolism, impaired eruption
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force, local infection, chemical or thermal insult, local recruited from the Department of Orthodontics, Hebrew
trauma, and improper tongue pressure. A clear genetic University-Hadassah School of Dental Medicine, Jerusa-
influence has also been demonstrated.”'®'*'? There- lem. The research was approved by the institutional re-
fore, etiology is diverse and includes both intrinsic and view board of the Hadassah Medical Organization
extrinsic factors. (HMO0-0131-22).

Diagnosis is performed through both clinical exami- The inclusion criteria for the study group were
nation and radiographic imaging."'*"'® Clinically, the healthy subjects diagnosed with UFMI by clinical and ra-
ankylosed tooth will generally be infraoccluded and diographical evaluation on panoramic views.
exhibit a dull sound during the percussion The inclusion criteria for the matched control group
examination. However, a defiitive diagnosis can only were healthy subjects with normally erupted molars
be obtained through a histologic test after the and symmetrical Class 1 or 11 malocclusion.
extraction of the affected tooth.'* Therefore, unless To maintain consistent standards in patient posi-
proved histologically, the most appropriate clinical tioning and quality of radiographs, all photographs
term for these teeth is infraocclusion. and radiographs were taken within the same institute in-

Molar infraocclusion may cause local malalignment, side the hospital with standardized protocols for both
with neighboring teeth tipping toward the affected the study and matched control groups.
tooth.™"'” This can also affect other teeth in the same The exclusion criteria for both groups were subjects
arch, causing the midline to deviate toward the affected who had functional shift because of dental crossbites,
tooth and the adjacent distal molar, which remains and for the UFMI group, patients with first permanent mo-
located further distally.® The opposite arch may also be lars unerupted because of primary failure of eruption,
affected, as the opposing tooth tends to overerupt.’ cysts, odontomas, or other obstructions in the path of
Wider effects include underdevelopment of the alveolar eruption, craniofacial syndromes, cleft lip or palate or se-
bone, leading to a reduction in bone height and canting vere malocclusions that require orthognathic surgery.
of the occlusal plane toward the affected side.™”'®*° All of the measurements were done by one of the au-

The implications differ significantly between perma- thors (Z.G.F.). Randomly selected 8 patients were as-
nent and primary ankylosed teeth as most infraoccluded sessed twice during at least 2 weeks, with repeated
primary molars with permanent successors will exfoliate evaluations by another examiner (A.L.). To evaluate
normally, and normalization of the bone level will occur reproducibility and accuracy, both interobserver and in-
during the eruption of the successors.”"** traobserver assessments were performed using intraclass

In contrast, if the permanent molar becomes anky- correlation coefficients.
losed during growth, a noticeable vertical defect may Facial and dentoalveolar asymmetry were assessed
occur.'® The severity of the defect will depend on the clinically and radiographically as follows:

patient’s remaining growth.'? If ankylosis occurs early
in the tooth’s eruption and there is still expected
growth for the patient, the effect will be more pro-
nounced, and the prognosis will be worse as the sub-
mergence of the affected tooth in relation to the
adjacent erupting teeth and the subsequent bone level
discrepancy will increase fast during the remaining
growth period.'""'®

Although not explicitly mentioned in the literature,
it can be assumed that severe instances of unilateral
ankylosis and infraocclusion, associated with impaired
asymmetrical alveolar bone development, could also
affect facial and skeletal growth. Consequently, our
aim in this study was to investigate whether unilateral
permanent first molar infraocclusion (UFMI) is associ-
ated with skeletal or facial asymmetries. VAI (%) = ([right vertical gonial length — left vertical

gonial length]/[average right and left lengths]) X 100

1. Frontal facial photograph examination (Fig 1, A):
(1) occlusal cant (OC) was assessed by determining
the parallelism between the occlusal plane and the
interpupillary line; (2) chin deviation (CD) was eval-
uated by determining the position of soft-tissue
menton (Me) in relation to the facial vertical
midline, determined as a vertical line passing
through the soft-tissue glabella and soft-tissue sub-
nasale; and (3) vertical asymmetry between the right
and left sides of the face was determined using the
vertical asymmetry index (VAI), calculated as the
ratio between the distances of the right vs left
soft-tissue gonial angles relative to the interpupil-
lary lines as was described by Lee et al”’:

MATERIAL AND METHODS 2. Panoramic examination (Fig 1, B): (1) rami length
This study is a retrospective analysis of the pretreat- difference ratio (RLD) was calculated by dividing
ment records of patients with UFMI, consecutively the condyle-ramus unit heights of the right and
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Fig 1. Clinical and radiographic measurements: A, Facial
soft-tissue landmarks and reference lines: G, soft-tissue
glabella; Sn, soft-tissue subnasalle; Me, soft-tissue men-
ton; Go, soft-tissue gonion; Pu, pupil; G-Sn, facial vertical
midline; right Pu-left Pu, interpupillary line; Go_L interpu-
pillary line, vertical Go length; B, Skeletal measurements
on a panoramic radiograph illustration: A-line, tangent to
vertical ramus; B-line, perpendicular line passing through
the mandibular notch; C-line, condylar height; D-line,
tangent to vertical ramus; E-line, tangent to condylar
head; F-line, tangent to inferior border of the mandible;
G-line, ramus-condyle unit height — the perpendicular
distance to line E from the insertion of lines D and F.

left side, according to Troulis et al**; and (2) condyle
length difference ratio (CLD) was assessed by
dividing the heights of right and left condyles,
according to Nicot et al.””

The impact of age was examined by categorizing the
experimental groups into 2 age subgroups according to
the median: a young group, consisting of patients aged
9-13 years, and an older group, consisting of patients
aged 13-27 years.
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The possible connection to the affected jaw was also
studied by comparing the asymmetry in patients with
UFMI in the maxilla vs the mandible.

Power analysis was conducted to determine the mini-
mum sample size required for a study based on parameters
derived from previous studies”*”® and an unpublished pi-
lot study of early constitutive patients that was done in the
department >5 years ago. The following parameters were
considered: Comparing 2 paired means, significance level
(o0): 0.05, desired power (1 — f): 0.80 (80%), effect size
(Cohen’s d): 0.6 (medium to large effect), and type of
test: 2-tailed. On the basis of these parameters, the power
analysis has determined that a minimum sample size of 24
participants per group is necessary.

Statistical analysis

Continuous variables were compared using the
Wilcoxon signed-rank test for matched pairs. When
comparing 2 unmatched groups, such as the upper and
lower jaws, the Mann-Whitney test was applied. The
chi-square test was used to analyze dichotomous
variables. In addition, the chi-square test was employed
to determine the clinical significance of continuous vari-
ables above and below the threshold level of 3% (see
below). Correlations were identified using the Spearman
r test. When analyzing the correlation of dichotomous
variables, the results obtained were from point-biserial cor-
relation tests. Significance was attributed to all test find-
ings with a P value of <0.05. All analyses were
performed using Prism (version 10.2.2; GraphPad, Boston,
Mass).

RESULTS

Reliability of the measurements within the same
examiner (intraexaminer) showed high values (0.962).
Consistency between examiners (interexaminer) also
showed a high value of 0.917. Thus, all measurements
were considered highly reliable.

The UFMI group consisted of 29 patients, 16 males
and 13 females (Table 1). The average age was 13.5 years,
ranging 9-27 years (Table 1). The younger group
(aged <13 years) included 14 patients (mean age 10.8
years), and the older group (aged >13 years) included
15 patients (mean age 15.8 years) (Table 1). The control
group was matched for age, gender, general malocclu-
sion, and severity.

The most frequently affected molar was the mandibular
left first molar, comprising 59% of all examined UFMIs.

The UFMI group showed a significantly higher prev-
alence of CD than the control group (59% vs 14% of
patients, respectively; P <0.001; Table 1), a significantly
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Table I. Patient characteristics

Groups n Mean age (range), y
UFMI 29 13.5 (9.0-27.0)
Aged >13y 15 15.9 (13.0-27.0)
Aged <13y 14 10.7 (9.0-12.9)
Control 29 13.4 (9-27)
Aged >13y 15 15.8 (13-27)
Aged <13y 14 10.8 (9-12.9)
Groups Male, n Female, n
UFM1 16 13
Aged >13y 10 5
Aged <13y 6 8
Control 16 13
Aged >13y 10 5
Aged <13y 6 8
Infraoccluded molar n
Maxilla 12
Mandible 17
Right 12
Left 17

Table II. Comparison between UFMI and control
groups

Variables Control, % UFMI, % P value
0oc 6.88% 37.92% 0.005
CD 13.78% 58.62% <0.001
VAI 1.01 = 0.68 3.23 = 2.67 <0.001
RLD 1.96 = 1.50 4.26 = 4.30 0.003
CLD 5.68 £ 3.55 6.01 = 4.08 0.900

higher prevalence of OC (38% vs only 7% of patients,
respectively; P = 0.005; Table 11) and a significantly
higher mean VAI compared with the controls (3% and
1%, respectively; P <0.001; Table 11).

RLD ratios were significantly higher among the UFMI
patients, with a mean of 4% compared with 2% in the
controls (P = 0.003) (Table 11). However, CLD ratios
were not different between the study and control
groups, with both groups having a CLD ratio of 6%
(Table 1).

In the young UFMI group, CD was more prevalent
than in the age-matched controls (54% vs 219%, respec-
tively; P = 0.04; Table 111). Similarly, among the UFMI
older subgroup, a higher incidence of CD was evident
compared with the controls (63% vs 7%, respectively;
P = 0.001; Table 111). The prevalence of CD decreased
with age in the control group (21% in younger subjects
and 7% in older patients, whereas in the UFMI sub-
groups, it increased significantly (from 54% to 639%;
P = 0.006; Fig 2).

The prevalence of OC was 8% in the UFMI younger
group Vs 149% in the controls; however, this difference
was not statistically significant. In contrast, a significant

H 2025 e Vol W o Issuc W
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Table Ill. Comparison of age subgroups between
UFMI and control groups

Variables Control, % UFMI, % P value
Aged >13y
ocC 0.00 62.50 <0.001*
CD 6.67 62.50 0.001*
VAI 1.04 £ 0.66 3.55 = 3.49 0.029*
RLD 2.61 = 1.64 4.20 = 5.10 0.260
Aged <13y
0cC 14.29 7.69 0.580
CD 21.43 53.85 0.040*
VAI 0.98 = 0.70 3.10 = 1.60 <0.001*
RLD 1.26 = 0.95 432 *+ 3.48 0.004*

difference was observed among the older subgroups,
with 62.5% of the older UFMI patients exhibiting OC
vs 0% of the older control subjects exhibiting OC (P =
0.0002). No age-related differences were found in the
control subjects, which showed low prevalences of OC
in all subgroups (Fig 2, A). In contrast, within the
UFMI age subgroups, a significant difference in the
prevalence of OC was observed, with 8% in the young
age group compared with 62.5% in the older group
(P = 0.006) (Fig 2, B).

The VAI values were significantly higher in all UFMI
compared with control age subgroups (Table T111).
Younger patients in the UFMI group had 2% higher
mean VAI values than their age-matched controls (3%
vs 10 respectively; P <0.001; Table 111). Similarly, this
difference was observed in older subgroups, with UFMI
older subjects having 2.5% higher average VAI values
vs controls (3.5% vs 1%; P = 0.029; Table 1II). In
contrast, RLD ratios showed a significant difference
only among the younger subgroup (4% vs 1%, respec-
tively; P = 0.004; Table 111).

VAI, RLD, and CLD were higher when the affected
molar was in the upper vs the lower jaw (Table 1V); how-
ever, only the CLD ratios were statistically significantly
different (7% vs 5% respectively; P = 0.04; Table 1V).
No differences were found in the prevalences of OC
and CD (Table 1V).

To better understand the clinical impact of these
findings, a threshold of 3% was established for VAI
and RLD measurements, based on Habets et al’*® and
Nicot et al.”” Specifically, Habets et al’® found that a
1-cm change in head position during panoramic imag-
ing could result in up to a 6% difference between the
measured sizes of the left and right condyles. Using their
asymmetry formula, this 6% difference translates to a
3% asymmetry index. Therefore, they suggested that
asymmetry values of 3% or less could be due to technical
errors in imaging rather than true anatomic asymmetry.
Thus, our results were further analyzed for the presence
of values above and below this threshold (Table V).

American Journal of Orthodontics and Dentofacial Orthopedics
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A Control Group
B No chin Dev
71 Chin Dev
<13 years
1 Occlusal Cant
1 No Occlusal Cant
213 years
P=ns
Chin Deviation Occlusal Cant
Relative Frequency
B UFMI Group
= No chin Dev
1 Chin Dev
<13 years
y ** 71 Occlusal Cant
1 No Occlusal Cant
213 years
P =0.0057

Chin Deviation

Relative Frequency

Occlusal Cant

Fig 2. Relative frequency of CD and OC in the control (A) and UFMI (B) groups. NS, not significant.

*P <0.05; **P <0.01; ***P <0.001; **** P <0.0001.

Table IV. Comparison between maxillary and
mandibular infraoccluded teeth

Variables Madcxillary, % Mandibular, % P value
ocC 33 41 0.660
CD 66 53 0.450
VAI 437 = 3.54 2.41 * 1.49 0.086
RLD 5.16 * 5.58 3.63 *+ 3.26 0.580
CLD 7.49 * 437 4.97 * 3.64 0.043*

In the control group, none of the subjects had a VAI
larger than 3%. In contrast, 35% of the UFMI group had
VAl bigger than 3% (P <0.001; Table V). The differences
were statistically significant in all age subgroups as well
(Table V).

In contrast to the VAl measurements, RLD ratios
exceeding 3% were also found in the controls. Howev-
er, the UFMI group exhibited a significantly higher pro-
portion of patients with RLD ratios above the threshold
than the controls (52% vs 24%, respectively; P =
0.030; Table V). Interestingly, within age subgroups

American Journal of Orthodontics and Dentofacial Orthopedics

Table V. Comparing clinical significance (threshold

3%)

Variables Control, % UFMI, % P value
Total
VAl =30 0 34.5 <0.001*
RLD =3% 24.0 51.7 0.030*
Aged >13y
VAl =3% 0 25.0 0.038*
RLD =3% 40.0 56.0 0.290
Aged <13y
VAI =3% 0 46.0 0.003*
RLD =3% 7.0 46.0 0.016*

of control subjects, the percentage of patients with
RLD >30% was significantly higher among older sub-
jects compared with younger subjects (Fig 3, A), but
not significantly different in the UFMI age subgroups
(Fig 3, B). Consequently, the differences between
UFMI and controls were statistically significant only
in the young subgroups (46% vs 7%; P = 0.016;
Table V).
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A Control Group

Bl VAl =3%
13 0 VAI<3%
<13 years
Y * Bl RLD=3%
Il RLD <3%
213 years
P=0.030
: VAI I RLD '
Relative Frequency
B UFMI Group
B VA= 3%
N VAI<3%
<13 years
Bl RLD=3%
Il RLD <3%
213 years
P=ns

. i
VAI RLD

Relative Frequency

Fig 3. Relative frequency of values above the clinical significance level (set to 3%) of VAl and RLD in
the control (A) and UFMI (B) groups. NS, not significant. *P <0.05; **P <0.01; ***P <0.001;

e P <0.0001.

In the initial analysis, we compared the entire control
group with the UFMI group, irrespective of age (Fig 4).
In the control group, we observed a moderate positive
but significant correlation between VAI and RLD (0.42;
P = 0.024; Fig 4, A), as well as between RLD and age
(0.48; P = 0.008; Fig 4, A). However, we did not find
any significant correlations between OC or CD and the
other measured variables (Fig 4, A). In contrast, in the
UFMI1 group, we found moderate positive but significant
correlations between the prevalence of OC and age, as
well as between the OC and CD (0.43 [P = 0.019] and
0.51 [P = 0.004], respectively; Fig 4, B). In addition,
we observed a moderate positive and significant correla-
tion between the incidence of CD and RLD (0.38; P =
0.039; Fig 4, B).

The effect of age on the correlations was also exam-
ined. In the older groups, a moderate yet significant

H 2025 e Vol W o Issuc W

positive correlation (0.62; P = 0.015; Fig 4, () was
observed between RLD and VAl in the controls, and sig-
nificant positive correlations were found in UFMI pa-
tients between CD and OC (0.73; P = 0.008; Fig 4, D)
and VAl and RLD (0.53; P = 0.037; Fig 4, D). In contrast,
no correlations with age were found in the young pa-
tients in both the control and UFMI groups (Fig 4, E
and F).

DISCUSSION

This study comprised a relatively large group of pa-
tients with UFMI, which failed to erupt, likely because
of ankylosis. The sample distribution showed a prepon-
derance for the lower jaw, similar to infraoccluded de-
ciduous molars.””” A left-sided predominance was
found, which has also been observed in other dental
anomalies, such as tooth transposition,”®”? impacted

American Journal of Orthodontics and Dentofacial Orthopedics
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Control UFMI
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Fig 4. The correlation matrix heat map showing the relationships between different variables, including
age, occurrence of OC and CD, and measurements such as VAl and RLD in the control (A) and UFMI
(B) groups. A similar analysis was done according to age subgroups aged <13 years and >13 years in
the control (C and E) and UFMI (D and F) groups. NS, not significant. *P <0.05; **P <0.01;
***P <0.001; ****P <0.0001.

American Journal of Orthodontics and Dentofacial Orthopedics Ml 2025 e Vol W e [ssuc l



10yrs, #16

13yrs, #16

Geller Fishman et al
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Fig 5. Examples illustrating patients from 3 different age groups with UFMI (maxillary right first molar):
preadolescents (aged 9-11 years), adolescents (aged 11-15 years), and young adults (aged >15
years).

palatal canine,”® maxillary lateral incisor agenesis,’'
peg-shaped maxillary lateral incisors,”” and cleft lip
and palate and lateral facial cleft.””

The results clearly demonstrate an increased preva-
lence of facial and skeletal asymmetry in patients with
UFMI1 when compared with age and gender-matched pa-
tients with normally erupted molars. The asymmetry
increased with age (Fig 5). As far as we know, this
broader effect of molar infraocclusion on facial and skel-
etal development has never been reported.

The possible explanation relies on understanding the
effect of tooth eruption on facial development. When a
molar fails to erupt and remains infraoccluded in a
growing individual, it impedes the development of the
surrounding bone and the normal vertical skeletal
growth.””® A correlation between the infraocclusion of
deciduous molars and mandibular growth has previously
been reported by Leonardi et al’* and Lanteri et al.””
However, even if such a correlation is true, the effect
of a deciduous molar on growth is temporary and re-
solves once it sheds and its successor erupts.”””” In
contrast, in permanent dentition, a unilateral molar in-
fraocclusion will potentially lead to unbalanced devel-
opment of the 2 sides of the jaw and permanent
asymmetry. The jaw will shift to accommodate the in-
fraoccluded molar with the underdeveloped surrounding
alveolar bone process, triggering compensatory changes
to adapt to the imbalanced occlusion, consequently
affecting also the muscles.

The UFMI group had significantly higher VAl values
than the control group (Table 11). This trend was also
seen in both age subgroups (Table 111).

H 2025 e Vol W o Issuc W

Using the threshold of 3% difference for clinical rele-
vance,”” the difference between the groups was even more
prominent, as more than one-third of the patients in the
UFMI group vs none of the patients in the control group
had VAl values over the threshold (Table V). VAI
values >39% were also observed in both UFMI age subgroups
(Table V). These findings suggest that VAI values >3%
threshold can discriminate and serve as a tool in the early
diagnosis of asymmetrical facial development. Similarly to
VA, the RLD ratios were significantly higher in the UFMI
group than in the control group (Table 11). However, when
considering age, statistically significant RLD ratios were
only observed in the younger group (Table 11). A similar
pattern was observed when examining RLD values >30%
cutoffvalue (Table V). This suggests that RLD values >3%
canalsobeused asatool for detecting asymmetryinyounger
patients (Tables 111 and V).

OC and CD are important clinical manifestations of
developing asymmetries. Patients with UFMI showed a
significantly higher prevalence of CD and OC compared
with controls. 1t is noteworthy to mention that patients
exhibiting OC or CD were also found in the young con-
trol group. However, among older control patients, none
displayed OC, and the prevalence of CD was low. This
may imply that OC and CD may appear during the tran-
sition from mixed to permanent dentition; however, they
are transient and subsequently resolved in the perma-
nent dentition.

A statistically significant positive correlation between
0C and CD was present only in the UFMI group. This cor-
relation was moderate in patients aged <13 years and
became stronger in those aged >13 years (Fig 4).

American Journal of Orthodontics and Dentofacial Orthopedics
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On the basis of these data, CD and OC can serve as who are the first to meet these patients, should be
valuable indicators for asymmetry at a later stage. aware of the early signs of infraocclusion and its
The CD was specifically shown to have the biggest impact skeletal implications.
on assessing facial asymmetry.” It is important to under- 2. 1fUFMIis diagnosed late and asymmetry has already
stand that once these indicators are noticeable, ortho- developed, a compromise in treatment outcome
dontic correction of asymmetry may become challenging. must be anticipated and shared with the patients.

Our findings hold significant implications for treat- Alternatively, more complex approaches, including
ment timing. The moderate but significant increase in the use of skeletal anchorage or orthognathic sur-
the prevalence of OC and CD with age and the strong gery, may be considered.

positive correlation between OC and CD in the older
age UFMI group undermine the importance of timely

; . . . AUTHOR CREDIT STATEMENT
diagnosis of molar infraocclusion.

Early intervention may help to restore balance to the Zehava Geller Fishman contributed to methodology,
dental arch and prevent the unwanted development of investigation, validation, and manuscript review and ed-
dentoalveolar and skeletal asymmetry. 1f asymmetry is iting; Avi Leibovich contributed to methodology, investi-
already developed, early treatment can take advantage gation, validation, manuscript review and editing, and
of the remaining growth to encourage alveolar bone formal analysis; Heli Rushinek contributed to conceptu-
development and symmetrical skeletal growth. alization, methodology, and investigation; Roberta Lione

In contrast, if diagnosed late, correction of asymme- contributed to investigation; Paola Cozza contributed to
try by orthodontic means alone may prove challenging, investigation; Adrian Becker contributed to methodology
if not impossible. In these instances, treatment out- and original draft preparation; Stella Chaushu contrib-
comes must be sometimes compromised or asymmetry uted to conceptualization, methodology, investigation,
corrected by surgical means. These limitations must be validation, manuscript review and editing, supervision,
understood by the practitioner and explained to the pa- project administration, and formal analysis.
tient and parents at the beginning of treatment to avoid
frustration when a symmetrical outcome cannot be REFERENCES
achieved. 1. Raghoebar GM, Boering G, Vissink A. Clinical, radiographic and

The study has several limitations that should be histological characteristics of secondary retention of permanent
considered when interpreting the results. Firstly, the molars. J Dent 1991;19:164-70. '
retrospective design and use of a convenience sample, 2 g‘ftﬂzrdmf&\g;‘ T;;;Tf'sem“”d etiology of tooth ankylosis. Am J
because of the rarity of this condition, may introduce se- 3. Biederman Wi. El'iology'and treatment of tooth ankylosis. Am J Or-
lection bias. Moreover, the age range of participants (9- thod 1962:48:670-84.

27 years) is broad, encompassing children, adolescents, 4. Becker A, Karnei-R’em RM. The effects of infraocclusion: part 1.
and adults, which may complicate the interpretation of Tilting of the adjacent teeth and local space loss. Am J Orthod

Dentofacial Orthop 1992;102:256-64.
5. Becker A, Karnei-R’em RM. The effects of infraocclusion: part 2.
The type of movement of the adjacent teeth and their vertical

results across different developmental stages. Finally,
because of local health regulations, the study did not

include advanced imaging techniques such as cone- development. Am J Orthod Dentofacial Orthop 1992;102:
beam computed tomography, which could have pro- 302-9.
vided more accurate measurements of asymmetry. 6. Becker A, Karnei-R’em RM, Steigman S. The effects of infraocclu-
Nevertheless panoramic x-rays have been shown to be sion: part 3. Dental arch length and the midline. Am J Orthod Den-
. L . . 2526 . tofacial Orthop 1992;102:427-33.
reliable in assessing asymmetries,” because distor- 7. Koyoumdjisky-Kaye E, Steigman S. Submerging primary molars in
tions predominantly manifest in the horizontal rather Isracli rural children. Community Dent Oral Epidemiol 1982;10:
than the vertical dimension.”*”’ 204-8.
8. Kurol J. Infraocclusion of primary molars: an epidemiologic and
familial study. Community Dent Oral Epidemiol 1981;9:94-102.
CONCLUSIONS 9. Biederman W. The problem of the ankylosed tooth. Dent Clin
This study reveals that UFMI is linked with facial and North Am 1968;409-24.
skeletal asymmetry. 10. Cohen-Levy J. Ankylosis of permanent first molars: genetics or
environment? A case report of a discordant twin pair. Int Orthod
1. The facial and skeletal asymmetry associated with 2011;9:76-91.
UFMI worsens with age. Therefore, early diagnosis 11. Darling Al, Levers BG. Submerged human deciduous molars and

. . e . . e kylosis. Arch Oral Biol 1973;18:1021-40.
is crucial to allow the initiation of orthodontic inter- an ’
s crucial to allow the initiation of orthodontic inte 12. Pelias MZ, Kinnebrew MC. Autosomal dominant transmission of

vention to avoid 'these unwanteq effeds f’md ankylosed teeth, abnormalities of the jaws, and clinodactyly. A
encourage symmetrical growth. Pediatric dentists, four-generation study. Clin Genet 1985;27:496-500.

American Journal of Orthodontics and Dentofacial Orthopedics Ml 2025 e Vol W e [ssuc l


http://refhub.elsevier.com/S0889-5406(25)00059-9/sref1
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref1
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref1
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref2
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref2
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref3
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref3
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref4
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref4
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref4
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref5
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref5
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref5
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref5
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref6
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref6
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref6
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref7
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref7
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref7
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref8
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref8
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref9
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref9
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref10
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref10
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref10
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref11
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref11
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref12
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref12
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref12

20.

21.
22.

23.

24.

25.

. Tong A, Chow YL, Xu K, Hardiman R, Schneider P, Tan SS. Tran-

scriptome analysis of ankylosed primary molars with infraocclu-
sion. Int J Oral Sci 2020;12:7.

. Ducommun F, Bornstein MM, Bosshardt D, Katsaros C, Dula K.

Diagnosis of tooth ankylosis using panoramic views, cone beam
computed tomography, and histological data: a retrospective
observational case series study. Eur J Orthod 2018;40:231-8.

. Lim WH, Kim HJ, Chun YS. Treatment of ankylosed mandibular

first permanent molar. Am J Orthod Dentofacial Orthop 2008;
133:95-101.

. Pithon MM, Bernardes LAA. Treatment of ankylosis of the mandib-

ular first molar with orthodontic traction immediately after surgi-
cal luxation. Am J Orthod Dentofacial Orthop 2011;140:396-403.

. Peretz B, Absawi-Huri M, Bercovich R, Amir E. Inter-relations be-

tween infraocclusion of primary mandibular molars, tipping of
adjacent teeth, and alveolar bone height. Pediatr Dent 2013;35:
325-8.

. Andersson L, Malmgren B. The problem of dentoalveolar ankylosis

and subsequent replacement resorption in the growing patient.
Aust Endod J 1999;25:57-61.

. Chaushu S, Becker A, Chaushu G. Orthosurgical treatment with

lingual orthodontics of an infraoccluded maxillary first molar in
an adult. Am J Orthod Dentofacial Orthop 2004;125:379-87.
Dias C, Closs LQ, Fontanella V, de Araujo FB. Vertical alveolar
growth in subjects with infraoccluded mandibular deciduous mo-
Tars. Am J Orthod Dentofacial Orthop 2012;141:81-6.

Kurol J, Olson L. Ankylosis of primary molars—a future periodontal
threat to the first permanent molars? Eur J Orthod 1991;13:404-9.
Kurol J, Koch G. The effect of extraction of infraoccluded decidu-
ous molars: a longitudinal study. Am J Orthod 1985;87:46-55.
Lee MS, Chung DH, Lee JW, Cha KS. Assessing soft-tissue charac-
teristics of facial asymmetry with photographs. Am J Orthod Den-
tofacial Orthop 2010;138:23-31.

Troulis MJ, Tayebaty FT, Papadaki M, Williams WB, Kaban LB.
Condylectomy and costochondral graft reconstruction for treat-
ment of active idiopathic condylar resorption. J Oral Maxillofac
Surg 2008;66:65-72.

Nicot R, Chung K, Vieira AR, Raoul G, Ferri J, Sciote JJ. Condyle
modeling stability, craniofacial asymmetry and ACTN3 genotypes:

2025 e Vol B e Issue B

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Geller Fishman et al

contribution to TMD prevalence in a cohort of dentofacial defor-
mities. PLoS One 2020;15:e0236425.

Habets LL, Bezuur JN, Naeiji M, Hansson TL. The Orthopantomo-
gram, an aid in diagnosis of temporomandibular joint problems. 11.
The vertical symmetry. J Oral Rehabil 1988;15:465-71.

Arhakis A, Boutiou E. Etiology, diagnosis, consequences and treat-
ment of infraoccluded primary molars. Open Dent J 2016;10:
714-9.

Shapira Y, Kuftinec MM, Stom D. Maxillary canine-lateral incisor
transposition—orthodontic management. Am J Orthod Dentofacial
Orthop 1989;95:439-44.

Finkelstein T, Shapira Y, Pavlidi AM, Davidovitch M, Blumer S,
Schonberger S, et al. Canine transposition - prevalence, distribu-
tion and treatment considerations among orthodontic patients. J
Clin Pediatr Dent 2020;44:268-73.

Chung DD, Weisberg M, Pagala M. Incidence and effects of genetic
factors on canine impaction in an isolated Jewish population. Am J
Orthod Dentofacial Orthop 2011;139:e331-5.

Vastardis H. The genetics of human tooth agenesis: new discov-
eries for understanding dental anomalies. Am J Orthod Dentofacial
Orthop 2000;117:650-6.

Hua F, He H, Ngan P, Bouzid W. Prevalence of peg-shaped maxil-
lary permanent lateral incisors: A meta-analysis. Am J Orthod Den-
tofacial Orthop 2013;144:97-109.

Gorlin RJ, Cohen MM Jr, Hennekam RCM. Syndromes of the head
and neck. 4th ed. Oxford: Oxford University Press; 2001.
Leonardi M, Armi P, Baccetti T, Franchi L, Caltabiano M. Mandib-
ular growth in subjects with infraoccluded deciduous molars: a su-
perimposition study. Angle Orthod 2005;75:927-34.

Lanteri V, Maspero C, Cavone P, Marchio V, Farronato M. Relation-
ship between molar deciduous teeth infraocclusion and mandib-
ular growth: a case-control study. Eur J Paediatr Dent 2020;21:
39-45.

Yeo DKL, Freer TJ, Brockhurst PJ. Distortions in panoramic radio-
graphs. Aust Orthod J 2002;18:92-8.

Xie Q, Soikkonen K, Wolf J, Mattila K, Gong M, Ainamo A. Effect
of head positioning in panoramic radiography on vertical mea-
surements: an in vitro study. Dentomaxillofac Radiol 1996;25:
61-6.

American Journal of Orthodontics and Dentofacial Orthopedics


http://refhub.elsevier.com/S0889-5406(25)00059-9/sref13
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref13
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref13
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref14
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref14
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref14
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref14
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref15
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref15
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref15
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref16
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref16
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref16
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref17
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref17
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref17
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref17
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref18
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref18
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref18
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref19
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref19
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref19
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref20
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref20
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref20
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref21
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref21
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref22
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref22
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref23
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref23
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref23
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref24
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref24
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref24
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref24
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref25
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref25
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref25
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref25
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref26
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref26
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref26
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref27
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref27
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref27
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref28
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref28
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref28
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref29
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref29
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref29
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref29
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref30
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref30
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref30
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref31
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref31
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref31
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref32
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref32
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref32
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref33
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref33
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref34
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref34
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref34
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref35
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref35
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref35
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref35
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref36
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref36
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref37
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref37
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref37
http://refhub.elsevier.com/S0889-5406(25)00059-9/sref37

	Infraoccluded first permanent molars and their association with facial and skeletal development
	Material and methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Author credit statement
	References


