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Abstract
The premature loss of primary molars in children during the transition from primary
to early mixed dentition is a dental condition that may affect the development of the
masticatory system and the eruption of permanent teeth. This study is a narrative critical
review of the literature aimed at analyzing and synthesizing the clinical consequences
associated with premature loss of primary molars in children. A structured literature
search was conducted in PubMed, Scopus, and SciELO databases for studies published
between 2009 and 2024 in English and Spanish. A combination of Medical Subject
Headings (MeSH) terms and free-text keywords was used to identify relevant studies.
Eligibility criteria were applied to select studies involving children during the transition
from primary to early mixed dentition that reported clinical consequences of premature
loss of primary molars. The selected evidence was critically analyzed and narratively
synthesized. A total of 58 records were identified, of which 19 studies were included
in the final synthesis. The included studies reported clinical consequences such as
loss of arch space, occlusal alterations, early eruption of permanent teeth, dental
crowding, mesial tipping of permanent molars, and tooth impaction. The effects varied
depending on the location and type of molar affected. In conclusion, premature loss of
primary molars is associated with clinically significant alterations in occlusion and space
maintenance during mixed dentition development.
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1. Introduction

Primary dentition plays a fundamental role in the functional
and harmonious development of the pediatric stomatognathic
system, ensuring effective mastication and maintaining the
arch space required for the correct eruption and alignment of
permanent teeth. In particular, primary molars are essential for
preserving arch length and guiding the correct spatial develop-
ment of the permanent dentition [1].
Premature loss of primary molars is a frequent condition

in pediatric dentistry that disrupts the normal development of
occlusion and eruption patterns. It is defined as the loss of
a primary tooth occurring significantly earlier than its phys-
iological exfoliation time, typically at least one year before
expected shedding or before the permanent successor reaches
Nolla stage six, when crown formation is completed and root
development has begun [2].
Although dental caries has been identified as the main cause

of tooth loss in children, other conditions such as trauma,
eruption disturbances, congenital anomalies, and therapeutic
extractions also contribute to early loss of primary molars [3].
This condition may lead to multiple clinical consequences,
including loss of arch space, midline deviation, occlusal al-
terations, ectopic eruption, and impaction of permanent teeth

[4, 5].
Despite the existing literature on this topic, the evidence

remains fragmented and heterogeneous, and previous reviews
have not specifically focused on a critical synthesis of the clin-
ical consequences of premature loss of primary molars within
a well-defined early mixed-dentition period. This highlights a
relevant gap in the literature regarding a focused and clinically
oriented synthesis of the available evidence.
The early mixed dentition stage corresponds to a critical

developmental period characterized by the eruption of the first
permanent molars and incisors, during which the dental arch is
particularly susceptible to space loss and occlusal disturbances
following the premature loss of primary molars.
Therefore, the aim of this study is to provide a narrative

critical review of the literature to analyze and synthesize the
clinical consequences associated with the premature loss of
primary molars during the transition from primary to early
mixed dentition, based on a structured and transparent search
of the available evidence.

2. Materials and methods

This study is a narrative critical review of the literature aimed at
synthesizing and critically analyzing the clinical consequences
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of the premature loss of primary molars in children.

2.1 Research question and framework
The research question was structured using the PECOs frame-
work: Population: children in the transition from primary
dentition to mixed dentition; Exposure: premature loss of
primary molars; Comparison: no tooth loss or different timing
of loss; Outcome: clinical consequences such as space loss,
occlusal alterations, and eruptions disturbances.

2.2 Literature search strategy
A structured literature search was conducted in
PubMed/Medline, Scopus, and SciELO databases. The
search was performed using a combination of Medical Subject
Headings (MeSH) terms and free-text keywords related
to primary molars, tooth loss, children, and dental arch
alterations. Boolean operators were used to combine search
terms and improve sensivity and specifity. Detailed search
strategies are provided in Table 1.

2.3 Time frame and language
The search was limited to studies published between 2009
and March 2024 in English and Spanish. This timeframe
was selected to ensure inclusion of contemporary evidence
reflecting pediatric dental practices and diagnostic approaches.

2.4 Eligibility criteria
Eligible studies included observational designs (cross-
sectional, cohort, and case-control studies) evaluating the
clinical consequences of premature loss of primary molars in
children during the transition from primary dentition to early
mixed dentition. Case reports, letters, abstracts, and review
articles were excluded.

2.5 Study selection
Titles and abstracts were screened based on the eligibility
criteria, followed by full-text review. Study selection was
conducted to ensure consistency in inclusion.

2.6 Data extraction
Data from included studies were extracted into a standardized
synthesis matrix using Mendeley, including study characteris-
tics, population, methods, and main outcomes.

3. Results

A total of nineteen observational studies were included, com-
prising nine cross-sectional and ten longitudinal designs. The
study identification and selection process is summarized in
Fig. 1.
Structured clinical observation was the most frequently

employed data collection method. Additional assessment
methods included radiographic techniques (digital panoramic,
cephalometric, and periapical), study models, intraoral
clinical examinations, and photographic documentation.
These studies evaluated different clinical consequences
associated with premature loss of primary molars, including
loss of arch space, tooth displacement, eruption disturbances,
and occlusal alterations (Table 2, Ref. [4, 6–23]).
The main findings obtained were classified into five cate-

gories:

3.1 Changes in the dimensions of the arch
and perimeter of the arch
At least 6 studies identified significant modifications in the
D + E (sum of mesiodistal widths of the first and second
primary molars) and C + D + E (sum of mesiodistal widths of
the canine, first molar and second primary molar) space after
premature loss of primary molars, suggesting a reduction in the
arch perimeter and available mesiodistal spaces [4, 6–10]. An
increase in intercanine width and length, associated with the
distalization of the primary canine, was reported [10].
Loss of the mandibular second molar was associated

with significant changes in the extraction space and arch
hemiperimeter. In contrast, the loss of maxillary second molar
changes resulted in only minor alterations [4]. One study
reported a significant reduction in arch perimeter in nearly
all evaluated children [6], while another found an increase in
maxillary posterior arch length accompanied by decrease in
the mandibular arch length [8].

3.2 Tooth displacement and movement
Ten studies reported tooth movements after premature loss, the
magnitude of which varied according to the tooth extracted
[4, 6, 8, 10–16]. The loss of primary first molars was asso-
ciated with mesial migration of the second molars and distal
inclination of the primary canines, affecting both the maxilla
and the mandible [8, 13].
Conversely, the loss of second primary molars resulted in

TABLE 1. Summary of database searches, key terms, and records identified.
Database Date of search Search terms (summary) Records identified
PubMed/Medline March 2024 MeSH + keywords related to primary molars, tooth loss,

children, dental arch, occlusion, eruption
38

Scopus March 2024 MeSH and free-text terms related to primary molars and tooth
loss in children

12

SciELO March 2024 MeSH + Spanish/English keywords related to premature tooth
loss and dental arch changes

8

Total 58
MeSH: Medical Subject Headings.
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FIGURE 1. Study selection process flow diagram.

slight mesial migration of the first permanent molars in chil-
dren aged 6 to 9 years [12, 14].

3.3 Effects on occlusion and dental midline
Four studies showed that premature loss influenced molar
relationships, bite type, and midline position [6, 13, 17, 18].
Midline deviations were evident in 42% of children aged 5–10
years [6], although other studies only reported slight deviations
towards the extraction side in 4.3% of cases [13].
Children under 7 years of age showed an association be-

tween premature dental loss and development of anterior cross-
bite [17]. Furthermore, more pronounced occlusal changes
were observed when the premature loss involved primary ca-
nines or second primary molars [18].

3.4 Loss of space and overcrowding
Eight studies evaluated space loss, showing that it increases
in the first months after extraction [7, 15, 16, 19–23]. Facial
growth initially mitigated the effects of the loss, but its impact
increased progressively over time [19].
Greater loss was observed in children with end-occlusion

[19] and in those with Class II molar relationships compared

with Class I [21]. Loss was minimized when the first per-
manent molar had already erupted at the time of extraction
[15, 20].
Regarding crowding, findingswere contradictory: one study

found little crowding on the extraction side [21], whereas an-
other reported a high prevalence of crowding without directly
associating it with space loss [23].

3.5 Impact on the eruption and position of
permanent teeth
Four studies analyzed the influence of premature loss on the
eruption and position of permanent teeth [4, 11, 12, 15]. Mesial
inclination of the first permanent mandibular molar was ob-
served following the loss of the second primary molar [11, 15],
as well as an acceleration of the eruption of the premolars in
cases of bilateral losses within same quadrant [11].
In the maxilla, mesial inclinations and mesiorotations of the

first permanent molars were reported [12, 15].
Some studies also reported displacement of adjacent primary

teeth and stress on immature roots of permanent first molars,
both of which were reduced with the use of space maintainers
[12, 14].
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TABLE 2. Characteristics of the included studies.

Author and year Sample and age Study design Methodology Follow up Main Objective Clinical consequences

Alexander et al.
[19] (2015)

n = 226 Age: 7–8 yr Longitudinal Intraoral examinations with
digital calipers

9 mon To evaluate space changes
after premature molar loss

Loss of space

Alnahwi et al.
[20] (2015)

n = 87 Age: 3–12 yr
average age: 7.75 yr

Longitudinal Bitewing and periapical
radiographs

6–48 mon To assess arch changes over
time

Loss of space

Bindayel et al.
[21] (2019)

n = 32 Age: 8–9 yr Longitudinal Study models and initial
and follow-up radiographs

6 mon To analyze space reduction
after extraction

Loss of space

Cernei et al. [12]
(2015)

n = 112 Age: 6–9 yr Cross-sectional Digital panoramic
radiographs

NR To evaluate tooth movement
patterns

Tooth displacement and movement
Impact on the eruption

Cernei et al. [11]
(2016)

n = 85 Age: 6–9 yr Cross-sectional Digital panoramic
radiographs

NR To assess eruption
alterations

Tooth displacement and movement
Impact on the eruption

Díaz et al. [6]
(2024)

n = 113 Age: 5–10 yr Cross-sectional Panoramic and periapical
radiographs, clinical

histories

NR To evaluate occlusal and
spatial changes

Changes in the arc perimeter
Tooth displacement and movement
Effects on occlusion and midline

García et al. [17]
(2011)

n = 44 Age: 4–15 yr Retrospective,
longitudinal

Medical records,
photographs and X-rays

3 yr To analyze occlusal effects
of early loss

Effects on occlusion

Gomide et al. [7]
(2020)

n = 235 Age: 6–7 yr Cross-sectional Occlusal photographs and
study models

NR To evaluate arch perimeter
changes

Changes in the perimeter of the arch
Loss of space

Heidari et al. [13]
(2022)

n = 47 Age: 8–10 yr Cross-sectional Study models NR To assess occlusal changes Tooth displacement and movement
Effects on occlusion and midline

Kobylińska et al.
[8] (2019)

n = 27 Age: 5–7 yr Longitudinal Initial and control study
models

1–12 mon To evaluate arch dimension
changes

Tooth displacement and movement
Changes in arch dimensions

Lin YT et al. [10]
(2011)

n = 13 Age: 5 yr 4
mon–6 yr 4 mon

Longitudinal Study models 6–12 mon To evaluate arch dimension
changes

Changes in arch dimension and arch
perimeter

Lin YT et al. [9]
(2017)

n = 9 Age: 5 yr 1
mon–7 yr 7 mon

Longitudinal Initial and control study
models

81 meses To assess long-term arch
changes

Changes in the dimensions of the arch
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TABLE 2. Continued.

Author and year Sample and age Study design Methodology Follow up Main Objective Clinical consequences

Lucas et al. [22]
(2019)

n = 17 Age: 6–8 yr Cross-sectional Study models NR To evaluate space loss Loss of space

Macena et al. [4]
(2011)

n = 55 Age: 5–9 yr Longitudinal Study models, periapical
radiograph

3–10 mon To analyze arch changes

Changes in the dimension and
perimeter of the arch

Tooth displacement and movement
Impact on the eruption

Mosharrafian et
al. [23] (2021)

n = 50 Age: 6–8 yr Cross-sectional Clinical examination. Study
models

NR To assess occlusal effects Loss of space

Park et al. [14]
(2009)

n = 13 Age: 5–10 yr Longitudinal Study models,
three-dimensional laser

scanner

6–12 mon To measure spatial changes Tooth displacement and movement

Petcu et al. [15]
(2009)

n = 94 Age: 6–10 yr Cross-sectional Digital Panoramic X-rays NR To evaluate eruption effects
Loss of space

Tooth displacement and movement
Impact on the eruption

Pokorna et al.
[16] (2016)

n = 99 Age: 7–11 yr Longitudinal Study models and
panoramic, lateral

cephalometric radiographs

3 wk To assess immediate space
changes

Loss of space
Tooth displacement and movement

Warkhandkar et
al. [18] (2023)

n = 175 Age: 7–10
yr

Cross-sectional Study models NR To evaluate occlusal
changes

Effects on occlusion and midline

NR: Not reported.
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4. Discussion

The findings of this review showed that premature loss of
primary molars leads to multiple clinical consequences, the
most common being reduction of the dental arch perimeter,
displacement of adjacent teeth, occlusal abnormalities, and
midline deviation. These abnormalities have been described
in numerous studies that, although differing in design and
population characteristics, consistently indicate a clear impact
on oral development when timely treatment is not provided.
One of the most extensively studied consequences was the

modification of dental arch dimensions. Macena et al. [4] and
Lin et al. [10] reported a reduction in the posterior arch perime-
ter, particularly associated with distal displacement of pri-
mary canines as an adaptive response to the edentulous space.
However, this response is not uniform and appears to vary
according to the affected tooth and its location. Kobylińska
et al. [8] observed significant inter-arch differences, reporting
an increase in posterior maxillary arch length and a reduction
in mandibular arch length, which may be explained by dif-
ferences in bone morphology and eruption patterns specific to
each arch.
Mesial displacement of primary second molars and distal

tipping of canines were also common findings. This ten-
dency of teeth to migrate into the space created by early
loss underscores the importance of ongoing clinical follow-up
and the use of space maintainers to preserve arch alignment
and prevent orthodontic complications in the medium and
long term [4]. These findings are consistent with a body of
evidence from systematic reviews evaluating spatial changes
after premature loss of first primary molars. Kaklamanos et
al. [24] in a systematic review of controlled studies, reported a
similar pattern of clinically relevant space reduction, reaching
approximately 1.5 mm in the mandible and around 1 mm in
the maxilla, although the clinical significance was considered
variable depending on individual factors. More recently, Zhao
et al. [25] confirmed these findings through a meta-analysis
of split-mouth studies, demonstrating mean space losses of
0.65 mm in the maxilla and 1.24 mm in the mandible D +
E space, reinforcing the tendency toward progressive space
closure following premature extraction. In agreement with
these findings. El-Motayam et al. [1] further quantified
this effect and showed greater mandibular space loss (−1.78
mm) compared with the maxilla (−0.52 mm), highlighting the
clinical relevance of mandibular extractions. Although all
these reviews focus on first primary molars, collectively they
support the pattern of mesial migration and reduction in arch
space observed in the present study, reinforcing the need for
individualized assessment and timely space management when
indicated.
Regarding occlusion, several studies have shown dental

midline deviations and the development of crossbites.
Warkhandkar et al. [18] observed that unilateral loss
of primary molars was associated with notable midline
deviations, suggesting the presence of functional imbalance.
Similarly, García et al. [17] identified an association between
premature molar loss and the occurrence of anterior crossbite
in children under 7 years of age, suggesting that occlusal
effects may develop at an early stage. In contrast, Heidari

et al. [13] reported less pronounced deviations in older
children, possibly due to reduced occlusal adaptability with
increasing age. These findings support the importance of early
interventions to prevent long-term functional imbalances.
Dental space loss, particularly following the extraction of

second primary molars, has been identified in the literature as
a major contributor of dental crowding. These effects have
been documented since 1887 [23], and subsequent studies
quantified space loss in children between 5 and 7 years of age,
reporting reductions of 1 to 1.5 mm within less than a year,
mainly due to distal displacement of the canines [4]. However,
conflicting evidence remains regarding whether this reduction
is more pronounced in the maxilla or mandible, highlighting
the importance of considering anatomical particularities in
each case [10, 16].
Regarding the impact on the eruption of permanent teeth,

Lucas-Rincón et al. [22] reported greater space loss in children
presenting interproximal caries or tooth loss, without identi-
fying significant differences according to sex, arch, or age.
Conversely, Cernei et al. [11, 12] emphasized that premature
loss may affect the vertical alignment of permanent molars,
leading to mesial inclinations, particularly when both first
primary molars are lost simultaneously.
A relevant finding was the increasing use of technologies

such as 3D laser scanning and models generated by Cone-
Beam Computer Tomography (CBCT) and Magnetic Reso-
nance Imaging (MRI), which have improved the accuracy of
dental arch assessment and facilitatedmore effective orthodon-
tic appliance design [14]. However, the duration of follow-up
among the reviewed studies showed considerable variability.
Most performed short-term observations (less than 12 months)
[4, 8, 10, 13–15, 19, 21] and only a few extended long-term
observations [6, 9, 20], which could limit the comprehensive
understanding of late effects.
This study presented certain limitations, including the lim-

ited availability of recent studies and the inclusion of sam-
ples comprising children between approximately 4 and 10
years of age. However, these age categories were not con-
sistently aligned with standardized clinical definitions of den-
tition stage, which may have contributed to heterogeneity in
participant classification across studies. This variability may
affect the comparability and generalizability of the findings.
Furthermore, most studies did not evaluate key variables such
as sex or gender, limiting the possibility of exploring their
potential influence on the observed clinical outcomes. In
addition, the concept of “clinical consequences” has mainly
been addressed from functional and morphological perspec-
tives, whereas dimensions such as quality of life have received
limited attention.
Despite the findings reported in the included studies, several

important gaps in the current literature were identified. Con-
siderable methodological heterogeneity was observed regard-
ing study design, samples characteristic, follow-up duration,
and outcome assessment methods, limiting direct compari-
son among studies. In addition, there is a limited number
of long-term studies evaluating the progression of clinical
consequences following premature loss of primary molars.
Furthermore, the lack of standardized outcome measures high-
lights the need for future studies using more homogenous
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methodologies and larger populations to strengthen the avail-
able evidence.
Overall, the results support the objective of this study by

demonstrating that premature loss of primary molars is asso-
ciated with a series of clinically relevant consequences that
should be considered when designing preventive and interven-
tion strategies. However, although the findings indicate clear
trends, it is important to distinguish statistical significance
and clinical relevance, particularly when making treatment
decisions. Future studies should investigate whether early
intervention using customized space maintainers may signifi-
cantly reduce long-term occlusal changes through longitudinal
studies with extended follow-up.

5. Conclusions

This literature review identified several clinical consequences
associated with the premature loss of first and second primary
molars in children during the transition from primary to early
mixed dentition, including alterations in dental arch dimen-
sions and perimeter, tooth displacement, occlusal and dental
midline deviations, space loss and crowding, as well as dis-
turbances in the eruption and positioning of permanent teeth.
These findings highlight the importance of early diagnosis and
timely intervention to minimize potential long-term effects on
occlusal development.
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