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Abstract:

This study aimed to investigate the prevalence of maxillary canine impaction in association with
peg-shaped maxillary lateral incisors (PSMLI). Methods: Pretreatment orthodontic records of
Libyan orthodontic patients were screened in the Department of Orthodontics, Faculty of
Dentistry, University of Benghazi, and three private orthodontic43clinics in the city. Records of
2650 patients (1907 females and 743 males) were investigated; patients' ages ranged from 11 to
38 years old. The documents, dental and medical history, study models, and OPG, were checked
by the researchers investigating the association between the occurrence of PSMLI occurrence of
impaction of the maxillary canine(s). SPSS (IBM® SPSS® Statistics) version 27 was used for
descriptive statistics (frequencies, mean, SD, etc.), the inferential statistics (prevalence,
association, and statistical significance), and for intra-examiner reliability testing. Results: IMC
was found in 368 cases (13.9%). there were 289 (10.9 %) and 269 (10.2 %) right-sided and left-
sided PSMLLI, respectively. There were 50 right-sided and 30 left-sided PSMLI. The total of
bilateral PSMLI was 239 (9 %). Chi-Square test and Odds-Ratio calculations revealed no
association between IMC and right-sided and left-sided PSMLI (P > 0.05). The association
between unilateral and bilateral PSMLI is statistically significant (P < 0.05). Conclusion: The
prevalence of impacted permanent maxillary canines (IMC) is not associated with the prevalence
of PSMLLI, and the presence of PSMLI is not the only risk factor for impaction of the permanent
maxillary canine. Bilateral PSMLI is more prevalent than unilateral PSMLI.
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Introduction:

The permanent maxillary canine impaction is a developmental aberration which stimulates the
attention of dentists, particularly orthodontists. The prevalence of maxillary canine impaction
rages from 0.6% to 1%, and it comes the second most frequent impacted tooth After third
molars(Afify & Zawawi, 2012; Herrera-Atoche et al., 2017; Lovgren, Dahl, Uribe, Ransjo, &
Westerlund, 2019; Sambataro, Baccetti, Franchi, & Antonini, 2005). Apart from inspected causes
such as cleft palate, trauma, pathological factors (cyst/tumor), and root dilacerations, the etiology
of maxillary canine impaction has not been fully clarified yet.

There is a variety of etiological factors have been suspected including genetic causes, long path
of eruption, and lack of space,(Becker, Chaushu, & Orthopedics, 2015; S. Peck, Peck, & Kataja,
1994; Russell & McLeod, 2008; Stellzig, Basdra, & Komposch, 1994). Nevertheless, two theories

have been proposed to explain the etiology of the maxillary canine impaction.
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Firstly, the guidance theory, which explains the maxillary canine impaction by the absence of the

guide which is used by the canine to erupt in its normal place. The guide is the distal aspect of the
permanent maxillary lateral incisors. Loss of guidance is seen in cases of agenesis of maxillary
lateral incisors or root malformation. In such case, according to the guidance theory absent or
insufficient guiding root of the maxillary lateral incisor makes canine unable to follow the proper
pathway to the its normal anatomical position(Becker et al., 2015; Y. Kim, Hyun, & Jang, 2017,
Papageorgiou, Seehra, Cobourne, Kanavakis, & research, 2025; S. J. A. J. 0. O. Peck &
Orthopedics, 2016).

Secondly, the genetic theory explains the impaction of maxillary canines by genetic influences.
The theory bases on several observations including the increased frequency of maxillary canines
in some family but not others and association of impacted canines with various genetic dental
anomalies(Baccetti, Mucedero, Leonardi, Cozza, & Orthopedics, 2009; Devi & Padmanabhan,
2019; Mucedero, Ricchiuti, Cozza, & Baccetti, 2013; Vitria, Tofani, Kusdhany, & Bachtiar,
2019). Based on the variability of prevalence among ethnic races and sexes, Peck et al. (1994)
linked palatal displacement of maxillary canines with genetic factors (Jacobs, 1996; S. Peck et
al., 1994). Baccetti et al (2010) and Siger et all. (2011) sustained an association between
impaction of the maxillary canine and other genetic dental anomalies such as distally displaced
mandibular premolars, small latera incisors, and infraocclusion of deciduous molars (Baccetti,
2010; Eid, Ghaleb, Badr, & Marzouk, 2024). On the other hand, Mercuri E. et al. (2013) found
no relation between genetic and impaction of the maxillary canine (Mercuri et al., 2013). Scholars
advised that the presence of peg-shaped maxillary lateral incisors and other dental anomalies,
such as distally displaced or unerupted second premolar, can be considered an early risk indicator
for maxillary canine impaction> since such dental anomalies manifest before the maxillary canine
eruption. Special attention should be paid to the anticipation of impaction of the maxillary
canine(Kolokitha, Balli, Zarkadi, & Gizani, 2023). Mohamad Ali Ranjbaran et al. (2023) claimed
that maxillary canine impaction is 3.6 times more prevalent in cases with lateral abnormality
(Ranjbaran, Aslani, Jafari-Naeimi, & Rakhshan, 2023).

Ashok Kumar Jena and Ritu Duggal (2010) concluded that no positive association between
maxillary canine impaction and anomalous maxillary lateral incisor anomalies. At the same time,
they found a high probability of palatal canine impaction when adjacent lateral incisors were

anomalous(Jena & Duggal, 2010). On the contrary, Sanja Simic¢ et al. (2019) postulated that the
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maxillary lateral incisors on the side with palatally impacted canines were smaller than those on
the side where there was no impaction(Simic et al., 2019). This study aimed to investigate the
prevalence of the occurrence of maxillary canine impaction in association with peg-shaped
maxillary lateral incisors (PSMLI) among Libyan non-syndromic orthodontic patients.
Materials and Methods:

Sample and sampling method:

Initially, 2725 pretreatment orthodontic records of Libyan healthy female and male patients were
screened, but after application of inclusion and exclusion criteria, 2650 records were selected.
Each pretreatment record should include at least a diagnostic file with pretreatment OPG and the
study model, in addition to pretreatment intra-oral photographs if available. The selected records
belonged to patients under orthodontic treatment, or the treatment was finished at the moment of
sample selection (11-35 years old at the onset of treatment). The records were obtained from the
patients’ archives in the Department of Orthodontics, Faculty of Dentistry, University of
Benghazi, and three other private orthodontic clinics in the city. When exclusion criteria
(mentioned below) were applied, 75 records were excluded from the sample because of
invalidities such as missing important investigations like OPG, incomplete patient data,
inconsistency between diagnosis and investigation findings, syndromic patients including cleft
cases, etc. (Figure 1). The sample consisted of 1907 females (72%) and 743 males (28%), making
a total of 2650 orthodontic patients who were aged from 11 to 35 years old.

Screened :2825 Orthodontic Records

] Excluded:
il 75 Records

The sample :2650 Orthodontic Records

Females :1907 Males : 743
Orthodontic Records Orthodontic Records

Figure (1): Sample selection

Inclusion Criteria:

i.  Libyan orthodontic patient, 11-35 years old at the onset of treatment.

ii. A Patient presented with fully erupted permanent maxillary lateral incisors(s).
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iii.  No history of extraction of maxillary lateral incisors, trauma, or evaluation of one or
more maxillary anterior teeth.
iv. At least one maxillary permanent lateral incisor is clinically present

v.  Pretreatment records, including at least the diagnostic file, OPG, and the study models.

Exclusion Criteria:

i.  Incomplete pretreatment records, where one or more essential diagnosis tools (the
diagnostic file including intra-oral photos, OPG, and the study models) are
missing/damaged

ii.  Non-Libyan patients

iii.  Missing both of maxillary permanent lateral incisors

iv.  History of extraction of both maxillary permanent lateral incisors

v.  History of trauma/avulsion of maxillary permanent lateral incisors

vi.  History of restorative reshaping/crowing of maxillary permanent lateral incisors
vii.  Cleft lip and palate and syndromic patients.
The selected pretreatment records were checked by both investigators in two phases. The first
phase was searching, confirming the presence of unilateral or bilateral Peg-shaped permanent
maxillary lateral incisor (PSMLI). This had been looked for in the diagnosis file for detection,
then it was checked in OPG for confirmation and finally examined on the study model for
measurements. Once a peg-shaped MLI presence is indicated in the pretreatment diagnostic file,
OPG is examined to confirm the diagnosis, since it could be an "odontoma" or a supernumerary
tooth with a conical shape. Then, measurements were done on the study models where the
mesiodistal width of the cervical one-third was compared with the mesiodistal width of the incisal
one-third of MLI to confirm that the tooth is peg-shaped (Grahnen, 1956; Mohamed & Muadab,
2024). Once the presence of PSMLI is confirmed, the second phase is done, which is looking for
coincident impacted permanent maxillary canines. The collected raw data were organized and

tabulated in frequency tables for clarity and ease of handling.

Statistical Analysis:

Descriptive statistical estimations (prevalence and association) of the collected raw data and the
inter-examiner reliability testing were performed using the Statistical Package for Social Sciences
(IBM® SPSS® Statistics) version 27.

Reliability Testing
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For the examiner reliability, 350 records from the sample were examined, and the diagnosis of
peg-shaped MLI was made by the investigator twice within one month time period. The intra-
examiner kappa test for the agreement was performed using SPSS. The results indicated an

excellent intra-examiner agreement according to the Kapp test, K = 84% (P > 0.05).

Results:

Characteristics of the Sample

The sample (n = 2650 pretreatment orthodontic records) was made up of 1906 records for female
patients (72%) and 743 records for males (28%) (Figure 2). Participants' ages ranged from 11
years to 35 years old( X = 17.07 years old, s.d. =5.37 years old) with evident skewed distribution
towards younger ages for both genders (Figure 3). The mean of male's age = 15.52, s.d. = 4.8;
while female's mean age = 17.67, s.d. = 5.5. Though this difference between the age means of the
two genders was statistically significant (t = 9.44, p = 0.001), the effect size was 0.4, which is a
minimal effect of the differences between the two means according to Jacob Cohen (Cohen, 2013;
Mohamed & Muadab, 2024). Impaction maxillary canine (IMC) was found in 368 cases (13.9%)
that were distributed into 114 cases in males (15.3% within the gender) and 254 cases in females
(13.3% within the gender). (Table 1). On the right side, there were 289 (10.9 %) peg-shaped
maxillary lateral incisors, out of which 50 incisors were right-sided unilateral PSMLI. On the left
side, there were 269 (10.2 %), whereas 30 lateral incisors were left-sided unilateral PSMLI. The
total of bilateral PSMLI was 239 (9 %) (Table 2).

Age

400 Mean = 17.07
Std Dey = 5.371
N=2650

1907

Frequency

FREQUENCY

fan)
<
~
M

GENDER

Age

Figure (2): Gender distribution Figure (3): Age distribution of the sample, note a
positive skewness toward older age
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Table (1): Frequency distribution of canine impaction:
Maxillary Canine Total
Not impacted
impacted
f Count 1653 254 1907
Expected 1642.2 264.8 1907.0
Gender Count
% within 86.7% 13.3% 100.0%
Gender
m Count 629 114 743
Expected 639.8 103.2 743.0
Count
% within 84.7% 15.3% 100.0%
Gender
Total Count 2282 368 2650
Expected 2282.0 368.0 2650.0
Count
% within 86.1% 13.9% 100.0%
Gender

Table (2): Overall frequency distribution of PSMLI (cross tabulation)

Left Maxillary Total
Lateral Incisor
No PSM
PSMLI LI
Right No Count 2331 30 2361
Maxillary PSMLI % within R. M. 98.7% 1.3% 100.0
Lateral Lateral %
Incisor % within L. M. 97.9% 11.2% | 89.1%
Lateral
% of Total 88.0% 11% | 89.1%
PSMLI | Count 50 230%* | 280*
*
% within R. M. 17.3% 82.7% 100.0
Lateral %
% within L. M. 2.1% 88.8% | 10.9%
Lateral
% of Total 1.9% 9.0% 10.9%
Total Count 2381 269** 2650
% within R. M. 89.8% 10.2 100.0
Lateral % %
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% within L. M. 100.0% 100.0 100.0

Lateral % %
% of Total 89.8% 10.2% | 100.0

%

*: Total of Right sided PSMLI
* *- Total of Left sided PSMLI
***- Total of Bilateral PSMLI

Inferential statistics results:

Right side:
Out of 368 impacted maxillary canines, 38 canines (11%) were found along with PSMLI, whereas

2031 non-impacted canines out of 2282 canines (89%) were found along with normally shaped
lateral incisors (not peg-shaped) (Table 3). Chi-Square test revealed no association between
presence of PSMLI and impacted permanent maxillary canine (x = 0.148, P = 0.390) Table (4)
Fig. (4). An odds ratio (OR) was computed to assess the risk of IMC in association with the
presence of PSMLI in the right side resulting in no risk. (OR = 0.932, 95%CI [ 0.650, 1.336].
Table (5).

Left side:

Out of 368 impacted maxillary canines, 33 canines (9 %) were found along with PSMLI, whereas
2046 non-impacted canines out of 2282 canines (89.7 %) were found along with a normally
shaped lateral incisor (not peg shaped) (Table 6) (Figure 5). Chi-Square test revealed no
association between the presence of PSMLI and impacted permanent maxillary canine (X = 0.656,
P =0.458) (Table 7). An odds ratio (OR) was computed to assess the risk of IMC in association
with the presence of PSMLI on the left side, resulting in no risk. (OR = 0.854, 95%CI [ 0.583,
1.251]). Table (8).

Bilateral association:

Chi square test revealed an association between the occurrence of one side PSMLI and the
occurrence of the same phenomenon on the other side of the maxillary arch (x =1871.884, P
=0.001) (Table 9). In addition, the odds ratio (OR) revealed a high risk of occurrence of bilateral
PSMLI when either maxillary lateral incisor is peg-shaped. (OR = 371.406, 95% CI =
[213.771,595.320]) Table (10).
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Table (3): Impacted Maxillary Canine (IMC) VS PSMLI (Right side)

PSMLI Total
No Yes

Right Maxillary Not Count 2031 251 2282
canine impacted % within Right 89.0 11.0 100.0
side % % %

Impacted Count 330 38 368

% within Right 89.7% | 10.3% 100.0

side %

Total Count 2361 289 2650
% within Right 89.1% | 10.9% 100.0

side %

Table (4): Chi-Square test results of Impacted Maxillary Canine (IMC) VS PSMLI (Right side)

Value d.f P
Pearson Chi-Square (X) 0.1482 1 0.720
Continuity Correction 0.087 1
Likelihood Ratio 0.150 0.720
Fisher's Exact Test 0.787
N of Valid Cases 2650

40.13.

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is

Figure (4): IMC VS. Right sided PSMLI
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Table (5): IMC Risk Estimate in association with PSMLI (Right side)

Value 95% CI
Lower Upper
Odds Ratio for Impacted Canine (0/ 1) 0.932 0.650 1.336
For cohort Right Maxillary lateral Incisor = 0 0.992 0.956 1.030
For cohort Right Maxillary lateral Incisor =1 1.065 0.771 1.471
N of Valid Cases 2650
0: Absence of the variable (IMC or PSMLI)
1: Presence of the variable (IMC or PSMLI)
Bar Chart
2500
2000
£ 1500
§ 1000 L_Peg_Lateral
500 H no
0 . - - Hyes
0 1
Impacted_Canine

Table (6): Impacted Maxillary Canine (IMC) VS PSMLI (Lef- side)

PSMLI Total
No Yes

Left Maxillary Not Count 2046 236 2282
Canine Impacted % within left 89.7 10.3 100.0
side % % %
Impacted Count 335 33 368
% within left 91.0 | 9.0% 100.0
side % %
Total Count 2381 269 2650
% within left side 89.8 10.2 100.0
% % %

Table (7):Chi-Square test (X) results of Impacted Maxillary Canine (IMC) VS PSMLI (Left side)

Value df P
Pearson Chi-Square (X) .6562 1 0.458
Continuity Correction 0.514 1

Likelihood Ratio 0.677 1 0.458

Fisher's Exact Test 0.458
N of Valid Cases 2650

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count
is 37.6.
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Table (8): IMC Risk Estimate in association with PSMLI (left side)

Value 95% ClI
Low | Upp
er er
Odds Ratio for Impacted Canine (0/ 1) 0.854 | 0.58 | 1.25
3 1
For cohort Left Maxillary lateral Incisor = 0 0.985 | 0.95 | 1.02
1 0
For cohort Left Maxillary lateral Incisor = 1 1.153 | 0.81 | 1.63
5 2
N of Valid Cases 2650

Table (9): Chi-Square test () of association between right and left-side PSMLI

Value df P
Pearson Chi-Square (X) 1871.8842 1 | 0.000
Continuity Correction 1862.967 1
Likelihood Ratio 1152.652 1 | 0.000
Fisher's Exact Test 0.000
N of Valid Cases 2650
a. 0 cells (0.0%) have expected count less than 5. The minimum expected
count is 29.34.

Table (10): Risk Estimate in association of right and left sided PSMLI

Value 95% CI
Lower Upper

Odds Ratio for Right Maxillary Lateral 371.4 | 231.711 | 595.320
incisor (0 /1) 06

For cohort Left Maxillary lateral Incisor = 5.707 4.435 7.343
0

For cohort Left Maxillary lateral Incisor = 1 015 0.011 0.022
N of Valid Cases 2650

Discussion:

In orthodontics, developmentally malformed permanent maxillary lateral incisors, particularly
peg-shaped lateral incisors, and malposition of impacted maxillary canines have massively
attracted the attention since the two teeth are fundamental player in dental esthetics and

functions(Becker, Sharabi, & Chaushu, 2002; Sajnani & dentistry, 2015). Both of the phenomena
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are suspected to be interrelated, and association has been considered on several occasions(Aydin,
Yilmaz, & Yildirim, 2004; Becker et al., 2015). One of the theories that explains the phenomenon
of impacted permanent maxillary canines in human beings is the guidance theory(Papageorgiou
et al., 2025). This theory stands for the essential role of the maxillary lateral incisor's root in the
eruption of the maxillary canine in its normal position; therefore, for normal development of the
maxillary canine, a guide should be pre-established, which is the distal aspect of the lateral
incisors. In other words, if the lateral incisor is not normally developed or undersized, the
maxillary canine loses the pathfinder for normal development and eruption (Sajnani & dentistry,
2015).

Association between PSMLI and IMC:
The two phenomena, whether together or separated, are usually the main concern of dentists in

general, specifically orthodontists. Hence, one of the most substantial data sources is the
orthodontic patients (Mohamed & Muadab, 2024). This study was applied to a sample of 2650
orthodontic files of males and females in Benghazi, Libya, to investigate the level of association
odds ratio of the occurrence of impaction of permanent canines in the presence of PSMLI. The
query asked is whether may malformed or peg-shaped maxillary lateral incisor considered an
indicator of maxillary canine impaction? This issue has been massively investigated, with no final
decision made(Papageorgiou et al., 2025). This study found no association between IMC and
PSMLI (P > 0.05) (Table 4, 7), moreover, the odds ratio (OR) value was less than 1 in case of the
right and the left sides (Right side: OR = 0., 95%CI [ 0.650, 1.336]) (Table 5), (Left side: OR =
0.854, 95%CI [ 0.583, 1.251]) (Table 8). Noticing that the 95% confidence interval on both sides
(right and left maxillary lateral incisors) includes 1, which means insignificance, in other words,
no association between the two phenomena. These findings indicate that PSMLI cannot be
considered a reliable predictor for IMC. The findings of this study goes well with find of Ashok
Kumar Jena and Ritu Duggal (Jena & Duggal, 2010) who investigated the association between
the two phenomena and concluded that PSMLI cannot be consider as a trustable indicator for
IMC, and gender has no effect on the prevalence of occurrence of PSMLI and IMC together.

On the contrary, Kim J H et al revealed a statistically significant association between palatal
displaced maxillary canines and PSMLI (OR =9.00 [95% CI: 4.017-20.162]) (J.-H. Kim, Choi,
& Kim, 2017). Remarkably, Kim et al based their conclusion on results of an investigation made

on 3,834 children aged 7-15 years old. This can explain the difference between this study's
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conclusion and theirs. Since the larger sample size and applying a study to a limited range of ages
are factors that lead to statistical significance (Walters, Campbell, & Machin, 2021). Moreover,
basing on the fact that root completion of the maxillary lateral incisors is at about 10-11 years,
and eruption of maxillary canine is at about 12 years (Kotsanos, Sarnat, & Park, 2022), so a
considerable part of their sample cannot be reliable source of data in regards with the association
between the two phenomena. Kolokitha et al. claimed that the presence of PSMLI and infra-
occlusion of deciduous molars can be considered a major, valuable early risk indicator for
maxillary canines (Kolokitha et al., 2023). The difference between this study's findings and theirs
can be owed to the fact that they investigated the association between the IMC and the presence
of both PSMLLI and infra-occlusion of deciduous molars. Peck S et al. (S. Peck, Peck, Kataja, &
orthopedics, 1996) concluded that morphologically abnormal maxillary lateral incisors and
impacted maxillary canines are biologic co-variables, however, they confirmed the genetic
influence in this association.

Several studies have confirmed genetic and other factors that can influence the prevalence of
IMC. (Becker et al., 2015). Factors such as arch to teeth size discrepancy, anatomical obstacles,
dental agenesis, etc., two or more of which should be coincident to cause maxillary canine

impaction (Jacoby, 1983)

Effect of side on the prevalence of PSMLI:

This study concluded a highly significant association between the occurrence of PSMLI on one
side (unilateral) and its occurrence on the other side. In other words, the difference in the
prevalence of unilateral PSMLI and bilateral PSMLI is statistically significant x=1871.884, P
=0.001) (Table 9). (OR = 371.406, 95% CI = [213.771,595.320]) (Table 10). However, this study
found that the prevalence right right-sided PSMLI was 289, 10.9% and 269, 10.2 % for the left-
sided PSMLI, with a significant association (x = 18871.881, p = 0.001)

Effect of gender on the prevalence of PSMLI:

In regards with the right side there was insignificant effect of gender on the prevalence of PSMLI,
though the males showed higher prevalence of right side PSMLI than females (12.5% &
10.3%respectively) this difference found to be statistically insignificant (x = 2.758, p = 0.057)
(OR =1.249 95% CI [0.960, 1.624]). In contrast, the difference between males and females in the
prevalence of PSMLI (12.7% & 9.2% respectively) was statistically significant (x=7.078, p =
0.005) (OR =1.433,95% CI [ 1.098 &1.871]).
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Conclusions:

e Since there is no association between the prevalence of PSMLI and the prevalence of IMC,
the presence of PSMLI is not a reliable risk indicator for IMC.

e Maxillary canine impaction is a multifactorial phenomenon (including genetic influence)
which does not depend on the presence of PSMLI only.

¢ Right-sided PSMLI is significantly more prevalent than left-sided PSMLI. Bilateral PSMLI

is significantly more prevalent than unilateral.
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