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Abstract 

 

Objective 

The aim of this case-control study was to investigate the association between 

palatally impacted canines and maxillary arch width. 

 

Method 

Maxillary arch width was identified for a sample of patients with palatally impacted 

canines by measuring the maxillary inter-canine, inter-premolar and inter-molar 

widths. Maxillary arch width of patients with palatally impacted canines was 

compared with a control group of patients with normally erupted canines. The 

measurements were taken on study models of both groups using electronic digital 

callipers. 

 

Results 

Records of 58 subjects were assessed. Subjects in this study are orthodontic 

patients between 13 to 16 years of age with mean age of 14 years. Study group 

included 29 patients who have palatally impacted canines (PIC) and control group 

included 29 patients who did not present with palatally impacted canines. 

 

Statistical method 

T-tests were used to assess the significance of the difference in maxillary arch 

width between the two groups. T-test showed no statistically significant difference 

in arch width between patients with and patients without (PIC). 

 

Conclusion 

For our sample there was no association between arch width and the presence or 

absence of palatally impacted canines.   
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Introduction 

 

The impaction of the maxillary canine is a common clinical problem that can lead 

to root resorption and damage to the upper anterior teeth, and it can require 

surgery and complex orthodontic techniques to correct and maybe prevented by 

the timely loss of the upper deciduous canine. 

Numerous studies have attempted to measure the incidence of maxillary canine 

impaction. Bass examined 9102 orthodontic patients who were referred to the 

Royal Victoria Hospital in Bournemouth, and found 150 patients with unerupted 

upper canines. He reported an incidence of 1.65% of impacted maxillary canines 

among the studied population. Bass believed this high incidence was due to the 

selective referral of the more complex cases, such as impacted canine’s cases, 

from all around the county of Dorset and the western part of Hampshire to the 

consultants in hospitals (Bass, 1967). 

In another study, 12000 dental records for teenagers and adult patients attending 

The United Oxford Hospitals were surveyed. The incidence of impacted canines 

among the sample was 1.5% (Rayne, 1969).  

Thilander and Myrberg (1973) reported a cumulative prevalence of 2.2% of the 

impacted canine in Swedish school children aged 7 to 13 years. However, this 

slightly higher prevalence could be explained by the inclusion of a very young age 

group in this study. At such a young age, it is difficult to determine whether or not 

the canine will become impacted, as the maxillary canine tooth usually erupts at 

the age range 12 to 13 years and this may have led to an over estimation of the 

incidence of impaction of maxillary canines. 

In another survey of the Swedish schoolchildren, it was found that 1.7% of the 505 

children examined showed canine eruption disturbances (Ericson and Kurol, 

1986). A year later, the same authors conducted a survey on a larger sample. 

They found a similar figure of 1.5% of potentially ectopic maxillary canines 

(Ericson and Kurol, 1987). 

A slightly lower incidence of the impacted maxillary canine was found among the 

American and the Chinese populations, with an incidence of 0.92% and 0.8% 

respectively (Dachi and Howell, 1961; Chu et al., 2003). 
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With regard to the frequency of impaction among the teeth, canines are the 

second most frequently impacted teeth after third molars (Shah et al., 1978). Dachi 

and Howell (1961) noted earlier that the teeth most often impacted, in order of 

frequency are: maxillary third molars, mandibular third molars, maxillary canine 

and mandibular premolars. Similarly but more recently, Chu et al. (2003) reported 

that the order of the most frequently impacted teeth is: mandibular third molars 

(82.5%) followed by maxillary third molars (15.6%) then the maxillary canine 

(0.8%).  

In terms of the distribution of the impacted canine among sexes, a dominance of 

females was shown in most studies (Dachi and Howell, 1961; Bass, 1967; 

BECKER et al., 1981; Peck et al., 1994). However, some studies, for instance 

(Rayne, 1969; Kramer and Williams, 1970), reported an equal number of male and 

female patients with this condition. 

Development and eruption of maxillary canine tooth are slightly different from other 

teeth. Early in the 40s, few researchers studied the development and eruption path 

of the maxillary canine in order to identify the aetiological factors behind its 

impaction. Broadbent (1941) described the development of teeth and their 

supporting structures from birth to adulthood. Availability of lateral and frontal 

standardized cephalometric radiographs of 5000 children during various stages of 

life helped him to give an informative and detailed description of dent alveolar 

development in each stage. Regarding the development of maxillary canine, 

Broadbent mentioned that this tooth starts calcification around 12 months of age, 

and this process takes place between roots of deciduous first molar. Once the 

deciduous molar erupts, it leaves the developing canine behind and allows space 

for first premolar to develop between the deciduous molar roots. By the age of 

seven, crown of the maxillary canine is completed and positioned mesial to root of 

the primary canine. Few months later, the maxillary canine starts moving 

downward and forward to find its way into occlusion. Broadbent emphasized that 

development of normal occlusion requires development of normal supporting 

structures. 

Dewel (1947) studied development of the maxillary canine. He was among the 

earliest to describe challenges facing maxillary canine as it erupts, which are “the 

longest period of development, the deepest area of development, and the most 

devious course of travel”. 
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More recently, Coulter and Richardson (1997) attempted to measure eruption path 

of maxillary canine from age of 5 to 15. Using lateral and depressed postero-

anterior radiographs, they were able to assess the eruption pathway in three 

dimensions. They proved that the path of eruption of the maxillary canine is 

torturous antero-posteriorly and bucco-lingual. They also reported that between 

the age of 8 and 10 years, the maxillary canine normally show buccal movement 

away from a position lingual to root of the primary canine. When the canine fails to 

do so, it remains impacted in the palate. Equally important, they reported that 

normal development of the subnasal area is required for the downward and buccal 

movement of the canine. This is an important time when intervention with 

deciduous extractions may help normal development to re-establish. 

Likewise, McSherry and Richardson (1999) measured the eruption path of the 

maxillary canine from the age of 5 to 15. They proved that buccal movement is 

significant in normal eruption of canines and that when the canine fails to move 

buccally between the ages of 10 and 12 years it becomes palatally impacted. 

Jacoby (1983) assumes that palatal and labial canine impactions have different 

aetiologies based on his analysis of 46 maxillary unerupted canines treated in his 

clinic. He found that reduction in arch-length is associated with labial canine 

impaction, while excessive space in the maxillary bone is associated with palatal 

canine impaction. Jacoby also states that “labially unerupted” and “ectopic labially 

erupted canines” are a result of crowding with different degrees of reduction of 

arch-length. This difference is evident in the inclination of the impacted canines. 

The palatally impacted canines are often inclined obliquely or even impacted 

horizontally, while labially impacted canines presented with a more vertical 

angulation.  

Peck et al. (1994) states that “Facial displacement of the maxillary canine is 

usually due to inadequate arch space. In contrast, palatal displacement of the 

maxillary canine is a positional anomaly that generally occurs despite adequate 

arch space”. However, they did not reference this observation to any previous 

research. 

The difference between palatally and labially displaced canines with regard to 

dental development has been investigated by Becker and Chaushu (2000). They 

compared dental age with chronologic age of patients with palatally displaced 

canines, labially ectopic canines and a control group with bilaterally erupted or 
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unerupted but undisplaced maxillary canines. They found significant retarded 

dental development in half of the patients with palatally displaced canines, while 

the stages of dental development for patients with labially ectopic canines were 

similar to those patients in the control group. Becker and Chaushu suggest that 

palatal and labial ectopic canines have different aetiologies. 

In a more recent study, Cernochova et al. (2010) investigated the difference in 

dentoskeletal characteristics between patients with palatal and patients with labial 

canine displacement. Using lateral cephalographs, they assessed the sagittal and 

vertical skeletal relationships, the inclination of maxillary central incisors and type 

of mandibular growth rotation. They found a statistically significant difference in 

dentoskeletal characteristics between the two groups. 

There is higher prevalence of palatally than labially impacted canines in most 

studies. Nordenram and Strömberg (1966) report a prevalence of 12% of canine 

impaction in the dental arch, with 54% for the palatally impacted canine, 34% for 

the buccally impacted canine. Bass (1967) reported an incidence of only 8.6% of 

labially displaced canine while 90.3% of the impacted canines were palatal. 

Similarly, (Nordenram and Strömberg, 1966; Rayne, 1969) found that only 16% of 

the impacted canines were deflected labially and the remainders were misplaced 

palatally or in the line of the arch. The ratio of palatal to labial canine impaction is 

reported by Fournier et al. (1982) to be a 3:1, while Jacoby (1983)  reported a ratio 

of 6.6:1 of palatal to labial canine impaction. In addition, a recent study by Fattahi 

et al. (2012) showed that the prevalence of palatal canine impaction is higher than 

labial canine impaction in the Iranian population. 

On the contrary, Brin (1986) found a prevalence of palatal canine displacement of 

only 1.5% in a sample of 2440 adolescents attending school in Jerusalem. This 

percentage is much less than that reported in other studies. They explained their 

results by the fact that the study population was drown from different ethnic 

groups. 

The scope of this study will be limited to the palatally rather than the labially 

impacted canine. 
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Literature review 

 

Many authors have been interested to correlate the palatally impacted maxillary 

canine with certain causative factors. Some studies suggest genetic basis while 

other studies focus more on local factors behind the occurrence of the palatally 

impacted canine. 

It is a widely held view that genetic factors play an important role in the occurrence 

of the palatally impacted canine. Zilberman et al. (1990)  studied family members 

of patients with palatally displaced canine to investigate the role of genetic factors. 

They examined parents and siblings of 25 patients with palatally displaced canine 

and concluded that family members of patients with palatally displaced canines 

are likely to have the same condition. They also noted that immediate, first-degree 

relatives show high prevalence of anomalous lateral incisors, which is four times 

higher than general population. Equally important, they found that late 

development of dentition is associated with palatally displaced maxillary canine. 

This finding is also reported by (Becker and Chaushu, 2000). Based on findings 

from these studies, it appears that genetics could attribute to the occurrence of the 

palatally impacted canine. 

Peck et al. (1994) made an attempt to gather all the evidence that support the 

genetic theory. Although, in few occasions, they were not precise in reporting 

figures and numbers found in literature and fail to acknowledge findings to the 

original authors in some places, there is no doubt that genetics strongly controls 

the occurrence of palatal canine displacement. 

Baccetti (1998) also supports the genetic theory. He found significant association 

between five dental anomalies; small in size maxillary lateral incisors, aplasia of 

second premolars, infraocclusion of primary molars, enamel hypoplasia and 

palatal displacement of the maxillary canine. He believes that the palatally 

displaced canine could be genetically linked with other types of tooth and eruption 

disturbances.  

Another study pointing to genetics as an aetiological factor behind the occurrence 

of this condition is a study by Langberg and Peck (2000a). They found statistically 

significant reduction of mesiodistal crown size of maxillary and mandibular incisors 

in patients with palatally displaced canine. They added more that, since teeth sizes 
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match each other throughout the dentition, this means that patients with palatally 

displaced canine have generalized reduction in tooth size throughout the dentition. 

They state that this association explains the observed arch space adequacy found 

in patients with palatal canine displacement. They also assume that these traits 

share a common genetic control. 

There is a large volume of published studies describing the association between 

palatally impacted maxillary canine and anomalous or missing maxillary lateral 

incisor. Miller (1963) was among the earliest to state that congenital absence of 

lateral incisors can affect the eruption of the canine. Few years later, Bass (1967) 

claimed that he is the first to report significantly high level of congenitally missing 

teeth in patients with impacted canine, but he failed to explain the reason behind 

this association. 

Becker et al. (1981) investigated the incidence of lateral incisor anomalies in 

relation to palatally displaced canine. They found that nearly half the cases of 

palatally canine displacement have one or more of lateral incisor anomalies 

(missing, peg shaped or small size). Moreover, they attempted to explain in depth 

the pathogenesis of palatal displacement of maxillary canine in association with 

each type of the anomalies of lateral incisor.  

Two years later, Becker et al. (1984) attempted to prove their assumptions by 

measuring root length of lateral incisor adjacent to unilaterally impacted canines 

and compared it with root length of lateral incisor adjacent to normally erupted 

canines. They show a strong association between lateral incisors with short roots 

and small crowns and the palatally displaced canine. They gave the same 

explanation as in their previous study; short root and late development of lateral 

incisor can cause palatal displacement of maxillary canine by lack of guidance. 

Jacoby (1983) believes that the space created by missing or peg shaped lateral 

incisor can allow the canine to “dive” in the maxillary bone and then becomes 

impacted palatally. This assumption is based on his finding of excessive space in 

some cases of palatally impacted canine. 

Brin et al. (1986) found that 43% of the palatally displaced canines were found 

adjacent to small, peg shaped or missing lateral incisors in a random sample of 

2440 adolescents. He supports the guidance theory. 
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Likewise, Zilberman et al. (1990) found that anomalous lateral incisors are found 

adjacent to palatally displaced canines six times more frequent than adjacent to 

the normally erupted canines. They also showed that in the general population, 

7.3% of people have anomalous lateral incisor. While in palatally displaced canine 

population, the percentage of people having anomalous lateral incisor is 46%. 

The guidance theory was also mentioned in number of literature reviews (Bishara 

and Ortho, 1992; Inspection, 2000). 

Although many authors documented the association between lateral incisor 

anomalies and palatally displaced or impacted maxillary canines, the exact 

mechanism and the pathogenesis of the displacement or impaction is not yet 

clear. 

Peck et al. (1994), who strongly support the genetic theory, reported only a 3% of 

missing lateral incisor in patients with palatally displaced canine, while missing 

third molars in patients with palatally displaced canine was twice the incidence in 

patients with normally erupted canine. They believe that even if the high 

prevalence of anomalous lateral incisor in patients with palatally displaced canine 

was true, this is because these two conditions are part of genetically related dental 

disturbances that usually occur in combination. 

In contrast to most of the previously mentioned studies, Brenchley and Oliver 

(1997) found no statistically significant association between palatally displaced 

canine and lateral incisor with short root or small crown. However, it is important to 

bear in mind the possible bias introduced by the small sample size in this study. 

Adequacy of arch space has been investigated as local factor which may 

contribute to the aetiology of palatally impacted canine. Hitchin (1951) mentioned 

arch space as a possible aetiological factor in the development of palatally 

impacted canine. He states that “Inadequate development in size of the arch is an 

obvious predisposing cause…”  He further explained that because maxillary 

canine develops high in the maxilla and it is among the least teeth to erupt, they 

are susceptible to deflection from their normal path during the descending from the 

site of development and become impacted. Although it was not mentioned 

explicitly, it seems that he believes that crowding is the reason behind palatal 

impaction of maxillary canine. 
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Kettle et al. (1958) also assumed that crowding can cause impaction of maxillary 

canine. He believes that patients with deep bite tendency and retroclined maxillary 

incisors, where the canine space is limited in antero-posterior direction, are more 

likely to have impacted canine. 

Most studies that investigated the space condition in patients with palatal canine 

impaction showed that there is enough space in the arch for the palatally impacted 

canine. Jacoby (1983) found that 85% of the palatally impacted canines have 

sufficient space. He assumes that canine becomes palatally impacted if there is 

extra space in the maxillary bone because canine will be free to dive in the 

maxillary bone. 

Zilberman et al. (1990) state that there was absence of crowding in a sample of 25 

patients with palatally impacted canine. 

Langberg and Peck (2000b) explained the observed adequacy of space in patients 

with palatally displaced canine by their finding of smaller than average teeth in this 

group of patients. Becker et al. (2002) found similar findings and concluded that 

small teeth are the reason behind the excessive arch length which is seen in 

palatally impacted canine patients. 

The aetiology of maxillary canine impaction has always been an area of interest to 

many clinicians. McSherry and Richardson (1999) examined records of 20 patients 

with impacted canines. These records were part of the Belfast Growth Study in 

which lateral and depressed postero-anterior (PA) cephalometric radiographs were 

taken annually for children from age of 5 to 15 years. They noted a difference in 

growth as early as 5-6 years between children with ectopic maxillary canine and 

children with normal canines, this difference in growth was noted in the lateral 

plane of space and continued throughout the growth period. The authors failed to 

draw any conclusion from this finding and failed to distinguish between the two 

types of ectopic canines. 

Jacoby (1983) mentioned that dysplasia at “maxilla-premaxillary suture” can 

change the path of eruption of maxillary canine and hence cause its impaction. 

Brin et al. (1993) proposed that trauma to the maxillary anterior teeth during early 

mixed dentition can lead to maxillary canine impaction. Their assumption was 

based on their observation of two cases of traumatic injuries, they believe that in 

the two cases, trauma to the lateral incisor on one side could have affected the 
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eruption of the adjacent canine, while canine on the other side continue to erupt 

normally. But, case report is not considered as a strong level of evidence to draw 

conclusions from. 

Mercuri et al. (2013) assessed skeletal features of patients with palatally displaced 

canine, buccally displaced canine and patients without maxillary canine impaction. 

Using lateral cephalometric radiographs, they evaluated number of cephalometric 

measurements in sagittal and vertical directions and they assessed few growth 

parameters.  

They found that patients with palatally displaced canine have normal antero-

posterior skeletal relationship, high prevalence of class I and lower ranks of class 

II and class III relationship, normal vertical skeletal relationship and normal facial 

divergence. They also noted a frequent absence of malocclusion in patients with 

palatally displaced canines. 

Maxillary arch width has also been investigated as a potential aetiological factor in 

the process of palatal impaction of maxillary canine. Studies evaluated the 

relationship between the palatally displace canine and the maxillary arch width are 

categorized into three groups as seen in Figure 1 and Table 1. 

 

Fig 1: Studies evaluated the association between the palatally displaced canine 

and the maxillary arch width. 

Palatally impacted canine (PIC)  

and  

maxillary arch width 

No association 
between PIC 
and maxillary 

arch width 

PIC is 
associated with 

increased 
maxillary arch 

width 

PIC is 
associated with 

reduced 
maxillary arch 

width 
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Table 1: Literature evaluated maxillary arch width in relation to palatal impaction of 

canines. 

No association between 
PIC and maxillary arch 

width 

PIC is associated with 
reduced maxillary arch 

width 

PIC is associated 
with increased 
maxillary arch 

width 
 

(Langberg and Peck, 2000a) 

(Saiar et al., 2006) 

(Anic-Milosevic et al., 2009) 

(Fattahi et al., 2012) 

(Yan et al., 2013) 

 

(Kettle et al., 1958) 

(McConnell et al., 1995) 

(Schindel and Duffy, 2007) 

 

(Al-Nimri and 

Gharaibeh, 2005) 

 

 

 

Langberg and Peck (2000a) evaluated the maxillary dental arch width in a group of 

patients with palatally displaced canines and compared these measurements with 

a control group of patients with normally erupted maxillary molars. The two groups 

were matched by age and gender.  

They found no statistically significant difference in inter-premolar and inter-molar 

widths between the two groups. They believe that maxillary arch width is not the 

aetiology behind development of palatally impacted canine. They also concluded 

that the occurrence of the palatally displaced canine is genetically controlled. 

Saiar et al. (2006) investigated the role of maxillary skeletal width in occurrence of 

palatally displaced canines. They measured the maxillary skeletal width and nasal 

cavity width using postero-anterior cephalograms. They also measured the 

maxillary inter-molar arch width on study models of patients with palatally 

displaced canines, and they compared these measurements with a control group 

matched by age, gender and type of malocclusion.  

They found no statistically significant difference in maxillary skeletal width, nasal 

cavity width and inter-molar width between the two groups. They concluded that 

maxillary skeletal width does not contribute to the development of palatally 

impacted canine. 
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Anic-Milosevi et al. (2009) investigated dental and occlusal features associated 

with palatal displacement of maxillary canine. They measured maxillary inter-

premolar and inter-molar widths from the study models of patients with palatally 

displaced canine and compared these measurements with a control group 

matched to the study group by age and ethnicity. They found no statistically 

significant difference between the two groups regarding the maxillary arch width. 

Fattahi et al. (2012) measured the maxillary arch width, length and palatal height 

index in a sample of Iranian patients with impacted maxillary canine. The subjects 

were divided in to two groups, palatal and buccal canine impaction groups, with a 

mean age of 20 years in both groups. Measurements from both groups were 

compared with control group of patients without maxillary canine impaction. The 

control group was matched with the two study groups according to age, gender, 

crowding and type of malocclusion. The arch width was measured at inter-canine, 

inter-premolar and inter-molar regions.  

They found that arch width of patients in both groups, palatal and buccal canine 

impaction groups, were similar to each other and similar to the control group. 

These findings suggest that maxillary arch width is not related to the impaction of 

the maxillary canine.  

Yan et al. (2013) analysed the pre-treatment cone-beam computed tomography 

scans of patients with and patients without maxillary canine impaction to find out 

the aetiological factor behind the occurrence of maxillary canine impaction in 

Chinese patients. The study sample consisted of patients with palatal canine 

impactions, patients with buccal canine impaction and patients in the control group 

without canine impaction, the groups were matched by age and gender. 

They reported narrowing in anterior arch width (dental and skeletal) in patients 

with buccally impacted canine but not in patients with palatal canine impaction. 

They found increased prevalence of anomalous lateral incisors in the platally 

impacted canine group.  

They concluded that buccal canine impaction in Chinese patients is a 

consequence of anterior transverse deficiency, while palatal canine impaction is 

associated with small or missing lateral incisor. They also explained the high 

prevalence of buccal canine impaction in Chinese population by the fact that 
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maxillary underdevelopment or narrowing of maxilla, which are common among 

Asians, contribute to the buccal impaction of maxillary canine.  

Despite all the previously mentioned studies showed no association between 

maxillary arch width and palatal canine impaction, there are some studies that 

report different findings. 

It is difficult to reach to a conclusion regarding the association between maxillary 

arch width and the occurrence of palatally impacted canine, especially with the 

contradicting results of different studies. 

There are some studies reported association between maxillary arch width 

deficiency and palatal impaction of maxillary canine. Kettle (1958) was among the 

earliest to report that maxillary canine impaction occurs more often in cases with 

narrow upper arch and constricted inter-canine width. 

McConnell et al. (1995) who found a deficiency in the maxillary arch width in 

patients with canine impaction. However, no attempt was made to distinguish 

between buccal and palatal canine impaction during the statistical analysis of data. 

Schindel and Duffy (2007) investigated the association between maxillary 

transverse discrepancy and maxillary canine impaction in patients in the mixed 

dentition with mean age of 9 years. The study group consisted of patients with 

maxillary transverse discrepancy, while the control group were patients without 

transverse discrepancy. The maxillary transverse discrepancy was measured as 

the difference between the maxillary and mandibular inter-molar widths. They 

evaluated the position of maxillary canines from the panoramic radiograph in both 

groups. 

They concluded that patients with transverse discrepancy are more likely to have 

impaction of maxillary canines (43%) than patients without transverse discrepancy 

(14%). 

On the other hand, there is one study showed association between maxillary arch 

width excess and palatal impaction of maxillary canine.  Al-Nimri and Gharaibeh 

(2005) investigated dental and occlusal features in patients with unilateral palatally 

impacted maxillary canines. The study group was matched with a control group of 

patients with normally erupted canines. Maxillary arch width was assessed in both 

groups by measuring the inter-premolar and inter-molar widths on dental casts. 
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They found that patients with palatally impacted canines have significantly 

increased inter-premolar and inter-molar widths in comparison with patients with 

normally erupted canines. They assumed that maxillary arch width excess can 

contribute to the palatal impaction of the maxillary canine.  

This assumption was supported by the fact that palatal impaction of the canine is 

common among European, because they have large, well developed upper 

arches. They mentioned that maxillary arch width excess in patients with palatally 

impacted canine is the reason behind the non-extraction, non-expansion treatment 

of most of these cases.  

They also noted an association between the palatal impaction and class II division 

2 malocclusion. They believed that this supports their previous assumption that 

arch width excess in patients with class II division 2 malocclusion may contribute 

to the palatal impaction of maxillary canine. 

As mentioned previously, contradicting results of these studies made it difficult to 

clarify the association between maxillary arch width and palatally impacted 

canines; this indicates a need for a structured study that avoids major sources of 

bias. 

Knowing more about the relationship between maxillary arch width and the 

palatally impacted canine will enable clinician of recognising the associated risk 

factors for the palatally impacted canine and hence facilitate early diagnosis and 

interception to prevent the occurrence of this condition. 
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Objectives 

 

Aims 

 

1. To measure the maxillary arch width in a group of patients with palatally 

impacted canines by measuring the maxillary inter-canines, inter-premolars 

and inter-molars widths. 

2. To compare the maxillary arch width of patients with palatally impacted 

canines with a control group of patients with normally erupted canines. 

 

 

 

Null hypothesis 

There is no difference in the maxillary arch width between patients with palatally 

impacted canines and patients with normally erupted canines. 

 

 

 

Outcome measures 

1. Maxillary inter-canine width: distance between cusp tips of maxillary 
permanent canines. In case the canine is impacted measurement will be 
taken from primary canine. If no primary canine an estimate point on the 
alveolar ridge where the canine cusp tip would be will be used. 
 

2. Maxillary inter-premolar width: distance between distal triangular fossae of 
maxillary second premolars. 
 
 

3. Maxillary inter-molar widths: distance between central fossae of maxillary 
permanent first molar. 
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Materials and methods 

 

Study design 

To investigate the association between the presence of palatally impacted canine 

and the risk factor maxillary arch width, a case-control study design was used. 

 

Ethics application 

Application form will be made using the Integrated Research Application System 

(IRAS), and then will be submitted to the National Health Services Research 

Ethics Committee (NHS REC). 

Approval from the Research and Innovation Department (R&D approval) at the 

research site (Countess of Chester Hospital) will be sought. 

Data collection will extend from Jun 2015 to Sep 2015, and then analysis of data 

and write up of the project will extend from Oct 2015 to Aug 2016. 

 

Subjects 

The study group will include pre-treatment records of patients having either 

unilateral or bilateral canine impaction, with no distinction between the two types. 

The control group will include pre-treatment records of patients with normally 

erupted maxillary canines. These records are study models and two radiographs 

taken at right angle to confirm the palatal position of the impacted canine. The two 

groups will be matched by age, gender, ethnicity and type of malocclusion to avoid 

some known confounding factors. 

 

Sample size calculation 

Size of the sample was calculated to detect a true difference in the maxillary arch 

width of 1mm. The assumptions are: a significance level of 0.05, a power of 80% a 

ratio of control per experimental subjects of 1:1 and a standard deviation within 

each subject group of 3mm, which was reported by previous studies. The 

calculated sample size was 24 patients in each group and this was consistent with 

previous literature.   

 

Sample selection 

The sample will be randomly selected from pre-treatment records of patients have 

received orthodontic treatment at Countess of Chester hospital.  
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The study group will be selected from population of patients with palatally 

impacted canines by stratified randomization. 

The population will be classified in to eight strata according to gender and type of 

malocclusion (male class I, male class II div1, male class II div2, male class III, 

female class I, female class II div 1, female class II div 2 and female class III). For 

each stratum there will be the three age groups (13-14years, 14-15years and 15-

16years). Then by proportional allocation, subjects will be selected from each 

stratum. The control group will consist of orthodontic patients with normally 

erupted maxillary canines, and this group will be matched by age, ethnicity, gender 

and type of malocclusion to the previously selected study group. 

 

Inclusion criteria 

The study group consists of orthodontic patients with either one or both maxillary 

permanent canines impacted. Palatal impaction will be confirmed with two 

radiographs taken at right angle. The control group will consist of orthodontic 

patients with normally erupted maxillary permanent canines. 

The age of patients in both groups will range from 13 to 16 years. 

 

Exclusion criteria 

Subjects with any syndrome, cleft lip and palate will be excluded from the study. 

 

Statistical method 

I will use t-test to assess the difference in maxillary arch width between the two 

groups. 

The independent samples t-test is used when two separate sets of independent 

and identically distributed samples are obtained, one from each of the two 

populations being compared. 

 

Procedure 

Maxillary inter-canine, inter-premolars and inter-molars widths will be measured 

Con study models of both groups. The measurements will be carried out using 

electronic digital callipers with LCD screen (PRECISION GOLD) which measures 

with accuracy of up to0.02mm. 
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Confidentiality 

The study will require access to the dental records of patients who received 

treatment at the orthodontic department. Only members of the direct dental team 

will have access to the identifiable records.  

Data will be extracted for analysis at which point it will be anonymized. The data 

extracted will include patient age, gender ethnicity and type of malocclusion.   

 

Consent  

Patients will not be asked to give explicit consent for the use of their data; the data 

will be gathered retrospectively. As the patients included in the study had finished 

their orthodontic treatment, it would be difficult, logistically, to seek consent from 

each of the patients. I will ensure that there is no breach of confidentiality; only 

members of the direct care team will be involved in accessing the records to 

extract the data. All dental patients that attend the department are informed that 

their anonymised data may be used for research purposes.   

Each set of patient data will be given a unique study ID which will be used 

throughout the study. Publication of the results will not include any identifiable 

data. 
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Results 

 

This case-control study is evaluating the relationship between maxillary arch width 

and palatal impaction of maxillary canines. Records of 58 subjects were assessed. 

Subjects in this study are orthodontic patients between 13 to 16 years of age with 

mean age of 14 years. Study group included 29 patients who have palatally 

impacted canines (PICs) and control group included 29 patients who have some 

sort of malocclusion but they have normally erupted canines. 

The two groups were matched according to age, gender and the incisor 

relationship. As shown in Figures 2 to 4, the PIC group and the control group are 

equivalent in terms of age, sex and type of malocclusion. 

 

 

 

 
Fig 2: Age distribution among the two study groups. 
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Fig 3: Sex distribution among the two study groups. 
 
 
 
 
 
 
 
 
 

 

Fig 4: Distribution of incisor relationship in the two study groups. 
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Summary statistics for arch width values is presented in Table 2. 

 

 

Table 2: Summary statistics for maxillary arch width values. 

 Descriptive PIC group Control group 

 
Inter-canine 
width 

Mean 26.917 27.114 

Std.Deviation 1.9612 2.3421 

Minimum 21.6 26.3 

Maximum 29.4 36.5 

 
Inter-premolar 
width 

Mean 32.234 32.517 

Std.Deviation 2.4138 3.3857 

Minimum 26.3 24.1 

Maximum 36.5 39.9 

 
Inter-molar 
width 

Mean 42.603 42.438 

Std.Deviation 2.9078 3.3802 

Minimum 36.2 36.4 

Maximum 48.0 50.4 

 

 

 

Data were assessed for normality. Values for the maxillary arch width were 

normally distributed among both groups, so independent samples T-test was used 

to analyse the relationship between maxillary arch width and palatal impaction of 

maxillary canines. 

The independent samples T-test did not show any significant differences between 

the PIC group and the control group in terms of inter-canine, inter-premolar and 

inter-molar arch widths. The results obtained from T-test are summarised in 

Tables 3 to 5. 

 

Table 3: Independent samples T-test for inter-canine width. 

Inter-canine width n Mean SD T-test P value 

PIC group  
29 

 
26.9172 

 
1.96124 

 
 

0.866 

 
 

0.730 

Control group  
29 

 
27.1138 

 
2.34212 
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Table 4: Independent samples T-test for inter-premolar width. 

Inter-premolar width n Mean SD T-test P value 

PIC group  
29 

 
32.2345 

 
2.41384 

 
 

0.146 

 
 

0.77213 

Control group  
29 

 
32.5172 

 
3.38569 

 

 

 

 

 

Table 5: Independent samples T-test for inter-molar width. 

Inter-molar width n Mean SD T-test P value 

PIC group  
29 

 
42.6034 

 
2.90781 

 
 

0.395 

 
 

0.16552 

Control group  
29 

 
42.4379 

 
3.38024 
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Discussion 

 

A primary objective of this study was to determine the relationship between 

maxillary arch width and PICs. As mentioned in the literature review. It is difficult to 

reach to a conclusion regarding the association between arch width and PICs with 

contradicting results of previous studies. 

In this study, maxillary arch width was measured on pre-treatment study models of 

patients who have PICs and on models of a control group of patients who have 

normally erupted canines. The arch width was measured with digital callipers and 

this method was proven to produce the most accurate and reproducible results 

(Zilberman et al., 2003). 

The study group was matched to the control group by age, gender and type of 

malocclusion in attempt to reduce the possible effects of known confounding 

factors. Age difference can influence the results as younger subjects would have 

smaller arches. Studies showed that maxillary arch width increases significantly 

between 9 and 15 years of age (Knott, 1961). Subjects in this study were 13 to 16 

years of age. Including subjects younger than 13 years could have caused false 

diagnosis of canine impaction as impacted canines have some capacity to self-

correct with time (Stewart et al., 2001). 

Gender was also equally distributed among the two groups since male arches tend 

to grow wider than female arches (Lee, 1999). 

Likewise, type of malocclusion was similar in both the study and the control 

groups. It is known that patients with class II division 2 malocclusion tend to have 

wider upper arches and scissors bite tendency and this could have introduced 

bias. 

Results of this study did not show any significant differences in maxillary arch 

width between patients who have PICs and patients who have normally erupted 

canines. These results are consistent with most of previous work in this field. 

The mean values for inter-canine width (ICW), inter-premolar width (IPW) and 

inter-molar (IMW) in the present study are comparable to values reported in 

previous studies which used similar methodology and found no association 
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between arch width and PICs (Fattahi et al., 2012; Anic-Milosevic et al., 2009; 

Langberg and Peck, 2000a). 

Results of the present study are also in agreement with previous studies that used 

different method for assessment of maxillary arch width from the method used in 

this study. Saiar et al (2006) used postero-anterior cephalogram and Yan et al 

(2013) used CBCT to assess maxillary arch width. They both found no association 

between arch width and PICs. 

In contrast, results of this study differ from some published studies that found an 

association between PICs and maxillary arch width deficiency. Kettle (1958) 

mentioned that maxillary canine impaction occurs more commonly in narrow upper 

arches, without mentioning the location of maxillary canine impaction, buccal or 

palatal. 

McConnell et al (1995) reported a significant maxillary arch width deficiency in 

patients with impacted maxillary canines. It seems possible that these results are 

due to inclusion of subjects with buccally impacted canines who probable had 

crowded and narrow upper arch. 

Likewise, Schindler and Duffy (2007) found an association between potentially 

impacted canines and transverse discrepancies in patients in the mixed dentition. 

This rather contradictory result could be attributed to measuring the arch width in 

patients who are on average 9 years of age who still have underdeveloped arches. 

They also diagnosed 53% of canines as being impacted based on panoramic 

radiographs only taken at the same age, this could have overestimated the figures 

of potentially impacted canines. 

On the other hand Al-Nimri and Gharaibeh (2005) found an association between 

PICs and increased maxillary arch width. This result may be explained by the fact 

that study group was not matched properly to control group. There were more 

patients with class II division 2 malocclusion in the PICs (44%) than in the control 

group (15%). This difference in distribution is expected as this type of 

malocclusion is associated with 33.5% of PICs (Basdra et al., 2000). This unequal 

distribution may have caused the relative increase in arch width in PIC group 

compared with control group. 

Comparing results of the present study with average values obtained from growth 

studies reveals great similarities between figures. The average values for inter-
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canine and inter-molar widths from growth studies are presented in Tables 6 to 9 

(Ward et al., 2006; Bishara et al., 1997; DeKock, 1972; Sillman, 1964). 

 

 

Table 6: Average values from Ward et al (2006) study. 

Age ICW IMW 

15y 32.9mm (+/- 3.3) 49.9mm (+/-2.4) 

 

 

 

Table 7: Average values from Bishara et al (1997) study. 

Age ICW IMW 

15y M F M F 

35.1mm (+/-2.7) 33.1mm (+/-1.6) 53.4mm (+/-2.9) 50.1mm (+/-2.6) 

 

 

 

 

Table 8: Average values from DeKock (1972) study. 

Age IMW 

M F 

14y 58.9mm (+/-2.1) 54.9 (+/-2.0) 

15y 59.3mm (+/-2.1) 54.9mm (+/-2.0) 

16y 59.3mm (+/-2.1) 54.8mm (+/-2.0) 

 

 

 

Table 9: Average values from Sillman (1964). 

Age ICW IMW 

M F M F 

14y 36mm 35mm 45mm 42mm 

16y 37mm 35mm 45mm 43mm 

 



34 
 

Direct comparison between results of the present study and results from growth 

studies would not be valid since in this study we combined arch width values for 

male and female patients and combined different age groups in one study group 

which is different from growth studies in which separate value were given for male 

and female subject at different age groups. 

Findings from the present study have important implications for interceptive 

treatment for the palataly impacted canines. Few studies evaluated the 

effectiveness of maxillary arch expansion during the early mixed dentition as an 

interceptive treatment for the PICs (Baccetti et al., 2009; Sigler et al., 2011). In 

both of these studies maxillary inter-molar widths were measured and compared 

with a control group; they found no statistically significant difference in arch width 

between the PIC group and the control group. Thus expansion of the arches is not 

justified and it does not guarantee elimination of impaction. 

Other interceptive treatment modalities for PICs were described in literature. 

Among these was extraction of primary canines (Newcomb, 1959; Ericson and 

Kurol, 1988; Naoumova et al., 2014) and distalization of maxillary molars using a 

cervical-pull headgear (Baccetti et al., 2008). 

The present study shows that there is no association between arch width and the 

presence or absence of palatally impacted canines. This may also provide further 

support for the previous hypotheses regarding the aetiology of palatally impacted 

canines. A future study with more focus on the family history of subject with PICs 

is therefore suggested to test the genetic theory of canine impaction. Further work 

is also required to establish whether anomalous lateral incisors are responsible for 

palatal impaction of canines directly by lack of guidance or indirectly as a part of 

genetically inherited traits. 
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Conclusion 

 

For our sample there was no association between arch width and the presence or 

absence of palatally impacted canines.   

The practical application of this research is that attempting maxillary arch 

expansion during the mixed dentition in attempt to prevent palatal impaction of 

canines might not be justified especially if there was no crossbite to indicate the 

need for expansion.  
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