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INTRODUCTION 
Knowledge of dental arch widths in a population 
plays a key role in orthodontics. The size and shape 
of the arches will have considerable implications in 
orthodontics and treatment planning affecting 
space available, dental aesthetics and stability of 
the dentition (Lee, 1999; Aluko et al, 2009). 
Previous studies described the dental arches in 
simple geometric terms such as ellipse, parabola, 
and segments of circles joined to straight line or 
modified spheres (Andrews, 1972; Buschang et al, 
1994; Al-Khateeb & Abu Alhaija, 2006). The 
proposed ideal arrangement of the teeth was 
described geometrically by Angle as the line of 
occlusion (Andrews, 1972; Buschang et al, 1994; Al-
Khateeb & Abu Alhaija, 2006). 
Dental crowding is the consequence of a tooth 
size-dental arch dimension discrepancy. 
Identifying the aetiology of malocclusion has 
proven to be one of the most important issues in 
orthodontics. Different theories have tried to 
explain the aetiology of dental crowding which 
includes hereditary and environmental factors 
(Proffit & Fields, 2000; Posti & Jalali, 2007). The 
causes of malocclusions could be classified in two 
major categories, either dental or skeletal. One 
way of distinguishing between the two is to 
compare tooth size and arch dimensions in Class I 
malocclusions with no crowding with Class I 
malocclusions exhibiting severe crowding. The 
result will reveal the dental or skeletal cause of 
crowding. This information will be helpful in 
orthodontic treatment planning (Graber & 
Vanarsdall, 2000).  
Differences in arch widths have been reported to 
exist between the races (Lavelle et al, 1971) and 
blacks have been shown to have larger arch widths 
than whites with less convergent middle and 
posterior arch segments (Mack, 1981; Burns & 
Harris, 2000). Saudi and Egyptian arch widths have 
been reported to represent a median between 
Nigerian and British subjects (Younes, 1984). In 
addition, transverse arch measurements have been 
found to be larger in males than females 
(Dekock,1972; Raberin et al, 1993; Harris, 1997; 
Bishara et al, 1997).  
Factors reported to affect arch width include, 
genetics (Cassidy & Tolley, 1998), environment 
(Gross et al, 1994; Ogaard et al, 1994), and 
nutrition (Beecher & Corrucini, 1981). In addition, a 
secular trend towards a reduction in arch width has 
been shown in a number of studies (Harper, 1994; 
Welland et al, 1997). 
Longitudinal studies in arch growth have shown an 
increase in arch width up to the age of 13 years with 

very little significant growth after this period 
(Sillman, 1964; Bishara et al, 1997). However, some 
studies noted a slight decrease in arch size 
(Sillman, 1964; Bishara et al, 1997).  
 
 
 
 
 
 
 
Tooth size in Nigerians have been observed to be 
significantly larger than those of Caucasians (Mack, 
1981; Otuyemi & Noar, 1996; Adeyemi, 1999). 
However, studies on malocclusion in the Nigerian 
population showed a high prevalence of spacing 
when compared with findings in Caucasians 
(DaCosta, 1999; Otuyemi et al, 1999; Onyeaso, 
2004). 
In a previous study (Poosti and Jalali, 2007), two 
groups of dental casts were selected and each 
group consisted of 30 pairs of dental casts including 
class I malocclusions without crowding or spacing, 
while the second group exhibited class I 
malocclusions with severe dental crowding (less 
than a 5 mm space deficiency), intercanine and 
intermolar arch widths were determined. 
Statistically significant differences in intercanine 
and intermolar arch widths were found between 
the two groups. The crowded group was found to 
have a significantly smaller maxillary arch width 
when compared with the uncrowded group. In a 
previous study by Rasheed et al (Rasheed et al, 
2018), 52 pairs of study models selected from the 
patients and students of the orthodontic and 
dentofacial orthopaedics Department of Dhaka 
Dental College and Hospitals were divided into 2 
groups, 27 pairs of dental casts with normal 
occlusion, 25 pairs of dental casts with class I 
crowded malocclusion including equal male and 
female samples. Results showed that in the maxilla 
and mandible, no significant differences were 
found in intercanine arch width of the two groups. 
The intermolar arch width in class I crowded group 
were significantly smaller than that of class I 
normal occlusion. In the mandible, it was found 
that intermolar arch width was smaller in class I 
crowded group than in those with normal 
occlusion. Males had a significantly larger 
intermolar arch widths than females in the two 
groups. Previous studies (Sillman, 1964; Randzic, 
1988) compared the arch width of class I normal 
subjects with subjects having gross dental 
crowding (no Angle’s classification were given). 
Maxillary and mandibular intercanine and 
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intermolar widths were significantly larger in the 
class I normal occlusion in both genders. Saheed 
and Mageet in a study among a Sudanese 
population showed that maxillary intercanine and 
intermolar widths were significantly higher in 
males than females. Findings were similar in the 
mandibular arch (Saheed & Mageet, 2018). 
Previous study (Waheed & Imran Rahbar, 2005) 
assessed 80 patients, 20 males, 20 females in 
crowded and uncrowded group comprising 40 
patients each, with an age range of 14-18 years 
reporting to the orthodontic unit in a Pakistani 
hospital. Statistically significant difference was 
observed when intermolar lingual arch width of 
crowded and uncrowded groups were measured. 
No statistically significant difference was found 
between the males and females, although females 
showed smaller values when compared to males. 
No significant association was found between 
crowded and uncrowded arches in intercanine 
width (P>0.05). In a previous Nigerian study (Aluko 
et al, 2009), study population consisted of two 
groups 150 subjects. Group 1 consisted of 75 males 
and 75 females aged 10-13 years, while Group 2 
consisted of 75 males and 75 females aged 18-25 
years. Measurements taken included maxillary and 
mandibular intercanine and intermolar widths for 
both groups. Results showed that all findings were 
significantly greater in males in maxillary and 
mandibular arch, but there was no significant 
difference between males and females in the 
mandibular arch though values among the males 
were slightly higher.  
 
The objective of this study was to determine the 
intercanine and intermolar widths of orthodontic 
patients with crowded and uncrowded dentitions 
in University of Benin Teaching Hospital, Benin 
City, Nigeria. 
 

 
MATERIALS AND METHODS 
This cross-sectional study was carried out on study 
casts of untreated orthodontic patients of the 
University of Benin Teaching Hospital, Benin City, 
after obtaining clearance from the Ethical 
Committee of the College of Medical Science, 
University of Benin, Benin City. Fifty pairs of dental 
casts of 50 untreated orthodontic patients (of the 
Orthodontic Unit) of the University of Benin 
Teaching Hospital, Benin City were evaluated. 
Privacy and confidentiality of the information from 
the dental casts were maintained throughout the 
duration of the study. 
 
The Inclusion criteria include 

i. Dental casts of patients 10 years old and 
beyond. 

ii. Dental casts of patients with permanent 
dentition only. 

iii. Dental casts with Angle’s class I molar 
relationship. 

iv. Dental casts which were properly 
prepared, based and unbroken. 

 
Exclusion criteria include: 

i. Dental casts of patients with mixed 
dentition. 

ii. Dental casts of patients with primary 
dentition. 

iii. Poor quality casts. 
iv. Dental casts without first permanent 

molars. 
v. Dental casts with permanent canine 

missing. 
vi. Dental casts of patients in cross bite 

(anterior and posterior). 
vii. Dental casts without an opposing jaw. 

 
 

 
Figure 1: Measurement of IC width using a Digital Caliper (European Directive ROHS 2002/95/CE). 
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Figure 2: Measurement of IM width using a Digital Caliper (European Directive ROHS 2002/95/CE) 

 
The molar relationship was assessed according to 
Angle’s system (Angle, 1899). In this system 
(Angle, 1899), for Class I molar relationship, the 
mesio-buccal cusp of maxillary first permanent 
molar occludes in the buccal groove of the 
mandibular first permanent molar. The disto-
buccal cusp of the maxillary first permanent molar 
occludes in the buccal groove of the mandibular 
first permanent molar in Angle’s Class II, in Angle’s 
Class III molar relationship, the mesio-buccal cusp 
of the maxillary first permanent molar occludes in 
the interdental space between the mandibular first 
and second permanent molars. In this study, only 
dental casts with Angle’s Class I molar relationship 
were evaluated. Crowding and spacing of the 
mandibular and maxillary dental casts was 
classified using the brass wire/caliper method 
described by Carey (Carey, 1958) and Huckaba 
(Huckaba, 1964). A brass wire of about 0.5 mm was 
contoured to lie over the incisal edges of the 
anterior teeth and the centres of the contact areas 
of the teeth in the buccal segments. The site where 
the wire crossed the distal contact point of the first 
permanent molars was marked. The arch 
perimeter was then measured between these 
marks. The individual mesio-distal widths of the 
teeth (first permanent molar to first permanent 
molar was measured between the mesial and distal 
contact points using a digital caliper (European 
Directive ROHS 2002/95/CE). From the sum of the 
tooth widths in each arch and the recorded arch 
perimeter, the arch length discrepancy was 
calculated. 
Arch Length Discrepancy = Arch Perimeter – Sum 
of mesio-distal widths first permanent molar to 
first permanent molar. 
The arch width measurement was carried out 
according to the method described by McDougall 

et al (McDougall et al, 1982). Using a digital caliper 
(European Directive ROHS 2002/95/CE), lingual 
arch width measurements was carried out and all 
measurements recorded for first permanent 
canines and molar regions of each arch (maxillary 
and mandibular). Lingual arch width was measured 
at the cervical region of each designated mesio-
distal tooth from the midpoint of the lingual 
surface of the tooth to a corresponding point on 
the opposite side (McDougall et al, 1982). Each 
measurement was carried out twice and the mean 
recorded to ensure intra-examiner repeatability. 
Five pairs of dental casts (ten in total) were 
evaluated two weeks apart by the same researcher 
(UDJ-first author) and using t-test, intra-examiner 
reliability (of the measurements) of 0.8 was 
obtained (0.6 and above are acceptable reliability). 
Data was computed and analyzed using IBM SPSS 
version 21.0 software. Data generated were 
subjected to statistical analysis to determine the 
variables (frequencies, percentages and means). 
Differences between variables were evaluated with 
Chi-square test. P values at <0.05 were set as 
significant. 
 
RESULTS 
Fifty pairs of dental casts of fifty untreated 
orthodontic patients were evaluated, 50 crowded 
(25 pairs) and fifty uncrowded (25 pairs). Each pair 
of dental casts consisted of a maxillary and a 
mandibular cast. 
Study population consists of 50 pairs of dental cast 
of 22 (44.0%) males and 28 (56.0%) females. The 
mean age of patients whose dental casts were used 
was 21.72±2.52years and those aged 20-24 years 
constituted 68.0% (Table 1). 
Maxillary dental cast for females was 28 (twenty-
eight), crowded group was 10 (35.7%), while 
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uncrowded group was 18 (64.3%). Maxillary dental 
cast for males was 22 (twenty-two), crowded group 
was 10 (45.5%) while uncrowded group was 12 
(54.5%). Mandibular dental cast for females was 28 
(twenty-eight), crowded group was 17 (60.7%), 
while uncrowded group was 11 (39.3%). 
Mandibular dental cast for males was 22 (twenty-
two), crowded group was 13 (59.1%), while 
uncrowded group was 9 (40.9%) (Table 2) 
The mean maxillary intercanine width in crowded 
female population was 27.13±1.39 mm, and it was 
29.31±4.17 mm in the uncrowded group. The 
difference was not statistically significant (P>0.05). 
The mean maxillary intermolar width in crowded 
female population was 37.73±2.30 mm and it was 
38.07±4.89 mm in the uncrowded group. The 
difference was not statistically significant (P>0.05) 
(Table 3). 
The mean maxillary intercanine width in crowded 
male population was 26.92±3.05 mm and it was 
27.76±2.29 mm in the uncrowded group. The 
difference was not statistically significant (P>0.05). 
The mean maxillary intermolar width in crowded 

male population was 37.11±4.13 mm and it was 
38.47±1.48 mm in the uncrowded group. The 
difference was however not statistically significant 
(P>0.05) (Table 4). 
The mandibular intercanine width in crowded 
female population was 20.48±2.44 mm and it was 
26.67±4.81 mm in the uncrowded group. The 
difference was statistically significant (P<0.05). 
The mean mandibular intermolar width in crowded 
female population was 33.35±2.57 mm and it was 
36.89±4.98 mm in the uncrowded group. The 
difference was not statistically significant (P>0.05) 
(Table 5). 
The mean mandibular intercanine width in 
crowded male population was 21.54±2.47 mm and 
it was 26.11±5.43 mm in the uncrowded group. The 
difference was statistically significant (P<0.05). 
The mandibular intermolar width in crowded male 
population was 33.49±2.34 mm and it was 
36.44±5.17 mm in the uncrowded group. The 
difference was not statistically significant (P>0.05) 
(Table 6). 

 
 
Table 1: Sociodemographic Characteristics of the Study Population 

Variables Frequency (n) Percent (%) 
Sex 
Male 
Female  
Age (years)   
15 – 19   
20 – 24 
25 – 29 
Mean age + SD (21.72 + 2.52) 

 
22 
28 
 
9 
34 
7 

 
44.0 
56.0 
 
18.0 
64.0 
14.0 

 
 
 
Table 2: Distribution of Dental Casts of Study Population 

Arch  Crowded   
n (%) 

Uncrowded  
n (%) 

 

Maxillary  
Male  (n=22) 
Female  (n=28) 
 
Mandibular  
Male  (n=22) 
Female  (n=28) 

 
10 (45.5) 
10 (35.7) 
 
 
13(59.1) 
17 (60.7) 

 
12(54.5) 
18 (64.3) 
 
 
9 (40.9) 
11(39.3) 
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Table 3: Maxillary Intercanine and Intermolar width in Crowded and Uncrowded Female Population  
 
Maxilla Arch width 

   
Crowded (n = 10) 
Mean±SD (mm)              

 
Uncrowded (n=18) 
Mean±SD (mm) 

 
P Value  

Intercanine  
 
Intermolar 

27.13±1.39 
 
37.73±2.30 

29.31±4.17 
 
38.07±4.89 

0.06 
 
0.807 

 
 
 
Table 4: Maxillary Intercanine and Intermolar width in Crowded and Uncrowded Male Population  

 
Maxilla Arch width 

   
Crowded (n = 10) 
Mean±SD (mm)              

 
Uncrowded (n=12) 
Mean±SD (mm) 

 
P Value  

Intercanine  
 
Intermolar 

26.92±3.05 
 
37.11±4.13 

27.76±2.29 
 
38.47±1.48 

0.479 
 
0.305 

 
 
Table 5: Mandibular Intercanine and Intermolar width in Crowded and Uncrowded Female Population  

 
Mandibular Arch width 

   
Crowded (n = 17) 
Mean±SD (mm)              

 
Uncrowded (n=11) 
Mean ±SD (mm) 

 
P Value  

Intercanine  
 
Intermolar 

20.48±244 
 
33.35±2.57 

26.67±4.81 
 
36.89±4.98 

0.002 
 
0.44 

 
 
Table 6: Mandibular Intercanine and Intermolar width in Crowded and Uncrowded Male Population  

 
Mandibular Arch width 

   
Crowded (n = 13) 
Mean±SD (mm)              

 
Uncrowded (n=9) 
Mean±SD (mm) 

 
P Value  

Intercanine  
 
Intermolar 

21.54±2.47 
 
33.49±2.34 

26.11±5.43 
 
36.44±5.17 

0.014 
 
0.138 

 
DISCUSSION 
Knowledge of dental arch widths in a population 
plays a key role in orthodontics. The size and shape 
of the arches will have considerable implications in 
orthodontics and treatment planning affecting 
space available, dental aesthetics and stability of 
the dentition (Lee, 1999; Aluko et al, 2009). 
In this study, the mean maxillary IC (intercanine) 
and IM (intermolar) in uncrowded female 
population was higher than the values obtained in 
the crowded group, though the difference was not 
statistically significant. This finding varied with 
previous studies (Waheed & Imran Rahbar, 2005; 
Poosti & Jalali, 2007; Rasheed et al., 2018) which 
recorded statistically significant difference 
between crowded and uncrowded subjects. 
However, in a previous study (Waheed & Imran 
Rahbar, 2005) there was significant difference in IM 
width between crowded and uncrowded subjects 

while there was no significant difference in IC width 
between crowded and uncrowded subjects. This 
finding in IC width between crowded and 
uncrowded subjects by Waheed & Imran Rahbar 
(2005) was similar to findings on maxillary IC width 
in crowded and uncrowded female population in 
this study. This study recorded higher values in 
maxillary IC and IM width in uncrowded male 
population when compared to the crowded group, 
though the difference was not statistically 
significant. This finding was at variance with 
previous studies (Poosti & Jalali, 2007; Rasheed et 
al, 2018) which recorded significant difference in 
maxillary IC and IM width between uncrowded and 
crowded subjects. Findings from this study also 
varied with that of previous study on IM width 
(Waheed & Imran Rahbar, 2005) between 
uncrowded and crowded population which was 
significantly different. This study recorded no 
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significant difference in maxillary IC width in males 
between uncrowded and crowded population 
which was similar to finding from previous study 
(Waheed & Imran Rahbar, 2005). 
In this study, the mandibular IC width in uncrowded 
female population was higher than the values 
recorded in the crowded group, which was 
significant. This was similar to findings in previous 
studies (Poosti & Jalali, 2007; Rasheed et al, 2018).   
Sillman (1964) and Randzic (1988) recorded 
statistically significant difference between 
uncrowded and crowded population in maxillary 
and mandibular IC and IM width, which is at 
variance to findings on mandibular IM width in 
uncrowded and crowded females in this study 
where there was no significant difference. 
This study recorded higher mandibular IC width in 
uncrowded male population when compared to 
the crowded group which was statistically 
significant. This was similar to findings from 
previous studies (Sillman, 1964; Randzic, 1988; 
Poosti & Jalali, 2007; Rasheed et al, 2018). The 
mandibular IM width in the male population in this 
study was higher in the uncrowded group when 
compared to the crowded group, which was not 
statistically significant. This is at variance with 
findings in previous studies (Sillman, 1964; 
Randzic, 1988; Poosti & Jalali, 2007; Rasheed et al, 
2018). 
This study recorded higher mean values for IC and 
IM widths in males when compared to the female 
group except in the maxillary IC width 
(uncrowded), maxillary IM width (crowded) and 
mandibular IC width (uncrowded) where males 
recorded lower values when compared to females. 
This is at variance with previous studies (Sillman, 
1964; Randzic, 1988; Poosti & Jalali, 2007; Rasheed 
et al, 2018; Saheed & Mageet, 2018) which 
recorded significantly higher mean values for 
maxillary and mandibular IC and IM widths in males 
when compared to females. Aluko et al (Aluko et al, 
2009) recorded no significant difference between 
male and female mandibular IC and IM widths 
though the male values were slightly higher. 
 
CONCLUSION 
This study recorded higher values of IC and IM 
widths in the maxillary and mandibular arches of 
uncrowded male and female population when 
compared to the crowded group, though the 
difference was not statistically significant except in 
the female and male IC width recorded in the 
mandibular arch which was statistically significant. 
Higher mean values of IC and IM widths was 
recorded in males except in the maxillary IC width 
(uncrowded), maxillary IM width (crowded) and 

mandibular IC width (uncrowded) where males 
recorded lower values compared to females. 
 
RECOMMENDATIONS 
1. All patients seeking orthodontic treatment 

should have study models made as part of 
their records. 

2. IC (intercanine) and IM (intermolar) widths 
should be assessed on all dental casts of pre-
treatment orthodontic patients because it is 
necessary for diagnosis and treatment 
planning. 
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Objective: To examine the factors responsible for implant 
failures and the management outcomes in our practice 
Methods: The data of patients with failed osteosynthesis 
from January 2018 to December 2020 was analyzed. 
Information on socio-demographics, main presenting 
complaint, patients’ clinical features, indications for 
osteosynthesis, duration from surgery, bone involved, 
imaging features, type of implant used, factors 
responsible for implant failures, assessment of the 
challenges of Management and Management outcomes 
were retrieved from the patients’ case files at medical 
record department of the hospitals. Data was subjected to 
analysis with SPSS software. Patient with incomplete 
documentations were excluded. The inclusion criteria 
include all patients diagnosed with failed osteosynthesis, 
who were able to provide history or had reliable 
informant(s) to provide history and those with detailed 
medical reports from other hospitals where the 
osteosynthesis was done.   
Results:  Fifty-three patients studied, out of which 46 
(86.8%) males and 7 (13.2%) females in the age group of 7-
69 years with a mean age of 37.5 years. Fresh fracture was 
the highest (58.5%) indication for the surgery that failed. 
The other indications were malunion (20.8%), non-union 
(14%) and pathological fracture (7.5%).  All the patients 
had operation with 32.1% of them had implant removal 
alone because revision was not necessary, 24.5% had 
revision alone while the rest (43.4%) had exchanged 
implant with a biologically and biomechanically more 
superior implants. The study revealed that many (85%) 
had satisfactory results as revision surgery. 
Conclusion: The study revealed non-compliance with 
post-operative protocols as the commonest causes 
(28.3%) of failed implants followed by re-trauma (17%) 
and non-union (17%) respectively while femur is the 
commonest (45.3%) bone with failed implant. Many (65%) 
of the patients presented with combination of symptoms 
which necessitated revision osteosynthesis with a superior 
implant. Even though, the management of these patients 
were challenging but many (85%) had satisfactory results. 
Orthopaedic surgeons are encouraged to review the 
principles to individualized the patient’s management 
protocols and risk of implant failure with adequate 
measure to prevent   
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