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Objective: To systematically review studies on canine agenesis prevalence in
different populations and continents, based on the jaw, sex, location, and
associated dental anomalies. Methods: Electronic and hand searches of English
literature in PubMed, Web of Science, Scopus, OpenGrey, and Science Direct
were conducted, and the authors were contacted when necessary. Observational
studies (population-based, hospital/clinic-based, and cross-sectional) were
included. For study appraisal and synthesis, duplicate selection was performed
independently by two reviewers. Study quality was assessed using a modified
Strengthening the Reporting of Observational Studies in Epidemiology checklist,
with main outcome of prevalence of canine agenesis. Results: The global
population prevalence of canine agenesis was 0.30% (0.0-4.7%), highest in
Asia (0.54%), followed by Africa (0.33%), and the least in Europe and South
America (0.19% in both continents). Canine agenesis was more common in the
maxilla (88.57%), followed by both maxilla and mandible (8.57%), and the least
common was mandible-only presentation (2.86%). The condition was more
common in females (female:male ratio = 1.23), except in Asia (female:male
ratio = 0.88) and Africa (female:male ratio = 1). In Asia, unilateral agenesis was
almost twice as prevalent as bilateral, but in Europe, the bilateral form was more
common. Conclusions: The overall prevalence of canine agenesis is 0.30%, with
the highest prevalence in Asia, followed by Africa, Europe, and South America.
The condition is more common in the maxilla than the mandible, and in females
than males (except in Asia and Africa), with unilateral agenesis being more
common in Asia and the bilateral form showing a greater prevalence in Europe.
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INTRODUCTION

Congenital absence of teeth, hypodontia,' is the
most prevalent craniofacial malformation and dental
anomaly.” 1ts reported prevalence varies across stud-
ies, continents, racial groups, dentitions, sexes, and
jaws. The prevalence ranges widely among Caucasians
(3.9% to 11.3%)’ and is higher among African popula-
tions (13.4%), followed by European (7%), Asian (6.3%),
and Australian (6.3%) populations.® Female subjects
are more likely to show hypodontia than male.”® The
occurrence of this condition can be classified as com-
mon, less common, and rare.” Canine agenesis refers to
failure of canine formation, which are considered to be
the most stable teeth; agenesis of maxillary canines is
less common, while that of mandibular canines is rarely
observed.” Nevertheless, the absence of canines compli-
cates orthodontic treatment planning because of their
esthetic and functional importance.®

Information regarding the global and regional distri-
bution of canine agenesis is of paramount importance
since it can elucidate the treatment need, complexity
of treatment, and the resources required to manage
these cases. Early detection may facilitate interventions
to ameliorate the disease process, such as early primary
tooth removal to enhance space closure or maintenance
of the predecessor to ensure adequate alveolar bone for
future replacement.” Some degree of multidisciplinary
combined management may be required, especially in
cases of unilateral agenesis. Furthermore, the assess-
ment of agenesis prevalence by continents can reflect
the comparative frequency of missing teeth in different
regions of the world. There is a paucity of studies on the
prevalence of canine agenesis, with very few studies re-
porting the prevalence of agenesis exclusively, and most
only superficially referring to individual studies without
analyzing the combined prevalence, and instead only
focused on the prevalence of hypodontia in general.

The aim of the current review was to summarize the
available worldwide data on canine agenesis. The prima-
ry objective was to systematically evaluate the available
evidence related to its prevalence in different general
populations and continents. The secondary objectives
were to report the prevalence by jaw (maxilla and man-
dible), sex (male and female), and location (unilateral or
bilateral), and to report the associated dental anomalies.
Identifying the overall prevalence and pattern can en-
hance management and better treatment planning of
this condition.

MATERIALS AND METHODS

Protocol and registration
This systematic review was conducted and reported in
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Table 1. Search engines, keywords, dates of searches, and the data retrieved
The process of exclusion that led to the final list of included studies is presented.
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accordance with the Cochrane Handbook for Systematic Eligibility criteria
Reviews of Interventions and Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA)."®  Inclusion criteria

The review protocol was registered in the National In- 1. Participants: Male and female subjects with no age
stitute of Health Research database (https://www.crd. restriction; sample size of 50 participants or more
york.ac.uk/prospero/; protocol no: CRD42019120204; 2. Qutcome measures

registration Date: March 14, 2019). Ethical approval a. Primary outcome: Overall prevalence of canine
was unnecessary since we retrieved data from previously agenesis

published studies in which informed consent had been b. Secondary outcomes: Prevalence of canine agen-
obtained by the primary investigators. esis in the maxilla and mandible, female:male

ratio, ratio of unilateral to bilateral cases, dental

PubMed Web of Science Scopus OpenGrey Science Direct
5 (n=32) (n=36) (n = 496) (n=6,115) (n=23)
% . ~ J
E " - .
] . e Additional records identified
o Total |der_1t|f|ed records < through hand search
(n=6,770) (n = 68)
B > Duplicates
(n =2,490)
Records after duplicates removed
(n =4,280)
According to inclusion and
exclusion criteria
> (n =4,228)
2 Exclusion by title (n = 3,157)
'g Exclusion by abstract (n = 1,071)
(9} Records after exclusion by title and abstract
O -
@ (n=52)
Records assessed by full-text for eligibility
— (n=52)
Excluded articles (n = 3)
>
% Reasons for exclusion:
S 1. Samples patients with
wm only canine agenesis
included (n = 2)
2. Agenesis in both arches
excluded (n =1)
P N
Studies included in qualitative synthesis
(n =49)
e
(5]
o
2 ﬂ
[S)
£
Studies included in quantitative synthesis
(n=35)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of the study selec-
tion process.
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anomalies associated with canine agenesis

3. Study design: Observational studies (population-
based studies, hospital/clinic-based studies, and
cross-sectional studies), studies supported by radio-
graphic imaging of the teeth or relevant history and
records

4. Published English studies with no publication-year
restriction

Exclusion criteria

1. Studies on syndromic patients (e.g., patients with
a cleft involving the alveolus or those with Down’s
syndrome)

2. Case reports, case series, systematic reviews, or
meta-analyses

3. Studies that reported canine agenesis in specific
samples of patients with teeth agenesis that can-
not be generalized to the general population, e.g.,
canine agenesis in hypodontia patients with no rel-
evance to the general population.

Information sources, search strategy, and study selection

Comprehensive electronic database searches without
publication-year restrictions were conducted for litera-
ture published until May 4, 2019 (Table 1 and Figure 1).
Only articles in English were included from relevant da-
tabases such as PubMed, Web of Science, Scopus, Open-
Grey, and Science Direct. In addition, hand searches of
relevant journals, such as those listed in relevant system-
atic reviews, was performed. Articles and reference lists
of the included studies were individually screened for
additional relevant studies. The corresponding authors
were contacted for obtaining clarifications or additional
information when necessary.

The search strategy was implemented using a combi-
nation of Medical Subject Headings (MeSH) and free-
text words for PubMed and optimized for each database
(Table 1). Literature search, study inclusion, methodol-
ogy quality assessment, and data extraction were carried
out independently and in duplicate by two pairs of re-
viewers (S.S. & M.C.W. and S.A.M. & J.J.) who were not
blinded to the authors, and the results were revised by
the fifth author (M.M.S.F.).

Eligible articles were assessed in two phases. In the
first phase, only titles and abstracts were screened. Full-
text assessment was then conducted in the second
phase to determine final eligibility. Articles were exclud-
ed when they did not meet one or more of the inclusion
criteria. Any disagreements were resolved by discussion
and consultation with the fifth author (M.M.S.F.) for
consensus.

Data items

A standardized data extraction sheet was designed for
data extraction by the two pairs of independent review-
ers in duplicate (S.S. & M.C.W. and S.A.M. & J.J.). Data
extraction included general information (the names of
the authors, the year of publication, and the study set-
ting), data pertaining to methods (study design), partici-
pant data (sample size, age, sex, country, region, race,
and population) and outcome data (primary and sec-
ondary outcomes mentioned). Race referred to a group
of people who shared similar physical characteristics.

Risk of bias across studies

Critical appraisal of the study was performed using a
modified version of Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) checklist"

Table 2. Population prevalence of canine agenesis among the assessed individuals

Number of individuals

Prevalence of agenesis

W sty with canine agenesis Study size (n) by individual (%)
1 Mani et al.'" (2014) 5 834 0.60
2 Alsoleihat and Khraisat® (2014) 4 85 4.71
3 Patil et al." (2013) 18 4,133 0.44
4 Afify and Zawawi*’ (2012) 5 878 0.57
5 Rézsa et al.'® (2009) 13 4,417 0.29
6 Kazanci et al.** (2011) 1 3,165 0.03
7 Bickman and Wahlin® (2001) 0 739 0.00
8 Locht" (1980) 1 704 0.14
9 Bernadette et al.** (2013) 2 947 0.21
10 Gomes et al.”* (2010) 2 1,049 0.19
11 Ng'ang’a and Ng’'ang’a® (2001) 2 615 0.33
Total 53 17,566 0.30
58 https://doi.org/ 10.4041/kjod.2021.51.1.55 www.e-kjo.org



Sivarajan et al ® Review of distribution of canine hypodontia

consisting of seven items related to (1) study design, (2)
study setting, (3) participant criteria, (4) sample size, (5)
variable description, (6) outcome measurements, and (7)
statistical analysis. The quality of the studies was cat-
egorized as weak (3 and less), moderate (4 or 5), or high
(6 or more) by two pairs of independent reviewers in du-
plicate (S.S. & M.C.W. and S.A.M. & J.J.). Any disagree-
ments were resolved by discussion and consultation with
the fifth author for consensus (M.M.S.F.).
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Summary measures and synthesis of results

Relevant prevalences from every study were recalcu-
lated and summed to be reported as overall percentages
across all studies (Tables 2 and 3) and in terms of agen-
esis in the maxilla and mandible, female:male ratio, and
unilateral and bilateral agenesis.

Additional analyses
No subgroup analysis was performed.

Table 3. Prevalence of canine agenesis based on the total number of missing teeth

No. Study Numl’)er of cases of Number of cases of tooth Prevalence of agenesis
canine agenesis agenesis by number of teeth (%)
1 Mani et al."” (2014) 8 508 1.57
2 Alsoleihat and Khraisat™ (2014) 4 14 28.57
3 Endo et al.’ (2006) 56 696 8.05
4 Abu-Hussein et al.** (2015) 167 1.80
5 Nik-Hussein* (1989) 81 2.47
6 Sisman et al.”® (2007) 182 4.95
7 Sheikhi et al.”* (2012) 27 454 5.95
8 Chung et al.** (2008) 25 329 7.60
9 Vahid-Dastjerdi et al.”* (2010) 10 197 5.08
10 Zhang et al.* (2015) 106 941 11.26
11 Al-Abdallah® (2015) 21 584 3.60
12 Kazanci et al.* (2011) 2 153 1.31
13 Aktan et al.*' (2010) 87 3,147 2.76
14 Bickman and Wahlin® (2001) 0 89 0.00
15 Magntisson™ (1977) 3 167 1.80
16 Nordgarden et al.*’ (2002) 14 834 1.68
17 Locht* (1980) 1 93 1.08
18 Rolling and Poulsen® (2009) 17 1,070 1.59
19 Behr et al.** (2011) 42 693 6.06
20 Gonzalez-Allo et al.*' (2012) 3 298 1.01
21 Topkara and Sari* (2011) 9 375 2.40
22 Bernadette et al.** (2013) 2 136 1.47
23 Gomes et al."” (2010) 2 108 1.85
24 Souza-Silva et al."* (2018) 9 114 7.90
25 Kiichler et al.”* (2008) 4 99 4.04
26 Calvano Kiichler et al.*” (2008) 3 78 3.85
27 Tavajohi-Kermani et al.” (2002) 2 226 0.88
28 Muller et al.* (1970) 18 940 1.91
29 Lai and Seow™ (1989) 26 314 8.28
30 Lynham® (1990) 3 92 3.26
31 Ng’ang’a and Ng’ang’a> (2001) 3 79 3.80
Total 397 13,258 2.99
www.e-kjo.org https://doi.org/10.4041/kjod.2021.51.1.55 59
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Table 4. Quality analysis of the 49 studies based on a modified STROBE checklist

Partici- S 1 Variable Qutcome

No. Author design Setting  pant  STERIE descrip- measure- (o iC (it
1 Gomes et al.”” (2010) \ N V N N V V 7
2 Rézsa et al.'® (2009) \ \ \ \ \ \ \ 7
3 Finkelstein etal.’ (2018) X N N v v v X 5
4 Mani etal.'” (2014) \ V \ V \ V \ 7
5 Alsoleihat and Khraisat™ (2014) X \ \ \ \ N \ 6
6 Souza-Silva et al."® (2018) \ \ V V V v V 7
7 Patil et al.”” (2013) N N N N N N X 6
8 Kazanci et al.** (2011) \ \ V N V v \ 7
9 Aktan et al.*' (2010) N N N \ N N N 7

10  Edward etal. (2008) X V \ V V v X 5
11 Kiichler et al.** (2008) X v N v V v v 6
12 Tavajohi-Kermani et al.” (2002) \ \ \ \ \ \ \ 7
13 Shafietal. (2008) v v X v v \ X 5
14 Endo et al.’ (2006) \ v \ v \ V \ 7
15 Aasheim and Ogaard (1993) X N X \ \ N N 5
16 Abu-Hussein et al.** (2015) N \ N \ N \ N 7
17 Afify and Zawawi'” (2012) N N N \ N N N 7
18 Altug-Atac and Erdem (2007) X N X N V V X 4
19 Bickman and Wahlin® (2001) \ N \ N \ \ \ 7
20 Bergstnou (1977) X N \ V V v X 5
21 Davis (1987) X N N \V V X X 4
22 Fekonja (2005) X N V V \V v X 5
23 Fukuta etal. (2004) X N X N v V X 4
24  Nik-Hussein® (1989) X V \ V \ V v 6
25 Ng'ang’a and Ng'ang’a* (2001) N v V V V v v 7
26 Sisman et al.”® (2007) X N V V V V v 6
27 Calvano Kiichler et al.*” (2008) X N \ N V N N 6
28 Lai and Seow? (1989) X \ V V \ v V 6
29 Lynham® (1990) X N N V N N V 6
30 Magntsson™ (1977) X \ \ N V V V 6
31 Muller et al.*’ (1970) X \ V V V v v 6
32 Nordgarden et al.*’ (2002) X \ \ \ V \ V 6
33 Locht" (1980) X N \ N N v v 6
34 da Cunha Coelho et al. (2012) X N \ N X V \ 5
35 Gokkaya et al.”” (2016) N N \ V v X v 6
36  Sheikhietal.” (2012) \ V \ V V V V 7
37 Rolling and Poulsen® (2009) X N \ N N V v 6
38 Rose (1966) X X \ \ \ \ X 4
39 Behr et al.*’ (2011) N v N v \ v \ 7
40 Chung et al.* (2008) X N \ N \ N V 6
60 https://doi.org/10.4041/kjod.2021.51.1.55 www.e-kjo.org
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Table 4. Continued

Suuds Sering | pant SUPI® desrip: memure Sl 10001
criteria tion ment
41 Gonzalez-Allo et al.*' (2012) N N \ N \ N N 7
42 Vahid-Dastjerdi et al.”* (2010) \ \ \ \ \ \ \ 7
43 Zhang et al.* (2015) X N \ N N V N 6
44 Topkara and Sari* (2011) \ \ \ N \ \ \ 7
45  Shettyetal. (2012) N V X N X N v 5
46 Bernadette et al.** (2013) \ \ N V V V V 7
47 Al-Abdallah® (2015) N N N N N N N 7
48 Raju et al. (2011) X \ \ \ X \ N 5
49 0'Dowling and McNamara (1990) X N \ N N N X 5

STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.

RESULTS

Study selection

Initial database and hand searches yielded a total of
6,770 studies, of which 2,490 duplicates were excluded
(Figure 1). Subsequent exclusion by title (3,157) and ab-
stract (1,071) yielded 52 remaining articles, which were
considered for this review. This included 18 articles iden-
tified from database searches and 34 articles identified
with hand searches.

Study characteristics

Full texts of all 52 articles were assessed for eligibil-
ity. Two studies'"” were excluded since they did not
report actual prevalence data or data that can be used
to calculate the prevalence for their populations, and
another study excluded samples with canine agenesis in
both arches," which affected the accuracy of the overall
prevalence estimation.

Risk of bias within studies

Critical appraisal of the remaining 49 articles was
performed using the modified STROBE checklist (Table
4). After excluding 14 studies (28.6%) that were of
moderate quality (modified STROBE score of 4 or 5),
35 (71.4%) high-quality studies™”*® (modified STROBE
score of 6 or 7) were included in this systematic review.

Results of individual studies

Description of the studies

A total of 35 studies were included in this review. The
demographic data are summarized in Table 5. Slightly
less than two-thirds">* (57.19%) of the selected studies
were retrospective, about a third**™*® (34.3%) were cross-
sectional, while two studies®*’ were both retrospective

www.e-kjo.org https://doi.org/10.4041/kjod.2021.51.1.55

and cross-sectional. Almost half (48.600)'7>">*?9354245:47
of the studies were published after the year 2010. The
sample size varied from 85 to 100,577, with a median
of 1,622 participants. The study participants, aged 5-46
years, were recruited equally from orthodontic (36.1%)
and dental clinics (36.1%), followed by the pediatric
clinic (13.9%). One study” recruited patients from both
orthodontic and pediatric clinics, another* recruited
them from dental and orthodontic clinics, while anoth-
er”’ recruited participants from the Australian defense
force. Only two studies™*’ were epidemiological surveys.
Almost an equal number of studies were from Asia (n =
14, 40.0%) and Europe (n = 12, 34.3%), followed by
South America (n = 4, 11.4%), North America (n = 2,
5.7%), Australia (n = 2, 5.7%), and Africa (n = 1, 2.9%).
The global reported population prevalence of canine
agenesis ranged from 0.0% to 4.7% (Table 6), with high
variations among studies, and the median prevalence
was 0.29%. The term population refers to the people
living in a particular country. The prevalence of canine
agenesis in the maxilla (between 0.03% and 4.7%) was
higher than that in the mandible (between 0% and
1.129%).

Synthesis of results

Primary outcomes

Due to the high variation, the overall prevalence was
calculated from studies that reported canine agenesis
data either by individual (population prevalence based
on the number of assessed individuals) or by the number
of missing teeth (prevalence of canine agenesis based on
the number of missing teeth). The overall prevalence of
canine agenesis based on the total number of missing
teeth (2.99%) (Table 3) was higher than the population
prevalence based on the number of assessed individuals

61



Sivarajan et al ® Review of distribution of canine hypodontia

Kjo-

www.e-kjo.org

njog
‘eAuoy 9exo],
‘TrasAey "
‘dojuerzen it
siuened ‘unsures - Apmis (o102) o
[eruag ysppmy, suorderg  Aedyang, LETT LE-S L2S°00T souIP S 2Andadsonay VN B UEPY 8 =
Ais1oaTun m
ey ‘Anspua( jo (1102) i3
syuaned Knoeyg ‘sonuopoyiiQ Apmis  800¢ T8 =
JdnUopoylI0 ysping, VN Aodpan, 8G' 11 SZ-6 91'e joyusunredo@ oanoadsonoy -9661 nuezey . S
?
[eadsoH [e1auan =]
a8ar10D TRIUa( Indypo( K=
syuaned ‘A3o101pEY pUE SUIIIPIIA Apmis  z10¢C (€102) .m
rewueg uerpuy adypo( BIpU[ €6°0:1 8c-¢1 eIy [e10 joyueuniedaq aapdedsonay -8007 T8 [Bed 9 =
syuaned uo1dax Apmis 9102 (8102), T8 m
ONUOPOYNQ VN ISBaYIION [1zeig LT T 0c-8 00%‘S anuao oryderdorpey oandadsonoy -¥10¢ BA[IS-BZNOS G =
eIsAe[RIA sures AJISI9ATUN)
syuoned 9 JO OTUI[D [RIUSP Y} Apmis  010¢C (¥102)
AleETg Keen uejuB[RY  BISAB[BIA ST T 91-21 $€8 Jojuauniedsp A3o[o1pey oAndadsoney -$007 , TRIOIUBN ¥
1sadepng
syuoned K1sI9ATUN ‘SONUOPOYIIO
oerpad pue pue Anspnua( oIneIpad Apms (6002)
JdnUOpOYNIQ uerredungy 1sadepng  AreSunyg 11 81-9 LIV jojuounieda aanodadsonay VN ,[e198sz0y ¢
(sorurpo oNUOpPOYII0 (o102)
syuaned 91) [1Ze1g INSI( [eIopa] Apmis  000¢ i R E)
opuopoyIQ VN eqIselq izeig LOTT ST-01 6701 ay1jejusned opuopoyiiQ 2anoadsonoy -8661 sawon ¢
Asoatun
syuaned eyua uoddiN jo sorurd Apnis (9002)
dNUOPOYIIQ asauede( e1e31N uede( ST SI-S feletols O[UOPOY}IO pue JINeIPad 2Andadsonay VN [erPopug I
uonemdog ey uorday Anuno)  (L:N) X8S  (1h) a8y ozis ojdureg s3umoes Apmg ugisap Apmg§ .«Wﬂﬂww ioyny ‘oN

saipnis Ayijenb-ybiy ay3 4o sanisuRldeseyd diydesbowaq *g dqel

62



Kjo-

Ansnuaq
J1nerpad ur wrexdord
[earurD uoneonpy (8002)
Surmunuod s,oIreue( 3] P R E)
syuaned o1y JO AIISIDATU() [BIOPI] Apms IO
RIRIIVEE | VN OIIdue( ap oryg [1zeig oy3 Surpuane asoy, 2Andoadsondy  800¢T oueAe)
K)ISIDATU STRXPILIDY
pue 11asAey ‘Ayrs1oarun
SOAI0IH JO SONUOPOYIIQ (2002)
sjyuaned Jo yuaunteda( Sy Apnis 239
JdnUOpoyYlIQ VN S[ePIHD] Aodan, juaned onuopoyliQ aandadsonay 2002 uRwISI§
Anunod
atp jo syred (1002)
sjuoned  JU9ISOp UBOLY  I9Y)O WIOI] Apns ased 2 3ue SN
JNUOPOYIIQ Jo sueAua)  9%0€ IqOITeN rAUDY sonoe1d onuoOpoyYIo 9jeAlld dAndadsonay  100¢ pue e due 3N
SONAYISAY 7 O1eIsY (s102) ,, TE
syuaned JeTRIOWY ‘Ansnua( 10J 193U Apmis  ¢10g 10 UrAsSSNy
JNUOPOYIIQ qery Ne( [9®eIs] 01 sjuaned enuopodAy oamodadsomay -900¢ -nqy
siydwa
ur saonoe1d onuopoylI0 (2002)
pue ‘99ssauua], Jo W B E)
syuaned AISI9ATU ‘SOUOPOYIIQ Apmis TUBTILIO)]
JNUOPOYIIQ VN y3maqsnid vsSn jojuaunreda aandadsonay VN -Tqofeaey,
Ansnuaq
J1eIpad ur weidoid
[eorur) uonednpyg (800¢)
syuaned oIroue( ap Sumunuo) s,o1oue( 9p Apms  200¢ N - E)
JIeIPad VN OrJ UIdUIION [izeig OTY JO AJISIDATU() BIOPd] 9ANOAdsondY -6661 LYW 6
uonemdog ey uoiSay Anuno) (1£) a8y ozrs ajdureg sSumas Apmg uSisap Apmis «wﬂﬂww Ioyny

Sivarajan et al ® Review of distribution of canine hypodontia

panunuo) °g 3Jqey

63

https://doi.org/10.4041/kjod.2021.51.1.55

www.e-kjo.org



Sivarajan et al ® Review of distribution of canine hypodontia

Kjo-

Surusaios

9010 dSUdJIP Ioye SIINIDAI [BUONI9S (0661)
uelfensny VN VN erensny 201 9¢-91 paureIqo ¢99 9310j osUdjop Uelfensny -$S0I1D 0661 sWeUUAT ¢

(1002)

uIpams Asroatun o UIUBM

syuaned uIdy}Iou geaw) ‘sonuopopad [euonoas pue
2LeETq| USIpams ‘eouI()  UAIPIMS 11 . 6EL /A3o101u0pQ jo yuaunredaq -sso1) 9261 ueunpPeg €¢

Auwregopus (¥102)

pue saderirewr (uepiof (sjooyos om1 Jo FeSTRI

UQIP[IYD snod umsuesuod 1seq) ULIP[IYI[00YDS) USIPIIYD [euonoas pue
[ooyds Surspoerd aznig beizy-1y uepiof 68°0:1 8T-¥1 G8 [00T2Ss 9ZNI(] PaXTWIpe-u() -sSs01)  [10C  JBYIRIOS[Y €<

901JJO [eIUAP JLIBIPAd (€102)

syuoned e 01 Surduoraq woiy Apms  z10¢C N R E)
RIRICIER | VN Somg nSiL eruewoy PG T ¢-6 L¥6 SpI10231[eJUAP sjuaned oaAndadsonay -$00g onopeurdg ¢

Airsiaarun

JNaTas a1} Jo ANSNU_(J JO (1102)

syuaned syuanjed syuaned A)MoOe 93 JO SONUOPOYIIQ Apms H1es
dnUOpPOYIIQ ueIseONE)) erAUOY AadyIng, GG'T:1 9%-6 1922 jojuaunredo oapdadsonay 110¢ pueemedol, 0g

(0102)

S[O0UJS OM] JB Pajean) S B E)

syuaned syuaned onuopoy}Io Apms p1afiseq
dnUOpOYIIQ SUBTURI[ ueIyay, uelf 66°0:1 12-6 1S2'1 UBIUBI] JO SPI0J9Y oAndadsonay 0102 -PIyBA 61

sydeiSorper (c1o2)

syuoned orwreroued J1uI Apris 600 T8I0 OV
ewuaq asangniiod VN Te8muiog 90°'T:T 12-2 888‘C  [BIUSD WIOI) SI[Y [BOIUID oAndadsonay -600Z¢  -Z9[ezuon gl

syuoned eLIRARY [euy €6€°1 anud) [BIIPIN Apms  900¢ (1102)
dNUOPOYIIQ ueIseone)) urisey Aueurron ST T'T -G wWhl Ayszeatun) Smqsuadey oapoadsonoy -t661 TR0 IYdg Ll

[eu0nd9s (c102)

syuaned saouraoxd SOTUT[O [eIUSP -$S0ID pue N =R
[eauaQg SsueIURI] 8 uelI| VLT Ge-2 qTv'e pue Ansnuap Jo Anoe aandadsonay  Z10¢ peyYs 91

Surusaros
Ioe  puesuaang) Jo AJISIdATUN

[ooyas paurelqo  ‘[ooyds [erua( a3 Jo yup) (6861)

syuaned [ewuap syjuaned  Ansnua( dImeIpad oy je Apnis M09S
JImeIpad ueISEONE) ‘puUR[SUdAN()  BIEISNY S6°0:1 61-9 2€0‘T 1doy sprooarjuaned juarm)) aandadsonay 6861 puereT GI
uonemndog BRI § uoir3ay Anuno) (L) X3S (1K) a8y ozrs ojdureg sSumas Apmg uSisap Apmis .«wﬂ“ww oypny °oN

panunuo) °g 3jqet

www.e-kjo.org

https://doi.org/10.4041/kjod.2021.51.1.55

64



Kjo-

Sivarajan et al ® Review of distribution of canine hypodontia

Arsiaarun
Supyad ‘sonuopoypiQ jo
juaunreda o) Sunisia

ST JNUOPOYIIO dnoi8 snuopoyliQ
syuaned J[UOPOYIIQ - 18%‘S douraoxd
JNUOPOY}I0 ouraoxd 68°0:T [e1oua8  19Q9H Ul AJISIOAIUN JIIY) [euonoas (s102)
pue [eyuaq uiStio uey 199oH BUIYD [BIdUSD  92-0T -G10‘9 Ul paqoiud dnoid [erouan -$S0ID)  800T ., e 10 Sueyz ¢
AYISIOATU() TOSUOX
‘[e3dSOH [eIUS( IOUBIIASS
syuaned Suop3uog ‘sonuopoyliQ [euonoas (8002)
JdnUOpOYNIQ SuBQIOY| [noas BIIOY GO 11 €88 jojuaunreda(q -$S0ID) 800 ., Te¥eSunyd T1¢
ea13o1o 91D )[eaY [BIO0 ONBUIAISAS (6002)
-Turopida Aredounux e jo }1ed Se paururexa [euOonOasS Uos[mnod
‘UeIpIIY [V ystueq snyly Spewusq TE 216 8€1‘g ULIP[IYO [[B PLISIP dUQ -ss01D)  600¢ PueSuney o¢
AJISIOATU() BIBULIBIA (9102)
syuaned Jo [ooYaS [RIUd(J ‘Ansnuag [euonoas o, In8rey
e yspny, [queysy  Aexmy, eI eI-L 869'T oLIRIPa{ Jo Jusuniedsq -$S01D)  910C PUe BABYOD 67
syuaned Aredounu [euonoLs (0861)
ee( ystue( SNUIY  Tewua (] 88°0:T 01-6 $0L 10LSIP [0042S SUQ -$s01D) 0861 LUP0T 82
SaNUNOd (2002)
syuaned snysIay [euonoas P B E)
aleeTet sueiSamION pueosg  AemioN S6°0:1 81 2556 sorurp o1qnd 26 -ss01) 00 uopIe3pIoN T
1871
16°0:1 - uedLIdUY
UBOLIDUIY uedIyy ‘g
Aprus uedLyY 6SY'ET
eardojo uedLIdUIY 10 T:T 9MYM - MYM T Koams [eUOT}OdS (0261)
-Twepldy uedLyY pue a3y stourq VSN TO'T:TIeIAQ  STI-TIT V671 odre[ e o 3red uapqy) -$S01D)  0L61 T8 19 DM 9¢
USIPTIYD ordures [euonoas (2261)
[ooyos VN JiaebAoy  puepao] PI T 91-8 [euy 9TI‘1 UDIP[IYD [00YIS -$S0ID 1261 ,Uossnudey Sg
uonemndog ey uoiSay Anuno)  (L:N) X3S (1K) a8y ozrs ajdureg sSumas Apmg uSisap Apmi§ .«Wﬂuww ioymy ‘oN

panunuo) °g 3jqey

65

https://doi.org/10.4041/kjod.2021.51.1.55

www.e-kjo.org



Sivarajan et al ® Review of distribution of canine hypodontia

Kjo-

Table 5. Continued
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Race Population

Country Region

Sex (M:F)

Sample size Age (yr)

Study settings

Year of e
Author study Study design

No.

Dental

Bareilly, UP  North Indian

India

1:1.19

12-18

8,225

Department of Oral

Cross-

2011

33 Al-

patients

sectional Medicine and Radiology,

Abdallah®

Institute of Dental Sciences

(2015)
34 Afify and

Dental

Saudi patients

Western

Saudi

12-30 1:1.04

878

2002- Retrospective Faculty of Dentistry, King

patients

region

Arabia

Abdul Aziz University

and cross-
sectional

study
NA

2011

Zawawi'’

(2012)

Dental

NA

Kuala

6-15 1:1.01 Malaysia

1,583

Patients attending Faculty
of Dentistry, University of

Malaya

1989

35 Nik-

patients

Lumpur

Hussein™®

(1989)
M, male; E female; NA, not available.

(0.30%) (Table 2). The prevalence in the general popula-
tion excluding the orthodontic population was higher
(0.38%) than that investigated among the orthodontic
population (0.10%). The overall population prevalence
was the highest in Asia (0.54%), followed by Africa
(0.33%),” and was the least in Europe and South Amer-
ica (0.19% in both continents). Similarly, the prevalence
of agenesis as a percentage of missing teeth was the
highest in Asia (7.40%), followed by Oceania (Australia)
(7.14%), South America (4.51%), Africa (3.80%), and
Europe (2.55%), with the lowest prevalence in North
America (1.85%) (Table 6).

Secondary outcomes

Pooled prevalence based on studies that reported the
prevalence in the maxilla and mandible using data for
individuals revealed the same findings, with the maxilla-
only prevalence being the highest (88.57%), followed by
the prevalence in both the maxilla and mandible (8.57%),
and the mandible-only prevalence being the least
(2.86%) (Table 7). Similarly, the overall prevalence by
teeth was greater in the maxilla (73.73%) than the man-
dible (26.27%). By continent, the prevalence in the max-
illa was the highest in Asia (0.78%), followed by Africa
(0.339%) based on one study,”” South America (0.19%)
based on one study," and the least in Europe (0.13%)
based on five studies.'®*******' Meanwhile, the preva-
lence of agenesis in the mandible only and in both max-
illa and mandible was only reported in Europe (0.01%
and 0.03%, respectively; Table 7). Among all forms of
canine agenesis, the overall prevalence of missing maxil-
lary permanent canines was almost similar (35.60% and
39.63%, respectively). Likewise, in the mandible, the
prevalence of missing mandibular permanent canines
was almost similar (12.07% and 12.69%, respectively).

By sex, the overall ratio of canine agenesis was higher
in females than in males, with a female:male ratio of
1.23. However, this was only true in Europe and South
America, wherein females were twice as much affected
than males. In Asia, the ratio was higher among males
(ratio = 0.88), while the prevalence was the same for
both sexes (ratio = 1) in Africa (Table 8). The overall
bilateral:unilateral agenesis ratio was 1.13. The world-
wide prevalence of unilateral agenesis was almost similar
to that of the bilateral form (50.0% and 46.7%, respec-
tively). However, in Asia, the prevalence of unilateral
agenesis was almost double that of bilateral agenesis
(66.7% and 33.3%, respectively). In Europe, the preva-
lence of bilateral (58.8%) agenesis was higher than that
of unilateral agenesis (35.3%) (Table 9).

Common dental anomalies associated with canine
agenesis were retained primary canines,'®”® agenesis
of other permanent teeth,'®’® agenesis of the third
molar,””***® supernumerary teeth,'® ankylosis,”® taur-
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Table 6. Overall prevalence of canine agenesis in different geographic locations

Prevalence of
nin nesi Prevalen
Prevalence of Prevalence of SN a8€nesis evalence

canine agenesis canine agenesis T el TGS
by individual by number of population, agenesis in the

Prevalence of
Studies/continents canine agenesis

G e " et e “ortodonti
group (%)
Overall
Based on studies which reported the outcome of interest 0.30 2.99 0.38 0.10
Asia
Endo et al.’ (2006) NA* 0.54 7.40 - -
Mani et al."" (2014) 0.6
Patil et al." (2013) 0.44
Abu-Hussein et al.** (2015) NA*
Sisman et al.”® (2007) NA*
Sheikhi et al.”* (2012) NA*
Vahid-Dastjerdi et al.*”* (2010) NA*
Alsoleihat and Khraisat™ (2014) 4.7
Gokkaya and Kargul” (2016) NA
Chung et al.* (2008) NA*
Zhang et al.* (2015) NA*
Al-Abdallah*® (2015) NA*
Afify and Zawawi*’ (2012) 0.57
Nik-Hussein* (1989) NA*
Europe
Roézsa et al.'® (2009) 0.29 0.19 2.55 - -
Kazanci et al.”’ (2011) 0.03
Aktan et al.”' (2010) NA*
Behr et al.”’ (2011) NA*
Gonzalez-Allo et al.* (2012) NA*
Topkara and Sari® (2011) NA*
Bernadette et al.* (2013) 0.21
Bickman and Wahlin® (2001) 0
Magnusson™ (1977) 0.27
Nordgarden et al.*’ (2002) 0.10
Locht"' (1980) 0.14
Rolling and Poulsen® (2009) NA*
South America
Gomes et al."” (2010) 0.19 0.19 4.51 - -
Souza-Silva et al." (2018) NA*
Kiichler et al.”* (2008) NA
Calvano Kiichler et al.”” (2008) NA*
North America
Tavajohi-Kermani et al.” (2002) NA* NA* 1.85 - -
Muller et al.* (1970) NA*
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Table 6. Continued

Prevalence of

Prevalenceof Prevalenceof Prevalenceof UIGCS8lc’ *Gfcanine.
Studies/continents canine agenesis by individual by number of populgtlon, agenesis in fhe
(%) (%) teeth (%) excluding the orthodontic
. c orthodontic group (%)
group (%)
Australia
Lai and Seow®® (1989) NA* NA* 7.14 = -
Lynham® (1990) NA*
Africa
Ng'ang’a and Ng’'ang’a® (2001) 0.33 0.33 3.80 - -

NA, not available.

*Study reported the number of cases of canine agenesis, but did not report the number of individuals with canine agenesis.

odontism,” enamel hypoplasia and conical incisor,”® and
Class 111 malocclusion.”"*

DISCUSSION

This systematic review attempted to evaluate the
global distribution of canine agenesis in isolation.™** We
presented the population prevalence of canine agenesis
in terms of individuals, which better reflected the actual
treatment need, unlike another review* that reported the
prevalence in terms of the number of missing teeth. Re-
ports based on individual prevalence without consider-
ing the population sample can be biased, since the big-
ger quantity of smaller-sized studies may overwhelm the
smaller quantity of bigger-sized studies and distort the
final summary. Therefore, we recalculated the prevalence
in every included study to generate an overall preva-
lence.

In this review, an almost equal proportion of the in-
cluded studies were conducted in Asia (37.1%) and Eu-
rope (37.1%); this was in contrast to the review on the
overall prevalence of hypodontia, in which most studies
were conducted in European countries (43.0%), followed
by the Asian region (32.0%)." The global distribution in
this review ranged from 0.0% to 4.7%, with a pooled
overall prevalence of 0.30%, which is much lower than
that of hypodontia (6.4%)." Polder et al.’ reported that
canines are one of the rarely missing teeth after the first
and the second molars.

In this review, the prevalence of canine agenesis was
higher in the Asian region than in the African, Euro-
pean, and South American regions. In contrast, the over-
all prevalence of hypodontia was the highest in Africa
(13.49%, 95% confidence interval [Cl]: 9.7, 18.0), fol-
lowed by Europe (7% Cl: 6.0, 8.0%) and Asia (6.3% Cl:
4.4, 9.1)." This suggests that canine agenesis per se is
more common in the Asian region than in the European

68

region, possibly due to the racial differences between
the two continents.

Our findings showing that canine agenesis was more
common in the maxilla than the mandible are in agree-
ment with the general pattern of hypodontia reported
in two other systematic reviews addressing hypodontia,
both of which reported marked differences between the
jaws in relation to the frequency of agenesis of vari-
ous tooth types.”* Similarly, the greater prevalence in
females is in agreement with the findings of these two
systematic reviews.”* However, in Asia, the higher preva-
lence in males may indicate a genetic inheritance of this
trait among males. Bilateral agenesis was more prevalent
than unilateral agenesis in Europe, similar to the general
pattern of hypodontia except for the maxillary lateral
incisors.” However, in Asia, the prevalence of unilateral
agenesis was double that of the bilateral form, indicat-
ing a genetic inheritance pattern among Asians. The
overall information presented in this review could pro-
vide valuable guidance to clinicians for treatment plan-
ning and managing patients with canine agenesis.

Since we aimed to report the prevalence based on
the number of individuals with missing canines, we
could not include studies reporting the number of miss-
ing canines instead of the number of individuals with
missing canines; this limited our ability to present the
data in terms of combined prevalence by number of
teeth. Most studies assessed either orthodontic patien
tS,S,I4,17,19,22725,29,31,32,43 pedlatl‘lC patients,21,26,27,33 bOth Ol‘th—
odontic and pediatric patients,'” both orthodontic and
dental patients,” or dental patients,'®'®?*?%30:2>39-4145-47
Three studies were epidemiological surveys of school
children,***”** one enrolled defense force recruits,*® while
only one study was a truly epidemiological study on a
general population.”
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Table 7. Prevalence of canine agenesis by jaw in different geographic locations

Pr‘evalence Continent Continent Prevalencg in
Prevalence Prevalence in both both maxilla
Studies/continents in maxilla in mandible maxillq and I;;e;;lg}f: igrr(:’:rl:llill(:l‘:a apd mandible
alone (%) alone (%) mag;:;ble alone (%) alone (%) ing; \:?deuﬁ;l}?% ;
Overall
Based on studies which reported the outcome of interest 88.57 2.86 8.57
Asia
Endo et al.’ (2006) NA* NA* NA* 0.78 0.00 0.00
Mani et al.'” (2014) 0.6 0 0
Patil et al." (2013) NA NA NA
Abu-Hussein et al.** (2015) NA* NA* NA
Sisman et al.”® (2007) NA NA* NA
Sheikhi et al.”* (2012) 0.58 0.25 NA
Vahid-Dastjerdi et al.*”* (2010) NA* NA* NA*
Alsoleihat and Khraisat™ (2014) 4.7 0 0
Gokkaya and Kargul” (2016) NA 0 0
Chung et al.* (2008) NA* NA* NA*
Zhang et al.* (2015) NA* NA* NA*
Al-Abdallah*® (2015) NA* NA* NA
Afify and Zawawi'’ (2012) 0.57 0 NA
Nik-Hussein* (1989) NA* 0 NA*
Europe
Rézsa et al.'® (2009) 0.20 0.02 0.07 0.13 0.01 0.03
Kazanci et al.”’ (2011) 0.03 0 0
Aktan et al.”' (2010) NA* NA* NA
Behr et al.”’ (2011) NA* NA* NA*
Gonzalez-Allo et al.* (2012) NA* NA* NA*
Topkara and Sari® (2011) NA* NA* NA*
Bernadette et al.* (2013) 0.21 0.00% 0.00%
Bickman and Wahlin® (2001) 0% 0 0
Magnusson™ (1977) 0.27 0 NA
Nordgarden et al.* (2002) 0.09 0.01 NA
Locht"' (1980) 0.14 0 0.14
Rolling and Poulsen® (2009) NA* NA* NA*
South America
Gomes et al."” (2010) 0.19 0 0 0.19 0 0
Souza- Silva et al.'® (2018) NA* NA* NA
Kiichler et al.”* (2008) NA NA NA
Calvano Kiichler et al.”” (2008) NA NA NA
North America
Tavajohi-Kermani et al.” (2002) NA NA NA NA NA NA
Muller et al.* (1970) 0.06 0.01 NA
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Table 7. Continued

Prevalence A A Prevalence in
Prevalence Prevalence in both (i_(:‘::l?:;z (igl‘::ll‘l::; both maxilla
Studies/continents in maxilla inmandible maxilla and I;n maxilla ill’l mandible and mandible
alone (%) alone (%) mandible in the same
(%) alone (%) alone (%) individuals (%)
Australia
Lai and Seow®® (1989) NA* NA* NA NA* NA* NA*
Lynham® (1990) NA NA* NA
Africa
Ng'ang’a and Ng’'ang’a® (2001) 0.33 0 0 0.33 0 0

NA, not available.

*Study reported the number of cases of canine agenesis, but did not report the number of individuals with canine agenesis.

70

Table 8. Prevalence of canine agenesis by sex Table 8. Continued
Overall Overall
. Male: male: q Male: male:
Connents female female Continents female female
ratio ratio
Overall Europe
Based on studies which reported 1:1.23 Magnusson® (1977) NA
the outcome of interest Nordgarden et al. (2002) NA
Asia Locht" (1980) NA
5 .
Endo et al. (2006) NA 1:0.88 Rﬂlhng and Poulsen43 (2009) NA
Mani et al."" (2014) 1:0.67 South America
Patil et al." (2013) 1:0.8 Gomes et al.” (2010) 0:2 0:2
Abu-Hussein et al.** (2015) NA Souza-Silva et al.” (2018) NA
Sisman et al.”*® (2007) NA Kiichler et al.% (2008) NA
. . 29
Sheikhi et al.” (2012) NA Calvano Kiichler et al.*” (2008) NA
Vahid-Dastjerdi et al.** (2010) NA North America
Alsoleihat and Khraisat® (2014) 1:3 Tavajohi-Kermani et al.* (2002) NA NA
Gokkaya and Kargul* (2016) NA Muller et al.” (1970) NA
Chung et al.* (2008) NA Australia
Zhang etal.” (2015) NA Lai and Seow? (1989) NA NA
Al-Abdallah® (2015) NA Lynham® (1990) NA
Afify and Zawawi' (2012) 1:0.67 Africa
. . 48
Nik-Hussein® (1989) NA Ng’ang’a and Ng’ang’a™ (2001) 1lgil 1:1
Europe NA, not available.
Rézsa et al."® (2009) 1:2.25 1:2.25
Kazanci et al.”* (2011) NA
Aktan et al.* (2010) NA CONCLUSION
30
Behretal S(2011) . NA 1. The global distribution of canine agenesis ranged
Gonzalez-Allo et al.” (2012) NA from 0.0% to 4.7%, with a pooled overall popula-
Topkara and Sari® (2011) NA tion prevalence of 0.30%.
Bernadette et al.* (2013) NA 2. T}?e }r])or;]ulation Xrevalence of c:wﬂne agegeskfwas
i in Asi 540/ Ti
Bickman and Wahlin® (2001) 0:0 the highest in Asia (0.54%), followed by Africa

(0.33%); the least prevalence was observed in Eu-

rope and South America (0.19% for both conti-
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Table 9. Prevalence of canine agenesis by location

Prevalence of Prevalence of
individuals with individuals with
unilateral missing bilateral missing
canine only canine only Prevalence of
(Individuals with (Individual with individuals with
Continents Unilateral: unilateral missing bilateral missing = combined unilateral
bilateral canine only, canine only, and bilateral missing
excluding combined excluding combined canines in the maxilla
unilateral + bilateral unilateral + bilateral and mandible (%)
in same individual/ in same individual/
all individuals with  all individuals with
missing canines) (%) missing canines) (%)
Overall
Based on studies which reported the 1:1.13 50.0 46.7 3.3
outcome of interest
Asia
Endo et al.’ (2006) NA 66.7 33.3 0.0
Mani et al.'" (2014) 1:1.5
Patil et al." (2013) NA
Abu-Hussein et al.** (2015) NA
Sisman et al.”® (2007) NA
Sheikhi et al.** (2012) NA
Vahid-Dastjerdi et al.** (2010) NA
Alsoleihat and Khraisat® (2014) 4:0
Gokkaya and Kargul* (2016) NA
Chung et al.* (2008) NA
Zhang et al.* (2015) NA
Al-Abdallah® (2015) NA
Afify and Zawawi' (2012) NA
Nik-Hussein® (1989) NA
Europe
Rézsa et al."® (2009) 1:3 35.3 58.8 5.9
Kazanci et al.”* (2011) 0:1
Aktan et al.* (2010) NA
Behretal.** (2011) NA
Gonzélez-Allo et al.” (2012) NA
Topkara and Sari* (2011) NA
Bernadette et al.>* (2013) 2:0
Bickman and Wahlin® (2001) 0:0
Magnusson™ (1977) N
Nordgarden et al."’ (2002) NA
Locht* (1980) 1:0
Rolling and Poulsen® (2009) NA
South America
Gomes et al.”” (2010) 2:0 100.0 0.0 0.0
Souza-Silva et al."® (2018) NA
Kiichler et al.** (2008) 1:0.5
Calvano Kiichler et al.*” (2008) NA
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Table 9. Continued

Prevalence of

Prevalence of

individuals with individuals with
unilateral missing bilateral missing
canine only canine only Prevalence of
(Individuals with (Individual with individuals with
Continents Unilateral: unilateral missing bilateral missing = combined unilateral
bilateral canine only, canine only, and bilateral missing
excluding combined excluding combined canines in the maxilla
unilateral + bilateral unilateral + bilateral and mandible (%)
in same individual/ in same individual/
all individuals with  all individuals with
missing canines) (%) missing canines) (%)
North America
Tavajohi-Kermani et al.”* (2002) NA NA NA NA
Muller et al.*’ (1970) NA
Australia
Lai and Seow” (1989) NA NA NA NA
Lynham® (1990) NA
Africa
Ng’ang’a and Ng’'ang’a* (2001) 1:1 50.0 50.0 0

NA, not available.

nents).

3. The highest prevalence was of the maxilla-only
form (88.57%), followed by the presentation in
both maxilla and mandible (8.57%), while the
mandible-only form showed the lowest prevalence
(2.86%).

4. Canine agenesis was more common in females, with
an overall female:male ratio of 1.23, except in Asia
(0.88) and Africa (1).

5. In Asia, the prevalence of unilateral agenesis was
almost double that of bilateral agenesis, but in Eu-
rope, bilateral agenesis was more common.

With a clearer picture of the occurrence of canine
agenesis and its accompanying predilection, manage-
ment of the condition can be better predicted and
planned. Future research on prevalence is suggested to
report both in terms of missing teeth and individuals,
also moving forward, research linked to its aetiology and
genetic-based treatment can be considered.
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