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Clinical Review

Introduction
In this study, we aim to assess the worldwide prevalence of third 
molar (M3) impaction and the demographic and morphologic 
factors that increase susceptibility to this pathology. Prophylactic 
treatment of M3s remains a contentious topic within the dental 
community, with some practitioners arguing that early treatment 
is necessary to avoid complications from later removal (Marciani 
2012) and with others arguing that treatment of asymptomatic 
teeth exposes patients to unnecessary risk (Venta 2012). As a 
result of this debate, the past decade has seen many changes to 
best practice policies across the world (e.g., NICE guidelines in 
the UK; Renton et al. 2012). Despite a rich literature on side 
effects, patient complications, and best surgical practices to 
inform this debate, information elucidating the factors most 
likely to give rise to impaction remains undescribed.

At the most fundamental level, there is no consistent esti-
mate for the worldwide frequency of M3 impaction, with cur-
rent by-population estimates ranging from 3% to 57% (Olasoji 
and Odusanya 2000; Hashemipour et al. 2013). Many of the 
classic studies cited for comparative impaction frequencies 
(e.g., Mead 1930; Montelius 1932) used methods that may 
over- or underestimate the population rates (e.g., no radiogra-
phy to confirm impaction, no exclusion of juveniles, a confla-
tion of impaction with failure of eruption) and should thus be 
treated with skepticism. These disparate estimates also likely 

reflect a high degree of heterogeneity among populations, 
making the characterization of factors driving variance vital 
for assessing individual risk of developing impaction. 
Currently, there are inconsistent reports on whether M3 impac-
tion differs by sex (Hellman 1938; Shah et al. 1978; Hattab  
et al. 1995), whether prevalence is higher in the maxilla or 
mandible (Stermer Beyer-Olsen et al. 1989; Quek et al. 2003), 
how impaction rates change by age (Pogrel 2012), and which 
types of impaction are most frequently seen (e.g., Eliasson et al. 
1989; Chu et al. 2003; Al-Anqudi et al. 2014).

Finally, understanding population variance in M3 impac-
tion frequency may help elucidate the causes of impaction 
worldwide. Many nonmetric traits, including M3 agenesis, 
vary predictably across populations (e.g., Hanihara 2008; 
Carter and Worthington 2015) and within families (Garn et al. 
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Abstract
The objective of this meta-analysis was to evaluate the prevalence of third molar (M3) impaction worldwide in individuals ≥17 y, from 
either sex, who had undergone oral radiography and presented with no orofacial syndromes or defects. We performed a literature 
search using PubMed, ISI Web of Science, and Google Scholar and retrieved English and non-English articles from any period for 
review. We included studies reporting M3 impaction prevalence based on radiographic examination. Risk of bias was assessed regarding 
individuals with craniofacial syndromes, prior extraction of permanent teeth, multiple effect size estimates, and studies conflating lack of 
eruption with impaction. Our search yielded 49 studies involving 83,484 individuals. Worldwide M3 impaction prevalence was found to 
be 24.40% (95% confidence interval [95% CI]: 18.97% to 30.80%). The odds of M3 impaction in the mandible were 57.58% (95% CI: 43.3% 
to 68.3%, P < 0.0001) higher than in the maxilla, but we did not detect any difference in the odds of impaction between men and women 
(18.62%, 95% CI: –4.9% to 48.0%, P = 0.12). Mesioangular impaction was most common (41.17%, 95% CI: 33.8% to 49.0%), followed by 
vertical (25.55%, 95% CI: 20.0% to 32.0%), distoangular (12.17%, 95% CI: 9.1% to 16.0%), and horizontal (11.06%, 95% CI: 8.3% to 14.6%). 
Impaction of 1 (42.71%, 95% CI: 30.0% to 56.5%) or 2 (29.64%, 95% CI: 19.5% to 42.3%) M3s was much more common than 3 (12.04%, 
95% CI: 7.2% to 19.3%) or 4 (8.74%, 95% CI: 5.2% to 14.5%). There were small differences among impaction prevalence depending on 
geographic region (F test, P = 0.049). Selection bias was evident because individuals had to undergo radiographic examination to be 
included in the analysis. The subgroup analysis by sex was underpowered. Worldwide M3 impaction prevalence is lower than previously 
reported. The percentage of individuals with impacted M3s is much smaller than the percentage that undergoes clinical treatment for 
M3 problems.
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1963), leading many researchers to think that they are pat-
terned genetically. Although there is some evidence to suggest 
that impaction has a high heritability component (Łangowska-
Adamcżyk and Kamanska 2001), a multitude of studies sug-
gest that environmental factors, most notably diet, contribute 
much more to the trait’s expression (Olasoji and Odusanya 
2000; Venu Gopal Reddy 2012). The mechanisms by which 
impaction develops during ontogeny also remain unclear. Most 
researchers agree that M3 impaction develops as a result of 
space constraints within the jaw, but they disagree on whether 
the primary mechanism is corpus breadth (Krecioch 2014), 
ramus angle (Bishara 1999), the timing of mandibular growth 
relative to eruption, or a combination of these and other factors 
(Bjork et al. 1956; Kaya et al. 2010). With this meta-analysis, 
we aim to gain further understanding of the causes of M3 
impaction by 1) synthesizing and evaluating previous studies 
of impaction, 2) characterizing the among-study variation in 
impaction prevalence, and 3) making comparisons between 
M3 impaction and agenesis prevalence.

Materials and Methods

Data Sources and Search Criteria

The guidelines from the PRISMA-P statement were followed 
where relevant (i.e., Preferred Reporting Items for Systematic 
Review and Meta-analysis Protocols; Moher et al. 2015). 

Studies were selected with participants from either sex who 
were ≥17 y old, who presented with no orofacial syndromes or 
defects, and who had undergone oral radiography. Outcomes 
were prevalence of impaction of the M3 (across all partici-
pants, by sex, by dental arch, by geographic provenience, by 
impaction type, and by number of molars impacted).

To reduce selection bias, we sought to identify, appraise, 
and synthesize all relevant studies (Uman 2011). In June 2015, 
one of us (K.C.) used online publication search engines 
(Google Scholar, PubMed, and Thomson Reuters ISI Web of 
Science) to extensively search the literature using keyword 
combinations (full electronic search strategy provided in Fig. 
1). No limits were placed on language or year of publication. 
K.C. then conducted further manual searches of the literature 
using the bibliographies of papers found in the online search.

Inclusion and Exclusion Criteria

Inclusion and exclusion criteria were compiled to ensure meth-
odological consistency across all studies being included in the 
meta-analysis and to address potential study-level bias.

The eligibility criteria for inclusion were as follows:

•• Presence of an English abstract and/or summary and/or 
manuscript or presence of 1 of the above in a language 
known to 1 of the authors

Figure 1. Flowchart illustrating the search strategy and article selection process.
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•• Diagnosis of M3 impaction based on radiographic 
examination

•• Minimum age of subjects at least 17 y or data presented 
separately for different ages

•• A stated definition of impaction that distinguished this 
pathology from failure to erupt

The exclusion criteria were as follows:

•• A second study using the same subjects
•• A second effect size estimate relying on the same sub-

jects within a single study
•• Studies that included individuals with prior extraction 

of any permanent tooth in effect size estimates
•• Reporting of M3 impaction frequency conflated with 

frequencies of impaction in other teeth
•• Reporting of M3 impaction frequency only as a per-

centage, without information about sample size
•• Reporting of M3 impaction frequency but failure to dis-

tinguish molar impaction from lack of eruption
•• Study limited to patient group with craniofacial syn-

dromes, developmental disorders, or any kind of dental 
pain

•• Sample obtained from patients presenting for M3 sur-
gery (although some studies were included in some 
moderator analyses)

Outcome Measures and Explanatory Variables

Outcome measures of interest included 1) the proportion of 
individuals with impaction of at least 1 M3, 2) the odds ratio of 
M3 impaction rate for a) mandible versus maxilla and b) men 
versus women, and 3) the proportion of impacted M3s exhibit-
ing various angulations of impaction. We followed Winter’s 
(1926) classification of angle of impaction into “horizontal,” 
“mesioangular,” “vertical,” and “distoangular” types. Proportions 
were logit-transformed for analysis and subsequently back-
transformed in figures. Mandibular and maxillary impaction 
rates were calculated as the sum of unilateral and bilateral 
rates. Data were extracted from figures, tables, or text; some-
times calculations were performed.

Predictors of M3 impaction rate included study sample size, 
study sample type, minimum subject age, publication year, 
study population’s continent of origin, number of impacted 
M3s, and type of M3 impaction. The variable “study sample 
type” described the different kinds of samples used by research-
ers (e.g., orthodontic patients, university students, military per-
sonnel). Included studies, with their outcome and explanatory 
variables, are reported in the Appendix.

Consideration of Bias

A fundamental assumption of meta-analysis is that studies 
finding evidence for small and/or statistically nonsignificant 
effect sizes are as likely to be published as those finding large, 
statistically significant effect sizes (Møller and Jennions 2001). 

However, evidence suggests that results from the former type 
of study often go unreported (Dickersin 2005; Rothstein et al. 
2005). It is therefore important when conducting meta-analysis 
to determine how results are affected by data missing due to 
publication bias. We evaluated such publication bias in 2 ways: 
1) using a version of Egger’s regression test designed for  
random- and mixed-effects models (Sterne and Egger 2005) 
and 2) assessing the asymmetry of effect sizes in funnel plots 
(Sterne et al. 2005) using the trim-and-fill method (Duval 
2005), which estimates the number of studies missing from a 
meta-analysis due to suppression of extreme results on 1 side 
of a funnel plot.

One further assumption of meta-analysis is that study out-
comes are independent. This assumption can be violated in 2 
ways: 1) if multiple effect sizes rely on the same individuals; 2) 
if ≥2 effect sizes are derived from the same study or research 
group (Stevens and Taylor 2009). We dealt with the first 
issue—dependence at the sampling level (pseudoreplica-
tion)—by excluding any effect sizes that used the same indi-
viduals. We addressed the second violation—dependence at 
the hierarchical level—by including study-level random effects 
in analyses that included multiple effect sizes from a single 
study (Konstantopoulos 2011).

Data Analysis

Random- and mixed-effects generalized linear models were 
used to estimate effect sizes and their 95% confidence intervals 
(95% CIs). We chose random effects over fixed effects so that 
our results would generalize to the population of studies from 
which we sampled (Normand 1999). For individual group pro-
portions, we used mixed-effects logistic regression models 
with a binomial-normal data distribution (Hamza et al. 2008). 
For 2-group analyses (i.e., outcomes partitioned by sex or den-
tal arch), we used a 2-by-2 contingency table format, and the 
corresponding model was a mixed-effects conditional logistic 
regression model with a noncentral hypergeometric distribu-
tion for the data (Stijnen et al. 2010).

Heterogeneity (among-study variance in effect size addi-
tional to that attributable to sampling error) among effect sizes 
was estimated with the I2 index, which describes the percent-
age of total variation among effect sizes that is due to heteroge-
neity (Higgins and Thompson 2002). We used a likelihood 
ratio test (LRT) to assess whether the I2 index estimate was >0. 
To investigate possible explanators of heterogeneity in effect-
size estimates, we conducted meta-regression analyses using a 
total of 6 moderator variables. This involved the assessment of 
whether heterogeneity could be explained by either bias (arti-
factual variation in study design) or diversity (biological varia-
tion in participants and outcomes).

Effect sizes with 95% CIs for individual studies and omni-
bus estimates were visualized with forest plots. Omnibus esti-
mates for each analysis represent inverse-variance weighted 
averages. Multiple comparisons of mean impaction frequency 
have P values adjusted according to the sequential Bonferroni 
method (Holm 1979). All analyses were conducted with the 

 at INDIANA UNIV MED CTR on March 6, 2016 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 

© International & American Associations for Dental Research 2015

http://jdr.sagepub.com/


270 Journal of Dental Research 95(3) 

“metafor” package (v. 1.9-6; Viechtbauer 2010) in the R statis-
tical language (v. 3.1.3; R Core Team 2015).

Results

Study Selection

In an attempt to accurately assess the rate of impaction in the 
M3, the last tooth to erupt and calcify during development, we 
included only studies that sampled individuals of age ≥17 y 
(Fielding et al. 1981). We also sought to eliminate studies that 
used populations previously shown to have abnormally high 
rates of impaction, such as those with craniofacial disorders 
(Shapira et al. 2000), although populations pooled from people 
presenting with impacted molars were used for comparisons 
between maxillary and mandible and for the most frequently 
seen form of impaction. In total, 7,936 records were identified 
with the search criteria across 3 databases and manual searching. 

After duplicates were removed (leaving 864 records), 1 author 
(K.C.) assessed the titles and abstracts for relevance. Of the 196 
relevant studies, 147 were excluded. Reasons for exclusion 
included the following: no new primary data on impaction fre-
quency reported (n = 46), not excluding individuals with prior 
extraction (n = 21), reporting impaction of M3s and other teeth 
together (n = 16), unclear minimum age for inclusion (n = 34) or 
minimum age <17 y (n = 23), and no use of radiography to 
assess impaction (n = 7). Our systematic review found 49 stud-
ies, which reported 53 effect sizes. There were 7 foreign-lan-
guage publications with English abstracts and/or summaries. 
Across all studies, the total number of subjects was 83,484.

Publication Bias

Using Egger’s regression test, we did not detect a relationship 
between observed effect sizes and their standard errors (P > 
0.05) for any model. In addition, using the trim-and-fill 

Figure 2. Forest plot of the proportion of individuals with impaction of at least 1 third molar (31 studies, 33 effect sizes). Vertical dotted line 
indicates the average proportion (inverse-variance weighted), while the width of the black-filled diamond denotes its 95% confidence interval (95% 
CI). Solid squares for individual studies are scaled by the influence that each study has on the average proportion, while error bars are 95% CIs. 
Sample provenience and size are given for each study. Analysis was performed on logit-transformed proportions, but means and 95% CIs are back-
transformed. LRT, likelihood ratio test.
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method, we found that the estimated number of missing studies 
with small effect sizes was 0 for the overall random-effects 
model and dental-arch model and 2 for the model testing sex 
effects. This indicates lack of support for funnel plot asymme-
try and publication bias (Appendix Fig.).

Random-effects Analysis

We estimated the proportion of individuals with ≥1 impacted 
M3s using random-effects logistic regression on a sample of 32 
studies (33 effect sizes). The average rate of M3 impaction was 
24.40% (95% CI: 18.97% to 30.80%; Fig. 2). Impaction fre-
quency varied greatly among studies, with a standard deviation 
of 16.20%, a minimum of 3.08% in a rural Nigerian cohort 
(Olasoji and Odusanya 2000), and a maximum of 68.60% in a 
Singaporean Chinese population (Quek et al. 2003). Almost all 
among-study variation was attributable to heterogeneity (I2: 
99.52%, LRT

32
 = 5,642, P < 0.0001; Appendix Table 1). This 

suggested that some of the variation in M3 impaction fre-
quency may be explained by including study-level predictors 
in the model.

Mixed-effects (Moderator) Analysis

To determine possible explanators of this high level of hetero-
geneity, we included 6 moderator variables in separate mixed-
effects logistic regression models. Of the 6 moderators, 4 were 
potential sources of bias: sample size (F

1,31
 = 0.89, P = 0.35), 

sample type (F
3,29

 = 0.83, P = 0.49), minimum subject age (F
1,31

 = 
2.03, P = 0.16), and publication year (F

1,31
 = 3.89, P = 0.058) 

were not found to be associated with frequency of M3 impac-
tion. The 2 remaining moderators were, however, found to 
explain substantial amounts of diversity in M3 impaction rate.

Effect of geographic provenience on M3 impaction rate. Geo-
graphic provenience (study continent of origin) explained a 
small portion of the heterogeneity in M3 impaction frequency 
(F test for difference in mean impaction frequency across all 
regions, F

4,28
 = 2.72, P = 0.049). We found that Middle Eastern 

populations (n = 10, mean = 33.33%, 95% CI: 23.1% to 45.4%) 
had the highest rates of impaction while African populations (n = 
5, mean = 12.38%, 95% CI: 6.4% to 22.5%) had the lowest 
rates (Fig. 3). The Middle Eastern rate of M3 impaction was 
significantly larger than that in Africa (z = 2.93, P = 0.034; 
Appendix Table 2), although both samples were small. Asian 
(n = 11, mean = 28.33%, 95% CI: 19.6% to 39.1%), European 
(n = 5, mean = 19.76%, 95% CI: 10.7% to 33.6%), and North 
American (n = 2, mean = 15.88%, 95% CI: 5.7% to 36.9%) 
populations all exhibited intermediate rates of M3 impaction.

Angle of M3 impactions. The angulation of M3 impaction 
accounted for some of the heterogeneity in M3 impaction fre-
quency. In the 31 studies (32 effect sizes) that reported these 
frequencies, M3s were significantly more likely to exhibit 
mesioangular impaction (mean = 41.17%, 95% CI: 33.8% to 
49.0%) than any other type. Vertical impaction of M3s (mean 
= 25.55%, 95% CI: 20.0% to 32.0%) occurred less often but 
with significantly greater prevalence than either distoangular 

(mean = 12.17%, 95% CI: 9.1% to 16.0%) or horizontal (mean 
= 11.06%, 95% CI: 8.3% to 14.6%) impaction (Fig. 4A; 
Appendix Table 3).

Number of M3 impactions. The number of impacted M3s also 
explained some of the heterogeneity in M3 impaction frequency. 
In studies that reported these frequencies (n = 8), individuals 
were significantly more likely to have 1 (mean = 42.71%, 95% 
CI: 30.0% to 56.5%) or 2 (mean = 29.64%, 95% CI: 19.5% to 
42.3%) M3s impacted than to have 3 (mean = 12.04%, 95% CI: 
7.2% to 19.3%) or 4 (mean = 8.74%, 95% CI: 5.2% to 14.5%) 
M3s exhibit impaction (Fig. 4B; Appendix Table 4).

Dental arch and sex effects of M3 impaction rate. In the 23 
studies (24 effect sizes) presenting separate outcomes for max-
illary and mandibular M3 impaction, we found the odds of M3 
impaction to be 57.58% higher in the mandible than the max-
illa (95% CI: 43.3% to 68.3%, P < 0.0001; Fig. 5). Across stud-
ies that reported effect sizes for both sexes (n = 14), we did not 
find evidence of a difference in the odds of women and men 
exhibiting impaction of at least 1 molar (mean: 18.62%, 95% 
CI: –4.9% to 48.0%, P = 0.12; Fig. 6).

Discussion
M3 impaction is a common dental problem experienced world-
wide, but currently neither the mechanisms causing this pathology 
nor the worldwide rate of occurrence is known. Furthermore, 
there are questions whether there are differences in impaction 
rate between the sexes, among populations, across different 
age groups, and across time. Describing the pattern of preva-
lence worldwide is a necessary first step for understanding the 
mechanisms causing impaction and the relationship between 
impaction and other M3 anomalies, such as agenesis.

Figure 3. Bean plot of the proportion of individuals with impaction of 
at least 1 third molar, partitioned by geographic provenience (31 studies, 
33 effect sizes). Solid diamonds and error bars denote the means and 
95% confidence intervals (95% CIs) of proportions (inverse-variance 
weighted) for each region. Dark gray circles are individual studies, while 
light gray polygons are kernel density estimates of the distribution of 
proportions within each region. Analysis was performed on logit-
transformed proportions, but means and 95% CIs are back-transformed. 
LRT, likelihood ratio test.
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Our goals in conducting this meta-analysis were to use the 
wealth of previously published studies, first, to characterize the 
overall rate of M3 impaction; second, to explain among-study 
variation; and third, to compare our results with those predict-
ing M3 agenesis prevalence. To our knowledge, this is the first 
meta-analysis on the prevalence of M3 impaction.

Main Findings

We found an average worldwide rate of M3 impaction of 24.40% 
(95% CI: 18.97% to 30.80%; Fig. 2). This rate is lower than 
almost any other published study (e.g., ~50%, Bowdler and 
Morant 1936; 27%, Aitasalo et al. 1972; 72%, Hugoson and 
Kugelberg 1988), although it is higher than the 16.7% suggested 
by Daichi and Howell (1961). It is also substantially lower than 
what modern clinical writings predict for industrialized popula-
tions or the percentage of individuals typically treated for M3 
problems (e.g., up to 53%, Magraw et al. 2016). The impaction 
rate is also slightly higher than our previous findings on the aver-
age worldwide rate of M3 agenesis (22.6%, Carter and 
Worthington 2015). Frequencies of impaction of ≥1 M3 ranged 
from 3.08% to 68.60% across all studies, which, with the high I2 

index of heterogeneity, suggests that a high degree of among-
study variability exists in impaction rate. Based on our assess-
ment of moderator effects, this variability is mostly clinical 
rather than an artifact of studies using different methodologies. 
None of the 4 moderators that could explain statistical heteroge-
neity had a significant effect on the rates of M3 impaction (sam-
ple size, sample type, minimum age, and publication year). We 
excluded all studies with subjects <17 y of age, given numerous 
studies suggesting that M3 impaction rate increases in popula-
tions until approximately age 30 y (Yamaoka et al. 1995; Venta 
et al. 2012). While there was a slight increase in impaction rates 
over time (study publication year), this trend was nonsignificant. 
Impaction is generally thought to have risen since changes in 
food processing caused by industrialization (Varrela 1990), 
although our results suggest that the M3 impaction rate has been 
relatively stable at least across the past 3 generations. Overall, 
we find little support for the impaction rate being close to 50% 
in industrialized populations or that impaction rate is signifi-
cantly increasing. Given that most clinicians view wisdom teeth 
as “ticking time bombs” that will eventually become impacted if 
not removed, our analysis provides evidence that the majority of 
patients may not be at risk of impaction.

Omnibus test: F = 25.85, p < .0001
Heterogeneity: I^2 99.16%, LRT 14498, p < .0001
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Figure 4. Bean plots of subgroup analyses of third molar impaction frequencies. (A) The proportion of impacted third molars, partitioned by 
angulation of impaction (31 studies, 32 effect sizes). (B) The proportion of individuals with impaction of the third molar, partitioned by number of 
impacted molars (8 studies). In both subplots, solid diamonds and error bars denote the (inverse-variance weighted) means and 95% confidence 
intervals (CIs) of the proportions for each region. Dark gray circles are individual studies, while light gray polygons are kernel density estimates of 
the distribution of proportions within each category. Analysis was performed on logit-transformed proportions, but means and 95% CIs are back-
transformed. LRT, likelihood ratio test.
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Figure 5. Forest plot of the odds ratio (OR) of impaction of at least 1 third molar in the maxilla versus the mandible (23 studies, 24 effect sizes). 
Vertical dotted line at 1 indicates unity in the ratio of the odds. Positive values indicate greater maxillary odds of impaction and negative values, 
greater mandibular odds. The position and width of the black-filled diamond denote the mean and 95% confidence interval (95% CI) of the average OR 
(inverse-variance weighted). Solid squares for individual studies are scaled by the influence that each study has on the average proportion, while error 
bars are 95% CIs. Sample provenience and size are given for each study. Analysis was performed with a logit link function, but means and 95% CIs are 
exponentiated to ORs. LRT, likelihood ratio test.

Figure 6. Forest plot of the odds ratio (OR) of impaction of at least 1 third molar in women versus men (14 studies). Vertical dotted line at 1 
indicates unity in the ratio of the odds. Positive values indicate greater female odds of impaction and negative values, greater male odds. The position 
and width of the black-filled diamond denote the mean and 95% CI of the average OR (inverse-variance weighted). Solid squares for individual studies 
are scaled by the influence that each study has on the average proportion, while error bars are 95% CIs. Sample provenience and size are given for 
each study and sex. Analysis was performed with a logit link function, but means and 95% CIs are exponentiated to ORs. LRT, likelihood ratio test; nf, 
female; nm, male.  at INDIANA UNIV MED CTR on March 6, 2016 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 
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Subgroup Analyses

Dental arch and molar number. We found a higher rate of 
impaction in mandibular (mean = 25.43%) than in maxillary 
(mean = 14.16%) M3s (odds ratio: 0.424, 95% CI: 0.317 to 
0.567; Fig. 5). All but 1 study found the odds ratio of mandibu-
lar to maxillary impaction to be either <1 or indistinguishable 
from 1 (i.e., more mandibular impaction). This is opposite the 
trend that we reported for M3 agenesis, where the maxillary 
M3s are much more likely to be missing (Carter and Worthing-
ton 2015). Intriguingly, populations from Africa and Asia tend 
to show much greater variability in the rates of maxillary to 
mandibular impaction than that of populations from North 
America, Europe, or the Middle East. Further research is 
needed to confirm the robustness of this trend.

Similarly, we found that 1 or 2 impacted M3s were more 
common than 3 or 4 impacted molars (Appendix Table 4). This 
is in agreement with many studies, although some found that 4 
impacted molars were the most common expression pattern 
(e.g., Ma’aita and Alwrikat 2000).

Angle of impaction. Comparisons across Winter’s (1926) origi-
nal categories of impaction (mesioangular, distoangular, verti-
cal, and horizontal) revealed that mesioangular impaction was 
significantly more prevalent than other forms of impaction. 
Vertical impaction was also significantly more prevalent than 
horizontal or distoangular impaction. This is in agreement with 
many previously published studies (e.g., Celikoglu et al. 2010; 
Al-Anqudi et al. 2014; but see Byahatti and Ingafou 2012), 
including Winter’s own work, although an overall percentage 
of 42% of impacted molars being mesioangularly orientated is 
at a slightly lower frequency than that originally presented by 
Winter. Ontogenetically, M3s are unlikely to change in their 
angle of impaction (although they frequently change in their 
degree of impaction, a data category not considered here). 
Therefore, knowledge of the most common angles of rotation 
likely to lead to impaction can aid clinicians in determining 
whether to adopt an early extraction protocol or wait to see if 
the molar will present with pathology in later adulthood.

Sex and population. Surprisingly, neither sex nor population was 
found to greatly affect M3 impaction frequency. Given the rela-
tionship frequently found between jaw size and impaction fre-
quency (Evensen and Ogaard 2007), average women are thought 
to incur impaction with a higher rate than men. While 9 of the 
15 studies found female impaction rates to be higher, 5 studies 
found average male rates relatively higher. Alternatively, 
although we did not have the sample size to test this with our 
own data, other studies found that while men may have a 
higher prevalence of M3 impaction, women exhibit impaction 
in more M3s (Murtomaa et al. 1985), which may help explain 
some of the discrepancies.

This meta-analysis appears to be the first large cross- 
cultural study of M3 impaction rates based on radiography, so 
comparisons between these results and other studies are diffi-
cult. While there were significant differences among popula-
tions in the rates of M3 impaction (Fig. 3), only 1 pairwise 

comparison showed significant results (Middle East vs. Africa; 
Appendix Table 2). Also of note is the high degree of variabil-
ity in impaction rate within each geographic region studied. 
While this does not rule out a genetic component for impaction 
or factors causing impaction, it does suggest that environmen-
tal factors have a much greater role in determining the presence 
of M3 impaction than in many other dental nonmetric traits. 
This is in agreement with several studies comparing rates of 
M3 impaction between rural and urban environments within 
the same geographic population (e.g., Olasoji and Odusanya 
2000; Venu Gopal Reddy 2012), most of which found much 
higher rates in urban environments.

Clinical procedures for M3 extraction typically involve 
deciding whether early intervention is necessary (e.g., 
Kandasamy and Rinchuse 2009). Our analysis helps highlight 
the demographic profile of individuals who are most at risk for 
impaction once they reach adulthood. Knowing the risk factors 
for individuals to develop M3 impaction will aid in determin-
ing which clinical policy is best for each patient.

Relationship between M3 Impaction  
and Agenesis

One of the main purposes of this meta-analysis is to make com-
parisons between M3 impaction and our previous work on M3 
agenesis. The mechanisms for both M3 anomalies are currently 
not well understood, and while many researchers suggest a simi-
lar underlying cause (Nanda 1954; Kanazawa et al. 1987), the 
evidence for this is mixed at best (e.g., Bermúdez de Castro 
1989; Rakhshan 2015). Although the overall rates of M3 impac-
tion and agenesis are very similar, subgroup analysis reveals dif-
ferences in the patterns of expression. M3 agenesis is more 
common in the maxillary dentition, while impaction was much 
more likely to be found in the mandibular dentition. While 
women had a higher frequency of agenesis, there was no sex 
difference found in impaction rate. Across populations, Africa 
had the lowest frequency of impaction and agenesis. However, 
while there were clear significant differences among many of the 
populations for agenesis, there were few for impaction. The 
expression patterns of agenesis and impaction are similar in that 
having 1 or 2 molars missing or impacted is more common than 
3 or 4. Together, these patterns indicate that 1) M3 agenesis and 
impaction are 2 unrelated phenomena with different develop-
mental origins or 2) given the different ontogenetic timing of the 
events, 2 related thresholds exist for determining impaction and 
agenesis.

Limitations

One major concern with this or any similar study is the lack of 
random sampling, which, while born out of the need to prevent 
unnecessary radiography, may still create sampling bias. We 
were systematic in our exclusion of clear nonrandom samples, 
such as those from patients presenting with tooth pain or those 
with craniofacial syndromes, but we used several studies where 
the selection criteria were not fully explained in the methods. It 
is plausible to think that our estimation of impaction frequency 
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may be an overestimate because 1) patients with dental prob-
lems are more likely to seek treatment and 2) urban popula-
tions where impaction is higher are frequently more closely 
located to a dental care provider (Allison and Manski 2007). 
However, we feel that this study represents the best estimates 
of impaction possible with the available data.

For subgroup analysis of the angle of impaction, we excluded 
categories outside of Winter’s (1926) initial classification (e.g., 
“buccolingual,” “rotated,” “transverse,” “other”), as there was 
no consistent usage or definition of these terms. Certain conti-
nents—particularly Africa, North America, and Europe—were 
also undersampled for this study (we note that the latter 2 con-
tinents had a wealth of publications that did not meet our inclu-
sion criteria). However, given the high variability in impaction 
frequency found across all continents, it is likely that an increase 
in study number would not change our results. The subgroup 
analysis by sex was underpowered with only 14 studies.

Conclusion
Our systematic review and meta-analysis sought to assess the 
worldwide rate of M3 impaction and understand this prevalence 
across different morphologic and demographic subgroups. We 
demonstrated that the average worldwide rate of M3 impaction 
is 24.40% (95% CI: 18.97% to 30.80%; Fig. 2) but that effect 
sizes are highly heterogeneous and driven by biological vari-
ables. Subgroup analyses showed no differences in M3 impac-
tion rate between sexes and only slight differences in frequency 
among geographic regions. M3 impaction is much more likely 
in the mandible than the maxilla, and mesioangular impaction is 
the most frequently seen orientation. Understanding the distri-
bution of M3 impaction frequencies is an important first step 
for understanding the ultimate causes of impaction and for cli-
nicians making decisions on treatment protocols.
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