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Objective: To determine the cumulative incidence and predictors of third molar (3M, “wisdom teeth”) extractions in the United States.

Methods: We retrospectively analyzed a US private dental insurance claims database to create a Kaplan-Meier curve for the cumulative incidence of 3M extractions and used Cox proportional hazards to assess associations between sex, geographic region, and extractions.

Results: Between 2007 and 2016, by age 25, ~80% of patients underwent ≥1 tooth extraction and an estimated 50% of patients underwent ≥1 3M extraction. Factors associated with 3M extractions included female sex (adjusted hazard ratio [aHR] 1.08, 95% CI 1.07–1.08) and residence in the West (aHR 1.82, 95% CI 1.81–1.85) or South (aHR 1.5, 95% CI 1.49–1.51) geographic regions as compared to the Northeast.

Conclusion: 3M extractions are likely the most common surgery performed in US adolescents and young adults. Significant geographic variation suggests that elucidation of the indications for this common procedure is a public health priority.
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INTRODUCTION

Third molar (3M, “wisdom teeth”) extractions are common in the United States (US). However, the benefit of this procedure for asymptomatic molars remains controversial (1, 2). Although a limited number of investigations have described the frequency of 3M extractions in the US, these studies have largely been focused on narrow geographic regions and only cover up to the year 2011 (3, 4). As our understanding of the risks and benefits of this procedure continues to evolve, updated frequency estimates are needed to better delineate the overall impact on the population. Similarly, better understanding of patterns of utilization could help to inform future quality improvement initiatives and/or clinical trials. Using a national dental insurance claims database, we estimated the cumulative incidence of third molar extractions in the United States and describe procedural variation by sex and geographic region.



METHODS


Design and Data Source

We used a retrospective cohort design to analyze the cumulative incidence of 3M extractions by age 60 years among US patients in the IBM MarketScan® Dental Database. This database provides insurance claims information for a large sample of privately insured patients and can be linked to the IBM MarketScan® Commercial Database. All information is de-identified.



Study Population and Variables

We included all patients under 60 years of age enrolled at any time between January 1, 2007, and December 31, 2016. We began by identifying tooth extractions using Current Dental Terminology (CDT) codes D7140 (“extraction, erupted tooth or exposed root”), D7220 (“removal of impacted tooth—soft tissue”), D7230 (“removal of impacted tooth—partially bony”), D7240 (“removal of impacted tooth—completely bony”), D7241 (“removal of impacted tooth—completely bony, with unusual surgical complications”), D7250 (“removal of residual roots”), and D7251 (“Coronectomy—intentional partial tooth removal”). 3Ms can be precisely identified when tooth numbers 1, 16, 17, and 32 are attached to the procedure codes. However, specification of the tooth number was inconsistent in the dataset. Therefore, we opted to present the cumulative incidence curves using several approaches: (1) any extraction, defined as having at least one tooth extraction, regardless of tooth number; (2) documented 3M extractions, defined as having at least one extraction specifically numbered as a 3M; and (3) an aggregate of known 3M extractions plus imputed missing data on tooth number (see statistical section below).

We examined associations of the procedure with sex and geographic region. Although other demographic variables such as ethnicity and socioeconomic status might influence the frequency of the procedure, in order to preserve privacy and de-identification, the Marketscan database does not contain this information.



Statistical Analysis

We present cumulative extraction incidence using Kaplan-Meier curves and use Cox proportional hazards to examine the influence of sex and geographic region. For the cumulative incidence plot, we used data from the dental enrollment dataset and dental claims dataset. Because of the high number of missing tooth numbers, we imputed whether the extractions corresponded to 3M's using Classification and Regression Tree (CART) from the Multivariate Imputation by Chain Equation (MICE) package in R (R Core Team 2020) (5). In this method, a number of bootstrap samples are drawn from the observed data with replacement. From each bootstrap sample, a CART model is fitted to impute the missing data (i.e., 3M extraction). As a result, MICE creates a number of imputed datasets, each one using a different CART model. In this analysis, we used MICE to create a total of ten imputed datasets. For each imputed dataset, we calculated a cumulative incidence curve. Afterward, we computed the mean cumulative incidence curve. Because of computational constraints posed by the size of the datasets, for the imputations we created a subset of 265,050 randomly selected claims, which corresponds to ~1% of the total number of claims. We used the dataset without imputations (i.e., only those observations with documented tooth number) to compute cumulative incidence curves for known 3M extractions and any tooth extraction, as previously defined.

To evaluate which variables are more influential in the CART models used to impute 3M extractions, we created another CART model, but this time using all the observations with documented tooth number. In that model, the variables used to predict 3M extractions are procedure code, age at service, age at coverage start, and number of teeth ever extracted.

Finally, Cox proportional hazards were calculated in STATA (version 14, College Station, TX) for documented (i.e., not imputed) 3M extractions using the full dataset. We conducted all the analyses in 2020.




RESULTS

Among 26,482,180 million subjects in the dental claims dataset at any point during the study period, there were 9,945,392 extractions in 3,530,405 subjects (13.3% of subjects who were enrolled at any point): 1,280,923 (12.9%) were specifically for 3M's, 1,801,264 (18.1%) were for extractions of a non-3M, and 6,863,205 (69%) were for extractions with a missing tooth number. Approximately 50% of patients are estimated to undergo at least one 3M extraction by age 25 (Figure 1). Factors associated with 3M extractions included female sex (adjusted hazard ratio [aHR] 1.08, 95% CI 1.07–1.08) and residence in the West (aHR 1.82, 95% CI 1.81–1.85) or South (aHR 1.5, 95% CI 1.49–1.51) compared with the Northeast (Table 1).
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FIGURE 1. Cumulative incidence plot of third molar extractions.



Table 1. Demographic variables significantly associated with third molar extractions in the US.
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DISCUSSION

Our findings demonstrate that tooth extractions are commonly performed in the US, occurring in ~80% of privately insured adults by the age of 25 years. From our Kaplan-Meier curve (Figure 1), we estimate that about half of adults undergo at least one 3M extraction by the age of 25 years and about 70% by age 60. Third molar extractions are performed slightly more commonly in females. We also observed substantial geographic variation, with the procedure performed more commonly in the West and South compared with the Northeast, a finding that has not previously been noted in published literature to our knowledge.

The literature on 3M extraction frequency is sparse and has been limited by reliance on surgeon surveys (1) and narrow geographic focus (3, 4). Our incidence estimates are similar to findings from a prospective study in the Pacific Northwest from 2009 to 10 which reported that prophylactic removal was recommended for 59% of 16–22 year-old patients (3). According to a study questionnaire, the most commonly cited justification for 3M removal by participating dentists was “to prevent future problems.” Approximately 39% of subjects ultimately underwent at least one extraction during the study period (6), a proportion that is close to the percentage of patients in that age group estimated to have undergone at least one extraction in our study.

A claims data investigation from the Michigan area revealed that 44% of 13–21 year-old patients underwent at least one 3M extraction, with 80.4% of those patients having all four 3Ms removed (4). There was striking variability in procedural frequency across practices, with under 10% of patients undergoing the procedure in 7% of practices and 60% or more of patients undergoing the procedure in ~15% of practices. While reasons for this variation are unclear, unwarranted regional variations in health care delivery have been proposed as a sign of overtreatment (7).

Controversy persists regarding the indications for prophylactic 3M removal. A recently updated Cochrane Review concluded that there is insufficient evidence to determine whether asymptomatic 3Ms should be removed or retained (2), and the American Public Health Association has published recommendations against routine removal (8). On the other hand, the American Association of Oral and Maxillofacial Surgeons statement advocates for surgical management of diseased 3Ms and 3Ms at “high risk of developing disease” (9).

We noted substantial geographic variation in procedural frequency, with 3M extractions occurring more commonly in the West or South compared to the Northeast. Coupled with the findings from Eklund et al. (4) surrounding variation between practices, this level of unwarranted variation may suggest that overtreatment is occurring (7). Our findings should be validated through future investigations and further explored to understand the roots of the geographic differences.

Third molar extractions can cause harm due to possible opioid exposure (10), and the procedure has associated surgical and anesthetic risks. Additionally, prophylactic antibiotics have side effects and can lead to antimicrobial resistance. Our data on the cumulative incidence of the procedure is a necessary first step as we strive to better understand the overall risk:benefit profile of this common procedure from a public health perspective.

The main limitation of this study is the high proportion of missing tooth numbers accompanying extraction claims, which led us to impute missing data. However, missing tooth numbers are unlikely to explain the geographic variation we observed. Moreover, the concordance of our findings with data from older, regional studies suggests that our estimates may be reasonably accurate. Additionally, other unmeasured demographic or clinical factors not included in our analysis may explain procedural variation.



CONCLUSION

Based on our estimates, 3M extractions are likely the most common surgery performed on US adolescents and young adults. Given the uncertain risk:benefit profile and the observed significant geographic variation, further elucidation of the indications for this common procedure is a public health priority.
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