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ABSTRACT 
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Introduction: Mandibular second premolars are frequently congenitally missing. 
Preservation of the alveolar ridge to facilitate future implant placement is critically 
important for favorable outcomes. Maintaining the retained primary tooth is desired unless 
the primary tooth becomes ankylosed during the growth period. This study examined three 
approaches to preserving alveolar bone height in growing patients when the retained 
primary tooth becomes ankylosed: decoronation, extraction, or retention of the tooth. We 
hypothesized that decoronation would show the greatest preservation of bone height, 
while retention would show the least. Methods: This retrospective cohort study used de-
identified serial radiographs collected from practitioners in the greater Seattle-Tacoma 
area. Ankylosed primary mandibular second molars with congenitally missing mandibular 
second premolars were separated into three groups based on management method: 
decoronation, extraction, or retention. Alveolar bone height was measured at two time 
points and the change over time was calculated. Results: The mean age of each sample in 
years at T0 was 13.1, 13.6, and 12.6 for decoronation, extraction, and retention, 
respectively. The mean follow-up time in months for each sample was 22.9, 29.1, and 23.9 
for decoronation, extraction, and retention, respectively. Decoronation of ankylosed 
mandibular primary second molars showed the most favorable change in alveolar bone 
height over time, with the bone height in the region either increasing or remaining stable. 
Retention showed the least favorable eNect, with alveolar bone height decreasing as the 



 
 

patient matured. Extraction displayed an intermediate response. Conclusions: The 
alveolar ridge responds more positively during growth after decoronation in patients with 
ankylosed primary second molars. Growth may influence the extent of change observed in 
each group.   
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INTRODUCTION 
Background: 

Mandibular second premolars are the second most commonly congenitally missing 
teeth1,2. Agenesis of the mandibular second premolars presents in approximately 2.4-4.3% 
of the population 3. When this occurs, mandibular primary second molars may be retained 
well into adulthood if not lost to caries or dental infection4. Retained primary teeth may 
require eventual permanent prosthetic restoration4. Ideal replacement for a congenitally 
missing mandibular premolar is often a single-tooth implant5. 

Successful implant placement and long-term survival hinges upon a robust alveolar ridge. 
Retained primary teeth have an ankylosis risk – the cementum fusing to the surrounding 
alveolar bone. The bone adjacent to the ankylosed tooth does not grow in height or width 
along with the surrounding alveolar bone, creating a bony defect. This leads to 
infraocclusion or “submergence” of the ankylosed tooth6. Hvaring et al. found that clinically 
significant infraocclusion could be observed in 43.6% of patients with retained primary 
molars1. 

In mild cases, infraocclusion may not significantly impact the mandibular alveolar ridge or 
implant placement, particularly if ankylosis occurs after growth is complete. However, if 
ankylosis happens during growth, significant infraocclusion is likely to develop as eruption 
of the dentition cannot compensate for patient growth7. In these cases, ridge augmentation 
may be necessary prior to implant placement to build the alveolar ridge up to the height 
and width of the adjacent dental alveolus. 

Vertical ridge augmentation has poor predictability8. Thus, if bone height is lost, it cannot 
be predictably regained later. Accordingly, when a retained primary second molar begins to 
ankylose and infraocclude, it is important to choose the method of management that will 
best preserve the alveolar bone height for a possible future implant. 

According to Kokich and Kokich, there are two commonly used methods of management of 
a retained mandibular primary second molar5. The first is to retain the primary tooth until 
the time of implant placement. If the primary tooth does not undergo ankylosis, this is the 
best method to maintain the alveolar ridge height in a growing patient. However, if the 
primary tooth begins to ankylose and develops infraocclusion, decisions must be made to 
prevent a severe vertical bone defect from developing. The recommendation in this case is 
extraction of the submerged primary tooth5. While this does eliminate the issue of 
ankylosis, the patient may be left with a vertical bone defect. It is reported 22% of the 
alveolar height and up to 63% of the alveolar width will be lost in the first six months after 
extraction9. Therefore, neither fully preserves the alveolar bone height.  



 
 

A third approach is decoronation, which is advocated to oNer the greatest potential for 
preserving alveolar bone height10. Decoronation is a procedure in which the primary tooth 
crown is removed, leaving the ankylosed root within the alveolar ridge to be resorbed11. 
When ankylosis occurs in growing individuals, the ankylosed root may begin to gradually 
become resorbed and replaced by bone. This technique is intended to preserve normal 
alveolar bone growth. Malmgren et al. concludes that this procedure is best done at the 
first sign of infraocclusion, prior to or during the growth spurt6. Since submergence tends to 
be progressive during growth, the earlier decoronation is performed, the better the result 
will be7.  

Cohenca et al. states that decoronation can help maintain existing bone volume and 
enable vertical bone growth coronally to the decoronated root7. The pooling of blood and 
growth of bone is theorized to promote additional replacement resorption from the internal 
aspect while external replacement resorption continues with no interruption. 
Decoronation allows periosteum to grow over the resorbing root10. As the adjacent teeth 
erupt, there is normal tension on the dent-alveolar fibers attached to the crestal 
periosteum which, in turn, facilitates vertical bone growth10. Thus, maintaining the 
resorbing root as a matrix for new bone development can lead to increased alveolar bone 
height12.  

Decoronation is routinely employed to prevent ankylosis and ridge resorption after trauma 
to permanent incisors 6,7,10,12. While there is substantial research on anterior ridge 
preservation following decoronation of traumatized incisors, there are no studies 
investigating its eNects on posterior mandibular alveolar ridge height preservation in 
submerged primary teeth when a permanent successor is absent.  

Specific objectives and hypothesis: 

This study aimed to determine the most eNective management strategies for preserving 
posterior alveolar bone height in growing patients with an ankylosed mandibular primary 
second molar and missing mandibular second premolar. The three strategies compared 
were decoronation, extraction, and retention. We anticipated that decoronation will show 
the greatest preservation of alveolar bone height at follow-up, and retention will show the 
least.  



 
 

METHODS 
Study Design:  

This was a retrospective cohort study evaluating management methods of ankylosed and 
submerged mandibular primary second molars in adolescent patients. Subjects were split 
into three treatment groups based on management strategy: decoronation, extraction, or 
retention. Changes in alveolar bone height over time was the outcome of interest.  The 
study was reviewed and approved by the University of Washington Institutional Review 
Board on August 4, 2023. 

Setting, Participants, and Eligibility Criteria:  

Practitioners were approached and asked for de-identified records of all patients with 
retained ankylosed mandibular primary second molars.  

Inclusion and exclusion criteria for subjects were as follows:  

Inclusion Criteria:  
• Under 18 years old at initial records 
• Congenitally missing at least one mandibular second premolar (#20 and/or 

#29) 
• Possessing at least one retained and ankylosed mandibular primary second 

molar (#K and/or #T) 
• Primary second molar managed with decoronation, extraction, or retention 
• Serial radiographs (panoramic images, periapical images, or CBCTs) of the 

site must be available 
Exclusion Criteria:  

• Conditions or syndromes that may impact dental development 
• Conditions or syndromes that may impact quality of the bone 
• Periodontal disease diagnosis 
• Primary mandibular second molars extracted due to caries or disease 

Patients were divided into three groups based on management strategy: decoronation, 
extraction, or retention. Each tooth was counted as a separate “subject” or unit of analysis. 
If a patient had two teeth that met the criteria, each was considered individually with the 
rationale that environmental factors in the mouth have a greater influence than genetic 
factors13. 

 

 



 
 

Research Procedures: 

Radiographs (panoramic images, periapical images, orthodontic CBCTs, and lateral 
cephalometric images) were de-identified and collected from participating practitioners. 
Radiographs were required to include the distal aspect of the first mandibular premolar 
(#21 or #28) and the mesial aspect of the first mandibular molar (#19 or #30) to ensure 
accurate measurement of alveolar bone at each time point. Radiographs were grouped into 
two distinct timepoints: 

• T0 = Initial 
o Decoronation or extraction 

§ Radiographs must be taken within one year of the procedure date 
o Retention 

§ Radiographs must confirm submergence of the ankylosed mandibular 
primary second molar (defined as infraocclusion ≥1 mm) 

• T1 = Follow-Up 
o All groups 

§ Radiographs must be taken at least 12 months from initial timepoint 
and no more than 60 months from initial timepoint 

Demographics (gender and age) and applicable procedure dates were recorded as well. 

Measurement Technique: 

Changes in the alveolar ridge at the location of the ankylosed primary molar were 
evaluated at the above timepoints. The primary outcome assessed was change in alveolar 
bone height (demonstrated Figure 1). The secondary outcome assessed was change in 
vertical bone defect (demonstrated in Figure 2).  

 
Figure 1: Evaluation of change in alveolar bone height over time 

x mm 



 
 

To evaluate the change in alveolar bone height over time, a horizontal line was drawn from 
CEJ of the adjacent tooth to CEJ of the adjacent tooth. A vertical line was drawn from the 
center of the first line straight down to the crestal bone and measured in millimeters. The 
diNerence between the two vertical measurements was calculated. A decrease in this 
vertical measurement would indicate bone deposition or preserved alveolar bone height, 
while an increase in this vertical measurement would indicate vertical bone loss. 

 

Figure 2: Measurement to evaluate vertical bone defect 

The vertical bone defect was measured by assessing the angle formed at the intersection of 
two reference lines: one drawn vertically along the crown of the tooth, representing its long 
axis, and the other following the contour of the crestal bone. Measurements were taken on 
both the mesial and distal aspects of the tooth at both time points. The diNerence between 
the two time points was calculated to assess whether the vertical bone defect was 
worsening or improving. A decrease in the size of the angle over time would indicate an 
improvement of the vertical bone defect, while an increase in the size of the angle would 
indicate a worsening of the vertical bone defect. 

Calibration Technique:  

The majority of the images used for analysis were panoramic images. Panoramic images 
may show some degree of distortion14. To account for this, images at each timepoint were 
calibrated. This was achieved by measuring a landmark on the first image and using that 
measurement to set the scale for the second image. Since there is less variation found in 
vertical magnification values than horizontal, a vertical measurement was taken14. If a 
patient had two teeth included in the study, each side was calibrated separately, with 
independent measurements for each tooth. This was done to ensure accuracy in 
measurements and in changes measured over time.  

 

 

X° 
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Evaluation of Growth:  

To assess the correlation between growth and the findings, the cervical vertebral 
maturation (CVM) method was used as a surrogate indicator of growth15. De-identified 
lateral cephalometric images were collected for available cases.  Lateral cephalometric 
images were required to be taken within one year of the initial timepoint. CVM stages (1-6) 
were assessed and recorded for each patient when a lateral cephalometric image was 
available. 

Reliability:  

To assess the intra-examiner reliability of the measurement of bone height and distal and 
mesial angles, measurements were repeated for 10 teeth from 9 patients and the reliability 
and measurement error at T0, T1 and changed from T0 to T1 were summarized by the 
intraclass correlation coefficient (ICC) and the Dahlberg error, respectively16,17.  

Sample Size Calculation:  

The study was designed with a sample size of 25 subjects, providing 80% power to detect 
moderate or larger changes (eNect size of 0.5 or greater) in the quantitative outcome of 
alveolar ridge height. This was based on two-sided paired t-tests at a 0.05 significance 
level, comparing measurements between the time of the procedure and follow-up within 
each study group.  Each tooth was counted as a “subject” or separate unit of analysis. 

When comparing diNerences between the three study groups using a one-way ANOVA or 
two-sample t-test, the study had 80% power to detect only relatively large diNerences 
(eNect size of 0.75 or greater) at a 0.05 significance level. 

Power estimates were based on findings from Lin (2013)18. In that study, an effect size of 0.5 
corresponded to an approximate change of 0.6 mm, while an effect size of 0.75 
corresponded to an approximate difference of 1 mm between groups. 

Statistical Analysis:  

The change in bone height and the change in the vertical bony defect from T0 to T1 were 
compared between the three study groups (decoronation, extraction and retention) using 
the tooth as the unit of analysis.  Linear regression was used to test for diNerences between 
the study groups using generalized estimating equations (GEE) to account for the 
possibility of multiple teeth per patient.  If there were statistically significant group 
diNerences, pairwise testing was performed between groups (decoronation vs extraction, 
decoronation vs retention, and extraction vs retention) using GEE linear regression and 
Holm’s method to adjust for the multiple testing. GEE logistic regression was used to test 
for group diNerences by gender and GEE linear regression was used to test for group 



 
 

diNerences by age and time from T0 to T1.  All analysis were performed using R statistical 
software (Version 4.4.1) and a significance level of 0.05 used to determine statistical 
significance. 

  



 
 

RESULTS 
Sample 

Subject demographics and follow-up time are outlined in Table 1, with individual teeth used 
as the unit of analysis.  The decoronation group had adequate sample size for 80% power 
(30 teeth).  The extraction and retention groups were underpowered at 19 and 23 teeth, 
respectively. No significant diNerences were found between groups for gender or mean age 
at time of procedure (or at T0 for retention). No significant diNerences were detected 
between groups for follow-up time. Figure 3 displays a boxplot of values for the age at time 
of procedure or T0 for retention. 

 

Table 1: Subject Characteristics and Follow-up time 

Characteristic 
Decoronation			

N	=	30 
Extraction			
N	=	19 

Retention			
N	=	23 

p-value1 

Gender,	n	(%)    0.145 
Female 18	(60.0%) 12	(63.2%) 7	(30.4%)  

Male 12	(40.0%) 7	(36.8%) 16	(69.6%)  

Age	at	time	of	procedure	(y)     

Mean	(SD) 13.1	(1.3) 13.6	(2.3) Not  

Median	(IQR) 12.9	(12.7,	13.9) 13.4	(12.1,	16.0) applicable  

Min	to	Max 9.3,	15.5 6.9,	16.2   

Skewness -0.5 -1.1   

Missing 0 0   

Age	at	T0	(y)    0.435 
Mean	(SD) 12.9	(1.4) 13.5	(1.6) 12.6	(1.9)  

Median	(IQR) 12.7	(12.3,	14.0) 13.8	(12.4,	14.8) 13.4	(11.2,	14.1)  

Min	to	Max 9.0,	15.6 10.8,	15.7 9.0,	14.7  

Skewness -0.4 -0.3 -0.6  

Age	at	procedure	or	T0	(y)    0.422	
Mean	(SD) 13.1	(1.3) 13.6	(2.3) 12.6	(1.9)  

Median	(IQR) 12.9	(12.7,	13.9) 13.4	(12.1,	16.0) 13.4	(11.2,	14.1)  

Min	to	Max 9.3,	15.5 6.9,	16.2 9.0,	14.7  

Skewness	
Time	from	T0-T1	(mo)	

Mean	(SD)	
Median	(IQR)	
Min	to	Max	
Skewness	

-0.5	
	

22.9	(7.9)	
20.1	(18.6,	27.1)	

12.9,	50.5	
1.5	

-1.1	
	

29.1	(16.9)	
29.0	(11.6,	47.7)	

6.2,	58.5	
0.3 

-0.6	
	

23.9	(12.5)	
19.4	(15.1,	25.5)	

12.6,	58.8	
1.4 

	
0.508 



 
 

 
1P-value, GEE logistic regression test for any group di8erence in gender and GEE linear regression test 
for any group di8erence in age or in time from T0 to T1. The null hypothesis is group percentages or 
means are all equal. 
 
 

 
Figure 3: Age at time of procedure for decoronation and extraction and age at T0 for retention 

 

Reliability 

Reliability data is listed in the appendix in Tables 1A, 2A, and 3A. Intra-examiner reliability 
results were high for bone height measurements and mesial and distal angle 
measurements. The reliability of the bone height measurements was excellent (ICC ≥ 0.99) 
and Dahlberg’s error was 0.1 mm for T0, T1 and the change from T0 to T1. The reliability of 
the distal and mesial angles was also very good (ICC ≥ 0.86) and Dahlberg’s error ranged 
from 1.8 to 4.7 degrees. 

Alveolar Bone Height 

Change in alveolar bone height was calculated by subtracting T0 from T1. A negative value 
would imply that from T0 to T1, the distance from the determined horizontal line to the 
crestal bone had decreased. This would indicate bone deposition rather than resorption or 
no progress in infraocclusion. Thus, a negative value for bone height change would be a 
favorable result. A positive value for bone height change would imply that the distance to 
the crestal bone had increased and would be an unfavorable result. The full summary of 
bone height data is outlined in Table 2.  



 
 

Figure 4 displays a boxplot of values for the bone height change over time in each group. 
Boxplots displaying bone height data in all three groups at T0 and T1 are listed in the 
appendix (Figures 1A and 2A). 

Decoronation showed the most favorable result for change in bone height change over time 
between the three groups, with bone height either improving or staying the same over time. 
The mean bone height change (T1-T0) for decoronation in mm was -1.2. The extraction 
group showed minimal change but did not significantly worsen, and had a reported mean 
change of 0.2 mm. Retention displayed the least favorable change in bone height and 
either worsened or stayed the same over time, with a mean change of 0.7 mm.  

The diNerence between all three groups for change in bone height was significant (p-value 
<0.001). The value for bone height at T0 does appear to be a little larger for the 
decoronation group than the extraction and retention group. This would suggest that the 
degree of submergence was slightly increased in the decoronation group compared with 
the other two. There were no significant diNerences between the groups at T1.  

 

Table 2: Bone height 

Characteristic Decoronation			
N	=	30 

Extraction			
N	=	19 

Retention			
N	=	23 

p-value1 

Bone	height	(mm),	T0    0.034 
Mean	(SD) 3.6	(1.3) 2.6	(1.1) 2.6	(1.6)  

Min	to	Max 1.5,	6.9 0.8,	4.9 0.6,	6.1  

Bone	height	(mm),	T1    0.121 
Mean	(SD) 2.4	(0.7) 2.7	(1.3) 3.3	(1.6)  

Min	to	Max 1.2,	3.7 0.8,	5.7 1.1,	7.1  

Bone	height	change	(mm),	T1	-	T0    <0.001 
Mean	(SD) -1.2	(1.1)A 0.2	(0.9)B 0.7	(0.6)C  

Min	to	Max -3.2,	0.9 -1.0,	2.8 -0.1,	2.8  

     
1P-value, GEE linear regression test for any group di8erence.  The null hypothesis is group means are all 
equal. Mean (SD) with di8erence superscript capital letters are significantly di8erent at a 0.05 
significance level after adjusting for multiple testing (Holm’s adjusted p-value < 0.05). 
 



 
 

 
Figure 4: Bone height change, T1-T0 

 

Vertical Bone Defect 

Mesial and distal angles were measured to evaluate the vertical bone defect. A larger or 
more obtuse angle would suggest a greater vertical bone defect. Change in mesial and 
distal angles were calculated by subtracting T0 from T1. A negative value would mean that 
from T0 to T1, the angle had reduced which would indicate improvement of the vertical 
bone defect. Conversely, a positive value would indicate a worsening of the vertical bone 
defect. A summary of the data for mesial and distal angle measurements is outlined in 
Table 3.  

Box plots displaying change in mesial and distal angles are shown in Figure 5 and Figure 6. 
Figures 3A, 4A, 5A, and 6A are listed in the appendix and display box plots of mesial and 
distal angles at T0 and T1. Several mesial angle values were not reported due to an 
unerupted or missing first premolar. 

For both mesial and distal angle measurements, decoronation showed the greatest 
improvement of the vertical bone defect. Decoronation showed the most favorable change 
in mesial and distal angles in degrees (-9.3, -11.4). Extraction showed a slight improvement 
on average, but was less favorable than decoronation (-1.1, -4.7). Retention showed the 
least favorable result for change in both angles (10.5, 8.4), indicating that the vertical bone 
defect had worsened over time.  

For the change in mesial angles from T0 to T1, there was a significant diNerence between 
decoronation and retention (p-value <0.05). For the change in distal angles from T0 to T1, 



 
 

there was a significant diNerence between decoronation and retention and retention and 
extraction (p-value <0.05). 

For mesial angle values at T0, there was a significant diNerence between decoronation and 
retention (p-value<0.05). This would suggest that the vertical bone defect may have been 
slightly worse in the decoronation group at the initial timepoint than in the retention. There 
were no significant diNerences between the three groups at T1. For distal angle values, 
there were no significant diNerences between the three groups at T0 or T1.  

 

Table 3: Mesial and distal angles 

Characteristic 
Decoronation			

N	=	30 
Extraction			
N	=	19 

Retention			
N	=	23 

p-value1 

Mesial	angle	(deg),	T0    0.011 
Mean	(SD) 109.4	(17.5)A 103.8	(14.3)A,B 95.0	(10.5)B  

Min	to	Max 70.6,	140.9 83.1,	127.9 70.4,	111.0  

Missing 10 6 5  

Mesial	angle	(deg),	T1    0.361 
Mean	(SD) 100.1	(14.5) 102.7	(15.9) 105.5	(10.0)  

Min	to	Max 70.0,	124.4 82.2,	134.7 90.3,	121.0  

Missing 10 6 5  

Mesial	angle	change	(deg),	T1	-	T0    <0.001 
Mean	(SD) -9.3	(15.6)A -1.1	(17.1)A,B 10.5	(10.7)B  

Min	to	Max -49.4,	16.8 -28.2,	41.8 -5.0,	33.6  

Missing	
Distal	angle	(deg),	T0	

Mean	(SD)	
Min	to	Max	
Missing	

Distal	angle	(deg),	T1	
Mean	(SD)	
Min	to	Max	
Missing	

Distal	angle	change	(deg),	T1-T0	
Mean	(SD)	
Min	to	Max	
Missing	

10	
	

99.3	(14.9)	
69.8,	129.8	

0	
	

87.8	(15.8)	
53.0,	121.8	

0	
	

-11.4	(18.9)A	
-46.1,	31.0	

0	

6	
	

93.3	(20.9)	
57.8,	129.8	

0	
	

88.6	(18.0)	
48.4,	116.0	

0	
	

-4.7	(18.8)A	
-59.2,	27.8	

0 

5	
	

87.9	(21.6)	
58.0,	152.5	

1	
	

98.1	(19.5)	
63.4,	137.8	

1	
	

8.4	(12.7)B	
-14.7,	29.2	

1	

	
0.189	
	
	
	

0.156	
	
	
	

<0.001 

 
1P-value, GEE linear regression test for any group di8erence.  The null hypothesis is group means are all 
equal. Mean (SD) with di8erence superscript capital letters are significantly di8erent at a 0.05 
significance level after adjusting for multiple testing (Holm’s adjusted p-value < 0.05). 



 
 

 

 
Figure 5: Mesial angle change, T1-T0 

 

 
Figure 6: Distal angle change, T1-T0 

 

Analysis by CVM 

The cervical vertebral maturation index was used a surrogate growth measure or indicator. 
CVM stage by group is outlined in Table 4A (listed in the appendix). Figure 7A, also listed in 
the appendix, displays bone height change by CVM stage. No significant diNerences were 
found for CVM stages between groups. CVM data was taken from lateral cephalometric 



 
 

images available within one year of the initial timepoint. These records were unavailable for 
many patients.  

A notable confounder in this study was the higher proportion of growing patients in the 
decoronation group, likely reflecting the existing preference for performing decoronation in 
younger patients. To account for this, a subgroup analysis was conducted, restricting 
skeletal age to cervical vertebral maturation (CVM) stage 4. This analysis is summarized in 
Table 5A (listed in the appendix). After controlling for growth, diNerences between 
management strategies were no longer significant. However, trends remained the same, 
with decoronation being the most favorable and retention remaining the least.  

Analysis by Age, Gender, and Time 

Bone height change versus age is displayed for all three groups in the appendix in Figure 
8A. For the retention group the increase in bone height from T0 to T1 decreased with age. 
For the decoronation group, the decrease (in general) in bone height from T0 to T1 
increases with age. There is no association between the change in bone height and age. 

Bone height versus age by gender is displayed in the appendix in Figure 9A. Table 6A 
(appendix) reports correlations between change in bone height and age separated by 
gender. In general, there is a negative correlation between bone height change and age. 
This indicates that as age increases, less change is seen. This correlation was fairly weak in 
general, but stronger for the extraction and retention groups, and for females.  

Figure 10A is listed in the appendix and displays bone height change versus follow-up time 
in all three groups. No association was found between follow-up time and bone height 
change. 

A sensitivity analysis adjusting for gender, age, and time is summarized in Table 4. Adjusted 
and unadjusted results were similar. Only age was significantly related to bone height.  
Bone height was positively associated with age at T0.  A 1-year increase in age was 
associated with a 0.2 mm greater bone height. Additionally, age was related to the change 
in bone height. A 1-year increase in age was associated with a 0.1 mm smaller change in 
bone height. 

 

 

 

 



 
 

Table 4: Sensitivity analysis adjusting for gender, age, and time 

  Unadjusted Adjusted 
Bone height at T0    
   Extraction vs decoronation -1.0 -1.0* 
    Retention vs decoronation -1.0 -0.8 
      
   Test for group differences 0.034 0.038 
    
Bone height at T0    
   Extraction vs decoronation 0.3 0.3 
    Retention vs decoronation 0.9 1.0 
      
   Test for group differences 0.121 0.096 
    
Bone height change, 
T1-T0 

   

   Extraction vs decoronation 1.3* 1.4* 
   Retention vs decoronation 1.9* 1.8* 
    
   Test for group differences <.001 <.001 

 

 

  



 
 

DISCUSSION 
This study evaluated the eNects of three management strategies for ankylosed primary 
molars on bone height and vertical bone defect improvement. Among the three 
approaches, decoronation demonstrated the most favorable outcomes for both bone 
height and vertical bone defect. Bone height increased on average and vertical bone defect 
improved on average. Bone height for extraction remained largely unchanged, and vertical 
bone defect improved only marginally. Retention demonstrated a worsening of both 
outcomes on average. This would suggest that decoronation may oNer the most 
improvement in bone height and vertical bone defect of the three strategies. Regardless, 
retention of the ankylosed primary will oNer the worst outcome in growing patients: a 
worsening of both the infraocclusion and the vertical bone defect. These findings align with 
the proposed benefits of decoronation in maintaining alveolar bone volume. 

From a clinical perspective, the key consideration is the long-term outcome—specifically, 
which site provides the most robust alveolar ridge for implant placement. According to this 
study, in a growing patient, decoronation results in a few millimeters of additional bone 
height and an approximately 20-degree improvement in vertical bone defect compared to 
retention. Extraction does oNer some correction of the vertical bone defect, but extraction 
cases do not show an increase in the bone height. From these findings, decoronation 
seems to be the best strategy to manage an ankylosed mandibular primary second molar 
with a missing permanent successor. However, this study was limited to evaluating only the 
vertical dimension.   

A crucial factor in determining the optimal management strategy is how each treatment 
aNects buccal-lingual width, since this is also aNected by ankylosis. While extraction does 
oNer some correction of the vertical bone defect, other have described a 63% loss of the 
buccal-lingual width in the first six months following extraction9. Buccal-lingual width is 
best assessed with 3-dimensional imaging such as CBCT. Unfortunately, repeat CBCTs are 
rarely indicated on growing patients. The lack of available records meant we were unable to 
assess buccal-lingual dimensions for this study.  Further studies evaluating both the 
horizontal and vertical dimensions are needed to better determine the ideal management 
strategy.  

Growth may be an important consideration for the outcome of each management strategy. 
Chonological age it is not a reliable indicator of when the pubertal growth spurt will occur. 
The CVM Index was used in this study as a surrogate measure for skeletal age to predict 
growth from available cephalograms. The CVM Index has been well-described to predict 
the timing of peak pubertal growth in orthodontic treatment, although the accuracy of this 
method is limited 15, 19. Additionally, vertebral assessment does not allow diNerentiation 



 
 

between patient’s growth increment or direction the way a superimposition of two lateral 
cephalometric images would – it simply indicates whether or not growth is occurring. 
Superimposition of serial lateral cephalometric images taken during the observation period 
would better evaluate the amount and direction of growth, but these were not available for 
most subjects evaluated.  

The diminished diNerence in results between the three groups when restricted to a CVM 
stage of 4 (later in the growth stage) suggest that growth does play a role in the observed 
outcomes. If minimal growth remains, the diNerences between the three management 
methods are minimized. However, if an ankylosed primary second molar is retained 
through a significant portion of growth, the infraocclusion and vertical bone defect will 
likely worsen considerably. Conversely, a patient who undergoes decoronation before the 
growth spurt will experience the greatest benefits in terms of increased bone height and 
improvement in vertical bone defect. Extraction subjects with more growth left 
demonstrated less adverse changes to the remaining alveolar height, though not as 
favorable as those having decoronation. Timing is an important consideration in 
management of mandibular primary second molar infraocclusion. According to our 
findings, the best strategy to achieve a robust ridge for future implant placement from a 
vertical standpoint is to perform decoronation prior to the pubertal growth spurt. The 
second best option would be extraction. The optimal time to decoronate or extract the 
ankylosed primary tooth to obtain the most ideal outcome for future implant placement is 
at the first sign of infraocclusion, before the beginning of the growth spurt. Timing is likely to 
be a crucial factor in treating these patients eNectively, and referrals to the appropriate 
provider should be sent accordingly. 

The treating clinician faces a diNicult decision: decoronate or extract the ankylosed primary 
tooth as early on as possible to potentially develop the best implant site, or retain the 
ankylosed primary tooth and hope that the patient does not have a significant amount of 
vertical facial growth in their future. Taking the amount of growth remaining into account 
may be helpful in making this decision. A more significant amount of growth (particularly 
vertical), would likely mean more submergence a worsening of the vertical bone defect if 
the primary tooth is retained. By this logic, taking action and decoronating or extracting 
would likely be the best option to develop the best implant site if the patient is showing 
infraocclusion prior to the pubertal growth spurt.  

This study has several limitations. The small sample size reduces the statistical power of 
the findings. Additionally, the retrospective design introduces potential biases, including 
inconsistent record calibration, lack of group standardization, and selection bias. There is a 
need for future prospective, standardized studies with larger sample sizes to further 



 
 

validate these findings. Future studies should assess both the vertical and the horizontal 
(buccal-lingual) dimension. Additionally, lateral cephalometric images before and after 
with superimpositions would be best to evaluate the extent and direction of growth in these 
studies.   



 
 

CONCLUSIONS 
Decoronation is a promising approach for the management of ankylosed primary 
mandibular molars, particularly in growing patients. The following conclusions can be 
drawn from this study:  

1. Decoronation may oNer the most favorable outcome in bone height increase or 
preservation in growing patients.  

2. Decoronation may also oNer the most favorable outcome for vertical bone defects 
associated with ankylosis. Extraction may not be as eNective at preserving bone 
height but may oNer minor correction of vertical bone defects by arresting further 
loss. 

3. An ankylosed primary second molar retained during growth will likely show a 
worsening of the alveolar bone height and the progression of the vertical bone 
defect. Providers must keep careful watch on the growth status of patients with 
ankylosed primary teeth. 

4. If no additional growth is anticipated, and submergence is minimal, no action is 
needed and the tooth may be maintained until adulthood. 

5. The decision of decoronation or extraction of the ankylosed primary tooth should be 
made at the first sign of infraocclusion, before the beginning of the pubertal growth 
spurt.  



 
 

APPENDIX 
 
Table 1A: Intra-examiner reliability for bone height 

Measure 
1st Mean 

(SD) 
2nd Mean 

(SD) Diff. (SD) [95% CI)] ICC  D. Error (Min, Max) 
T0 3.4 (1.5) 3.5 (1.4) -0.1 (0.1) [-0.2, 0.0] 0.99   0.1 (0.0, 0.2) 
T1 2.8 (0.8) 2.8 (0.8) 0.0 (0.2) [-0.1, 0.1] 0.98  0.1 (0.1, 0.2) 
T1-T0  -0.5 (1.2) -0.6 (1.1) 0.1 (0.2) [-0.1, 0.2] 0.98  0.1 (0.0, 0.4) 
      

 

 

Table 2A: Intra-examiner reliability for distal angle 

Meas
ure 

1st Mean 
(SD) 

2nd Mean 
(SD) Diff. (SD) [95% CI)] ICC D. Error (Min, Max) 

T0 93.7 (15.2) 90.4 (13.0) 3.3 (6.1) [-1.0, 7.7] 0.89  4.7 (0.0, 12.5) 
T1 89.1 (14.0) 88.3 (15.3) 0.8 (5.4) [-3.1, 4.7] 0.94  3.7 (0.2, 13.1) 
T1-T0 -4.6 (12.8) -2.0 (15.1) -2.6 (6.1) [-6.9, 1.8] 0.90  4.5 (0.8, 10.9) 

 

 

Table 3A: Intra-examiner reliability for bone mesial angle 

Meas
ure 

1st Mean 
(SD) 

2nd Mean 
(SD) Diff. (SD) [95% CI)] ICC D. Error (Min, Max) 

T0 95.4 (6.2) 94.9 (5.5) 0.5 (3.4) [-3.1, 4.1] 0.86  2.2 (0.2, 5.0) 
T1 103.8 (16.8) 101.7 (15.9) 2.1 (2.6) [-0.7, 4.8] 0.98  2.2 (0.7, 4.8) 
T1-T0 8.4 (17.3) 6.9 (18.0) 1.6 (2.2) [-0.7, 3.9] 0.99  1.8 (0.2, 4.6) 



 
 

 

 
Figure 1A: Bone height at T0 

 

 
Figure 2A: Bone height at T1 



 
 

 
Figure 3A: Mesial angle at T0 

 

 

 

 
Figure 4A: Mesial angle at T1 



 
 

 
Figure 5A: Distal angle at T0 

 

 

 

 

 
Figure 6A: Distal angle at T1 



 
 

 

 

Table 4A: CVM by group 

Characteristic 
Decoronation			

N	=	301 
Extraction			
N	=	191 

Retention			
N	=	231 

CVM    

2 								1	(6.7%) 0	(0.0%) 1	(10.0%) 
3 5	(33.3%) 0	(0.0%) 2	(20.0%) 
4 7	(46.7%) 6	(66.7%) 7	(70.0%) 
5 2	(13.3%) 3	(33.3%) 0	(0.0%) 
Missing 15 10 13 

1n	(%) 
 

 

 

 

 
Figure 7A: Bone height change, T1-T0, by CVM 

 

 

 

 



 
 

 

 

 

 

 

 

 

Table 5A: Full summary, restricted to teeth with CVM of 4 

Characteristic Decoronation			
N	=	7 

Extraction			
N	=	6 

Retention			
N	=	7 

p-value1 

Bone	height	(mm),	T0    0.886 
Mean	(SD) 3.0	(1.3) 3.1	(1.0) 3.5	(2.0)  

Min	to	Max 1.5,	4.9 1.5,	4.4 0.7,	5.7  

Bone	height	(mm),	T1    0.018 
Mean	(SD) 2.4	(0.8)A 3.8	(1.3)A,B 4.1	(2.1)A  

Min	to	Max 1.5,	3.7 2.4,	5.7 1.8,	7.1  

Bone	height	change	(mm),	T1	-	T0    0.087 
Mean	(SD) -0.7	(1.2) 0.7	(1.3) 0.6	(0.5)  

Min	to	Max -2.7,	0.9 -0.5,	2.8 -0.1,	1.4  

Adjusted	bone	height	change	(mm),	T1	-	
T0 

   0.088 

Mean	(SD) -0.7	(1.2) 0.7	(1.3) 0.6	(0.5)  

Min	to	Max -2.7,	0.9 -0.5,	2.8 -0.1,	1.3  

 



 
 

 

 

 

 

 

 

 

 

 
Figure 8A: Bone height change (T1-T0) versus Age (age at time of procedure for decoronation and extraction, age at T0 for 
retention). Blue curve is the average bone height change by age. Ignore blue curve ignored or oldest and youngest 
patients. The gray shading is a 95% confidence band for the blue curve.  

 

 

 

 

 

 

 



 
 

 

 

 

 

 
Figure 9A: Bone height change (T1-T0) versus Age by Gender 

 

 

 

 



 
 

 

 

Table 6A: Correlation between change in bone height and age 

Group All subjects Males Females 
  All -0.22 -0.41 0.05 
  Decoronation -0.08 -0.35 0.32 
  Extraction -0.42 -0.60 -0.61 
  Retention -0.54 -0.55 -0.20 

 

 

 

 

 

Figure 10A: Bone height change (T1-T0) versus Time from T0-T1 

 

 

Table 2: Association between bone height change and time from T0 to T1 

Group All subjects 
  All -0.07 
  Decoronation 0.07 
  Extraction -0.29 
  Retention 0.06 
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