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Abstract 

 

Title of Thesis: Prospective Clinical Investigation of Orthodontic Relapse from Gingival 

Clefts 

Chris Scott DDS, Master of Science, 2018 

Thesis Directed by: Dina Stappert DDS 

Background: Orthodontic space closure following premolar extraction may result in 

gingival cleft formation. This may contribute to orthodontic relapse due to reopening of 

extraction spaces. 

Aim: 1) To evaluate the effects gingival clefts have on relapse and opening of closed 

extraction spaces after orthodontic treatment. 2) To record any changes in cleft severity. 

3) To establish any relationship between gingival phenotype and cleft severity. 

 

Methods: Subjects recruited from previous study in which the occurrence and severity of 

gingival clefts were measured during space closure. The clinical measures included the 

occurrence and severity of clefts and their relationship to gingival phenotype. 

Results: Sites with a cleft (N=42) had 42.86% relapse and those without (N=19) had 

36.84% relapse. 

Conclusions: As cleft severity increases; the amount of relapse distance is likely to 

increase. Adult patients are at greater risk for relapse at extraction sites compared to 

adolescent patients. 
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INTRODUCTION 

 

Premolar extraction followed by space closure mechanics is common practice in 

orthodontics treatment (Dardengo, 2016). A consequence of moving teeth to close space 

is the formation of an invagination in the gingiva, which is also called a gingival cleft 

(Gorbunkova, 2016). These gingival clefts may delay or even prevent space closure, as 

well as contribute to relapse of closed extraction spaces after orthodontic treatment is 

completed (Edwards, 1971). 

A previous study undertaken in the Department of Orthodontics at the University 

of Maryland investigated the gingival cleft formation from premolar extractions and 

subsequent space closure, resulting in an overall incidence of 71.4% (Stappert, 2018). 

The premolar extraction sites were measured for soft tissue and bone parameters to 

determination a correlation between the gingival phenotype and cleft formation. They 

found that age is a risk factor for gingival cleft formation and severity and suggested that 

clinicians need to be cautious when predicting the long-term stability of orthodontic 

treatment involving premolar extractions. 

Thus, in our current follow-up study we have the unique benefit of having all the 

pre-existing data of the study subjects in regards to cleft formation and cleft volume. 

Taking those same subjects and measuring gingival cleft severity after orthodontic 

treatment is completed has given us the ability to compare gingival clefts over time and 

their effect on the periodontal tissue, or the effect periodontal tissue has on gingival 

clefts. Knowing the gingival phenotype present at the extraction site allows for 

comparison of changes based on these parameters. 
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The objectives of this study is to investigate gingival clefts and the effects they 

have on relapse and re-opening of extraction spaces after orthodontic treatment, to record 

any changes in cleft severity that may occur over time, and to evaluate any relationship 

between gingival phenotype and cleft severity. 

The outcome of this current study can help orthodontists make an informed 

decision on the type of retention they are going to prescribe and whether it may be more 

beneficial to excise the gingival cleft to avoid any associated relapse. We want to know 

if gingival invaginations can affect the stability and retention of treatment and if it does 

which group of patients are more affected. 
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LITERATURE REVIEW 
 

Gingival Clefts throughout History 

Atherton first noticed gingival clefts in 1970, soon after Edwards in 1971 noticed 

that a distally retracted tooth to close space is not actually moving through the gingiva but 

rather it displaces the gingival tissue on its course. Robertson in 1977 studied the 

incidence and distribution of gingival clefts and he describes it as “an interdental cleft as a 

linear invagination of interproximal tissue with definite mesial and distal peaks having a 

depth of at least 1 mm.” In 1983 Rivera Circuns mentions that these invaginations can 

vary from a “minor one surface crease in the attached gingiva to a deep cleft that extends 

across the interdental papilla from the buccal to the lingual alveolar surface”. 

Gingival clefts can cause orthodontic relapse of closed extraction spaces as 

mentioned by Edwards in 1971 and Parker in 1972. Edwards goes on to explain in a 

clinical review that gingival clefts were not evident and post-treatment relapse did not 

occur in extraction cases where space closure did not occur. Atherton (1970) and Erikson 

(1945) said tissue on the tension side is stretched while tissue on the pressure side is 

compressed during space closure of adjacent teeth to an extraction site. The pressure side 

is described as ingrowths of the gingiva whereby the stretched tension side assists with 

relapse. Edwards describes that the principal supportive fibers which connect teeth to 

osseous tissues return to a stable position after remodeling of the osseous tissue. 

However, the supracrestal fibers are not engaged to osseous tissue which eliminates 

distortions after orthodontic movement which may lead to their role in causing relapse of 

orthodontically treated teeth. Erikson and Parker further explain that transeptal fibers can 

be persistent, even after bony support is almost fully diminished.  Reitan’s study looked 

at relapse of orthodontically rotated teeth and found that it took 83 days for 
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rearrangement of fibers in the apical region, 147 days for the middle segment, and no 

physiologic rearrangement occurred after 232 days into retention in the marginal area. 

This may in part explain why after extractions teeth drift, but often not to the point of 

contact. 

 

Impact of Orthodontic Treatment on Periodontal Tissue 

Edwards (1971) found evidence of inflammation near a cleft, as well as a 

thickened epithelium with increased complex rete pegs when looking at 

photomicrographs of gingival clefts. Other findings by Robertson showed well- 

organized epithelial linings with a distinct parakeratinotic zone (Robertson, 1977). Soon 

after Ronnerman (1980) noted increased amounts of glucose aminoglycans (GAGs) 

among gingival invaginations in patients undergoing space closure. These GAGs 

potentially can increase the likelihood of orthodontic relapse. A study by Kurol in 1982 

investigated biopsies of gingiva which had undergone space closure. At 0-15 months 

after space closure the first biopsies were taken which showed deep proliferations of oral 

epithelium having increased inflammatory cells such as lymphocytes and plasma cells. 

Alkaline phosphatase and blood vessels were shown to have increased in quantity in the 

regions of hyperplastic epithelium. 

When looking at the periodontium, the most common occurring changes in 

orthodontic extraction cases are gingival recession, gingival overgrowth, and gingival 

invaginations (Gorbunkova et al., 2015), see Figure: 1. Due to the compression and 

retraction forces at sites of extraction the interdental papillae may enlarge and accumulate 

resulting in gingival invaginations (Kurol, 1982). Golz et al. found that due to the 

location of gingival clefts, they may render adequate plaque control complicated and 
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possibly contribute to gingival and periodontal disease occurrence (2012). Parker 

(1972) noticed that when teeth were not treated with surgical resection of the cleft, the 

tension side fibers were subject to considerable stress while the compression side fibers 

had a “coiled” appearance. He noted that transeptal fibers are probably the major cause 

of relapse because of their soft tissue attachments which offer no adjustment of distorted 

fibers. 

 

Figure: 1 Subject #42, Photographs of subject prior to extractions, post-extractions/post- 

orthodontic treatment, magnified photographs post-treatment 

 
 

Consequences of Gingival Clefts 

With proper oral hygiene, gingival clefts have not been shown to affect 

periodontal health (Wehrbein, 1993). However, according to Robertson in 1977, gingival 
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clefts diminish the ability to appropriately maintain good oral hygiene because of the 

innate pocket of tissue comprising a cleft. His study showed non-cleft sites having a 

significantly lower amount of plaque-induced gingival inflammation than cleft sites. It 

should be noted that Edwards observed a decrease in relapse in extraction areas where 

gingivitis resulted from poor oral hygiene.  He explained that this inflammation gives 

way to the actual destruction of the disoriented and “deformed” gingival fibers and newly 

created fibers are more compatible with the new tooth positions. 

Space closure can be affected by gingival clefts in terms of delayed closure and 

even prevention (Wehrbein, 1993). Decreased bone can occur in the areas of tooth 

extraction, and Wehrbein showed that in sites where there were gingival invaginations 

there was a further decrease in interdental bone. Reichert (2012) found there to be larger 

probing depths on the teeth mesial and distal borders of the extraction sites in patients 

with gingival invaginations compared to those without. That study consisted of 30 

patients with a total of 101 extraction sites which were measured after fixed appliances 

had been removed for at least 3 months. 

 

Prevention of Gingival Clefts 

In a study consisting of a limited sample size of 3 subjects, a split mouth design 

was used where socket preservation with a non-resorbable Gore-Tex membrane was 

rigidly fixed (Tiegengraber, 2002). On the experimental side where the membrane was 

used no gingival clefts were created. Another split mouth study, this time using a 

nanoparticulate-hydroxyapatite to fill an extraction socket was done by Reichert (2011). 

It was hypothesized here that by either maintaining or preserving the bony architecture 

gingival cleft formation would be less likely. The sample size consisted of only 3 
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subjects and after 6 weeks from the extractions did active space closure take place. There 

was found to be no gingival clefts or complications on the socket preservation side, while 

some gingival clefts were found on the control sides. Again Reichert (2013) performed a 

split mouth study with the same bone graft material this time using 10 patients with 28 

extractions. 13 gingival clefts were found on the experimental side while 14 were found 

on the control side. What did differ significantly was that the severity of the gingival 

clefts was much less on the experimental side than the control side. 

 

Cofactors in the Presence of Gingival Clefts 

The suggestion has been made that smoking impairs wound healing by 

suppressing the vascular system (Palmer, 2005). It has been shown in clinical studies that 

after extractions there is an increased bone atrophy in smokers. While the incidence of 

gingival clefts was relatively even (40% in smokers and 39% in non-smokers) there was a 

difference in severity of clefts (Van der Weijden et al, 2009). A significantly higher 

severity of gingival invagination was found in smokers with elevated levels of 

Aggregatibacter actinmycetemcomitans, Eikenella corrodents, Campylobacter rectus, 

Fusobacterium nucleatum, Prevotella intermedia, Treponema denticola, and Tannerella 

forsythia. Aside from smoking, the question has arisen whether genetic variations play a 

role in gingival invagination formation or at least affect their severity. According to a 

study by Golz et al. in 2012, patients with and without clefts were checked for 11 

periodontal pathogens. Differences were noted but discernable conclusions were not 

identifiable. Further clinical trials are needed to investigate the relationship between 

gingival clefts and genetics. 
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Treatment of Gingival Clefts 

Treatment of gingival clefts is not common practice; however, it can be done by 

excision (either laser/electrosurgery or traditional use of a scalpel). Studies of Edwards 

(1971) and Malkoc (2004) show that excision decreases the likelihood of extraction space 

reopening. Edwards removed excess gingival tissue between ten experimental extraction 

sites (ten patients each with two premolar extractions, one being a control and one being 

an experimental site for space closure) and noted that this eliminated reopening of the 

extraction site in all cases. Malkoc took patients with bilateral gingival invaginations and 

performed traditional excision on one side and electrosurgery on the other. The 

horizontal and vertical dimensions of the clefts decreased in both groups and neither was 

statistically better than the other. He recommends that the optimal timing for excision of 

a gingival cleft is just after space closure is completed. 

 

Relapse Pertaining to Gingival Clefts 

A study with Edwards observed any relapse in extractions areas during a 12-18- 

month period post-orthodontic treatment.  In ten instances where surgical intervention 

was used to remove excess gingival tissue, the gingival groove remained in four of the 

cases. However, the grooves did not extend into the interproximal papilla as was 

previously observed in these areas. In all cases, a healthy interdental papilla resulted with 

no abnormalities in adaptation to the adjacent teeth. This suggests that the bunched up 

(folded) excess tissue does play a pertinent role in the reopening of extraction sites 

because of the noticeable success in reducing the relapse of approximated teeth by 

surgical removal of this tissue. Transeptal fibers were not surgically removed in this 

study, and since the histology evidence showed little morphologic distortion in transeptal 

regions (during the 12-18-month retention phase), it can be assumed that some 
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mechanism does exist which is able to reorganize these supporting transeptal fibers after 

orthodontic space closure. 

Parker saw that the stability of retracted teeth was increased with paralleled tooth 

roots. When teeth were tipped together the relapse rate averaged 42% (Thompson,1959), 

but when the roots were parallel the rates averaged 13% (Parker, 1972). Parker found 

that when surgical intervention was used along with orthodontic retention this had a 

positive effect on stability of retracted teeth, in fact, the teeth moved further into 

extraction sites. 
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PURPOSE OF PRESENT STUDY 
 

The purpose of this study was to investigate the effects gingival clefts have on 

relapse and re-opening of extraction spaces after orthodontic treatment, to record any 

changes in cleft severity that may occur over time, and to evaluate any relationship 

between gingival phenotype and cleft severity. 
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HYPOTHESES 
 

Control vs. Experimental 

 

Null hypothesis: The presence of a gingival cleft does not have any effect on 

orthodontic relapse. 

Research hypothesis: Gingival clefts cause reopening of the closed extraction 

space during retention period. 

 
 

Severity 

 

Null hypothesis: There will be no difference in the amount of orthodontic relapse 

depending on the severity of a gingival cleft. 

Research hypothesis: The amount of orthodontic relapse will be larger with 

increased gingival cleft severity. 

 
 

Age 

 

Null hypothesis: Adolescents, teenagers, and adults are equally likely to have 

orthodontic relapse in the presence of a gingival cleft. 

Research hypothesis: Increased age leads to a higher incidence of orthodontic 

relapse in the presence of gingival clefts. 

 
 

Gingival Phenotype 

 

Null hypothesis: Gingival thickness has no effect on the incidence of orthodontic 

relapse in the presence of gingival clefts. 
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Research hypothesis: Those with thick gingival thickness levels will have a 

higher incidence of orthodontic relapse in the presence of gingival clefts. 
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MATERIALS AND METHODS 

Subjects 

 

Subjects were recruited from preceding study done at the University of Maryland 

orthodontic clinic (Gingival Clefts Revisited, IRP protocol HP-0055937). Forty-two 

subjects completed that study (17 males, 25 females) with 91 premolar extraction sites 

being measured for the incidence of gingival clefts, gingival cleft severity, and gingival 

thickness in premolar extraction sites all while in orthodontic treatment. Eighteen 

subjects (7 male and 11 female) of the original 42 were measured in this current study 

with 61 extraction sites measured. Consent/assent and HIPAA authorization forms were 

reviewed with patient/guardian. 

 

Data Collection 

 

In these subjects which underwent orthodontic treatment with extractions of at 

least two premolars followed by space closure, measurements were made in this study 

consisting of: relapse space, current gingival cleft dimensions, cleft severity, and 

keratinized gingiva (see Appendix E for Data Sheet). Measurements in these categories 

were made three individual times by the same recorder at each visit to account for 

possible errors made with each measurement. The mean of the three recordings was then 

used as that day’s measurement. Retention check protocol in the department of 

orthodontics at the University of Maryland consists of the following interval: on the day 

of debond, 1-month post debond (into retention), 3 months into retention, 6 months into 

retention, and 1 year into retention. Subject measurements were scheduled to take place 

at these five intervals, however, due to the complexity of scheduling patients in a 

University setting, the majority of subjects were measured three to four times for this 
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study. The experimental sites had a cleft present at the extraction location during the 

preceding investigation, while the control sites had an absence of a gingival cleft at the 

extraction site during the preceding investigation. 

 
 

The severity of clefts was assessed by measurements using Reichert’s coding system: 

(Reichert et al, 2011) the same system used to measure cleft severity in the preceding 

investigation. 

 Soft tissue measurements were taken in three planes using a Maryland (Moffitt) 

periodontal probe 

 Mesial-distal (x-axis dimension) 

 

 Bucco-lingual (y-axis dimension) see Figure: 2 

 

 Occlusal-gingival (z-axis dimension) see Figure: 3 
 

 

Figure: 2. Original drawing of a measurement in the bucco-lingual dimension 
 

 

Figure: 3. Original drawing of a measurement in the occlusal-gingival dimension 
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 Measurements were made in the x, y, and z planes to determine gingival cleft 

severity. Figure: 4 demonstrates a gingival cleft between the upper right second 

premolar and canine with the periodontal probe just outside of the cleft. Figure: 5 

illustrates the same site with the periodontal probe inside the cleft in the Z 

direction (occlusal-gingival). Figure: 6 illustrates probing depth of the gingival 

cleft in the Y direction (bucco-lingual). 

 

Figure: 4. Gingival cleft next to periodontal probe 
 

Figure: 5. Gingival cleft with periodontal probe in Z direction 
 

Figure: 6. Gingival cleft with periodontal probe in Y direction 
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 The degree of severity was determined by the volumetric equation: 
 

𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 = (𝑥)2 + (𝑦)2 + (𝑧)2 
 

The mesial-distal measurement for each subject’s gingival cleft was determined by the 

width of the periodontal probe at which the bucco-lingual measurement was made. An 

electronic digital caliper was used to measure the width of the periodontal probe: 

Hu-Friedy PCPMDBIU 

 

Measurements found in APPENDIX A. 

 

 

The width of any extraction space relapse was measured between the adjacent teeth using 

an IPR thickness gauge (Align Space Gauge Set, see Figure: 7). The IPR gauges had 

measurements of 0.1mm, 0.2mm, 0.25mm, 0.3mm, 0.4mm, 0.5mm. Any space measured 

where the 0.1mm gauge could not fit was recorded as 0mm. 

 

 

 

Figure: 7. Align Space Gauge Set 

 

 

The type of retention appliance used by each subject was recorded. 
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Institutional Review Board 
 

 

This protocol was accepted under institutional review board standards of the 

University of Maryland on 02/26/2016, under IRB Protocol – HP-00067087 
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Inclusion/Exclusion Criteria 

Inclusion Criteria: 

 Patients which were enrolled and investigated in previous gingival cleft study 

(Gingival Clefts Revisited – A Prospective Study on Clinical Characteristics 

Associated with Cleft Formation. Stappert D, Geiman R, Heidari Z, Reynolds M) 

 At least 2 premolars extracted in different quadrants 

 At least one extraction site formed a gingival cleft 

 Subject is in the permanent dentition stage 

 Consent/Assent attained from subject and/or subject’s parent or guardian 

 Patient must be free of any systemic diseases 

 

Exclusion Criteria: 

 Patient either in primary or mixed dentition stages 

 Denial of Consent from subject, parent or guardian 

 Significant medical history 

 Absence of gingival cleft in all the extraction sites 

 Active periodontal disease. 
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Subject Recruitment 
 

 

Recruitment occurred in the Orthodontic clinic at the University of Maryland. 

Potential participants were identified as already having participated in the preceding 

investigation (Gingival Clefts Revisited, IRP protocol HP-0055937) with principal 

investigator Dina Stappert DDS and co-principal investigator Robert Geiman DDS, MA, 

MS. No advertising was done for this study. Subjects were notified that their treatment 

would not change whether or not they enrolled in this study. 

Consent as well as HIPAA authorization forms were given to subjects and/or their 

parents or guardians and reviewed. If the subject was less than 18 years old, an assent 

form was also completed. 

 
See Appendix B for Consent Form 

See Appendix C for Assent Form 

See Appendix D for HIPAA Authorization form 
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Sample Size 
 

The recruitment size was 42 subjects who had completed the previous study with 

IRB Protocol – HP-0055937. Of the 42 subjects initially recruited, only 18 were 

measured to some degree. The other 24 did not participate because they had not finished 

orthodontic treatment while measurements were being made. From the participating 18 

subjects, 61 sites were measured. These sites were measured only after removal of fixed 

appliances. 
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Statistical Methods 
 

Sites were divided up into subgroups defined by predictor variables: age, gingival 

phenotype, relapse, amount of relapse, cleft severity, and presence of a previous cleft. 

These groups were compared to each other using Spearman’s rank order correlation. 

This statistical analysis was used to summarize the strength and direction between 

variables, and to find any statistically significant positive or negative correlations 

resulting from them. 



22 
 

RESULTS 
 

Of the 61 sites measured, 42 entered the study with a cleft (experimental sites) 

and 19 (control sites) did not have a cleft. Seven of the 19 controls had relapse (36.84%), 

18 of the 42 experimental sites had relapse (42.86%). Of all the sites there was a total 

relapse of 40.98% (see Table: 1). Some of the sites had an initial measurement (at day of 

debond) greater than 0mm, meaning space was not completely closed during active 

orthodontic treatment. For the purpose of this study, relapse/space reopening was 

determined when the final measurement was greater than the initial measurement. 

 

 
Table: 1. Control vs. Experimental Data 

 
The average reopening space was 0.128mm with a range of 1.8mm having a 

minimum of -0.3mm and maximum of 1.5mm. The relapse median and mode were both 

0mm. 

 

 
Severity: 

 
At the completion of this study's measurements, 25 sites had a cleft severity of 0 

mm2 in which 7 (28%) had relapse (see Table: 2). 21 sites had a cleft severity greater 

than 0 mm2 and less than or equal to 15 mm2, and 10 of these (47.62%) had relapse. 11 

sites had a cleft severity greater than 15 mm2 and less than or equal to 30 mm2, and 6 
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(54.55%) of these had relapse. 4 sites had a cleft severity greater than 30 mm2 and 2 

(50%) had relapse. An overall mean gingival cleft severity of 18.47 mm2 was found as 

well. 

 

 
Table: 2. Severity Data 

 
Forty-six of the sites had previously measured severity values from the preceding 

investigation. 30 of these sites decreased in their gingival cleft severity while 16 

increased in severity. 

 

 
 

Age: 

 
When the cleft severity measurements were made in the preceding investigation 

the subjects were divided into three groups based on age: adolescent (under the age of 

14), teenager (14 to 18 years old), and adult (19 or older). Of the 24 adolescent sites in 

this study 6 had relapse (25%), of those 6 with relapse, 5 (83.33%) entered this study 

with a cleft (see Table: 3). 22 sites belonged to the teenager group and 9 (40.91%) had 

relapse. Of those 9 with relapse, 6 (66.67%) entered this study with a cleft. 15 sites were 

part of the adult group and 10 (66.67%) had relapse. 7 (70%) of those 10 sites came in 

with a cleft. Please see Graph: 1 for a line graph representing the Incidence of Relapse 

vs. Age. 
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Table: 3. Age Data 
 

 

 

Graph: 1. Incidence of Relapse vs. Age 

 
Of the adolescent group sites, the mean cleft severity was 7.29 mm2. In the 

teenager group, the mean cleft severity was 15.11 mm2. In the adult group, the mean 

cleft severity was 10.02 mm2. 
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Gingival Phenotype: 

 
Gingival thickness measurements were taken from the preceding investigation 

and used to place subjects in this study into two groups: Thin gingival phenotype (less 

than or equal to 2.5mm) and thick gingival phenotype (greater than 2.5mm). These 

measurements from the previous study were taken by transgingival probing on the direct 

facial prior to tooth extraction. Because of the availability of these previous 

measurements, only 41 sites were compared instead of the total 61 in this study. 

Twenty-one sites were part of the thin gingival group and 9 (42.86%) showed 

relapse (see Table: 4). Of these 9, 6 (66.67%) entered the study with a cleft. 20 sites 

were part of the thick gingival group with 9 (45%) having relapse. Of these 9, 7 

(77.78%) came into the study with a cleft. Please see Graph: 2 for a chart representing 

thin and thick gingival thickness with the incidence of relapse associated with each. 

 

 
Table: 4. Gingival Phenotype Data 
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Graph: 2. Thin and Thick Gingival Thickness Relapse 

 
Of those sites in the thin gingival group the mean cleft severity was 7.63 mm2, 

and of those sites in the thick gingival group the mean cleft severity was 12.00 mm2. 
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DISCUSSION 
 

This investigation could have benefited from an equal number of control and 

experimental sites. However, from the available subjects and sites this was not possible 

to measure an equal amount of control sites. There were no statistically significant 

correlations found when comparing relapse with the presence of a gingival cleft, or 

distance of relapse with the presence of a gingival cleft. 

When comparing the control and experimental groups to incidences of relapse, 

36.84% and 42.86% respectively, as well as to the distance of relapse, no statistically 

significant (p<0.05) correlations were found. 

Thus, the null hypothesis is accepted: the presence of a gingival cleft does not 

have any effect on orthodontic relapse. 

 

 
Severity: 

 
Of the sites which did relapse, a greater amount of relapse occurred in sites with 

increased severity. There was found to be a statistically significant positive correlation 

between cleft severity and the amount of relapse (p<0.05). However, no statistically 

significant correlation was found when comparing cleft severity and the incidence of 

relapse. From this statement one can infer that whether a cleft has a high severity or low 

severity does not predilect the site for having relapse vs. no relapse at all. 

Thus, the research hypothesis held true: the amount of orthodontic relapse will be 

larger with increased gingival cleft severity. 
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As the gingival cleft severity between adjacent teeth increases the defect area (i.e. 

the lack of bone, soft tissue, or both) increases as well. With a decrease in the 

periodontal architecture between adjacent teeth it is possible that the number of principal 

supportive osseous fibers is decreased as well. With less fibers connecting the newly 

aligned teeth to bone, the existing transeptal fibers on the tension side could quite 

possibly lead to more relapse. 

It was found that 30 sites decreased in their severity values from the preceding 

study to this study, while 16 sites increased in gingival cleft severity. No statistically 

significant correlation was found between previous gingival cleft severities (subjects 

were still in active orthodontic treatment) and the severities measured after fixed 

appliance removal. Circuns mentioned that gingival invaginations could very well persist 

for up to 5 years after completion of orthodontic treatment. If, in fact, gingival 

invaginations continue for this amount of time it would be reasonable to assume this is 

why not more sites in this study decreased in severity value. 

 

 
 

Relapse: 

 
Circuns (1983) analyzed the relationship between reopening of extraction spaces 

and gingival clefts. In that study of 72 patients no correlations were established 

regarding space reopening between those in retention wearing retainers for at least 6 

months and those who had completed retention (average of 29 months) and not worn 

retainers for at least 6 months. There was no consistent relationship found when looking 
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at the amount of space reopening with the presence and severity of gingival 

invaginations. 

Considering the average reopening space was 0.128mm with a range of 1.8mm, 

one may consider this amount of space to be clinically irrelevant. The primary goal of 

orthodontics is the precise alignment of teeth and the establishment of a stable occlusion, 

but if there is a possibility of reopening a space to a distance of 0.128mm is surgical 

treatment deemed necessary to excise the invagination and would this be worth it to the 

patient? 

A study by Hong in 1992 looked at the effect of orthodontic retention on the 

mechanical properties of the periodontal ligament using rat maxillary first and second 

molars, it was found that during the application of orthodontic forces the elastic stiffness 

of the periodontal ligament decreased greatly. However, the elastic stiffness of the PDL 

increased gradually and reached control levels eight days after retention. This 

information in relation to our study could demonstrate how measuring the amount of 

reopened space on the day orthodontic appliances are removed could give way to larger 

initial measurements since the PDL elastic stiffness may be weakened and allow a thicker 

IPR thickness gauge to be passed interproximally between teeth. Another study involved 

the observation of inflammation in periodontal tissues after introduction of orthodontic 

forces (Yamaguchi, 2005). They stated that inflammatory reactions in the periodontium 

are produced from orthodontic forces and that levels of inflammatory mediators in 

gingival crevicular fluid have been shown to be elevated during orthodontic treatment. 

With noticeable capillary vasodilation in the PDL during orthodontic force exertion 

comes the migration of inflammatory cells and cytokine production (Meeran, 2013). 
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These findings could demonstrate how the initial measurements made at the time fixed 

appliances were removed were not a true representation of the amount of relapse 

determined. 

 

 
 

Age: 

 
There was a statistically significant positive correlation between age and the 

incidence of relapse (p<0.05). However, no statistically significant correlations were 

found when comparing the presence of a cleft to relapse in each of the three age groups, 

as well as comparing each individual age group to cleft severity. 

Thus, the null hypothesis remained true: adolescents, teenagers, and adults are 

equally likely to have orthodontic relapse in the presence of a gingival cleft. 

Stappert (2018) found there to be a positive association between age and cleft 

severity. The oldest (adult) group had the larger cleft severity mean while the youngest 

(adolescent) group had the smaller cleft severity mean. This current study did not find 

this positive association to hold true. Even though the adolescent group showed the 

smallest severity 7.29, the adult group mean severity was in fact smaller than the teenager 

group. The lack of sample size in this study could be a factor in why this correlation was 

not found to be true. 
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Gingival Phenotype: 

 
When comparing the thin and thick gingival phenotype groups, 42.86% of the 

sites in the thin group had relapse while 45% of the thick gingival sites showed relapse. 

Even though the thick sites had a higher percentage of relapse, this wasn’t statistically 

significant in our study. When comparing gingival phenotype thickness with relapse and 

gingival phenotype thickness with gingival cleft severity, no statistically significant 

correlations were found. 

Thus, the null hypothesis held true: gingival thickness has no effect on the incidence of 

orthodontic relapse in the presence of gingival clefts. 

Stappert (2018) found there was no association exhibited between cleft severity 

and keratinized gingiva. However, that study did find a negative association between 

gingival thickness and cleft severity. The sites with thinner gingival thickness exhibited a 

greater tendency for clefting behavior in terms of severity and occurrence than those with 

a thick gingival thickness.  In this current study, the opposite was found (though not 

found to be statistically significant).  The mean cleft severity was less (7.63 mm2) in 

those sites of the thin gingival group versus those of the thick gingival group (12.0 mm2). 

Cook (2011) measured the labial bone thickness using CBCT and showed that 

subjects with normal to thick gingival phenotype had a mean bone thickness twice that of 

subjects with a thin phenotype. Considering that associations have been made between 

bone thickness and gingival thickness, as well as gingival thickness and clefting, one may 

presume that there is an association between bone thickness and clefting. However, 
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Stappert (2018 found no association when looking at crestal buccal bone thickness and 

the formation of gingival clefts. 

 

 
 

Retention: 

 
When considering the findings related to gingival clefts and relapse, as well as 

gingival cleft severity, it is incumbent upon the orthodontist to determine if it is clinically 

acceptable to allow a cleft to persist. Would removing a gingival cleft toward the end of 

orthodontic treatment (just prior to debond) really affect the patient? Edwards in 1971 

spoke of retention and gingival tissue and said, “it would not be advisable or practical, 

from a periodontal point of view, to remove an excessive amount of attached gingiva or 

to eliminate the interdental papilla completely.” If inflammation assists in the destruction 

of the disorganized gingival fibers while newly formed fibers align in a more compatible 

way with orthodontically treated teeth to lessen relapse (Circuns, 1983), maybe gingival 

injection of the collagenase enzyme should be considered. Circuns mentioned that 

gingival invaginations could persist for up to 5 years after completion of orthodontic 

treatment.  If this holds true it would likely be safe to continue fixed retention and 

retainer wear up to this 5-year mark. Future studies could examine subjects for an even 

longer period of time (5 years or more) evaluating the persistent presence of gingival 

clefts and if gingival clefts have prolonged effects on orthodontic relapse. 

A systematic review of orthodontic retention (Littlewood, 2006) evaluated the 

effectiveness of retention strategies used to maintain tooth position after treatment by 

orthodontic appliances. They found that evidence from one trial showed there was a 

statistically significant increase in stability in both the mandibular and maxillary 
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segments when circumferential supracrestal fiberotomies were performed along with 

wearing a Hawley retainer versus wearing a Hawley alone. However, they concluded 

that there is insufficient evidence on which to base the clinical practice of orthodontic 

retention. 

In this study the mode of retention among subjects varied considerably. The use 

of clear Essix retainers, Hawleys (different variations fabricated among patients) and 

lingual fixed retainers differed considerably that this variable was not included in this 

study. Moreover, it was not possible to control for patient compliance with regards to 

wearing retainers on a defined regimen. Even though the ability for a patient to wear or 

not wear a retainer plays a large role in whether there is relapse after orthodontic 

treatment, there is a noticeable decrease in compliance with regards to retainer wear with 

most patients as time elapses from the date of their fixed appliance removal (Pratt, 2011). 

 

 
 

Limitations: 

 
Some subjects who were part of the preceding investigation were still in 

orthodontic treatment when the measurements for this study were being made, thus the 

number of subjects decreased from the available 42. 2 subjects who were enrolled in this 

study only came in one time for measurements at their debond appointment day and 

considering we could not follow them throughout an extended period of months into 

retention to record any changes observed, their measurements were not incorporated into 

the statistical analysis. The ideal 5 measurement periods were not reached because as 

patients were debonded and completed active treatment, the number of rescheduled and 

cancelled retention appointments increased. Some subjects who did not have a scheduled 
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retention appointment arrived in clinic any way and the investigator was not made aware 

to have measurements recorded. Some subjects who were recorded multiple times 

decided not to continue returning for retention visits and thus the 5 “ideal” recording 

times were not reached. 

Inter-rater reliability as well as setting a standard for recording measurements was 

not able to be determined for this study because there were different recorders in the 

preceding investigation from this one. Measurements were instructed to be taken the 

same way on the same subjects, but at no single time were both raters measuring the 

same subject. 

 

 

 

 

 

 

 
SUMMARY AND CONCLUSIONS 

 

 As cleft severity increases, the amount of relapse distance is likely to increase as 

well. 

 As the age at which active orthodontic treatment is undergone increases, the 

incidence of having relapse at extraction sites increases as well. 

 When considering the relapse distance that could open in the presence of a 

gingival cleft, it may not be imperative as a clinician to excise gingiva in this area 

to prevent space reopening. If the area is clinically noticeable to the patient and 

they would like it removed for esthetic reasons or the area of a gingival cleft is 
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clearly showing signs of negative periodontal conditions, then excision may be 

deemed acceptable. 
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APPENDIX A: Electronic digital caliper measurements of the width of the periodontal 
 

probe: 
 

Hu-Friedy PCPMDBIU 
 

 

Probe length (mm) Probe width (mm) 

0 0 

0.5 0.46 

1.0 0.49 

1.5 0.51 

2.0 0.53 

2.5 0.56 

3.0 0.59 

3.5 0.60 

4.0 0.61 

4.5 0.64 

5.0 0.68 

5.5 0.70 

6.0 0.71 

6.5 0.74 

7.0 0.76 

7.5 0.78 

8.0 0.81 

8.5 0.83 

9.0 0.85 

9.5 0.88 

10.0 0.91 



37 
 

APPENDIX B: Research Consent Form 
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APPENDIX C: Research Assent Form 
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APPENDIX D: HIPAA Authorization Form 
 

 

 



44 
 

 

 

 

 

 



45 
 

APPENDIX E: Data Sheet 
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