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Abstract: 

 
 

Title of Thesis: Gingival Clefts Revisited 

Robert Geiman, Master of Science, 2015 

Thesis Directed by: Dina Stappert DDS 

Background: Gingival clefts commonly occur during orthodontic space closure of 

bicuspid extraction sites. The etiology of clefts is not fully agreed upon in the literature.   

Purpose: To investigate factors that predispose subjects to gingival clefts, and to confirm 

existing research in regards to the incidence and severity of gingival clefts.  

Results: The incidence of gingival clefts (N=91) was 71.4%. Extraction sites from 

Whites (n=16) had the highest incidence (93.8%) (p=0.011) and severity of clefts (29.15 

mm2) (p=0.011). Slower rates (n=35) of space closure (<.6 mm/mo) yielded larger 

clefts(severity= 26.50 mm2), while faster(n=18) space closure (>1.2 mm/mo) yielded 

smaller clefts (Severity =17.85 mm2). Sites that had <1mm, of bone thickness, 3mm 

apical from the crest had mean severity of 29.16 mm2, while sites that had ≥2mm of bone 

thickness had a mean severity of 17.45 mm2.  

Conclusions: Gingival clefts remain common today. Although various parameters show 

correlation to both severity and incidence of clefts, all patients undergoing space closure 

after extraction are at risk, and should be monitored.  
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INTRODUCTION 
 
 

Bicuspid extraction is commonly indicated during orthodontic therapy to treat a 

tooth size-arch length discrepancy or to help camouflage moderate class II or class III 

malocclusions. After the extractions are performed, teeth are orthodontically moved into 

the newly created space. Gingival clefts or invaginations commonly occur in these 

regions. Since gingival clefts do not occur in every case of space closure after bicuspid 

extraction, there must be criteria that predispose their formation. Gingival biotype, the 

amount of buccal bone and the amount of keratinized gingiva may have a relationship in 

the occurrence of gingival clefts. In this observational study, the biotype of patients 

undergoing bicuspid extraction was examined, the buccal bone and width of keratinized 

gingiva was measured and the occurrence and severity of gingival clefts was calculated. 
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LITERATURE REVIEW 
 

Bicuspid Extraction Treatment as an Adjunct of Orthodontic Therapy 
 
 Patients generally present to the orthodontist with the chief complaint of “I want 

straight teeth.” The orthodontist’s objective is to obtain good clinical results efficiently, 

and with the least amount of morbidity. Frequently, tooth size-arch length discrepancies 

are resolved by gaining space.  The great debate of how to obtain this has been ongoing 

since the days of Angle (Proffit, 2007). 

In the early 1900s Dr. Edward Angle, the grandfather of orthodontics, suggested 

that all permanent teeth could be aligned without extractions (Wahl, 2005). This was 

considered the gospel, until shown otherwise. In the 1940s, Dr. Charles Tweed retreated 

what he considered 300 failed non-extraction cases. His treatment of choice was four 

bicuspid extractions in conjunction with orthodontics, which resulted in increased 

stability (Brandt, 1968). Until this time, most practitioners were not routinely extracting 

bicuspids. After Tweed’s results were published, the pendulum swung to extraction 

treatment. In the 1960’s and 1970’s extraction treatment was so common that 

approximately 70% of cases were treated in this manner (Burrow, 2012). However, this 

trend would swing in the other direction in the following two decades, with reports that 

extractions were only occurring in about 20% of cases (Rinchuse, 2014)  

Space can be gained by increasing the arch circumference either through 

maxillary expansion or through arch development. These techniques are often indicated 

when there is a maxillary transverse deficiency or lingually tipped and/or retroclined 

teeth.  The indications for these techniques to be used to alleviate crowding are less clear. 

There are numerous reports in the literature that show a lack of stability when arch 
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development or expansion is used to increase arch perimeter (Bowman and Johnston, 

2000). Wennström (1987) showed that excessive orthodontic movement in a labial 

direction led to reduction of alveolar bone height, and recession. For these reason and 

more, often bicuspid extraction is the proper treatment to create the appropriate amount 

of space in a stable manner. However, critics of bicuspid extraction cite improbable 

reasons to not extract. These include but are not limited to temporomandibular disorder 

(TMD), large buccal corridors, and diminished profiles. These have been reviewed 

extensively in the orthodontic literature and no direct correlations have been found 

(Bowman and Johnson, 2000). 

The concern of the onset of TMD as a result of extractions is based upon the 

landmark 1987 case Brimm v. Malloy (Rinchuse, 2014). The orthodontist was sued for 

over-retracting the anterior teeth after bicuspid extraction with prolonged headgear use 

thereby causing TMD (Pollack, 1988). The prosecution used a general dentist as an 

expert witness. The defendant was found guilty, which caused an uproar in the 

orthodontic community.  This led to many studies being published which showed those 

cases with extractions are not more likely to develop TMD as compared to those without 

extractions (McNamara et al, 1995). 

After bicuspid extraction, one may see qualitative changes in the profile. 

(Bowman and Johnson, 2000), which may improve the profile or worsen it. It has been 

shown that most changes in profile are due to changes in the anterior positioning of teeth, 

as well as lip thickness (Solem, 2013). However, if spaces are properly managed, then 

profile changes should occur as expected in the treatment plan (Rinchuse, 2014). Rushing 

and Tuncay (1995) showed that a large group of general dentists were able to determine 

if a patient had bicuspid extractions only 50% of the time when examining their profile. 
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Gianelly (2003) showed that patients that had extraction treatment did not have narrower 

arches as compared to those that were treated with non-extraction. 

 In addition to the debate about when to extract, there is also a discourse about 

why to extract. In a randomized clinical trial Baurmind et al, selected 148 Class I and 

Class II malocclusions. Five experienced clinicians were independently asked if they 

believed they would need to extract teeth to successfully treat these cases, and they were 

required to justify their clinical reasoning. Clinicians were able to select more than one 

reason to extract. In the cases that the extraction option was selected, crowding was the 

most common reason with a 72% response rate. Following crowding was incisor 

protrusion (35%), profile improvement (27%), anterior-posterior discrepancy 15%, and 

stability of outcome with 9%.  (Baurmind, 1996)  

 Zachrisson and Alnaes (1974) showed that patients undergoing orthodontic 

treatment had statistically significant more bone loss than their control subjects. They 

also found that the largest area of bone loss was found at closed extraction spaces.   

 

History and Etiology of Gingival Clefts  
 
 Atherton first investigated the changes in gingiva in bicuspid extraction sites that 

were being closed through orthodontics treatment. He noticed a “piling-up” of tissue 

between the orthodontically moved teeth (Atherton, 1970). Atherton also noted a red 

patch superficially in the epithelium on the distal aspect of a tooth being retracted. 

Shortly thereafter, Edwards observed than in twenty extraction areas (ten patients, each 

with two extraction sites), the tooth which was distally retracted appeared to displace the 

gingival tissue instead of moving through the gingiva (Edwards 1971). It appeared to 

Edwards that, “the displaced gingiva invariably began to accumulate in a “piled-up” 
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manner distal to the moving tooth.” Upon completion of orthodontic space closure, the 

gingival tissue which had accumulated appeared separated into a buccal and a lingual 

papilla (Edwards 1971).”  Edwards further explains this in a clinical review of extraction 

cases which did not have post-treatment relapse, gingival grooves were not evident.  

Gingival clefts were only seen in areas where space closure occurred.  

 A few years later Robertson studied the occurrence and distribution of clefts. He 

defined them as “as a linear invagination of interproximal tissue with definite mesial and 

distal peaks having a depth of at least 1 mm” (Robertson, 1977). This is the most 

common definition used today. A gingival cleft was alternatively defined as an 

invagination of gingival tissue that forms during the orthodontic approximation of teeth 

(Rivera Circuns et al, 1983).  In their study, invaginations were defined and only 

recorded if the probe could be inserted vertically and horizontally to a depth of at least 

2mm. Rivera Circuns et al (1983) noted that these invaginations can range 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” (Rivera Circuns et 

al,1983).  

Figure 1: Drawing of gingival cleft – Occlusal view (Original Work) 
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 Figure 2: Drawing of gingival cleft – Buccal view (Original Work) 

  
 Two leading theories currently attempt to explain the etiology of gingival clefts, 

though the etiology is still not fully understood. The first theory bases cleft formation on 

the bone architecture of the extraction site (Diedrich & Wehrbein, 1997; Golz, 2007). 

Araújo and Lindhe (2005) showed a reduction of bone and tissue following extraction of 

mandibular premolars, with a greater loss on the buccal than the lingual.  It has been 

shown that when there is a delay closure of a bicuspid extraction site there is more 

atrophy of the alveolar process (Diedrich & Wehrbein, 1997). The gingiva does not 

remodel as quickly, and due to the anatomic changes in the bone, the gingiva follows, 

thus creating an invagination occurs. Rivera’s (1983) study support this claim as it 

showed that there was increased likelihood of clefts occurring in the mandible as 

compared to the maxillary arch. Space closure in the mandibular arch is usually slower 

than the maxillary arch due to the increased density of the mandibular bone. (Proffit, 

2012).  

The second explanation is based on the reopening phenomenon, the orthodontic 

relapse of closed extraction spaces (Edwards 1971; Parker 1972). As space closure 
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occurs, tissue on the tension side is stretched, while tissue on the pressure side is 

compressed. The pressure side is where ingrowths of the gingiva occur, and the stretched 

tension side assists with relapse (Artherton 1970, Erikson 1945).  Transeptal fibers can be 

persistent, even after bony support is almost fully diminished (Erikson, 1945).  This may 

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

(Erikson, 1945). 

 Other possible variables involved have also been brought forward. Rivera Circuns 

(1983) illustrated a high correlation between gingival health and the incidence and 

severity of the cleft. According to Atherton (1976) changes in the gingiva were most 

distinctly noticed when maximum anchorage mechanics were to be used implemented in 

order to achieve complete canine retraction.  

 
Histology of Gingival Clefts 
 

Various studies have demonstrated the histology of clefts. Golz (2007) noted that 

within the affected area, the epithelium and connective tissues had a loss of collagen with 

signs of proliferation. Edwards (1971) showed a photomicrograph of a gingival cleft 

which demonstrated a thickened epithelium with increased complex rete pegs and 

evidence of inflammation.  

Kurol (1982) took biopsies of the gingiva during space closure. Two biopsies 

were taken for each patient and the second biopsy was obtained approximately 8 months 

following the first biopsy. At the time of the initial biopsy (ranging 0 to 15 months after 

space closure), there were deep proliferations of oral epithelium with increased 

inflammatory cells such as lymphocytes and plasma cells. In the regions of hyperplastic 

epithelium there were increased amounts of blood vessels with increased activity of 
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alkaline phosphatase. There were no significant differences between the first biopsy 

specimens regardless of the time point. At the second time point, it was evident that the 

hyperplastic oral epithelium and invagination remained. Some subjects had keratin pearl 

formation (Kurol, 1982). Robertson (1977) noted his finding to be consistent with the 

overall concept of a gingival cleft. This included well-organized epithelial linings with a 

distinct parakeratinotic zone. 

Wehrbein (1995) was able to gain access to a human specimen obtained from an 

autopsy. The subject was undergoing orthodontic treatment, with orthodontic space 

closure having being completed. They noted hyperkeratinization on the edges of the cleft 

and a keratin pearl was evident in the connective tissue fundus. Another interesting 

finding was marginal bone resorption on the mesiopalatal of the upper left first molar, 

with superficial repairs and resorption on the root surfaces. Also, in the connective tissue 

and the marginal bone, there were tough fibers identified.  These tough fibers may be 

associated with increased complexity of space closure. However, unlike other studies, 

they noted that there were not many inflammatory cells seen within the area of the 

gingival cleft. 

 Rönnerman (1980) biopsied gingival invaginations in patients who were 

undergoing space closure. They noted increased amounts of glucose aminoglycans 

(GAGs), which potentially can increase the likelihood of orthodontic relapse.  

 
Incidence of Gingival Clefts 
 
 Rivera Circuns’ (1983) cross sectional study aimed to measure incidence in a 72 

subject sample. The sample was split into three groups, each with space already closed. 

Group 1 still had orthodontic appliances on; group 2 still was still wearing retainers and 
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group 3 had worn no appliances for at least 6 months. A gingival invagination was 

determined as present if a Michigan 0 probe could be inserted vertically and horizontally 

to a depth of 2mm. Group 1 showed 100% incidence; group 2 showed 87.5% incidence, 

and group 3 showed 79.2%.  While the study showed incidences of clefts in all four 

quadrants there was an increased tendency and complexity in the mandibular arch.   

 Robertson performed a retrospective study on patients that had bicuspid 

extractions. Fourteen of 40 subjects had at least one cleft for an incidence of 35%. His 

definition was a minimum of 1mm depth of invagination, although clefts ranged to 3 mm 

in depth.  Robertson also noted that no gingival clefts formed in orthodontic patients that 

were treated non-extraction (Robertson, 1977). 

 
Severity of Clefts 
  

Rivera Circuns (1983) categorized clefts as simple or complex based upon them 

crossing the interdental papilla.  Additionally, they created a combined index for 

incidence and complexity ranging from 0 to 6. They found significantly greater severity 

of clefts in the mandibular arch as compared to the maxillary arch. Additionally, they 

noted a decreased complexity as relation to the time after space closure was completed.  

Reichert et al (2011) created a coding system in order to compare clefts. Three 

measurements were taken and the code was noted X-Y-Z. He defined X as the vestibular 

orientation (mesial-distal), Y as the vertical orientation (incisal-gingival), and Z as the 

oral orientation (buccal-lingual/palatal).   

 These measurements are used to define the severity of a cleft. It was noted by 

Reichert (2011) that the measurements simply could not be added together as a cleft of 6-

3-0 would equal a cleft of 3-3-3, though their form and size would be completely 
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different. Therefore, Reichert defines severity with the parameter LC2 = (probing depth, 

vestibular)2 + (probing depth, vertical)2 + (probing depth, oral)2, where LC is the level of 

certainty.    

 
Sequelae of Gingival Clefts  
 
 Since the definition of a gingival cleft implies a pocket of tissue, a gingival cleft is 

a convenient harbor for bacteria. If the patient’s overall hygiene is adequate, Wehrbein 

(1993) shows that a cleft will not affect the overall periodontal health. On the other hand, 

Rivera (1993) and Robertson (1977) ascertained that gingival clefts impair the patient’s 

ability to maintain good oral hygiene. There are histological studies that show the 

proliferation and hyperplasia, which appear similar to subclinical gingivitis. Robertson 

(1977) pointed out that the anatomical configuration of the cleft seems to impair the 

patient’s ability to keep the area clean. In his study, there was a resultant plaque-induced 

gingival inflammation that was significantly greater than other non-cleft sites in the same 

arch. 

 The gingival cleft delays space closure (Wehrbein, 1993) and sometimes may 

prevent space closure. If there is no contact between adjacent teeth, there is increased 

likelihood of trauma to the gingiva and food impaction (Edwards, 1971).  Wehrbein 

(1993) showed that there was decreased interdental bone in sites where there were 

gingival invaginations.   

 A decrease in bone height remaining after space closure is another possible 

complication. Multiple studies showed reduced interproximal bone heights relative to 

original height (Spruyt, 1983). Zachrisson et al. (1974) completed a follow up study 

comparing orthodontically treated individuals as compared to untreated controls. They 
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found small but significant bone loss, with the greatest bone loss seen distal to the 

canines.  Spruyt (1983) aimed to see if the amount of time between extraction and active 

space closure affected bone loss.  Their results showed that the interval between the two 

events did not change alveolar bone height. However, it should be noted that a panoramic 

radiograph was used for their radiographic measurements, which is not the most reliable 

indicator of bone height. 

 
Prevention of Gingival Clefts 
 
 There is limited research on the prevention of gingival clefts.  A possible theory is 

that one can decrease the likelihood of gingival clefts by decreasing the time it takes to 

close the extraction site. Only one study has focused on the prevention of gingival clefts.  

Tiefengraber (2002) performed socket preservation procedures in a split mouth design. 

On the control side a typical bicupsid extraction was completed.  The membrane used 

was a non-resorbable Gore-Tex® membrane.  Gingival clefts of varying size were seen 

on all control sites, while no gingival clefts were seen on the experimental sites.  The 

mean vestibule-oral atrophy was 2.1mm greater (from 3.2 to 1.1) at the control as 

compared to the experimental side. The rate of atrophy was greatly reduced in the 

experimental side. Unfortunately, the sample size of this study was limited. There were 

only 3 subjects with 5 experimental sites and 5 control sites (Tiefengraber, 2002).  

 Reichert et al. (2011) hypothesized that if the bony architecture was maintained, 

or preserved, gingival clefts would be less likely. They completed a split-mouth pilot 

study in which two bicuspids were extracted and one site was filled with a 

nanoparticulate-hydroxyapatite bone substitute. Active space closure was initiated 6 

weeks after extraction. There were no complications or gingival clefts on the socket 
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preservation side, while there were two gingival clefts found on the control sides 

(Reichert et al., 2011). Though this is an example of how gingival clefts may be 

prevented, the sample size was limited to 3 subjects and moving teeth through graft 

material has had varied results.  

 A larger study by Reichert was completed in 2013. Similar to the previous study, 

a split mouth design was used, with a total of 10 patients and 28 extractions. The same 

bone graft material was used, and measurements were made in the same fashion. Thirteen 

gingival clefts were found on the experimental side, while 14 were found on the control 

side. However, the severity of the gingival clefts on the experimental was significantly 

less than that of the control side.  There were no differences noted between upper arch 

and lower arch extraction sites.  Of the experimental sites, 70% of radiographs showed 

“hyperdense” structures, while there were none on the control sites. The reported 

advantage to using socket preservation techniques is that a secondary procedure to 

remove a cleft would not be necessary (Reichert, 2013). 

   

Cofactors to the Presence of Gingival Clefts  

 

Gölz et al. (2012) questioned whether genetic variations played a role in the 

formation of gingival invaginations or if they increased their severity.  Patients, both with 

and without gingival clefts were checked for 11 periodontal pathogens. Additionally, the 

cytokine IL-1 and its receptor were analyzed in these patients (Gölz et al., 2012). The 

sample for the pathogens was taken from the deepest portion from the gingival cleft if 

one existed. Otherwise the gingiva in between the site of extraction was used. The 

bacteria tested were Aggregatibater actinomycetemcomitans (Aa), Porphyromonas 
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gingivalis (Pg), Tannerella forsythia (Tf), Treponema denticola (Td), Prevotella 

intermedia (Pi), Peptostreptococcus micros (Pm), Fusobacterium 

nucleatum/periodonticum (Fn), Campylobacter rectus (Cr), Eubacterius nodatum (En), 

Eikenella corrodens (Ec), and Capnocytuophaga (Golz, 2012).  Treponema denticola (Td) 

and Fusobacterium nucleatum (Fn) were found to be in higher levels in gingival clefts, 

relative to the controls.  

A buccal smear was then used to check variations in IL-1 and IL-1RN. Specific 

risk alleles included IL-1A-C889, IL-1A-889T, IL-1B+C3953, IL-1RN+T2018 and IL-

1RN+2018C (Gölz, 2012). Patients with overproduction of IL-1 and regular or 

underproduction of IL-1-RN (receptor), would expect to have a higher genetic risk for 

inflammatory processes (Gölz, 2012). This is in contrast to those with IL-1 regular 

production but with reduced IL-1-RN production, which would have a reduced genetic 

risk for inflammatory processes (Gölz, 2012).  Though differences were noted, distinct 

conclusions were not identifiable. At this point, further clinical trials are needed to 

investigate the relationship of gingival invaginations and IL-1 polymorphisms.  

 The same study also evaluated smoking as a potential risk factor for gingival 

invaginations.  It has been suggested that smoking impairs wound healing by suppressing 

the vascular system (Palmer, 2005). Furthermore, clinical studies have shown that there is 

increased bone atrophy in smokers after extractions (Van der Weijden et al 2009). While 

there were no major differences in incidence of gingival clefts in smokers (40%) or non 

smokers (39%), there was a difference in severity of cleft. Smokers had a significantly 

higher severity of gingival invagination, specifically in the buccal/lingual and 

occlusal/apical dimensions. Smokers also had higher levels of Aggregatibacter 
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actinmycetemcomitans, Eikenella corrodents, Campylobacter rectus, Fusobacterium 

nucleatum, Prevotella intermedia, Treponema denticola, and Tannerella forsythia. 

 
Treating Gingival Clefts 
 
 Excision is the most common type of treatment of gingival clefts. Numerous 

studies have shown that excisions decrease the likelihood of extraction space reopening 

(Edwards, 1971; Malkoc, 2004). In Edwards’ study, after excess gingival tissue from 

extraction sites was removed, relapse of extraction areas was completely eliminated 

based on a 12 to 18 month period. There is currently no accepted standard to treat 

gingival clefts (Gölz, 2011).  

 Malkoc (2004) compared gingivectomy via electrosurgery to traditional excision 

of gingival clefts in a split mouth study on 22 patients with bilateral gingival 

invaginations. Multiple ends such as needle, ovoid loop and diamond shaped electrode 

were used to complete electrosurgical removal of the gingival cleft. A combination of cut 

and coagulation setting was used, and the gingiva was allowed to heal via primary 

healing.  The traditional excision technique used a scalpel and periodontal knife, with a 

45 degree bevel. Periodontal packs were placed to assist in healing.  Both groups had 

positive results, decreasing the cleft in both horizontal and vertical dimensions. Neither 

technique showed to be statistically better than another.  Additionally, it was noted that 

there was no difference in pain or discomfort between the two techniques.  Some believe 

that advantages to electrosurgery are providing homeostasis through coagulation and 

allowing for better contouring of soft tissues. Malkoc (2004) recommends that the 

optimal time for a gingival cleft excision is just after space closure has been completed.  
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Periodontal Biotype 
 

 Periodontal biotype is commonly discussed as an important factor to understand 

for orthodontic success. Biotype plays a role in diagnosis and treatment planning, both in 

terms of the health of the periodontium as well as esthetics. Definitions of biotype are 

diverse and varied (Cook, 2011). Biotype is related to gingival recession, labial bone 

thickness and gingival architecture (Cook, 2011).  

Figure 3: Gingival Biotype: Thick vs. Thin (Kois, 2004)

 

 
 Though definitions of biotype vary, there are a few common aspects. Thick 

gingival biotype has quadratic tooth form, flat gingival margin and a broad zone of 

keratinized gingiva (De Rouck, 2009). This biotype is dense and has an increased 

resistance of recession, and reacts to inflammation by pocketing (Weisgold, 1977; Kois, 

2004). On the other hand, thin gingival biotype has non-flat margins and a small zone of 

keratinized gingiva (De Rouck, 2009). It is commonly friable, resulting in a decrease in 

interproximal gingiva after various surgical procedures (Kois, 2004) and is more likely to 

undergo recession (Weisgold, 1977, De Rouck, 2009).  De Rouck demonstrated a 

difference between thick and thin biotype using similar methods to Cook (2011). They 

both showed that tissue biotype could be determined through probe visibility in the sulcus 

during probing. In their studies 84%-90% of subjects denoted as thin biotype displayed 
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probe visibility in the gingival sulcus. This can be compared to the thick biotype group, 

in which 93% did not show probe visibility.  

 Cook (2011) used CBCT to measure labial bone thickness and was able to show 

that those with normal or thick biotype had on average double the bone thickness as 

compared to those with thin biotype. There was also a significant difference between the 

CEJ to alveolar bone height, with thin biotype having an increased distance. Additionally, 

those subjects with thick biotype (and therefore increased labial bone) had a significantly 

wider band of keratinized gingiva as compared to subjects with thin biotype. 
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PURPOSE OF PRESENT STUDY  

       

 To investigate factors that predispose subjects to gingival clefts, and to confirm 

existing research in regards to the incidence and severity of gingival clefts.  
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HYPOTHESES          

 

Gender: 

Null Hypothesis: Females and males are equally likely to have gingival clefts, of 

equal severity.          

Research Hypothesis: Females are more likely to have a higher incidence and 

severity of gingival clefts.   

 

Age: 

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

gingival clefts of equal severity.       

Research Hypothesis: Increased age leads to a higher incidence level and 

severity of gingival clefts.  

 

Race: 

Null Hypothesis: There will be no difference in incidence and severity of 

gingival clefts, when comparing race.       

Research Hypothesis: Whites will have a higher incidence and higher severity 

levels than other races. 

 

Rate of Space Closure: 

Null Hypothesis: The rate at which extraction site space is closed does not 

change the incidence or severity level.       

Research Hypothesis: Closing extraction sites more rapidly will decrease the 

likelihood and the severity of gingival clefts.  
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Width of Keratinized Gingiva: 

Null Hypothesis: The width of keratinized gingiva has no effect on the incidence 

or severity of gingival clefts.        

Research Hypothesis: Subjects with increased width of keratinized gingiva 

should have decreased incidence and severity levels of gingival clefts.   

 

Gingival Thickness: 

Null Hypothesis: Gingival thickness has no effect on the incidence or severity of 

gingival clefts. 

Research Hypothesis: Those with thin gingival thickness levels will have a 

higher incidence and more severe gingival clefts.  

 

Bone Thickness: 

Null Hypothesis: Buccal bone thickness at the crest and 3mm apical after 

extraction will have no relationship with incidence and severity of gingival clefts.  

Research Hypothesis: Those with thicker bone thicknesses will have a decreased 

incidence and severity of gingival clefts.  
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MATERIALS AND METHODS 

Study Design and Procedure 

Part 1 (Pre-extraction): 

• Orthodontic records were completed. Records were composed of models, 

lateral cephalometric radiograph, panoramic radiograph, intra-oral and extra-

oral photos and intra-oral and extra-oral dental exams.  

• If extractions were indicated, consent/assent and HIPAA authorization forms 

were reviewed with patient/guardian. Written and Verbal consents obtained. 

• Referral was placed for extractions. 

Part 2 (Evaluation of Biotype and Extractions) 

• During the consultation the extraction procedure was discussed in detail.  

• Risks and benefits were reviewed both verbally and in written form.  

• Post-operative instructions were given to the patient before and after the 

procedure to ensure proper protocol. 

• Diagnostic radiographs were reviewed before commencement of treatment.  

• Width of keratinized gingiva was measured with a Moffitt periodontal probe 

(see Figure 4). Its measurement (in millimeters) was completed from the 

gingival margin to the mucogingival junction at the mid-facial bone before 

extraction and after extraction.  

• Measurements were taken three times, and the mean value was used. 

• Following topical anesthesia with 20% benzocaine, local infiltration was 

administered on buccal and palatal (assuming maxillary premolar). Local 

anesthetic was to be determined, but assuming no contraindications, 2% 

xylocaine 1:100,000 epinephrine was used. 
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Figure 4: Bone Calipers, Moffit Periodontial probe, and Endodontic 
Probe with Stopper 
 

         

 

• Atraumatic extraction was completed to preserve the bony architecture. 

Instruments that were available and used during the procedure included 

extraction elevators, extraction forceps, surgical blades (15C), and periotomes. 

• Debridement of the area with sterile saline using sterile beaker and bulb was 

performed. 
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• Measurement of thickness of gingiva by transgingival probing (figure 5) 

Figure 5: Transgingival Probing 

    
o Direct measurements were completed using an Endodontic probe with a 

stopper (Figure 5). Patient was already anesthetized, no additional 

anesthesia was needed. Endo probe measurement was then calculated 

(figure 6) . 

Figure 6: Calculation of Transgingival probing 
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o Measurements were taken at 6 reference points during bone sounding at 

the bicuspid. Reference points were the mesial-facial, facial, disto-facial, 

disto-lingual/palatal, lingual/palatal, mesial-lingual/palatal. 

o Measurements were repeated three times and the mean was used. 

• Measurement of labial bone using modified bone caliper. (see figure 4) 

o A bone caliper was used to assess the thickness of bone present. 

o The bone caliper had flat discs at its tips to allow easy placement without 

excessive force to measure the bone width. 

o Buccal bone was measured at the mid-facial, 3 mm apical to the crest of 

bone, and 6 mm apical to the crest of the bone. 

o Measurements were repeated three times. 

o Amount of buccal plate lost during extraction was measured. 

• Once the extraction was complete, the post-operative instructions were 

reiterated to the patient and to guardian. Patient was dismissed once bleeding 

had stopped, and was deemed healthy enough state to leave with 

parent/guardian. 

• Standard surgical follow-up protocol followed. 

Part 3: Orthodontic space closure 

• Patient could only begin phase three after successful completion of phase two. 

• After space closure was completed or near completion (<2mm), severity of 

cleft was measured using Reichert’s coding system  

o Measurements were taken in three planes 

§  Vestibular orientation (parallel to the occlusal plane) 
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§ Oral orientation (parallel to the occlusal plane) 

§ Vertical orientation (90° to the occlusal plane) 

• Severity was defined by the parameter LC^2 = (probing depth, vestibular)^2 + 

(probing depth, oral)^2 + (probing depth, oral)^2, where LC is the level of 

certainty.  
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Institutional Review Board 

 

 This protocol was accepted under institutional review board standards of the 

University of Maryland on 07/01/2013, under IRB Protocol – HP-0055937.  
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Inclusion/Exclusion Criteria 

See Appendix A for Eligibility Checklist 

 

Inclusion Criteria: 

• Subject is a patient at the University of Maryland, Department of Orthodontics 

• Subject has been treatment planned for bicuspid extraction with subsequent space 

closure 

• 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 is either in primary or mixed dentition stages 

• Denial of Consent from subject, parent or guardian 

• Significant medical history 

• Active periodontal disease.  
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Subject Recruitment 

 

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

Potential participants were identified by their assigned residents after their treatment 

planning appointment was completed. If the patient was treatment planned for extraction 

of bicuspids, the Principal Investigator or the Co-Investigator was notified.  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 50 subjects. Recruitment ended March 1st, 2015. Of the 

50 subjects initially recruited, only 42 continued onto phase 2. Of the 8 that did not, 2 

decided to not continue with the initial treatment plan (extractions), 3 had extractions 

with IV sedation, and we did not feel that it was appropriate to take measurements under 

those circumstances, and 3 patients were scheduled after a study deadline. The last 

extractions were completed on April 28th, 2014. From the remaining 42 participants, 143 

bicupsids were extracted and phase 2 measurements were completed.   

 Of the 143 biscuspid extracted, 91 were measured for the presence of clefts. Sites 

were measured either after the space closure was complete, or if they had reached 

February 1st, 2015 and the spaces had less than 1mm space remaining. Twenty four of the 

42 subjects had all of their respective extraction site measured (n=74); 10 had some but 

not all of their respective extraction sites measured (n=39); 8 had none of their respective 

sites measured (n= 30).  
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Statistical Methods 

 

 Sites were divided up into subgroups defined by predictor variables (sex, race, 

age, etc).  We compared these groups with respect to the mean cleft volume as well as the 

proportion of teeth with clefts.  The statistical significance of observed differences was 

assessed using a Generalized Estimating Equations approach to account for the possible 

correlation between multiple teeth from the same patient (Zeger et al., 1986). 

 Generalized Estimating Equations is a method to estimate mean parameters when 

there are independent observations of clustered data.  The approach involves estimating 

the correlation between observations within a cluster and taking this into account when 

estimating the means.  Also, the standard error of the parameter estimates is calculated 

using a method, which is valid for correlated data and robust to the mis-specification of 

the correlation structure. 
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Rater Reliability 

 

Table 1 below shows the estimated inter and intra-rater values for each variable.  Intra 

and Inter-rater reliability estimates based on 2 raters taking 3 measurements of 5 

variables and 4 different teeth 

 

Table 1: Inter-rater Agreement and Intra-rater correlation 
 

Variable 
Inter-rater 
Agreement 

within 0.5 mm 

Inter-rater 
Agreement 

within 1 mm 

Intra-rater 
Correlation 

Width Keratin Ging 0.42 0.97 0.81 
Mean Thickness Ging 0.64 1.00 0.99 

Bone Thickness at Mid Facial Crest 1.00 1.00 0.80 
Bone Thick at 3mm apical to the crest 1.00 1.00 0.97 
Exo site width MD measured at GM 0.75 0.75 1.00 
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RESULTS 

 

Ninety-one sites were measured for clefts. Sixty-five of the 91 sites exhibited cleft 

formation. The incidence was calculated to be 71.4%. Extraction patterns were most 

commonly upper and lower first bicsupids. Figure 7: shows the distribution of the 

extraction pattern.  

Figure 7: Extraction Pattern  

 

 
 

 The distribution of the extraction pattern is as follows: 11 subjects had upper first 

premolars and lower first premolars extracted (26.2%); 7 subjects had upper first 

premolars and lower second premolars (16.7%); 5 subjects had upper and lower second 

premolars (11.9%); 2 subjects had upper second premolars and lower first premolars 

(4.8%); 7 had upper first premolars only (16.7%); 3 had lower bicuspids only (7.1%) and 

7 had asymmetrical extractions (16.7%).  
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Figure 8: Extraction Pattern as a percentage 

              
Measurements of the clefts were taken in the X,Y and Z plane (Figures 9, 110). In the 

mesial-distal x-axis dimension, the measurements ranged from 0 to 1 mm. In the incisal-

gingival y-axis dimension, the measurements ranged from 0 to 7 mm.  In the buccal-

lingual dimension, the measurements ranged from 0 to 9 mm.  

Figure 9. Y-axis measurement, Subject 27, Site #12:  
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Figure 10: Z-axis Measurement Subject 20, Site #28

 
 

 

 Table 2 compares cleft incidence and severity by location. Of the extraction sites 

in the maxilla, 65% exhibited a gingival cleft with a mean cleft severity of 25.60 mm2. In 

the mandible, 68% of the extraction sites had gingival clefts present with a mean cleft 

severity of 20.80 mm2.  

 Table 2: Extraction Location vs. Cleft 
Arch N= 91, % of N Mean Cleft 

Severity mm2 (SD) 

P-Value % Sites w/Cleft P-Value 

Maxilla  n = 51 (56.0%) 25.60 (21.60) p=0.50 75.0% p=0.53 

Mandible n = 40 (44.0%) 20.80 (27.10)  68.0%  

 

Table 3 compares cleft incidence and severity by gender. Males exhibited gingival 

clefting in 64.7% of the sites, while females had clefts in 75.4% of the sites. The mean 
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severity of the clefts was 24.96 mm2, while the mean severity of the clefts in females was 

22.62 mm2.   

Table 3: Subject Gender vs. Cleft 
Gender N= 91, % of N Mean Cleft 

Severity mm2 (SD) 

P-Value % Sites w/Cleft P-Value 

Male  n = 34 (37.4%) 24.96 (29.23) p=0.67 64.7% p=0.43 

Female  n = 57 (62.6%) 22.62 (22.03)  75.4%  

 

 Table 4 compares cleft incidence and severity to age. The sites have been 

separated into three groups. Young adolescent is a person under the age of 14 years old; 

teenagers are 14 years old or older but have not reached 19 years old yet, and adults are 

19 or older. Young adolescents had clefts in 75.7% of the sites, with a mean severity of 

20.09 mm2. Teenagers had clefts in 70% of the sites, with a mean severity of 23.67 mm2. 

Adults had clefts in 66.7% of their sites, with a mean severity of 28.52 mm2. Figure 11 

compares mean severity between the different age groups (p=0.38). 

Table 4: Subject Age vs Cleft 
Age N= 91, 

% of N 

Mean Cleft 

Severity  

mm2 (SD) 

P-Value P-value 

pairwise 

% Sites 

w/Cleft 

P-Value p-value 

pairwise 

 Young 

Adolescent:  

Age <14yrs 

n = 37 

(40.7%) 

20.09 (21.28) p=0.96 Reference 75.7% P=0.87 Reference 

Teenagers:  

14≤Yrs<19 

n = 30 

(33.0%) 

23.67 (27.46)  0.97 70.0%  0.75 

Adult: Age 

≥19 

n = 24 

(26.4%) 

28.52 (26.61)  0.78 66.7%  0.58 
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 When subdivided by race (as shown in table 5), Whites had the highest incidence 

with 93.8%, followed by Indians (75.0%), Hispanics (71.4%), Blacks (71.4%), and 

Asians (41.7%). Whites also had the highest mean cleft severity at 29.15 mm2, followed 

by Indians (25.72 mm2), Blacks (24.64 mm2), Hispanics (19.78 mm2) and Asians (14.92 

mm2). When using Whites as a reference group, there was statistical significance in 

difference of Cleft severity for the Asians (p=0.011), Blacks (p=0.029) and for incidence 

of Asians (p=0.011). Figure 12 compares the races by their cleft severity. Figure 13 

compares the races by their incidence rates. 

 

Table 5: Subject Race vs. Cleft 
Race N= 91, % of N Mean Cleft  

Severity mm2 

(SD) 

P-Value P-Value 

Pairwise 

% Sites 

w/Cleft 

P-

Value 

P-Value 

Pairwise 

 Asian n = 12 (13.2%) 14.92 (20.62) p=0.30 p=0.011 41.7% p=0.25 p=0.011 

Black n = 42 (46.1%) 24.64 (27.83)  p=0.029 71.4%  p=0.08 

 

Hispanic n = 14 (15.4%) 19.78 (26.34)  p=0.074 71.4%  p=0.12 

Indian n = 7 (7.7%) 25.72 (22.44)  p=0.32 75.0%  p=0.16 

White n = 16 (17.6%) 29.15 (18.68)  Reference 93.8%  Reference 

 

Young	  Adolesents	  
(n=37)	  

Teenagers	  (n=30)	   Adults	  (n=24)	  

20.09	  
23.67	  

28.52	  

Figure	  11:	  Mean	  Cleft	  Severity	  vs.	  Age	  
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Figure 12: Mean Cleft Severity vs. Race 

 
Figure 13: Cleft Incidence rate vs. Race 

 
 

 

The rate of space closure was broken down into three groups: slow, normal and 

fast. The fast space closure group (> 1.2mm/month) had the smallest mean cleft severity 

at 19.2 mm2, with an 81.3% incidence. The normal space closure group (.6≤ x ≤1.2 mm 

/month) had a mean cleft severity 23.34 mm2 with an incidence of 74.4%. The slow space 
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closure group ( <.6 mm/month) had the largest mean cleft severity with 26.50 mm2 

occurring in 64.7% of the sites (as seen in table 6). 

Table 6: Subject Rate of tooth movement vs Cleft 
Rate of 

closure 

N= 89*, 

% of N 

Mean Cleft 

Severity mm2 

(SD) 

P-

Value 

P-value 

pairwise 

% Sites 

w/Cleft 

P-

Value 

P-value 

pairwise 

Fast space 

closure: rate 

>1.2 mm/mo. 

n = 16 

(18.0%) 

19.2 (18.32) P=0.90 0.80 81.3% P=0.55 0.35 

Normal space 

closure: 

6≤rate≤1.2 

mm/mo. 

n = 39 

(43.8%) 

23.34 (23.54)  0.63 74.4%  0.34 

 

Slow space 

closure: rate 

<.6 mm/mo. 

n = 34 

(38.2%) 

26.50 (29.58)  Reference 64.7%  Reference 

* two rates were unable to be measured as impacted canines were present  

 Table 7 shows the width of keratinized gingiva, which was subdivided into two 

groups: narrow to adequate, and adequate to wide. Sites with narrow to adequate width of 

keratinized gingiva showed a 75.5% incidence with a mean cleft severity of 22.95 mm2, 

while sites with adequate to wide width of keratinized gingiva showed a 66.7% incidence 

with a mean cleft severity of 22.32 mm2.   

Table 7: Subject Width of Keratinized Gingiva vs. Cleft: 
Width of KG N= 91 (% of N) Mean Cleft 

Severity mm2 (SD) 

P-Value % Sites w/Cleft P-Value 

Narrow to 

Adequate:        

KG < 4mm  

n = 49 (53.8%) 22.95 (21.94) p=0.46 75.5% p=0.47 

Adequate to 

Wide:                 

KG >=4 mm  

n = 42 (46.2%) 22.32 (27.76)  66.7%  
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 Table 8 and Figure 14 compare sites with thin gingival thickness, less than or 

equal to 2.5 mm to thick gingival thickness, greater than 2.5 mm. 75% of sites with thin 

gingival thickness had gingival clefts with a mean severity of 27.09 mm2, while 68.6% of 

sites with thick gingival thickness had gingival clefts with a mean cleft severity of 20.66 

mm2. 

Table 8: Subject Gingival Thickness vs. Cleft: 
Gingival Thickness N= 91, % of N Mean Cleft 

Severity  mm2 

(SD) 

P-Value % Sites w/Cleft P-Value 

Thin ≤ 2.5mm  
 

n = 40 (44.0%) 27.09  (27.60) p=0.22 75.0% p=0.54 

Thick > 2.5mm  
 

n = 51 (56.0%) 20.66 (22.29)  68.6%  

 

Figure 14: Mean Cleft Severity vs. Gingival Thickness 

 
Table 9 and Figures 15 and 16 compare bone thickness measured at the crest. 

Sites fell into three categories: absent, in which there was no bone; thin, in which bone 

thickness was between 0mm and 1mm, and thick in which there was greater than 1mm of 

bone thickness. Sites where bone thickness was zero exhibited clefting in 79.2% of the 

sites and had a mean cleft severity of 25.33 mm2. Sites with thin bone thickness clefted in 

n=40	  

n=51	  Thin	  ≤	  2.5mm	  	  

Thick	  >	  2.5mm	  	  

27.09	  

20.66	  

Gingival	  Thickness	  (mm)	  vs.	  Severity	  (mm2	  )	  	  
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71.4% of the sites with a mean cleft severity of 23.95 mm2. Sites with thick bone 

thickness clefted at 61.1% mean cleft severity of 19.81 mm2. When using the absent bone 

thickness group as a reference the p value for mean cleft severity of the thin group was 

0.31 and the p-value of the thick group was 0.21. The p-value for incidence of clefts in 

the thin group was 0.42 and for the Thick group, 0.29.  

Table 9: Bone thickness (BT) at crest vs. Cleft 
BT at crest N= 91, 

% of N 

Mean Cleft 

Severity mm2 

(SD) 

p-Value p-value 

pairwise 

% Sites 

w/Cleft 

p-Value p-value 

pairwise 

Absent:  

BT = 0mm 

n = 24 

(26.4%) 

25.33 (20.49) p=0.49 Reference 79.2% p=0.59 Reference 

Thin:  

0≤ BT ≤1mm 

n = 49 

(53.8%) 

23.95 (27.79)  p=0.31 71.4%  p=0.42 

Thick: BT > 

1mm 

n = 18 

(19.8%) 

19.81 (22.25)  p=0.21 61.1%  p=0.29 

 

 Figure 15: Mean Cleft Severity vs. Bone thickness at crest  
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Figure 16: Cleft Incidence Rate vs. Bone Thickness at Crest 

 
Table 10 and figure 17 show the relationship of bone thickness 3mm apical from the crest 

to the severity and incidence of gingival clefts. Note that the values of the thin, average 

and thick bone thickness do not use the same intervals as and figures 15 and 16.  The thin 

bone thickness group had clefts at a rate of 66.7% with a mean cleft severity of 28.17 

mm2. The average bone thickness group had clefts at a rate of 76.9% with a mean cleft 

severity of 21.32 mm2. The thick bone thickness group had clefts at a rate of 67.9% with 

a mean cleft severity of 17.45 mm2.  

 

Table 10: Subject Bone thickness (BT) 3mm apical from crest vs. cleft 
BT at crest N= 91, 

% of N 

Mean Cleft 

Severity mm2 

(SD) 

p-Value p-Value 

pairwise 

% Sites 

w/Cleft 

p-Value p-value 

pairwise 

Thin: BT < 

1mm 

n = 24 

(26.4%) 

28.17 (26.11) P=0.62 Reference 66.7% p=0.66 Reference 

Average: 

1<BT<2mm 

n = 39 

(42.9%) 

21.32 (21.01)  p=0.99 76.9%  p=0.43 

Thick: BT ≥ 

2mm 

n = 28 

(30.7%) 

17.45 (18.67)  p=0.73 67.9%  p=0.88 
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Figure 17:  . Mean Cleft Severity vs. Bone thickness 3mm apical from the crest  
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DISCUSSION 

 

 Gingival clefts only occur in patients that undergo orthodontic space closure after 

extraction. In the 42 patients that underwent bicuspid extraction, 36% of them had class I 

crowding extraction pattern (U4s/L4s or U5s/L5s); 33% had class II extraction pattern 

(U4s only or U4s/L5s); 12% had class III extraction patterns (U5s/L4s or L4s or L5s 

only) and 17% had asymmetrical extraction patterns. This proportion falls into what is 

expected in terms of the average patients that are treated, with the class II and the 

asymmetrical proportion being slightly elevated (Janson, 2014).  

 Incidence rates of gingival clefts were lower than Rivera Circuns (100%) and 

higher than Robertson’s (35%). The rate of 71.4% of clefting was approximately in the 

middle range of studies that looked at incidence of clefts. Of the 33 subjects, 29 subjects 

had at least one cleft leading to a subject incidence of 87.8%. The severity index used in 

this study was created by Reichert (2011). Of the options previously used in the literature, 

this index most closely quantitatively measures the severity of a cleft. However, it seems 

that it is only a rough estimate, and a new formula should be investigated.  

 In this sample, it was more likely for clefts to occur in the maxilla, than the 

mandible. However, when they did occur they were larger on the mandible. The bone of 

the mandible is denser than that of the maxilla, and tooth movement is generally slower 

on the mandible (Proffit, 2007) Our findings of no significant differences between the 

arches, agree with Richert (2013). However, Rivera Circuns (1983) and Robertson (1977) 

showed increased frequency of clefts in the mandibular arch as compared to the maxillary 

arch.   
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It was expected that females would be more likely to have a gingival cleft than 

males. 75.4% of female sites had clefts, while only 64.7% of males sites had clefts 

(p=0.43).  The mean cleft severity followed the opposite pattern with males having a 

slightly larger value of 24.96	   mm2 with female mean cleft severity was measured at 

22.62 mm2 (0.67).  No statistically significant differences were noted between males and 

females. 

 Teeth typically move faster in younger patients relative to older patients. Based 

on that concept, it was thought that the younger the patient, the less likely they would 

have a gingival cleft and if they did it would be less severe. The youngest group, “young 

adolescent,” exhibited the smallest mean cleft severity at 20.29 mm2 as compared to 

adults which had a mean cleft severity of 28.52 mm2. The difference was substantial but 

not statistically significant (p=0.38). The incidence rate followed the opposite pattern, 

with the highest frequency in the young adolescent and the lowest frequency in adults. 

However, the difference in incidence was minimal (p=0.87). 

 When sites were categorized by race, large differences were seen between the 

subgroups. Whites had the highest incidence at 93.8% and the highest mean cleft severity 

at 29.15 mm2. This significantly differed (p=0.011) from the Asians, with their incidence 

at 41.7% and a mean severity of 14.92 mm2. The disparity found between these two 

subgroups was the largest of any two in the study. Significant differences were also found 

in the Black population as compared to the white population (p=0.029).  

 When considering the rate of space closure and gingival clefting, two competing 

considerations exist. First, by closing the extraction space faster, there would be less bone 

atrophy and theoretically a smaller gingival cleft. However, with increased speed of space 

closure, the gingival fibers do not have time to organize, The sites in the study did follow 
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the first consideration with the fast space closure producing mean cleft severity of 19.2 

mm2, normal space closure a mean cleft severity of 23.34 mm2, and slow space closure a 

mean cleft severity of 26.50 mm2. The second consideration was also applied. Since in 

the fast space closure group, the gingiva had the least amount of time to turnover, this 

group exhibited the highest incidence of gingival clefts (81.3%), while the slow space 

closure exhibited the lowest at 64.7% (p=0.55). 

 The width of keratinized gingiva measured from the gingival margin at the mid-

facial of the tooth to the mucogingival junction showed little relationship to the severity 

of the gingival cleft. Sites with less than 4mm of keratinized gingiva had a mean severity 

of 22.95 mm2 while sites with 4mm or greater keratinized gingiva had a mean severity of 

22.32 mm2. The sites with narrow to adequate keratinized gingiva did show an increased 

likelihood of gingival clefts 75.5% as compared to 66.7%, but it was not statistically 

significant. 

 Gingival thickness, a component of gingival biotype, was split into two groups, 

thin and thick. It was expected that the thin group would be more prone to developing 

greater gingival clefts and occur more frequently, and that was indeed the case. The thin 

group clefted in 75% of their sites with a mean cleft severity index of 27.09 mm2, and the 

thick group clefted in 68.6% of their sites with a mean cleft severity of 20.66 mm2 

(p=0.30).  

   Buccal bone thickness after extraction is perhaps the most interesting parameter 

analyzed in the study. A site may be missing bone for one of two reasons. A prior 

dehiscence may have existed, or bone was inadvertently removed at the time of 

extraction. Both of these scenarios are quite are common. In this study, 26.4% of the sites 

fell into this category. The group with absent buccal bone at the crest clefted in 79.2% of 
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the sites with a mean severity index of 25.33 mm2. This is juxtaposed by the thick buccal 

bone thickness group, which clefted in 61.1% with a mean cleft severity of 19.81 mm2. 

When comparing these two groups a p-value of 0.21 was determined.  Similar 

measurements were made 3mm apical to the crest of bone. Naturally, the values were 

larger than at the crest of bone. Though smaller clefts were seen in cases of greater buccal 

bone thickness there was little to no difference in incidence. 

 

Limitations 

 There were several limitations in the study. After referrals were sent for 

extractions, several months passed until the actual extractions were performed, thereby 

prolonging the length of the study. Often times extractions were scheduled for time slots 

that were difficult to be present at, due to scheduling conflicts. Failed appointments, 

lateness and last minute rescheduling also commonly occurred.  There were many 

rescheduled appointments due to inclement weather. Additionally, residents completed 

orthodontic space closure as instructed by faculty. Various mechanisms were employed 

such as power-chain, t-loops, niti-coils and elastics. Unfortunately, we could not ask the 

residents and faculty to use only one closing mechanism. 

There were a significant number of measurements per site per subject, and it took 

approximately 10 minutes to complete. The measurements for the buccal bone thickness 

were made using a bone calipers. The ideal means of obtaining this value would be a 

post-extraction CBCT, yet radiation doses are not justifiable. Another limitation is the 

size of the study. 50 subjects with a 143 sites were recruited. However, only 91 sites were 

able to be analyzed due to time restrictions.  
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Future Research 

 

There are many future research topics based on this study that should be 

investigated. If one could recruit a large group of Asian subjects, the group that had the 

lowest incidence of clefts, the parameters studied in this investigation could be studied in 

that group. The same could be done with a large sample of White subjects. Since the 

White subgroup was so much more prone to gingival clefts relative to other groups, 

prevention techniques such as socket preservations should also be studied. They could be 

studied with a split mouth design or by creating a control and experimental group. 

Additionally, the current sample could be followed and clefts should be measured at the 

time of removal of fixed orthodontic appliances and again 1 year after retention. It would 

be interesting to compare sites within the same patient to gain an understanding whether 

the relapse would be greater on one side with a cleft as compared to the other side that 

did not cleft, and to see how the clefts change severity over time.  

 

 

 

 

 

 

 

 

 

 

 

 

 



	   47	  

SUMMARY AND CONCLUSIONS 

 

• Gingival clefts are common side effects after orthodontic space closure of an 

extraction site.  

• Gingival clefts are most common in White populations and least common in 

Asian populations.  

• Faster space closure of an extraction site leads to less bone atrophy and therefore 

less severe gingival clefts. Faster space closure give the gingiva less time to 

reorganize and remodel and therefore increases the incidence of gingival clefts.  

• Sites with thin gingival thickness and absent buccal bone at the crest are at 

increased risk for gingival clefts.  

• Care should be taken to monitor patients for gingival clefts, and treat them if they 

persist.  
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Appendix A: Eligibility Checklist 

 
  

 

 

Protocol Title: Gingival Clefts Revisited (HP-00055937) 

Version: v5-13-2013-1368457812753 

Eligibility Checklist 
 
Inclusion/Exclusion Criteria (once the protocol is approved, this page must be copied, used as a 
checklist for screening subjects, signed by investigator, and inserted in research record for every 
subject screened): 
 

Inclusion Criteria 
 

Yes No  Criteria                                                                                                                                             . 
      
□ □ Patient being treated at the University of Maryland. Department of Orthodontics 
      
□ □ Patient who have been treatment planned for bicuspid extraction with subsequent space closure 
      
□ □ Patient in permanent dentition stage (~age 12 or greater) 
      
□ □ Consent of parent/guardian (if patient is >= 18 years old) and Assent of subject (if patient is <18 years of 

age) 
      
□ □ Parent must be free of any systemic disease or allergies 
      

 

 
 

Exclusion Criteria 
 

Yes No Criteria                                                                                                                                             . 
      
□ □ Patient either in primary or mixed dentition stages 
      
□ □ Denial of consent of parent or guardian 
      
□ □ Denial of assent of adolescent subject if subject is younger than 18 years of age.  
      
□ □ Any significant medical history or orofacial syndrome 
      
□ □ Active periodontal disease 
      

 

 
 

For use during screening of subjects:  

Name of Subject Date Screened 

Reviewed and subject acceptable for study:    ______ YES  ______ NO 

Signature of Principal Investigator Date 
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Appendix B: Research Consent Form 

 
 

Page 1 of 5

RESEARCH CONSENT FORM

Protocol Title: Gingival Clefts Revisited

Study No.: IRB Protocol - HP-00055937
 
Principal Investigator: Dina Stappert DDS  Tel: 410-706-7908 

Gingival Clefts Revisited is a research study. Participation in this research study is 
voluntary, and you may ask questions at any time. If you are consenting for someone else 
such as a child, the word “you” refers to that person.

PURPOSE OF STUDY

The purpose of this research project is to investigate the relationship between aspects of 
gingiva, underlying bone and gingival clefts.

A participant qualifies to participate for this study by needing premolar extractions for 
orthodontics purposes, while being a patient at the University of Maryland Orthodontics clinic.

By participating for this study, you are helping the orthodontic profession better 
understand when gingival clefts occur.

The number of participants to be included in this study is 50.

PROCEDURES
� The study is based on standard of care procedures including the number of patient visits 

and the length of treatment time. 

� The duration of your participation is the amount of time needed for space closure. 

� You will receive appropriate dental radiographs (x-rays) with your treatment. This 
procedure is considered standard of care at this institution. 

� After the extraction, the amount of bone around the extraction site will be measured. 

HP-00055937 UM IRB Approval Date 7/1/2013
Do Not Sign this Form after this Date 6/30/2014
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� You will be monitored during the orthodontic space closure process, and observed for the 
occurrence of gingival clefts. If a gingival cleft does occur, it will be quantified in mm.

� There will be no biopsies taken.

� The treatment rendered is the standard of care. 

POTENTIAL RISKS/DISCOMFORTS:

� There is a risk of loss of confidentiality. All precautionary steps to maintain 
confidentiality will be undertaken. 

o All electronic data will be password-protected.
o All data will be stored in a secure location.

� All measurements will be taken after you have already been anesthetized, and therefore, 
discomfort is unlikely.

� There may be risks in this study that are not yet known. 

POTENTIAL BENEFITS

� You will not benefit directly from your participation in this study.
� If you are under the age of 18, you the parent/guardian needs to decide if the child’s 

participation in this research study is in your child’s best interest.

ALTERNATIVES TO PARTICIPATION

This is not a treatment study. Your alternative is to not take part. If you choose not to take part, 
your healthcare at University of Maryland, Baltimore will not be affected.

COSTS TO PARTICIPANTS
� There is no financial cost to you in participating in this study.

PAYMENT TO PARTICIPANTS
� There is no financial compensation for participation.

CONFIDENTIALITY AND ACCESS TO RECORDS
� You will be identified by a chart number. 

HP-00055937 UM IRB Approval Date 7/1/2013
Do Not Sign this Form after this Date 6/30/2014
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� The chart numbers will be coded, so they will not appear identical to those used in the 
clinic.

� Only the Primary investigator and the co-investigators will have access to this 
information and will know the code. 

� No other identifiers will be used.

� Efforts will be made to limit your personal information, including research study and 
medical records, to people who have a need to review this information. We cannot 
promise complete secrecy. Organizations that may inspect and copy your information 
include the IRB and other representatives of this organization. 

� The data from the study may be published. However, you will not be identified by name. 
People designated from the institutions where the study is being conducted and people 
from the sponsor will be allowed to inspect sections of your medical and research records 
related to the study. Everyone using study information will work to keep your personal 
information confidential. Your personal information will not be given out unless required 
by law. 

RIGHT TO WITHDRAW

� Your participation in this study is voluntary. You do not have to take part in this research. 
You are free to withdraw your consent at anytime. Refusal to take part or to stop taking 
part in the study will involve no penalty or loss of benefits to which you are otherwise 
entitled. If you decide to stop taking part, or if you have questions, concerns, or 
complaints, or if you need to report a medical injury related to the research, please 
contact the investigator Dr. Dina Stappert at 410-706-7908

� There are no adverse consequences (physical, social, economic, legal, or psychological) 
of a participant's decision to withdraw from the research. If you wish to withdraw, a 
written withdrawal is requested/required and it should be sent to Dr. Dina Stappert.

o Contact Information: Dr. Dina Stappert, Dept of Orthodontics and Pediatric 
Dentistry, 650 West Baltimore St. Baltimore, MD 21201

� If you are an employee or student, your employment status or academic standing at UMB 
will not be affected by your participation or non-participation in this study.

CAN I BE REMOVED FROM THE RESEARCH?

The person in charge of the research study or the sponsor can remove you from the research 
study without your approval. Possible reasons for removal include lack of compliance with 
orthodontics care. The sponsor can also end the research study early. The study doctor will tell 

you about this and you will have the chance to ask questions if this were to happen.

HP-00055937 UM IRB Approval Date 7/1/2013
Do Not Sign this Form after this Date 6/30/2014
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Dental School Policy

It is the Dental School’s policy that all research participants being seen at the Dental School must 
be registered in the School’s patient records system. It is also the Dental School’s policy that the 
care received by research participants can be reviewed by appropriate Dental School personnel 
under the Dental School’s quality assurance program.  These policies help the Dental School to 
verify that your dental care is appropriate, and to provide continued care when research 
participation has concluded.  If you consent to participate in research, please understand that you 
are agreeing that your personal information will be entered in the Dental School’s patient 
records, and that members of the quality assurance staff will have access to your dental 
information.  The records concerning your dental care are confidential as required by law of 
Maryland and the U.S.

UNIVERSITY STATEMENT CONCERNING RESEARCH RISKS 

UNIVERSITY STATEMENT CONCERNING RESEARCH RISKS 
The University is committed to providing participants in its research all rights due them under State and 
federal law. You give up none of your legal rights by signing this consent form or by participating in the 
research project. This research has been reviewed and approved by the Institutional Review Board (IRB). 
Please call the Institutional Review Board (IRB) if you have questions about your rights as a research 
participant.

The research described in this consent form has been classified as minimal risk by the IRB of the 
University of Maryland, Baltimore (UMB). The IRB is a group of scientists, physicians, experts, and 
other persons. The IRB’s membership includes persons who are not affiliated with UMB and persons who 
do not conduct research projects. The IRB’s decision that the research is minimal risk does not mean that 
the research is risk-free. You are assuming risks of injury as a result of research participation, as 
discussed in the consent form.

If you are harmed as a result of the negligence of a researcher, you can make a claim for compensation. If 
you have questions, concerns, complaints, or believe you have been harmed through participation in this 
research study as a result of researcher negligence, you can contact members of the IRB or the staff of the 
Human Research Protections Office (HRPO) to ask questions, discuss problems or concerns, obtain 
information, or offer input about your rights as a research participant. The contact information for the IRB 
and the HRPO is:

University of Maryland School of Medicine
Human Research Protections Office 

BioPark I
800 W. Baltimore Street, Suite 100

Baltimore, MD 21201
410-706-5037

HP-00055937 UM IRB Approval Date 7/1/2013
Do Not Sign this Form after this Date 6/30/2014
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Signing this consent form indicates that you have read this consent form (or have had it read to 
you), that your questions have been answered to your satisfaction, and that you voluntarily agree 
to participate in this research study. You will receive a copy of this signed consent form.

If you agree to participate in this study, please sign your name below.

___________________________________
Participant’s Signature

Date:______________________________

___________________________________
Signature of Parent/Guardian
(When applicable)

Relationship:________________________

Date:______________________________

___________________________________
Investigator or Designee Obtaining Consent 
Signature

Date:______________________________

___________________________________
Witness*

Date:______________________________

HP-00055937 UM IRB Approval Date 7/1/2013
Do Not Sign this Form after this Date 6/30/2014
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Appendix C: Research Assent Form 

 
 

 

 

Page 1 of 2

RESEARCH ASSENT FORM

Protocol Title: Gingival Clefts Revisited

Study No.: IRB Protocol - HP-00055937

Principal Investigator: Dina Stappert DDS  Tel: 410-706-7908

We want to tell you about a research study we are doing. A research study is a way to learn 
information about something. We would like to find out more about why the gums heal in certain 
situations.  You are being asked to join the study because your treatment falls into the category 
where we can watch gums after we move teeth in the proper position. 

If you agree to join this study, you will be asked to allow us to take measurements in your mouth 
using our tools. There will be no extra visits required and the length of treatment will not change. 

You should expect no side effects or discomfort from participating in this study as compared to 
not participating.

We do not know if you will be helped by being in this study.  We may learn something that will 
help other children with spaces after extractions some day. 

You do not have to join this study. It is up to you.  You can say okay now, and you can change 
your mind later.  All you have to do is tell us. No one will be mad at you if you change your 
mind. 

Anything we learn about you from this study will be kept as secret as possible.

Before you say yes to be in this study, we will answer any questions you have. 

HP-00055937 UM IRB Approval Date 7/1/2013
Do Not Sign this Form after this Date 6/30/2014
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Appendix D: HIPAA Authorization Form 

 

Health Insurance Portability and Accountability Act (HIPAA) 
AUTHORIZATION TO OBTAIN, USE AND DISCLOSE 

PROTECTED HEALTH INFORMATION FOR RESEARCH 
 

One copy of this document, signed and dated, must be given to the research subject                                                              Version: 03.01.2010         
Page 1 of 2 

 

Name of Study Volunteer:    __________________________________________________________________ 

Date of Birth:  ________________                        Medical Record Number: ___________________________ 

NAME OF THIS RESEARCH STUDY:    Gingival Clefts Revisited  
UMB IRB APPROVAL NUMBER:   IRB Protocol - HP-00055937 

RESEARCHER’S NAME:    DINA STAPPERT, DDS 

RESEARCHER’S CONTACT INFORMATION:  
      Department of Orthodontics 
      University of Maryland School of Medicine (UMSOM) 
      650 W Baltimore Street, 3208 
      410-706-7908 

This research study will use health information that identifies you/your child. If you/your child agree to participate, 
this researcher will use just the health information listed below. 

THE SPECIFIC HEALTH INFORMATION TO BE USED OR SHARED: 
• Billing and payment information and the medical information required to justify it. 
• Research tests        
•  

Federal laws require this researcher to protect the privacy of this health information. He/she will share it only with 
the people and groups described here. 
 

PEOPLE AND ORGANIZATIONS WHO WILL USE OR SHARE THIS INFORMATION: 
• Dr. Dina Stappert and his/her research team. 
• The sponsor of the study, or its agents, such as data repositories or contract research organizations 
• Organization that will coordinate health care billing or compliance such as offices within UMSOM; the 

University of Maryland, Baltimore (UMB); University Physicians, Inc. (UPI) and the faculty practices 
of the UMB; University of Maryland Medical System (UMMS) Your health insurer to pay for covered 
treatments   

 
 
THIS AUTHORIZATION WILL NOT EXPIRE.  BUT YOU CAN REVOKE IT AT ANY TIME. 
To revoke this Authorization, send a letter to this researcher stating your decision. He/she will stop collecting 
health information about you/your child. This researcher might not allow you/your child to continue in this 
study. He/she can use or share health information already gathered.  
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Health Insurance Portability and Accountability Act (HIPAA) 
AUTHORIZATION TO OBTAIN, USE AND DISCLOSE 

PROTECTED HEALTH INFORMATION FOR RESEARCH 
 

One copy of this document, signed and dated, must be given to the research subject                                                              Version: 03.01.2010         
Page 2 of 2 

ADDITIONAL INFORMATION: 
 

• You can refuse to sign this form. If you do not sign it, you cannot participate in this study. This will not 
affect the care you/your child receive at: 

o University Physicians, Inc. (UPI) 
o University of Maryland Medical System (UMMS) 

 It will not cause any loss of benefits to which you/your child are otherwise entitled. 
• Sometimes, government agencies such as the Food and Drug Administration or the Department of 

Social Services request copies of health information. The law may require this researcher, the UMSOM, 
UPI, UMMS to give it to them. 

• This researcher will take reasonable steps to protect your/your child’s health information. However, 
federal protection laws may not apply to people or groups outside the UMSOM, UMB, UPI, UMMS.    

• Except for certain special cases, you/your child have the right to a copy of your/your child’s health 
information created during this research study. You may have to wait until the study ends. Ask this 
research how to get a copy of this information from him/her. 

 
My signature indicates that I authorize the use and sharing of my/my child’s protected health information for 
the purposes described above. I also permit my doctors and other health care providers to share my/my 
child’s protected health information with this researcher for the purposes described above.  

 

Signature:  __________________________________________________ Date: _______________________ 
 

Name (printed) ______________________________________ 
 

Privacy Questions? Call the UMSOM Privacy Official (410-706-0337) with questions about your/your child’s 
rights and protections under privacy rules. 

Other Questions? Call the researcher named on this form with any other questions. 
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Appendix E: Phase 2 Data Sheet 
Subject #:   Tooth #:   Perio Resident: 
 
Width of Keratinized Gingiva 
Measured at Mid-facial 

#1: #2: #3: Mean: 

Thickness of gingiva: mesio-
facial 
 

#1 
 

#2  #3  Mean: 

Thickness of gingiva: facial 
 

#1 #2 #3 Mean: 

Thickness of gingiva: disto-
facial 
 

#1 #2 #3 Mean: 

Thickness of gingiva: mesio-
lingual 
 

#1 #2 #3 Mean: 

Thickness of gingiva: straight 
- palatal/lingual 

#1 #2 #3 Mean: 

Thickness of gingiva: disto-
lingual 

#1 
 
 

#2 #3 
 

Mean: 

Bone Thickness at mid-facial 
crest of bone 

#1: #2: #3: Mean: 

Bone Thickness at 3mm 
apical to the crest of bone 

#1: #2: #3: Mean: 

Bone Thickness at 6mm 
apical to the crest of bone 

#1 #2 #3: Mean: 

Extraction site width (mesio-
distal) measured at the contact 
point 

#1 #2 #3: Mean: 

PD#                                                                           PD# 
Mesial Straight Distal Mesial Straight Distal 
      
      
CEJ-GM#                                                                 CEJ-GM# 
Mesial Straight Distal Mesial Straight Distal 
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Appendix F: Phase 3 Data Sheet 
 
Subject #:  Tooth #: Date:   Ortho Resident: 
 
 
 
Gingival Cleft   Yes ________ No  ___________ 
 
 
Width of Keratinized 
Gingiva Measured at site 
of extraction 

#1: #2: #3: Mean: 

Extraction site width #1: #2: #3: Mean: 

If there is GC:     
Incisal-Gingival  #1: #2: #3: Mean: 

Buccal-Lingual #1: #2: #3: Mean: 

Mesial-Distal #1: #2: #3: Mean: 

 
Severity (Volume) of Cleft: 
 
 
 
 
 
 
PD#                                                                           PD# 
Mesial Straight Distal Mesial Straight Distal 
      
      

 
CEJ-GM#                                                                 CEJ-GM# 
Mesial Straight Distal Mesial Straight Distal 
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