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Association of Initial Periodontal Inflammation and Obesity on Oral Wound Healing 

Outcomes 

Neil Bealka, DDS 

The University of Nebraska Medical Center, 2023 

Advisor: Amy Killeen, D.D.S., M.S. 

The purpose of this prospective cohort pilot study was to determine if initial periodontal 

inflammation limits healing outcomes after tooth extraction, specifically in terms of reduced 

periodontal attachment on adjacent teeth and changes in radiographic bone quantity and 

quality. Additionally, the study sought to explore correlations between patients with high body 

mass index and post-extraction healing outcomes. The study enrolled nine patients at the 

University of Nebraska Medical Center College Of Dentistry who required the extraction of a 

posterior tooth due to advanced periodontal bone loss, non-restorable caries, or root fracture.  

Prior to extraction, a limited field cone beam CT (CBCT), body mass index (BMI), medical 

history, baseline periodontal indices including periodontal probing depth (PPD), recession 

(REC), relative clinical attachment level (CAL), and bleeding on probing (BOP) were recorded on 

the tooth to be extracted as well as adjacent teeth. Patients were then placed into periodontitis 

and non-periodontitis groups based on initial clinical indices. Routine atraumatic tooth 

extraction was performed under local anesthesia. Clinical and radiographic assessments were 

conducted at baseline and three months after extraction to compare healing outcomes 

between the groups. Horizontal and vertical residual ridge dimensional changes were assessed 

using CBCT images. Soft tissue dimensional changes were assessed by evaluating changes in the 

periodontal indices of adjacent teeth. Residual ridge and soft tissue dimensional changes 
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occurred in both groups of patients, periodontitis and non-periodontitis, following tooth 

extraction. For residual ridge changes, there were statistically significant differences noted in 

the horizontal dimension at the apical aspect of the extraction socket nine millimeters from the 

osseous crest when comparing groups, periodontitis and non-periodontitis, with greater change 

noted in the non-periodontitis group (p= 0.03). In the coronal aspect of the socket,  horizontal 

residual ridge dimensional changes approached statistical significance one millimeter and six 

millimeters from the osseous crest, with greater change noted in the non-periodontitis group 

(p=0.08 and p=0.06, respectively). Radiographic density measurements approached statistical 

significance in the tangential view (p=0.06), with less radiographic density noted in the 

periodontitis group. For soft tissue dimensional changes, there were no statistically significant 

differences noted between the two groups.   There were no statistically significant correlations 

that could be drawn between patients with high pre-operative body mass index and post-

extraction healing outcomes. Following tooth extraction, soft tissue, and residual ridge 

dimensional changes occur during the first three months.  
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Chapter 1: Introduction 

 

Partial edentulism can have a significant impact on a patient's oral health and overall 

quality of life. Traditional treatment options for partial edentulism include fixed partial 

dentures and removable partial dentures. However, dental implant therapy has emerged as an 

increasingly popular and effective alternative for replacing missing teeth (Duong, 2022). In the 

last three decades, oral implant placement has progressed into a reliable and standard 

treatment option for patients to replace missing teeth, with success rates exceeding 95%. 

(Lambert, 2009) However, not all patients with partial edentulism are good candidates for 

dental implant therapy. Factors such as a patient’s ability to heal, the amount and quality of 

available bone, periodontal health, and oral hygiene can all affect the success of the procedure. 

Periodontitis is a chronic, local inflammatory condition of the mouth that affects the 

tooth-supporting tissues, including the periodontal ligament, cementum, and alveolar bone. 

The condition is characterized by progressive destruction of the tooth-supporting apparatus, 

ultimately leading to tooth loss if left untreated (Papapanou et al., 2018). The local 

inflammation caused by periodontitis may be associated with suboptimal healing outcomes 

following tooth extraction, but the mechanisms involved are not fully understood. 

Obesity is a prevalent condition that has been shown to impair healing outcomes in 

extraoral models. Patients with high body mass index (BMI) have been found to have poorer 

healing outcomes due to their chronic low-grade systemic inflammation and pro-inflammatory 

reservoirs (Ellulu, 2017.) There is conflicting evidence on the role of BMI in intraoral healing 
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outcomes, with some studies reporting an increased risk of postoperative complications and 

others finding no significant effect (Waisath, 2009).  

While systemic and local inflammation have been recognized as critical factors in the 

extraoral wound healing process, their effects on intraoral healing outcomes are not well 

understood (Politis, 2016). This knowledge gap warrants investigation as inflammation and 

wound healing play a significant role in several oral diseases, including periodontitis and tooth 

extractions. Understanding the relationship between inflammation and healing outcomes in the 

oral cavity can inform clinical decision-making and improve patient outcomes. It remains 

uncertain whether a patient’s baseline periodontal status at the site of tooth extraction or body 

mass index is linked to an individual’s healing outcome both clinically and radiographically. This 

prospective cohort pilot study aims to investigate the effects of local inflammation and systemic 

inflammation on oral surgical wound healing outcomes assessed clinically and radiographically 

by assessing initial local periodontal inflammation at the site of interest as well as a patient’s 

body mass index.  

Clinical Significance: 

The successful development of adequate bone and soft tissue after tooth extraction 

relies significantly on the patient's healing ability. Some patients experience suboptimal healing 

outcomes, necessitating more extensive bone and soft tissue augmentation procedures to 

facilitate implant placement, for which the patients incur added costs and treatment time. Both 

periodontitis and body mass index (BMI) are recognized as factors that contribute to local and 

systemic inflammation and have been implicated in sub-optimal healing outcomes extraorally. 
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This pilot study seeks to investigate whether clinical periodontal indices and a patient's pre-

operative body mass index can serve as predictors for suboptimal healing outcomes following 

tooth extraction. The threshold periodontal probing depth and body mass index that causes a 

clinically significant impact on healing is still unknown.  
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Chapter 2: Wound Healing and Inflammation: 

Wound healing is a complex process that involves four integrated phases: hemostasis, 

inflammation, proliferation, and remodeling. The effectiveness of wound healing is dependent 

on systemic patient factors as well as local factors present at the site of the wound. Patient 

factors such as tissue oxygenation, age, stress, obesity, and nutrition, which can interfere with 

one or more phases of the healing process, can lead to impaired or delayed healing (Guo, 

2010). Understanding wound healing and its potential sequelae is crucial for clinicians to avoid 

unwanted outcomes.  

During the normal wound healing response, hemostasis leads to the formation of a 

thrombus, followed by the inflammatory phase, which involves the influx of neutrophils, 

monocytes, and M1 macrophages. Macrophages play multiple roles in the wound healing 

process, releasing cytokines to promote inflammation and apoptotic clearance of cells leading 

to the resolution of inflammation, then undergoing a phenotypic transition to M2 macrophages 

to drive tissue regeneration. The proliferative phase overlaps with the inflammatory phase, 

involving epithelial proliferation, collagen synthesis, and the formation of the extracellular 

matrix (ECM). Remodeling is the final stage in wound healing, in which the wound undergoes 

physical contraction (Guo, 2010; Gonzales, 2016). 

Local factors affecting wound healing include local inflammation at the site, as noted in 

skin models. Persistent inflammation can lead to a prolonged pro-inflammatory state which has 

been shown to impair healing outcomes in skin models. Systemic factors such as obesity have 
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also been shown to impair wound healing. Obesity is a global epidemic that affects millions of 

people worldwide. It is associated with a chronic state of low-grade systemic inflammation, 

which can lead to various health complications, including impaired wound healing (Khanna, 

2022; Hruby, 2015). Obese individuals have been found to have poorer healing outcomes after 

surgery and trauma, likely due to their impaired immune response and increased levels of pro-

inflammatory cytokines (Pierpont et al., 2014). 

Body mass index, BMI, a measure of body fat based on height and weight, has also been 

shown to be a predictor of wound healing outcomes in various settings, including oral surgery.  

Following third molar removal, patients with high body mass index have been shown to have 

increased postoperative pain and trismus compared to non-obese patients (Coga, 2022).  A 

systematic review and meta-analysis by Monteiro et al. (2019) found that patients with high 

BMI had an increased risk of peri-implant diseases compared to those with normal BMI.  It has 

been shown that adipose tissue is a highly active and regulated secretory organ that produces 

bioactive substances collectively called adipokines, including cytokines, chemokines, and 

hormone-like factors, which impact the immune system and the inflammatory response. The 

negative impact of these bioactive substances on the systemic immune response may influence 

the healing process. The systemic effects of these pro-inflammatory reservoirs have been 

shown to impair wound healing outcomes in skin models (Cristiana, 2005; Gomez, 2022), but 

their effect on intraoral healing outcomes remains unclear.  
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Chapter 3: Extraction Socket Healing 

Tooth extraction is a common dental procedure that can lead to significant changes in 

the surrounding bone and soft tissue. The healing process following tooth extraction involves a 

series of events similar to cutaneous wound healing, including hemostasis, inflammation, 

proliferation, and remodeling. The outcome of healing can be affected by various factors such 

as patient age, systemic health, smoking, periodontal status, and surgical techniques. 

After tooth extraction, a series of bone and soft tissue changes occur in the socket. The 

initial phase involves the formation of a blood clot, which serves as a scaffold for the formation 

of granulation tissue. This is followed by the migration of osteoblasts and fibroblasts into the 

socket, leading to the formation of new bone and connective tissue. The conclusion of socket 

healing is generally clinically observed as closure of the socket with epithelium and radiographic 

bone fill. Generally, radiographic bone fill is observed between three- to six months following 

extractions, with the majority of those changes occurring within the first three months. During 

the stages of alveolar socket healing, first, a clot forms to provide initial hemostasis. Following 

the formation of the clot, granulation tissue replaces the initial clot over a period of 4-5 days 

with connective tissue infiltration replacing the granulation tissue over the next 13-16 days. At 

the base and periphery of the socket, calcification of the osteoid takes place. The osteoid 

generally appears around 7-10 days and by week six, bone trabeculae nearly fills the socket. 

Substantial bone fill is observed during the course of the following 5-10 weeks (Amler, 1969). 



7 

 

The rate and extent of bone regeneration depend on various factors such as the size of 

the socket, presence of infection, and surgical technique. (Araujo & Lindhe, 2005) During the 

first 6 months there can be up to a forty percent reduction in alveolar ridge height and a sixty 

percent reduction in the alveolar width. (Schropp, 2003) The rate of bone formation is 

dependent on many factors, including age, sex, health status, and the presence of infection or 

inflammation. (Kotwal et al., 2017) It can also be affected by the position in the oral cavity, 

maxilla versus mandible. More changes are noted in the maxilla as compared to the mandible. 

Soft tissue changes following tooth extraction can also occur and should be monitored. This is 

evident clinically as changes in clinical attachment level as well as changes in the periodontal 

probing depths. Clinically, this is important as sub-optimal soft tissue healing can lead to 

recession of adjacent teeth and the need for soft tissue augmentation.  

The healing of extraction sockets can be affected by local and systemic factors such as 

age, systemic diseases, and medication use. Older individuals have been shown to have a 

slower rate of bone regeneration following tooth extraction compared to younger individuals. 

In the elderly, the initial inflammatory stage of healing is extended or delayed because of the 

overall heightened inflammatory response in comparison to younger adults therefore delaying 

the wound healing process. (Bertl, 2019) Systemic diseases such as diabetes and osteoporosis 

can also impair bone healing and increase the risk of complications. Certain medications such as 

bisphosphonates and corticosteroids can also have adverse effects on bone healing by 

inhibiting bone turnover and delaying the bone remodeling process. Long-term use of 

corticosteroids has been shown to decrease bone mineral density. (Beeraka, 2013) Regulation 
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of local inflammation appears important for the outcome of wound healing. 

(Leblebicioglu, 2020) 

Overall, inflammation is a critical component of the wound healing response and is 

necessary for the removal of debris and the recruitment of immune cells to the site of injury. 

However, excessive inflammation can impair the healing process and lead to delayed or 

incomplete healing. In the case of tooth extraction, the presence of inflammation can lead to 

delayed healing, infection, and bone loss. (Kotwal et al., 2017) 
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Chapter 4: Periodontitis 

Periodontitis is a chronic, local inflammatory disease that affects the supporting tissues 

of teeth, including the gingiva, periodontal ligament, and alveolar bone. It is caused by the 

accumulation of bacterial biofilm on the teeth, which triggers an immune response in the host 

and results in local inflammation (Chapple et al., 2018). Its primary features include clinical 

attachment loss (CAL), radiographically assessed alveolar bone loss, and the presence of 

periodontal pocketing and gingival bleeding. (Papapanou, 2018) This inflammatory response is 

characterized by the recruitment of neutrophils and macrophages, which release cytokines and 

other inflammatory mediators to fight off the invading bacteria. However, if the inflammation 

persists, it can lead to destruction of the periodontal tissues and ultimately result in tooth loss 

(Hajishengallis & Chavakis, 2021). 

As dental plaque forms, the plaque becomes arranged into highly organized biofilms 

that consist of microorganisms to form a complex microbial community. Although calculus is 

not directly involved in the pathogenesis of periodontal disease, it plays a role by serving as a 

harbor that protects plaque and biofilm. The initiation and progression of periodontal disease 

requires not only bacterial plaque, but also requires a susceptible host. This susceptibility to 

disease can be highly variable and depends on a variety of risk factors such as genetics, stress, 

immunocompromise, and other systemic diseases. (Marsh, 2006) 

In addition to its local effects, periodontitis has been implicated in contributing to a 

systemic inflammatory load in affected individuals. Chronic inflammation in the periodontium 
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can lead to the release of inflammatory mediators, such as C-reactive protein (CRP), interleukin-

6 (IL-6), and tumor necrosis factor-alpha (TNF-α), into the bloodstream (Ebersole & Cappelli, 

2000). These systemic effects may contribute to the increased risk of various systemic diseases, 

such as cardiovascular disease, diabetes, and Alzheimer’s disease, in individuals with 

periodontitis (Jepsen et al., 2018). 

The local inflammatory response in periodontitis may also have implications for wound 

healing in other areas of the body. In skin models, it has been shown that local inflammation 

can impair wound healing by interfering with the normal sequence of events in the wound 

healing process, including hemostasis, inflammation, proliferation, and remodeling (Guo, 2010). 

Specifically, pro-inflammatory cytokines such as TNF-α and IL-1β can delay wound healing by 

inhibiting the migration and proliferation of keratinocytes and fibroblasts, as well as disrupting 

the extracellular matrix (ECM) deposition and remodeling. The effects of local periodontal 

inflammation on intraoral wound healing following tooth extraction are still poorly understood.  
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Chapter 5: Cone Beam CT 

Bone remodeling has traditionally been evaluated through two-dimensional radiographs 

and cast models. However, cone beam computed tomography (CBCT) has become a valuable 

tool for analyzing bone healing in extraction sockets and for dental implant surgery. CBCT 

provides a three-dimensional view of the socket and eliminates the need for standardized 

imaging. Studies have concluded that CBCT is a reliable modality for assessing bone volume 

measurements and post-operative assessment of bone healing in extraction sockets. (Singh et 

al., 2019) 

In addition to volumetric changes which are important to successful implant placement, 

bone density and quality within extraction sockets have also been investigated. The Hounsfield 

unit (HU) is a measure of radiodensity used to interpret CBCT images. Recent studies have used 

HU values to measure bone density changes in extraction sockets. HU values are obtained 

through a transformation of the baseline linear attenuation coefficient of the X-ray beam which 

the software calculates.  Higher HU values indicate more dense tissue, while lower HU values 

indicate less dense tissue. Studies have demonstrated that HU values obtained from CBCT scans 

reliably correlate with the density of the anatomical object of interest. (Scarfe et al., 2006; 

Baciut et al., 2017)  

Overall, CBCT has become a valuable tool for analyzing bone healing in extraction 

sockets. It provides a more comprehensive view of the socket and offers a reliable method for 

assessing bone density and volume changes. The Hounsfield unit can be used to evaluate bone 
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quality and density, providing information that can help determine optimal implant placement 

and size for a given patient. Hiasa (2011) demonstrated the usefulness of HU in pre-surgical 

assessment of bone quality and quantity. Overall, the combination of CBCT imaging and HU 

analysis can provide valuable information for perioperative implant planning and bone healing 

assessment following extraction. 
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CHAPTER 6: RESEARCH HYPOTHESIS AND SPECIFIC AIMS 

 

 The central research hypothesis is that extraction sites that exhibit increased clinical 

signs of periodontitis and higher body mass index will be associated with reduced healing 

outcomes clinically and radiographically at 3-months postoperatively. 

 Specific Aims: 

1. To determine if periodontitis sites exhibit more clinical attachment loss at the 

interproximal surfaces of the teeth adjacent to the extraction site at 3-months post-

extraction compared to non-periodontitis sites.  

2. To determine if periodontitis sites exhibit more horizontal and vertical bone loss 

visualized on CBCT at the extraction site 3-months post-extraction compared to non-

periodontitis sites. 

3. To determine if periodontitis sites exhibit less radiodensity at 3-months post-extraction 

compared to non-periodontitis sites.  

4. To determine if patients with higher body mass index exhibit impaired healing outcomes 

as observed clinically and radiographically.  
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Chapter 7: Materials and Methods 

Study Population and Research Design 

This three-month prospective cohort, pilot study included patients requiring extraction 

of a hopeless posterior tooth due to advanced bone loss or non-restorability at the University 

Of Nebraska Medical Center College of Dentistry in Lincoln, Nebraska. The flow of the study 

design is included in Figure 1. The following inclusion criteria were used: 1) adult patients 

seeking care at the UNMC College of Dentistry for extraction of a posterior tooth 

(premolar/molar) due to a periodontal defect, endodontic defect, non-restorable caries, or 

fracture; 2) adult patient considering dental implant placement to replace the extracted tooth; 

3) no anticipated need for bone grafting following extraction of the tooth; 4) patients between 

the ages of 21-70 years old.  Adult subjects (>21 years old) were chosen to be selected for study 

inclusion as adults have already completed pubertal-related growth, therefore wound healing 

will not be affected by pubertal growth hormones. Older patients (>70 years old) typically show 

decreased wound healing and were therefore excluded from the study. Specific exclusion 

criteria included the following: subjects with systemic diseases that may affect periodontal 

inflammation and bone turnover, pregnant patients, and patients <21 years old and > 70 years 

old.  Patients taking chemotherapy agents, those with chronic use of non-steroidal anti-

inflammatory medications, bisphosphonates, or any patients with immune-compromised 

conditions that can delay wound healing were also excluded.  

The protocol was approved by the University of Nebraska Medical Center Institutional Review 

Board, Omaha, Nebraska (IRB protocol #: 0257-21-FB) and was in accordance with the 
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declaration of Helsinki of 1975. The clinical trial was conducted from January of 2022 to March 

of 2023.  There were no conflicts of interest for this study.  

Figure 1: Research Design 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Baseline: 

Visit 1 

n=8 

Two week postoperative visit: 

Visit 2  

n=7 

Three-month postoperative visit: 

Visit 3 

n=7 

 Limited field CBCT 

 Clinical measurements 
o PD, GR, BOP 

 Height, weight, abdominal 
circumference 

 Evaluate healing 

 Provide any soft tissue 
debridement as necessary  

 Limited field CBCT 

 Clinical measurements 
o PD, GR, BOP 

Atraumatic extraction  
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Sample Collection and Clinical/ Radiographic Measurements 

 Three examiners (NB, SM, PS) were calibrated for reproducibility for periodontal 

probing depth measurements (PPD), gingival recession measurements (REC), and detection of 

bleeding on probing (BOP) after 30 seconds. Probing depths were measured from the free 

gingival margin (FGM) to the base of the pocket for test teeth and adjacent teeth, as indicated 

in Figure 2. Gingival recession was recorded from the cemento-enamel junction (CEJ) to the free 

gingival margin, and bleeding on probing was recorded 30 seconds after probe removal. These 

measurements were taken at six sites on test teeth as well as adjacent teeth: mesio-facial, mid-

facial, disto-facial, mesio-lingual, mid-lingual, and disto-lingual. 

Before tooth extraction, baseline data was collected which included the following:  a 

limited field cone beam computed tomography (CBCT) of the tooth to be extracted, subject 

height, weight, gender, smoking status, and medical history. Clinical periodontal data using a 

UNC 15 periodontal probe was recorded. The clinical attachment level (CAL) was calculated by 

adding the probing depth and recession measurements. Patients were grouped into the 

periodontitis group and non-periodontitis groups based on their probing depth measurements. 

Criteria for inclusion into the periodontitis group was a patient that had a probing depth of ≥ 4 

mm with bleeding on probing. Patients were categorized into the non-periodontitis group if 

they had probing depths of < 4 mm.  Body mass index was calculated using the patient’s height 

and weight measurements. Abdominal circumference was taken and recorded. Radiographic 

measurements were taken at baseline and 3 months to assess initial bone topography, final 

osseous healing and volumetric changes, as shown in Figures 3 and 4. 
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Figure 2: Probing Depth Measurement 

 

 

Treatment Protocol 

After data collection, local anesthesia was obtained around the test tooth. A sulcular 

incision extending to the neighboring papillae was made. Papillae were reflected and a routine 

atraumatic extraction was performed by assigned residents (SM, NB). Surgical sectioning was 

performed as necessary to avoid any damage to the underlying bone topography. The 

extraction sites were curetted of any granulation tissue and irrigated with normal saline. 
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Postoperative Care 

 Following the procedure, hemostasis was obtained and 2x2 gauze was placed. Patients 

were instructed to avoid brushing experimental site for 2 weeks during the initial healing phase. 

Patients were instructed to take over-the-counter Tylenol for management of any post-

operative discomfort. 

 

2-week follow up 

Subjects were scheduled for a routine postoperative visit two weeks following the 

extraction. At this visit, an assessment of healing as well as suture removal as necessary was 

performed. At this appointment, soft tissue debridement was performed as if impaired healing 

was noted.  

 

3-month follow up  

Subjects were seen for a final post-operative visit at three months to evaluate bone 

healing and for implant planning. Bone height, width, and density were assessed at the three-

month post-operative visit. Also, all baseline clinical measurements were repeated to assess 

final soft tissue healing and periodontal status of the adjacent teeth.  

 

Assessment of Bone Dimensional Changes on CBCT 

Cone beam computed tomography (CBCT) images were obtained on the Planmeca 

Romexis prior to extraction as well as three months postoperatively. This was used to assess 

the dimensional changes pre- and post-extraction of the alveolar ridge.  A series of cross-
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sectional and sagittal views were used for measurements. The CBCT was set to have a slice 

thickness of 0.5 mm to ensure measurement accuracy.  Alveolar bone measurements were 

performed using the integral tool of the software. Figure 3 demonstrates the pre-operative 

status prior to tooth extraction.  Figure 4 demonstrates the post-operative status following 

three months healing.  The CBCT images were then imported into BlueSky Plan (Libertyville, IL).  

The CBCT images had common reference points identified on the images and the common 

reference points were used to align the pre-and post-operative images. The software then 

calculated the differences between the images and displayed them as color-coded map that 

highlights areas of change or discrepancy. The pre-extraction and post-extraction results were 

then evaluated and measurements made using the integral tool of the software.  The long axes 

of the study sites were used to measure the five different levels of alveolar bone width and 

height before and after surgery. Given these sites would be future implant sites, horizontal 

measurements were taken at 1, 2, 3, 6, and 9 mm below the osseous crest to represent the 

coronal, middle, and deep layers of the extraction socket. The vertical height change was 

measured by evaluating the pre-operative and post-operative images.  Figure 5 demonstrates 

the map generated from the overlays of the CBCT images with blue representing the 

preoperative status of the alveolar ridge and tooth, and green representing the postoperative 

status of the alveolar ridge.  
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Figure 3: Preoperative CBCT- Baseline                                                                

  

 

Figure 4: Postoperative CBCT- 3 months 
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Figure 5: CBCT Overlay Map 

 

 

Radiographic Density:  

In order to evaluate the bone density, DICOM data of the final post-operative CBCT 

images were imported into the CBCT software in order to obtain the density measurement for 

each extraction site.  Figure 6 demonstrates a tangential cross section through the post-

operative site. The green highlighted area illustrates the extraction socket. The software within 

3D Slicer software calculates the mean Hounsfield (HU) unit for the extraction site indicating 

radiographic density.  The Hounsfield unit for each site was assessed in the tangential view and 

axial view as seen in Figures 6 and 7, respectively. The axial view was used to assess the 

Hounsfield measurements at three different points. These points were twenty five percent of 

the extraction socket depth, fifty percent of the extraction socket depth, and seventy-five 
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percent of the extraction socket depth representing the coronal, middle and deep layer of each 

extraction socket.  

 

Figure 6: Hounsfield Unit Tangential View 

 

                        

Figure 7: Hounsfield Unit Axial View 
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Statistical Analysis  

Two of the eight teeth in this sample came from the same patient but were treated 

independently in the analysis. Differences in measurements over time were calculated by 

subtracting the pre value from the post value. Descriptive statistics for continuous data are 

given as medians and interquartile ranges (IQRs, representing the range of the middle 50% of 

the data). Associations between categorical variables were assessed using Chi-Square tests, or 

Fisher’s exact tests when expected cell counts were low. Wilcoxon Rank Sum tests were used to 

examine differences in distributions of variables of interest between dichotomous variables. 

Spearman Rho correlations were used to assess correlations between numeric variables. All 

analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC). 

 When interpreting the results of differences which are significant, it would be good to 

see if the pre-values also significantly differed between groups. If one group had particularly 

large values at the start, it would make sense that their differences from pre to post would also 

be large, and thus it might not be the grouping variable that is relevant, but rather that patients 

in that group happened to have high starting values.  
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Chapter 8: Results 

Patient Characteristics  

Following screening, nine patients were enrolled in the study and consented to 

participate.  The median age of the patients for the periodontitis group was 46.5 and 57.0 for 

the non-periodontitis group with no significant difference in age between the two groups 

(p=0.77) (Table 1).  There was no significant difference in gender enrollment between groups. 

There were no smokers in either the periodontitis group or the non-periodontitis group. One 

patient failed to return after the initial extraction appointment and was therefore not included 

in the analysis. Patient number 5 elected to participate in the study providing two different 

teeth in two different quadrants that met inclusion.   Overall, there were no significant 

differences between groups in regard to age, gender, or body mass index as seen in Table 1.  

TABLE 1: Demographics between Groups 

 
Periodontitis 

n=4 

Non-Periodontitis 

n=4 

 

p-Value 

Gender    

Male  2 2 1 † 

Female 2 2 1 † 

Smoking Status    

Non-smoker 4 4  

Body Mass Index 34.9 32.1 0.77  †† 

Waist Circumference 

(cm) 
112 107  

Median Age 56.0 46.5 0.77  †† 

                                                            † P-value from Fisher’s exact test 
                                                            †† P-values from Wilcoxan Rank Sum 



25 

 

Clinical Outcomes 

 The mean baseline and three-month final post-operative results for respective changes 

in clinical outcomes between groups is reported in Tables 2-6.  There were no significant 

differences between groups for baseline PD or baseline CAL of the test tooth.   

 Mean difference in radiographic bone width measurements, shown in Table 2, 

illustrates that there were no statistically significant differences between the periodontitis 

group and the non-periodontitis group at 1 mm, 2 mm, 3 mm, and 6 mm from the osseous 

crest.   The difference in horizontal measurements between baseline and three months was 

statistically significant only for H9, nine millimeters from the original osseous crest (p=0.03).  

The buccal crest height change showed a difference of 1.7 mm for the non-periodontitis group 

and 1.9 mm for the periodontitis group which was not statistically significant (p=0.89).   

Table 2: Radiographic Horizontal and Vertical Residual Ridge Change 

                                                              

                    P-values from Wilcoxan Rank Sum 

 

 H1 Δ H2 Δ H3 Δ H6 Δ H9 Δ Buccal Crest 

Height Δ 

Periodontitis -3.0 -1.7 -1.0 -0.0 -0.3 1.9 

Non-Periodontitis -8.0 -5.5 -2.5 -1.9 -0.9 1.7 

p-Value 0.08 0.11 0.31 0.06 0.03 0.89 

 

 

The radiographic density measurements are illustrated in Table 3. There were no 

statistically significant differences between the periodontitis group and the non-periodontitis 
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groups in regard to radiographic density measurements in the tangential view or the three axial 

views representing the coronal, middle, and deep layers of the socket. However, radiographic 

density measurements approach statistical significance for the tangential view in which 

periodontitis sites had a mean radiographic density of 325.7 HU and non-periodontitis sites had 

a mean radiographic density of 568.3 HU  (p=0.06).  

 

Table 3: Radiographic Density- Tangential and Axial Views 

 

 

 

 

 

 

For soft tissue dimensional changes on the teeth adjacent to the study site, there were 

no statistically significant differences between baseline and three months post-operatively for 

periodontal probing depth and relative clinical attachment level between the periodontitis 

group and the non-periodontitis groups as seen in Tables 4 and Table 5. Both groups 

demonstrated a reduction in probing depths from baseline to three-months postoperatively.   

 

 

 

 

 Hounsfield 

Tangential 

Hounsfield 

Axial 25% 

Hounsfield 

Axial 50% 

Hounsfield 

Axial 75% 

Periodontitis 325.7 296.6 304.8 512.3 

Non-Periodontitis 568.3 625.1 618.4 573.4 

p-Value 0.06 0.19 0.11 0.89 
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Table 4: Change in PPD between Baseline and Three-month Postoperatively  

 Ant_DB_

PPD_Diff 

Ant_DL_

PPD_Diff 

Post_MB_

PPD_Diff 

Post_ML_

PPD_Diff 

Periodontitis -0.5 -1.5 -2.0 -1.0 

Non-Periodontitis -1.5 -1.5 -2.0 -1.0 

p-Value 0.54 1.00 1.00 1.00 

     

 

 

Table 5: Change in CAL between Baseline and Three-month Postoperatively 

 Ant_DB_

CAL_Diff 

Ant_DL_

CAL_Diff 

Post_MB_

CAL_Diff 

Post_ML_

CAL_Diff 

Periodontitis 0.5 -1.0 -1.5 -1.0 

Non-Periodontitis 0.0 -0.5 -3.0 -0.5 

p-Value 0.88 0.88 0.41 0.62 

     

 

In regard to body mass index, Spearman’s rho correlation found that there were no 

statistically significant correlations for patients with higher body mass index and changes in the 

clinical and radiographic outcomes for patients as seen in Table 6. There was a strong positive 

correlation between BMI and horizontal dimensional changes at H3, however, the results were 

not statistically significant (Spearman’s rho= 0.61, p= 0.01).   
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In regard to abdominal circumference, Spearman’s rho correlation found that there was 

positive, statistically significant correlation between patients with larger abdominal 

circumference and horizontal residual ridge dimensional changes 6 and 9 mm from the osseous 

crest.  Table 7 illustrates the Spearman’s Rho Correlation Coefficients and p-values for 

abdominal circumference.  

 

 

Table 6: Spearman’s Rho Correlation Coefficients and p-values for BMI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Spearman Correlation p-value  

Buccal Crest Height  Δ 0.07 0.87 

Hounsfield Tangential 0.05 0.91 

Hounsfield Axial 25 % 0.20 0.62 

Hounsfield Axial 50% 0.07 0.87 

Hounsfield Axial 75% 0.16 0.69 

Ant_DB_PPD_Diff 0.06 0.88 

Ant_DL_PPD_Diff -0.22 0.59 

Post_MB_PPD_Diff 0 1 

Post_ML_PPD_Diff 0 1 

Post_MB_AL_Diff -0.32 0.68 

Post_ML_AL_Diff 0.26 0.74 

Ant_DB_AL_Diff -0.54 0.16 

Ant_DL_AL_Diff -0.13 -0.75 

H1  Δ 0.40 0.42 

H2  Δ 0.08 0.84 

H3  Δ 0.61 0.10 

H6  Δ 0.50 0.20 

H9  Δ 0.20 0.62 
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Table 7: Spearman’s Rho Correlation Coefficients and p-values for Abdominal Circumference 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Indicates statistical significance: * 
 
 

 

 

 

 

 

 

 

 Spearman Correlation p-value  

Buccal Crest Height  Δ 0.34 0.42 

Hounsfield Tangential -0.34 0.42 

Hounsfield Axial 25 % -0.56 0.15 

Hounsfield Axial 50% -0.26 0.53 

Hounsfield Axial 75% 0.05 0.91 

Ant_DB_PPD_Diff 0.44 0.27 

Ant_DL_PPD_Diff -0.53 0.18 

Post_MB_PPD_Diff 0 1 

Post_ML_PPD_Diff 0 1 

Post_MB_AL_Diff 0.95 0.06 

Post_ML_AL_Diff -0.77 0.23 

Ant_DB_AL_Diff 0.12 0.77 

Ant_DL_AL_Diff -0.28 0.50 

H1  Δ 0.58 0.23 

H2  Δ 0.35 0.40 

H3  Δ 0.63 0.09 

H6  Δ 0.72 0.04* 

H9  Δ 0.78 0.02 * 
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Chapter 9: Discussion 

 This prospective cohort pilot study compared healing outcomes following tooth 

extraction in two groups of patients, periodontitis and non-periodontitis, after three months of 

healing. The aim was to assess differences in radiographic and clinical outcomes between sites 

with initial periodontal inflammation and those without. Healing outcomes were assessed 

radiographically by evaluating changes in the horizontal and vertical residual ridge dimensions 

using CBCT analysis. The differences in radiographic density between the two groups following 

healing were evaluated using the Hounsfield unit for assessment of postoperative osseous 

healing. Clinically, soft tissue dimensional changes were assessed by evaluating changes in the 

relative clinical attachment level and probing depth measurements on the adjacent teeth. The 

study also evaluated any potential correlations between patients with high preoperative body 

mass index and impaired healing outcomes. There were no statistically significant differences in 

baseline probing depth measurements between the two groups.  

           The clinical and radiographic healing outcomes between the periodontitis and non-

periodontitis group were the primary outcomes evaluated. Body mass index (BMI) was 

evaluated secondarily to determine if any correlations exist between preoperative BMI and 

post-extraction healing outcomes. The current study demonstrates that horizontal and vertical 

changes in the residual ridge occurred following tooth extraction in both groups of patients, 

which agrees with previous studies evaluating extraction socket healing (Schropp, 2003; 

Hansson, 2012; Couso-Queiruga, 2021). Six months following extraction, up to a forty percent 

reduction in alveolar ridge height and a sixty percent reduction in alveolar width has been 
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reported, with two-thirds of this reduction occurring within the first three months. These 

changes are generally more pronounced in the coronal one-third of the socket.   

 This study reveals that both patient groups experienced more significant changes in the 

horizontal dimension at the crest of the residual ridge, while the changes were less pronounced 

at the apical extent of the ridge. However, no statistically significant differences were observed 

between the two groups, except at H9, which is situated nine millimeters from the osseous 

crest (p=0.03). Both the periodontitis group and the non-periodontitis group exhibited the most 

substantial changes at H1, with volumetric changes decreasing as we moved apically. The 

values at H1 and H6 approached statistical significance (p=0.08 and 0.06, respectively).    

However, this study revealed an unexpected finding where the non-periodontitis group 

exhibited more significant changes compared to the periodontitis group. This finding 

contradicts the central research hypothesis, as one would anticipate a greater horizontal loss in 

patients with a higher level of local inflammation. One possible explanation for this difference 

could be attributed to the criteria used to classify patients into the periodontitis and non-

periodontitis groups. It is possible that recruiting patients with a more substantial local 

inflammatory load, characterized by 6-9 mm periodontal pockets, would have resulted in 

findings consistent with the central research hypothesis. In this study, patients with only mild 

periodontal inflammation were included, which may have influenced the observed outcomes. 

In regard to soft tissue dimensions, changes were noted in the periodontal indices of the 

adjacent teeth following tooth extraction, which is in agreement with previous studies (Lin, 
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2019).    However, there were no statistically significant differences noted between the groups 

so results need to be interpreted with caution in the context of this pilot study.  

A clinically relevant finding related to the contribution of local inflammation on the 

postoperative healing following tooth extraction was the radiodensity of the residual ridge 

three months postoperatively. At each level within the extraction socket, the Hounsfield unit 

measurements exhibited less radiodensity for the periodontitis group compared to the non-

periodontitis group, which is consistent with the central research hypothesis. Sites that had 

local inflammation present at baseline were less radiodense three months postoperatively 

compared to sites without local inflammation present. This is also in agreement with previous 

studies pointing to the impact that local inflammation can play on osseous healing 

(Leblebicioglu, 2020). However, these results were not statistically significant, so would need to 

be interpreted with caution. 

Body mass index was not found to have any statistically significant correlations with 

postoperative healing outcomes both clinically and radiographically. This is likely attributable to 

the low sample size of the study. Perhaps in future studies, the recruitment of more patients 

with larger variations in body mass index would yield statistically significant results. Abdominal 

circumference did show a strong positive correlation with osseous healing at H6 and H9 

(Spearman’s rho= 0.72 and 0.78, respectively). This could implicate a possible correlation to the 

impact of systemic inflammation on the postoperative healing process; however, more studies 

need to be completed to establish both statistical and clinical significance.  
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           Direct comparisons of the results of this study to other extraction and wound healing 

studies are challenging as no previous studies have evaluated clinical and radiographic changes 

between these two groups of patients, periodontitis and non-periodontitis. Also, there are few 

studies that have evaluated post-extraction healing with CBCT measurements. Although 

previous studies have evaluated hard and soft tissue dimensional changes following tooth 

extraction, these studies have primarily evaluated healing outcomes through the use of two- 

dimensional radiographs and study casts. Subtraction radiography was used in these studies to 

evaluate horizontal and vertical residual ridge dimensional changes (Schropp, 2003). This differs 

from the current study in that a three-dimensional CBCT image was used to make residual ridge 

measurements. This study agrees with previous extraction studies in the sense that major 

dimensional changes occur in the alveolar ridge following extraction within the first three 

months; however, some studies report that additional residual ridge dimensional changes occur 

up to 6 months post-extraction.  

These dimensional changes include both changes in the hard tissue architecture as well as the 

soft tissue architecture. Perhaps in future studies, a longer follow-up period would be beneficial 

to evaluate hard and soft tissue healing.   

            There were some limitations to this study. One major limitation of this study is the small 

sample size. Inherent limitations with a small sample size include reduced statistical power as 

well as the inability to draw conclusions that can be generalized to a larger group. The lack of 

heterogeneity within the sample limits the ability of the results to be applied to a larger 

population, potentially reducing the validity of the results. Perhaps in future studies, the 
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recruitment of a greater number of patients would yield more statistically significant results. 

Another limitation of the study was the criteria used to group patients into periodontitis and 

non-periodontitis groups. The patients selected for inclusion into the periodontitis group had 

only mild inflammation present at the sites that were being evaluated. Potentially, more 

statistically significant changes would have been observed if patients with more severe forms of 

periodontal disease were selected for inclusion. This may have led to larger dimensional 

changes as patients with more severe forms of disease have more local inflammation present at 

the site of interest. Also, a full mouth periodontal charting was not completed; therefore, the 

overall inflammatory load within the oral cavity was not assessed. A novel index that has been 

introduced in the periodontal literature is called the periodontal inflamed surface area (PISA). 

This index represents the sum of the periodontal pocket depth of bleeding on probing-positive 

sites. This is advantageous for research studies as it is treated as a continuous variable that can 

help quantify the amount of local inflammation present within the oral cavity (Park, 2017). 

Perhaps in future studies, the consideration of full mouth periodontal charting and calculation 

of the periodontal inflamed surface area (PISA)  to give an accurate representation of the 

overall oral inflammatory load would be beneficial (Park, 2017).   Finally, the study had a 

significant limitation regarding the field of view utilized for obtaining baseline and 

postoperative CBCT measurements. Both baseline and final healing measurements were 

acquired using a limited field CBCT at three months. Although this allowed for overlaying the 

STL and DICOM data, a more precise overlay could have been achieved by utilizing a full arch 

CBCT for the patients. However, opting for a full arch CBCT was not feasible due to the potential 



35 

 

increase in radiation exposure for patients. Consequently, the limited field CBCT might have led 

to less accurate measurements of volumetric bone changes.   

It is important to note that the effects of both local and systemic inflammation on post-

extraction healing warrant further investigation in future studies. In particular, evaluating 

patients with higher levels of periodontal inflammation and those individuals with greater 

variability in body mass index (BMI) may provide valuable insight into the potential influence 

inflammatory factors have on extraction site healing as well as an evaluation of differences in 

healing between maxillary and mandibular sites. Such investigations would help determine the 

interplay between local and systemic inflammatory responses and their impact on 

postoperative outcomes. Future studies with more patients would allow us to gain a more 

comprehensive understanding of the complex interactions between inflammation and the 

wound healing processes. These insights would contribute to providing treatment strategies 

and improving outcomes in patients undergoing extractions, particularly those with heightened 

inflammatory conditions. 
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Chapter 10: Conclusion 

 Following tooth extraction, patients experience both residual ridge dimensional changes 

and soft tissue changes which can preclude them from future implant placement. Knowledge of 

the wound healing process is essential in order to provide optimal patient care.  The present 

study demonstrated residual ridge changes in both the horizontal and vertical dimensions in 

both groups which is in agreement with previous studies.  Although this pilot study did not 

demonstrate statistically significant differences in dimensional changes between patients with 

either local or systemic inflammation, it provides a framework for future studies which may 

help further elucidate the differences between these two groups of patients and postoperative 

healing outcomes following tooth extraction.   We recognize the importance of considering 

both statistical and clinical significance, and we acknowledge the need for further research to 

evaluate the impact of these inflammatory factors by recruiting more patients. By integrating 

these findings into practice, clinicians can make informed decisions and manage patient 

expectations regarding their expected healing outcomes. 
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Appendix A: 
 

Raw Clinical Data- Patient Characteristics 
 

 

Patient Periodontitis Age BMI 
Abd Circ. 

(cm) 
Gender Smoking 

Tooth 

Extracted 

1 1 39 38.1 112 F 0 
Mand. 1st 

molar 

2 1 70 31 113 M 0 
Max. 2nd 

premolar 

3 1 54 39.1 121 F 0 
Mand 1st 

molar 

4 0 58 38.8 111 F 0 
Max 2nd 

molar  

5.1 0 37 31.6 108 M 0 
Max 1st 

molar 

5.2 1 37 31.6 108 M 0 
Max 1st 

molar 

6 0 56 26 106 M 0 
Max 1st 

molar 

8 0 62 32.6  F 0 
Max 2nd 

premolar 
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Appendix B: 

 

Raw Clinical Data- Extracted Tooth 
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Appendix C: 
 

Raw Clinical Data- Adjacent Teeth Baseline 
                            
 

Patient 

Ant 

DB 

PPD 

Ant 

DB 

REC 

Ant 

DB 

CAL 

Ant 

DL 

PPD 

Ant 

DL 

REC 

Ant 

DL 

CAL 

Post 

MB 

PPD 

Post 

MB 

REC 

Post 

MB 

CAL 

Post 

ML 

PPD 

Post 

ML 

REC 

Post 

ML 

CAL 

1 2 0 2 3 0 3 4 * 0 4 3 0 3 

2 3 0 3 4 0 4 3 0 3 3 0 3 

3 3 0 3 4 0 4 3 0 3 3 0 3 

4 3 0 3 3 0 3 n/a n/a n/a n/a n/a n/a 

5.1 2 0 2 2 0 2 n/a n/a n/a n/a n/a n/a 

5.2 2 0 2 1 0 1 n/a n/a n/a n/a n/a n/a 

6 3 0 3 3 0 3 3 0 3 3 0 3 

8 3 0 3 2 0 2 3 3 6 2 0 2 
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Appendix D: 

 
Raw Clinical Data- Adjacent Teeth 3 months Postoperative 

 

Patient 

Ant 

DB 

PPD 

Ant 

DB 

REC 

Ant 

DB 

CAL 

Ant 

DL 

PPD 

Ant 

DL 

REC 

Ant 

DL 

CAL 

Post 

MB 

PPD 

Post 

MB 

REC 

Post 

MB 

CAL 

Post 

ML 

PPD 

Post 

ML 

REC 

Post 

ML 

CAL 

1 2 * 0 2 2 0 2 2 0 2 2 0 2 

2 3 2 5 2 * 1 3 1 * 1 2 2 * 0 2 

3 1 1 2 1 0 1 2 * 0 2 3 * 0 3 

4 3 0 3 1 * 2 3 n/a n/a n/a n/a n/a n/a 

5.1 1 4 5 1 3 4 n/a n/a n/a n/a n/a n/a 

5.2 1 2 3 2 3 5 n/a n/a n/a n/a n/a n/a 

6 1 2 3 1 0 1 1 0 1 2 0 2 

8 1 0 1 1 0 1 1 1 2 1 * 1 2 
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Appendix E 
 

Raw Clinical Data: Horizontal and Vertical Residual Ridge Measurements 
 
 

 
 
 
 
 
 

Appendix F: Hounsfield Units 3 months Post-operatively 
 
 

Patient Hounsfield_Ax25 Hounsfield_Ax50 Hounsfield_Ax75 Hounsfield_Tang 

1 411.29 321.05 817.57 366.91 

2 158.10 140.78 223.15 189.14 

3 358.92 597.28 536.72 455 

4 573.50 584.97 527.07 484.60 

5.1 198.93 759.51 671.45 737.07 

5.2 234.34 288.53 487.82 284.43 

6 676.69 651.73 619.79 652.09 

8 776.62 418.29 388.11 453.53 
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Appendix G: Consent Form 
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