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Abstract 

 Periodontal disease also known as periodontitis is the second most common cause of 

tooth loss after dental caries. Almost close to half of the population of the world suffers from 

various forms (mild, moderate, or severe) of the periodontal disease. The disease is prevalent in 

mankind because of twofold reasons; inadequate diagnosis and inadequate treatment. The 

sequela of periodontal disease results in progressive loss of clinical attachment (supporting bone 

structure) around the teeth. One of the classic self-reported symptoms of periodontitis by the 

patients is loosening of the teeth which is termed in dental field as tooth mobility. The loss of 

supporting bone around the tooth makes the tooth mobile, sequentially leading to the tooth loss. 

If the periodontal disease is diagnosed timely and adequate efforts are made to prevent further 

loss of attachment, tooth loss can be prevented. 

 Traditional and time-tested methods of treating periodontal disease includes non-surgical 

(scaling and root planning) and surgical intervention. It is said that once a periodontal patient, 

always a periodontal patient and therefore these patients need to be on supportive periodontal 

therapy for a long time to save their teeth. Along with these tried and tested approaches 

clinicians, keep on exploring novel adjunct techniques to improve outcomes of periodontal 

patients.  

Bio-stimulation of hard and soft tissue to enhance or accelerate healing is an exciting area 

of inquiry, with the potential to have broad clinical application in periodontics. High-frequency 

vibration (HFV) is routinely used as an adjunct in the field of orthodontics to accelerate the 

movement of the teeth and reduce treatment times. Their modality is based on bio-stimulation of 

the inflamed periodontium (inflamed due to orthodontic forces). We hypothesized to use HFV in 
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well maintained periodontal patients (non-inflamed periodontium) possibly stimulating bone 

cells to form bone around the teeth thus improving clinical tooth mobility. 

A total of 17 patients were recruited for this pilot randomized clinical trial, first study of 

its kind in the field of periodontology to study the effects of HFV on the periodontium in a 

clinical graduate program setting. Research participants were randomly allocated to the test and 

the control group. The test group participants received HFV through the PTech device for five 

minutes per night for 12 weeks. The measurable outcomes were changes in clinical tooth 

mobility as shown by the Periotest value (PTV) and any change in bone mineral density (BMD) 

as measured in Hounsfield units (HU) deduced from the CBCT. The unit of measurement was 

the tooth and measurements (both PTV and HU) at the same tooth were made at the baseline 

examination and a subsequent examination at three months by the same provider. 

The sample consisted of 416 teeth (all the teeth in 17 patients) on which measurements 

were done at the baseline and at three months. A one-way repeated measures ANOVA for 

dependent samples was performed for statistical analyses. Two separate analysis were carried 

out; one for the entire data set and the other for the target teeth (mobile teeth) only. At the end of 

the study when considering target teeth (114 mobile teeth) we concluded that there was no 

evidence of change in the clinical tooth mobility as shown by the Periotest value (PTV) or by 

Miller’s method. Similarly, there was no evidence of change in the BMD as determined by HU. 

Future studies on a larger scale and longer duration are needed to validate and extrapolate the 

results of this pilot study.  
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1. Introduction 

This chapter reviews periodontal disease and its sequela leading to bone loss and mobile 

teeth. It explores the relevant literature on the effects of vibration (both high-frequency and low-

frequency) on tooth mobility. The chapter also highlights the current available methods used to 

assess tooth mobility, their clinical reliability, and quantification. Lastly, the chapter describes in 

depth the study’s objectives and research question. 

1.1 Periodontal Disease (Periodontitis) 

Periodontitis is a chronic multifactorial inflammatory disease characterized by 

progressive destruction of tooth supporting apparatus (Tonetti, Greenwell, & Kornman, 2018). 

The destruction is associated with the presence of microbial dysbiotic biofilms, which cause 

host-mediated inflammation in a susceptible host. The pathognomonic feature is loss of 

periodontal attachment, demonstrated clinically as periodontal pocketing and gingival bleeding, 

leading to clinical attachment loss (CAL) and radiographically measured alveolar bone loss 

(Papapanou, et al., 2018). Periodontitis is a systemic disease that is fundamentally connected to 

other diseases of inflammation, including diabetes, arthritis, Alzheimer’s Disease, and heart 

disease; it is, therefore, not a disease that should be taken lightly (Friedewald, et al., 2009). 

According to (Papapanou, et al., 2018), “Periodontitis is a major public health problem due to its 

high prevalence. If left untreated periodontitis may lead to tooth loss which may negatively affect 

chewing function and aesthetics and cause a debilitated state, be a source of social inequality, and 

impair quality of life” (p. S174). 
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The tooth loss leads to masticatory dysfunction, resulting in substantial dental care costs 

for replacement options. Over time, patients may lose entire dentition and become edentulous, 

negatively impacting their general health (Papapanou, et al., 2018).  

1.2 Prevalence of Periodontal Disease  

After dental caries, periodontitis is the most prevalent disease affecting oral health. Current 

epidemiological estimates are that 11% of the world’s population is affected by severe periodontitis, 

and its prevalence increases with age (Billings, et al., 2018). The National Health and Nutrition 

Examination Survey (NHANES) estimated that combined mild, moderate, and severe periodontitis 

affected more than 47% of the adult population from 2009 to 2010 in the USA (Eke, Dye, Wei, 

Thornton-Evans, & Genco, 2012). The Canadian Health Measure Survey (2010), a similar survey to 

NHANES, reported that 16% of Canadians had moderate and 4% had severe periodontal disease in 

2010. As in the NHANES’ findings, progressing age and smoking were two key factors associated 

with the progression of periodontal disease (Canada, Health). 

 

1.3 Consequences of Periodontal Disease  

The sequela of destruction caused by microbial deposits and host modulation depends on 

the severity of the periodontal disease and its rate of progression. Patients may or may not report 

a variety of symptoms, such as puffy reddish gums, spontaneous bleeding, pus, loose teeth 

(mobility), and receding gums. The increased bacterial load and weakened defense system of the 

periodontium cause the periodontal pockets to deepen, which in turn leads to loss of soft tissue 

and hard tissue (bone) around the teeth (Herrera, Retamal-Valdes, Alonso, & Feres, 2018).  
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 As the bone support around the teeth is reduced, teeth start to move in two or three 

dimensions due to occlusal forces. They may move in a horizontal direction (bucco-lingual or 

mesio-distal planes), and/or, in cases of severe bone loss, they may move in a vertical direction 

(apico-coronally). This movement of teeth upon occluding or biting is called fremitus and at times 

causes discomfort to the patient as the masticatory efficiency deteriorates (Fan & Caton, 2018). 

Progressive bone loss may lead inevitably to tooth loss. 

 

1.3.1 Tooth Mobility   

According to Muhlemann (1967), tooth mobility can be broadly categorized into two 

groups: physiologic and pathologic (Muhlemann H. R., 1967). Physiologic tooth mobility, also 

known as normal tooth mobility, stems from the resilience of an intact and healthy periodontium 

(Giargia & Lindhe, 1997). Pathological tooth mobility results as a sequela of a quantitative and 

or qualitative alteration of the periodontium.  

1.3.1.a Etiology of Tooth Mobility 

• Trauma from occlusion  

Trauma from occlusion (TFO) may be a major reason for tooth mobility. In the World 

Workshop 2017, (Fan & Caton, 2018) it is indicated that “Primary occlusal trauma is injury 

resulting in tissue changes from excessive occlusal forces applied to a tooth or teeth with normal 

periodontal support. It occurs in the presence of normal clinical attachment levels, normal bone 

levels, and excessive occlusal force(s). Secondary occlusal trauma is injury resulting in tissue 

changes from normal or excessive occlusal forces applied to a tooth or teeth with reduced 
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periodontal support. It occurs in the presence of attachment loss, bone loss, and normal/excessive 

occlusal force(s)” (p. S200). 

• Periodontitis  

Periodontitis leads to the loss of supporting alveolar bone, which provides most of the support 

for the teeth. Therefore, the extent of mobility is associated more with the critical mass of remaining 

alveolar bone support. This includes both the quantity and the quality of the alveolar bone support, 

and it is this critical mass of alveolar bone that allows for repair and regeneration of the periodontal 

ligament upon therapy (Muhlemann H. R., 1967).  

 

• Endodontic-periodontic lesions 

The bacterial proliferation at the apex of the teeth exudes toxins that devitalize the teeth 

by vexing the blood and nerve supply and by dissolving the surrounding bone. Extended 

inflammation from the root apex due to endodontic involvement in the periodontal ligament 

space leads to progressive bone loss around the tooth and in turn causes tooth mobility. 

Endodontic treatment should be performed to manage such mobility problems in primary 

endodontic and secondary periodontic lesions (Herrera, Retamal-Valdes, Alonso, & Feres, 

2018). 

• Pathologies  

Cysts, tumors, osteomyelitis, and fractures due to trauma cause chronic inflammatory 

processes that dissolve the bone and other supporting structures around the teeth in the jaws. As 
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the support around the tooth is reduced, teeth become loose in the socket and maybe mobile. 

(Underbrink, Pou, Quinn, & Ryan, 2002).  

• Post-periodontal surgery 

The gingival fibres run in all directions from the tooth to the gingiva and help as anchors to 

the tooth. Following periodontal surgery, tooth mobility increases because all the supra crestal 

fibre attachments and the gingival fibres are severed when a flap is raised to access the 

periodontal defect. This mobility is mostly short lived, and typically in four weeks mobility 

decreases beyond pre-surgery levels as re-attachment of the periodontal ligament fibres and 

gingival fibres occurs due to healing (Persson, 1981).  

1.3.1.b Stages of Tooth Mobility  

 

• Primary stage (also known as initial or intra-socket stage): This movement within the confines 

of the periodontal ligament space occurs due to the viscoelastic distortion of the periodontal fluid 

and periodontal fibres content. This movement ranges from 50–100µm, under a load of 100lb 

(Muhlemann, Savdir, & Rateitschak, 1965). Consider Figure 1 below for a visual representation 

of Muhlemann’s technique for measuring tooth mobility. 

 

• Secondary stage: This movement occurs due to elastic deformation of the alveolar bone in 

response to increased horizontal force (Everett & Stern, 1969). 
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1.3.1.c Measurement of Tooth Mobility 

In 1950, Miller developed what would become the most frequently used method for 

determining clinical tooth mobility. As per his technique, the tooth is firmly held between two 

instruments and moved back and forth; the mobility is scored on a scale of 0 to 3 as follows (Miller, 

1950): 

❖ Grade 0: no detectable movement apart from physiologic tooth movement,  

❖ Grade 1: greater than normal (physiologic) tooth mobility,  

Figure 1: Muhlemann’s technique of measuring tooth mobility and it’s diagrammatic representation 

(Mühlemann, 1960)  
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❖ Grade 2: mobility up to 1 mm in bucco-lingual direction,  

❖ Grade 3: mobility >1 mm in bucco-lingual in combination with vertical depressability. 

Though quite simple to use, Miller’s technique for measuring clinical tooth mobility has the 

following limitations: 1) to choose the best therapy, it is critical to know if the mobility is a result of 

an adaptative process or a pathologic process, but Miller’s technique fails to determine the cause of 

the mobility; 2) there is a marked variability among periodontists in discerning the grades of 

mobility based on Miller’s classification as described by Laster, et al., in 1975 (Laster, Laudenbach, 

& Stoller, 1975).  

 

 

 

 

 

 

 

 

 

Since Miller’s technique was released, many other techniques and methods have been 

developed to measure tooth mobility: Periotest (1992), Resonance Frequency Analysis (1994), No 

Contact Vibration Device (2008), Zwick Method (2011), Konermann’s Novel Intraoral Measuring 

Device (2016), and NEVD-Non-Contact Electromagnetic Vibration Device (2016). However, all 

these methods are time consuming, costly, too complex, and or impractical for routine clinical 

Figure 2: Clinical method of assessing tooth mobility by Miller’s technique 
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application, and, at times require special training. Therefore, Miller’s mobility classification is still 

the most used technique in clinical practices today (Varadhan, Parween, Bhavsar, & Prabhuji, 

2019), as well as in our Graduate Periodontology Program (Figure 2). 

 

1.4 Background  

  This section elaborates on the effects of vibration on bone mineral density (BMD). It 

presents evidence from the literature on in-vitro and in-vivo (both animal and human) studies in 

orthodontics, as well as pertinent literature from the field of periodontics. Details pertaining to the 

effects of vibration on BMD, effects of low-frequency vibration, and the effects of high-frequency 

vibration (HFV) on BMD and biological markers are also discussed. 

 

1.4.1 Effects of Vibration on Bone Mineral Density 

  Treatment with vibration modality has been rigorously tested in medicine to prevent or 

minimize future bone loss in patients undergoing treatment for osteoporosis, muscular dystrophy, 

and cerebral palsy. A randomized clinical trial (RCT) of postmenopausal women confirmed that, 

while the subjects were standing on their feet, on a flat surface, on the ground, brief periods (<20 

minutes) of a low-level (0.2g, 30 Hz) vibration applied (via an external device) to the spine and 

femur successfully inhibited bone loss, particularly in those with a lower body mass index (Rubin, 

et al., 2004). Another clinical trial confirmed increased BMD in young women by providing low-

magnitude, high-frequency vibration for at least two minutes each day for 12 months. This non-

invasive technique increased bone and muscle mass in the axial skeleton and lower extremities 

compared with control participants (Gilsanz, et al., 2006). In a pilot RCT performed on children 

with disabling conditions, a positive osteogenic potential of +6.3% in the BMD of the tibia was 



9 

 

reported in the intervention group, which received low-level mechanical stimuli of short durations. 

In the control group (no intervention group), there was a negative effect (-11.9%) on BMD, 

indicating that low-level mechanical stimuli represent a non-invasive, non-pharmacological 

treatment for low BMD in children with disabling conditions (Ward, et al., 2004).  

 

1.4.2 Effects of Vibration in the Field of Orthodontics – Literature Review  

  One of the greatest challenges with orthodontic treatment is the time it takes to complete a 

case. On average, it takes up to two years to complete orthodontic treatment, and the treatment can 

last up to three years depending on the complexity of the case (Fink & Smith, 1992) (Tsichlaki, 

Chin, Pandis, & Fleming, 2016). Longer orthodontic treatment times even with controlled light 

forces (25g) can produce root resorption of teeth (Paetyangkul, et al., 2009). Therefore, a short 

duration of orthodontic treatment is desirable for both the orthodontist and the patient because the 

tooth roots are unlikely to be pathologically shortened (Farouk, Shipley, & El-Bialy, 2018). 

Significant research has been done in the field of bone biology proposing numerous 

methodologies to shorten the time of orthodontic treatment. Both surgical and non-surgical methods 

have been developed to accelerate orthodontic tooth movement and shorten treatment times. The 

decision to use a surgical or non-surgical approach is determined by the orthodontist’s practicing 

style and patient’s choice. An example of a surgical approach is the Periodontally Assisted 

Osteogenic Orthodontics (PAOO) technique. Focussed decortications are made in the cortical bone 

and around the tooth root to provide stimulus to osteoblasts and osteoclasts to rapidly dissolve bone, 

promoting faster movement of teeth (Murphy, Wilcko, Wilcko, & Ferguson, 2009). 

  Non-surgical approaches include adjunctive vibratory mechanical stimulation to augment 

both orthodontic tooth movement and retention post treatment. Animal studies in orthodontics have 
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shown that when vibration at high-frequency (≥90 Hz) was applied to teeth for five minutes per day 

for 28 days, significant (159% greater) bone was formed around the teeth. In contrast, when 

vibration at low frequency (≤45 Hz) was applied to the teeth, no difference in bone formation was 

observed (Judex, Lei, Han, & Rubin, 2007). Many human studies in orthodontics have reported on 

the effects of using high-frequency vibration (120 Hz) for both catabolic and anabolic changes in the 

alveolar bone depending on the presence or absence of orthodontic forces (Shipley T. S., 2018). The 

catabolic effect of high-frequency vibration (HFV) in the presence of active orthodontic forces is 

due to increased inflammation in the periodontal ligament, which in turn induces exaggerated 

recruitment, differentiation, and increased proliferation of osteoclast cells. These osteoclast cells in 

turn degrade the bone and promote faster tooth movement (Alansari, et al., 2018). 

  The anabolic effect of the HFV on the alveolar bone is achieved through a process known as 

mechanotransduction in which mechanical signals (the vibration) are transduced into osteocyte bone 

cells and converted into biochemical energy (Liedert, Kaspar, Blakytny, Claes, & Ignatius, 2006). 

The embedded resident osteocytes in the bone have mechanosensory properties that are sensitive 

and highly adaptive to mechanical stimulation (Garman, Rubin, & Judex, 2007). The SOST gene 

found within the osteocyte cell produces sclerostin (a protein), which is a load-based regulator of 

bone density levels. When mechanical stimulation is applied to alveolar bone, the osteoclast cells 

upregulate the sclerostin level output by inhibiting Wnt signaling and favour the equilibrium 

towards regional osteogenesis, thus forming new bone (Alikhani, et al., 2019) (Robling, et al., 

2008). 
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1.4.3 Effects of Vibration in the Field of Periodontics – Literature Review 

  With the intent of translating extensive research done on High-Frequency Vibration (HFV) 

in orthodontics to periodontics, a literature review was carried out to identify and understand the 

available literature. Three databases—PubMed, Scopus, and Ovid (Medline)—were searched with 

appropriate keywords to provide the available literature on the topic. Appendix B details the search 

strategy used for each database. A total of 1361 combined articles from three databases were 

extracted (PubMed–343; Scopus–555; Ovid (Medline)–463) from 1946 to 2022. Zotero (version 

5.0.96.3), an open-source reference management software, was used to extract these citations and 

remove the duplicates.  

After the duplicates had been removed, 579 articles were left, and the title and abstract were 

reviewed for each. The purpose of the title and abstract review was to identify articles that 

specifically discuss the effects of vibration (low-frequency or high-frequency), particularly on bone 

metabolism. Sixty-one articles were found to be relevant, the majority of which were studies related 

to orthodontic movement and tooth retention using vibration therapy. The above-mentioned 

literature on HFV and orthodontics was retrieved from these 61 articles and have been heavily 

referenced in this study. Only seven studies were found that examined the effects of vibration on the 

periodontal ligament and its surroundings. These seven studies were either in-vivo or in-vitro 

(animal studies).  

An in-vitro study on stem and progenitor cell populations reported anabolic activity using 

low-magnitude and high-frequency (e.g., in a vibratory form) mechanical loads. The cells in the 

musculoskeletal system are sensitive to these mechanical signals, and this sensitivity can be applied 

to stem cell expansion, differentiation, and biomaterial interaction in tissue engineering applications 

(Baskan, Karadas, Mese, & Ozcivici, 2020). When investigating the effects of low-magnitude high-
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frequency vibration (LMHFV) on proliferation, migration ability, and osteogenic differentiation of 

human periodontal ligament stem cells (hPDLSCs) in-vivo, Bai et al. (2019) found that the 

proliferation and migration abilities of hPDLSCs increased. Furthermore, at the genetic level, the 

expression level of RUNX2, ALP, Col-1, and OCN was significantly augmented under LMHFV, 

thus confirming hPDLSC proliferation, migration ability, and osteogenic differentiation (Bai, Hu, 

Li, & Wang, 2019). In another in-vitro study, human PDL cells were isolated from extracted 

premolar teeth and subjected to low-magnitude high-frequency (LMHF) vibration combined with 

compressive force on the periodontal ligament (PDL). Study results demonstrated that PGE2, 

RANKL, and soluble RANKL increased in the group that received vibration, but that OPG and 

Runx2 did not increase in the vibration group (Benjakul, Jitpukdeebodintra, & Leethanakul, 2018).  

A 2018 in-vitro study published in the American Academy of Periodontology, Journal of 

Periodontology reported on human PDL cells under a combination of mechanical vibration and 

compressive force. The results demonstrated upregulated COX-2, IL-6, and IL-8 mRNA in hPDL 

cells and subsequently increased levels of PGE2, IL-6, and IL-8 in the culture medium via activation 

of the COX pathway. The study concluded that since PGE2, IL-6, and IL-8 are potent inducers of 

osteoclastogenesis, the mechanical vibration may increase alveolar bone resorption at the 

compression site during orthodontic tooth movement (Phusuntornsakul, Jitpukdeebodintra, 

Pavasant, & Leethanakul, 2018). 

 In 2020, an in-vitro study of a rat model demonstrated osteogenic differentiation potential of 

periodontal ligament stem cells (PDLSCs) at different time points using mechanical vibration 

stimulation. The animal model demonstrated that mechanical vibration at 150 rpm could be 

developed for the prevention of ankylosis and promotion of healing of the PDL after tooth 

replantation or transplantation (Chen, 2020). 
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Bio-stimulation of hard and soft tissue to enhance or accelerate healing is an exciting area 

of inquiry, with the potential to have broad clinical application in periodontics. The external 

application of energy in the form of light (e.g., lasers or broad-spectrum light) or mechanical 

waves (ultrasonic or high-frequency vibration) has shown efficacy in creating clinical changes in 

hard and soft tissue that can be positive and beneficial or the contrary, depending on the 

application and the initial conditions present (Carroll, Milward, Cooper, Hadis, & Palin, 2014) 

(El-Bialy, et al., 2020). 

It is clear from previous research on the use of the HFV device to accelerate and enhance 

orthodontic therapy, that the cellular tissue response in areas of inflammation is essentially the 

opposite to that which occurs in areas of no inflammation. Improvement in bone density can 

translate clinically to lowering (i.e., improving) tooth mobility and to lessening the chance of 

orthodontic relapse after orthodontic therapy (Shipley, Farouk, & El-Bialy, 2019). Again, 

whether the response is beneficial depends on the intended application. HFV therapy in areas of 

inflammation caused by orthodontic tooth movement stimulates osteoclastic activity to accelerate 

the resorption of bone, making the bone “softer” and thus allowing for more rapid orthodontic 

tooth movement through these softer areas. On the other hand, when considering periodontitis, it 

is critical to understand that the inflammation must first be lowered and controlled so that the 

tissue response is anabolic, not catabolic. Our goal in periodontal therapy is to preserve, 

regenerate, and strengthen the periodontal tissues, including the bone. So, a mandatory precursor 

therapy to using HFV in cases of periodontitis is to first perform periodontal therapy and 

demonstrate and document a reduction or elimination of chronic inflammation by way of a re-

evaluation examination. 
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Traditional and time-tested methods of treating periodontitis involve a meticulous 

mechanical cleaning of the root surfaces to remove the causal factors, both above and below the 

gum line. This reduction or elimination of the etiologic factors that trigger the pathologic and 

damaging immune response is very effective at reducing inflammation. When used as an 

adjunctive therapy following traditional treatment for periodontitis, during which the chronic 

inflammation has been lowered, controlled, or eliminated, HFV has the potential to enhance the 

mechanical properties of the bone by increasing bone density by way of a low-risk, non-invasive, 

self-applied therapy that is patient friendly and affordable (Alikhani, et al., 2018). No clinical 

study was found that directly studied the effect of HFV on tooth mobility per se. Therefore, we 

took the initiative to do the first ever pilot randomized clinical trial on human subjects. 

1.5 Null Hypothesis 

We hypothesize that there is no difference in tooth mobility before and after the use of an 

HFV device for five minutes per day for 12 weeks, either in the test group or the control group. 

Furthermore, we hypothesize that there is no difference in the BMD (expressed in Hounsfield 

units) before and after the use of an HFV device for five minutes per day for 12 weeks either in 

the test group or the control group. 

1.6 Research Question 

 

1. Will the vibration produced by the VPro+ device improve (i.e., lessen) the mobility of 

periodontally compromised teeth of periodontal patients in a periodontal recall program? 

2. Will the vibration produced by the VPro+ device improve (i.e., increase) bone density as 

measured by CBCT analysis in periodontal patients in a periodontal recall program? 
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2. Materials and Methods 

This chapter discusses the methods used to identify research participants, recruit them, 

collect data, and eliminate bias. It also introduces the devices and the technology used to collect 

data. Methods for data collection, tools and devices used for data collection, will be discussed 

and a chronological insight about the research project will be detailed.  

2.1 Devices and Technology 

2.1.1 The Periotest®M Device 

Developed from 1972 to 1984 by an interdisciplinary group of researchers, the Periotest was 

intended to measure and understand the damping characteristics of the periodontal ligament. Dr. 

Schulte in Germany extensively experimented with the device and assessed the mobility of natural 

teeth and its relation to bone loss (Schulte & Lukas, The Periotest method, 1992). Based on the same 

principle, the Periotest®M Device (Medizintechnik Gulden, Modautal, Germany) is a modern 

wireless electronic device for measuring the mobility of teeth and osseointegration of dental 

implants (Schulte, d'Hoedt, Lukas, Maunz, & Steppeler, 1992). The device is an electro-

magnetically driven and electronically controlled tapping metallic rod in a handpiece that percusses 

the tooth and then recoils. It measures the response reaction from a reproducible impact applied to 

the center of the tooth surface. During each measurement, the device delivers 16 impacts in four 

seconds to the object (tooth surface). The duration of contact of the tapping head on the tooth 

surface is measured by the instrument that quantifies the tooth mobility. The amount 

of tooth mobility is displayed by a value called the “Periotest value” (PTV) ranging from –8 to +50, 

which can be correlated to the grade of tooth mobility reported by Miller (Miller, 1950). Many 
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studies have shown the accuracy and reliability of the Periotest®M device and its clinical 

applicability (Chakrapani, et al., 2015) (Schulte, Luka, & Ernstt, 1990). Table 1 shows the clinical 

relation between grades of Miller’s mobility and the PTV. 

 

Table 1  

Periotest values and their correlation to clinical tooth mobility 

 

PTV and their correlation to clinical tooth mobility 

Periotest Values (PTV) Mobility Grade (Miller’s) 

-8 to +9 0 

+10 to +19 I 

+20 to +29 II 

+30 to +50 III 

 

 

 

2.1.1.a Functioning of the Periotest®M device 

 The start button of the Periotest®M device is used to switch on the unit. All segments on the 

display light up for approximately two seconds. Then a short melody plays, the display screen lights 

up and shows - - , - and the Periotest®M is ready to conduct measurements (Figure 3). The start 

button is pressed again to begin the measuring process. The measuring cycle consists of 16 impulses 

of the pressure sensitive tapping head against the measuring object (tooth). For each valid impulse, a 

low tone is emitted. Invalid impulses, for example due to a too-high deviation from the correct 

posture of the Periotest®M, are followed by a high tone. The posture of the Periotest®M is then 

corrected during the measuring process. 
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A certain distance between the tip of the probe and the tooth is needed for the device to 

function properly. The valid distance is between 0.6 and 2.5 millimeters. If the device is held 

closer than 0.6 mm or further away than 2.5 mm, there is no valid reading. After the measuring 

cycle (approximately four seconds) is finished, the short melody plays again. At least four of 16 

impulses must be valid to obtain a valid reading on the display. These instructions are described 

by the manufacturer of the periotest device on how to use the device, on how the mechanics of it 

work (Medizintechnik Gulden). They do not provide a recommendation for how to deal with 

error messages and that a protocol for doing so will be described in section 2.6 below.  

Figure 3: The Periotest®M device 
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2.1.2 PTech Vibration Device  

At the initiation of the research project, Propel Orthodontics (Milpitas, California, USA) 

distributed the VPro+ vibration devices for use in the field of orthodontics. By the time we 

started recruiting research patients for this research project, VPro+ device technology was sold to 

another company by the name of PerioTech Limited (PerioTech LLC.). Subsequently, the VPro+ 

device was rebranded as the PTech vibratory device, but in actuality is the same device.  

 

 

 

 

 

 

 

 

 

 

 

PerioTech Limited donated 12 active PTech vibratory devices and 12 sham PTech 

vibratory devices for our research project (Figure 4). The research participants were given a 

PTech vibration device and instructed how to use it (Figure 5). They were told that biting down 

gently on the mouthpiece during use is sufficient and that there was no need to bite down harder 

than needed to support the device (Propel Orthodontics). To activate it, press the button present 

on the device. Research participants in both groups were expected to use this device for five 

Figure 4: The PTech vibratory device 
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minutes every night before bedtime for a period of three months. The device automatically 

records compliance data when connected to a Bluetooth enabled mobile device that has the 

device app downloaded and automatically shuts off after five minutes. The person using the 

device needs to pair the device with the mobile app at least once a week for it to record number 

of minutes it was used in last seven days. Research participants were asked to use a mobile 

phone app to collect compliance data and periodically synchronize the data online in the mobile 

app. Research participants were instructed to bring the device back with them to their next visit 

in three months. The device was collected from all the research participants upon completion of 

the research study.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The PTech vibratory device in action in patient’s mouth 
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2.1.3 Cone-beam Computed Tomography 

Cone-beam computed tomography (CBCT) is a form of computerized tomography (CT) that 

has been engineered for imaging in the maxillofacial region. Introduced in 1996 in Europe and in 

2001 in the USA, this technology has revolutionized the diagnostic capabilities of dental clinicians 

(Ludlow, et al., 2015). One of the biggest advantages of modern day CBCT is its ability to provide 

an acceptable image quality with a significantly lower dose of radiation exposure when compared to 

medical grade computed tomographic radiography (mCT). In today’s world, CBCT has become 

both general and specialist dentists’ tool of choice to assess the quantity and quality of bone before 

placing dental implants, endodontic therapy etc. because of the diagnostic advantages when 

compared to two-dimensional imaging (Mah, Reeves, & McDavid, 2010) (Reeves, Mah, & 

McDavid, 2012). 

A CBCT scan helps dentists to study the anatomy of the teeth and the surrounding 

mineralized structures such as bone in three dimensions. Previously it was believed that the 

quantification of bone mineral density (BMD) in Hounsfield units (HU) from a CBCT was 

unreliable and should not be used (Silva, Freitas, Ambrosano, Boscolo, & Almeida, 2012). 

However, with recent advances in technology and newer CBCT machines, the reliable quantification 

of BMD in terms of HU using grey levels in the CBCT volume has been well demonstrated in the 

literature. (Mah, Reeves, & McDavid, 2010) (Reeves, Mah, & McDavid, 2012). 

A 2017 American Academy of Periodontology systematic review describes a calibration 

curve to obtain accurate quantitative BMD measurements in HU from CBCT gray values (Rios, 

Borgnakke, & Benavides, 2017). It is pertinent to mention here that HU values obtained from CBCT 

do not represent absolute HU values as derived from multidetector CT (mCT). However, the HU 
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values calculated using CBCT provide adequate information relative to changes in BMD for 

comparative purposes within and between patients (Reeves, Mah, & McDavid, 2012). 

2.1.3.a Hounsfield units 

As per (Pauwels, Jacobs, Singer, & Mupparapu, 2015), “Hounsfield units (HU) are defined 

as linear transformations of measured X-ray attenuation coefficients of a material with reference to 

water. Hounsfield units can be calculated for any material using the formula:  

 

 

wherein material and water are the linear attenuation coefficients for the material and water, 

respectively” (p. 3). According to the authors, “the Hounsfield unit scale is based on two fixed 

values, which are 0 HU for water and -1000 HU for air (air = 0)” (p. 3). The study also stated that 

the materials or tissues that absorb more X-rays (for example, bone) tend to have a higher 

Hounsfield unit value. 

To measure the change in BMD, if any, due to the HFV device, a baseline (t0) CBCT was 

taken and a second CBCT for comparison was taken at three months (t1). For our research study, we 

used 0.3 mm voxel size, 8 cm X 8 cm (maxilla and mandible included), 8.9 seconds exposure time 

to reduce the radiation dose to the patient. The CBCT dose ranges from 50µSv (micro sievert) to 

1,000µSv in general for dental use. For periodontal patients, the protocol dose is delivered around 

150µSv (Jacobs, Salmon, Codari, Hassan, & Bornstein, 2018) (Tyndall, et al., 2012). The same 

parameters were used for the CBCT acquisition at three months (t1). 
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2.1.3.b Calculation of Bone Mineral Density 

 Using InVivo Dental 6.0 (Anatomage Inc., San Jose, CA, USA), Digital Imaging and 

Communications in Medicine (DICOM) was used and BMD was calculated between all the existing 

teeth. On the acquired CBCT scan, each arch axial plane was scanned until all the existing teeth 

roots were seen surrounded by the bone around them. A mid-point was chosen traversing from 

buccal to palatal/lingual aspect, and a rectangular box was drawn using the HU button/feature in the 

software. The surface area measured in the box was  0.995 mm2  0.999 mm2. A value was 

generated by the software depicting HU and was recorded in an Microsoft Excel spreadsheet. The 

screenshot of the entire arch (maxillary/mandibular) was captured and kept as a record to match 

with the position of the plane and rectangular box for measuring the HU on the CBCT scan at three 

months (t1). See Appendix C for a visual description of the above elaborated process for calculation 

of the HU. 

 

2.2 Sample Size Calculation 

The primary research objective was to compare mean tooth mobility between the control 

group and the test group. The minimum observable difference was change in the Miller’s mobility 

from grade 2 to grade 1 or from grade 1 to grade 0. The corresponding change in the PTV can be 

corroborated based on the Table 1 mentioned above in section 2.1.1 above. The estimated sample 

size was a minimum of 51 mobile teeth per group, for a total of a minimum of 102 mobile teeth in 

total. The estimation was based on a type I error rate of 0.05, a type II error rate of 0.2 (i.e., 

statistical power=0.8), and a medium effect size of 0.5. The effect size was defined as dividing two 

population mean differences by their standard deviation (Chow, Shao, Wang, & Lokhnygina, 2017).  
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2.3 Study Design  

  This study was a randomized, double blind pilot clinical trial research model comprising 

a test group and a control group. After the ethics approval was received from the Health 

Research Ethics Board (HERB) – Health panel at the University of Alberta (Pro00102774), 

custodian agreements were signed by the Principal Investigator. Upon satisfactory completion of 

the custodian agreements, a query was run by the clinic coordinator for potential patients. A 

periodontal patient was defined as a patient who has been diagnosed with periodontal disease 

(loss of attachment and supportive bone structure) and has received treatment in the Graduate 

Periodontology Program at the University of Alberta. Once active (non-surgical and/or surgical) 

periodontal treatment was complete, these patients needed to be on regular maintenance 

supportive periodontal therapy (regular dental cleaning) every three to four months. In our 

Graduate Periodontology Program, we have such patients who come for regular maintenance 

supportive periodontal therapy. They are seen by our hygienist and the Graduate Periodontology 

students. The query was run to determine active periodontal patients in the Graduate 

Periodontology Program who had a minimum of two periodontal maintenance 

appointments/visits completed in the previous 12 months. A list of 243 patients was obtained 

based on the requested query from the axiUm database. 

2.3 Individuals on the Research Team and their Respective Roles 

  The HFV study was a thesis research project by Sameer Bajaj, a student in the Graduate 

Periodontology Program at the University of Alberta. In his role as the Graduate Student (GS) in the 

project, he called and recruited the potential research patients. He also collected data at baseline (t0) 

and a three-month assessment (t1), including but not limited to periodontal indices, Periotest 

readings (PTV), and CBCT bone density findings (HU). Thereafter, GS extracted all the research 
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data, analyzed them, and prepared the manuscript. Dr. Douglas Dederich was the Principal 

Investigator (PI), and he oversaw every step from research proposal to ethics approval, timing, 

methods for data collection, and allocation of resources. Both the PI and the GS were double 

blinded in the study.  

The treatment coordinator (TC) of the Graduate Periodontology Program was involved in 

logistics management. The treatment coordinator’s role included but was not limited to sending out 

and receiving the signed consent forms, booking baseline (t0) and three-month assessment (t1) 

appointments, and randomly allocating the patients to the test group or control group at the end of 

the baseline (t0) appointment. Furthermore, TC maintained a confidential log of the patients and the 

devices (active versus sham) provided to them. TC was responsible for collecting the devices at the 

end of the three-month assessment (t1) appointment, which corresponded with the end of the study. 

Lastly, the TC maintained a separate log for noting the compliance of the patients in using the HFV 

device as recalled by the patient.  

At the end of the data collection, the TC provided the GS list of patient chart numbers 

labeled as group 1 and group 2. TC did not disclose the test group and control group allocation. By 

this method both, the PI and the GS were double blinded and not aware of the group allocation. 

Once the results of the analysis were presented by the GS to the PI, the TC upon principal 

investigator’s recommendation released the actual list of patients who were in the test and control 

groups to the GS to report results in the manuscript accordingly.  

2.4 Research Participants  

In answer to the axiUm query, 243 chart numbers were received, which were input into a 

Microsoft Excel spreadsheet. Each chart number was assigned a separate row, and columns were 

designated for age, gender, number of supportive periodontal therapies (also known as 



25 

 

periodontal maintenance (MSPT) visits/appointments), use of bisphosphonates, smoking status, 

diabetes status, ASA classification, periodontal disease under control, number of mobile teeth 

and their grade, and whether the patient qualified for the study. Each chart was read in depth to 

understand the medical history, periodontal condition (active disease versus non-active disease), 

number of mobile teeth, and then the values in each row and column were input accordingly into 

the Excel spreadsheet. See Appendix D for a sample of the Microsoft Excel spreadsheet used for 

this process. 

 

2.5 Selection Criteria 

2.5.1 Inclusion Criteria 

1. Overall health must be either ASA Classification I or II. (ASA I: A normal healthy patient; 

ASA II: A patient with mild systemic disease) (Doyle, Goyal, & EH, 2022), 

2. Patient must have a recent history of treated periodontal disease and currently be compliant 

with a periodontal recall maintenance program supervised by a periodontal specialist, 

3. Patient age must be between 30 and 85 years, 

4. No gender or ethnic restrictions, 

5. Patient must have at least one tooth with Miller’s Class I mobility, 

6. Patient should have posterior dentition such that they can firmly hold the vibrating device, this 

likely implies the presence of two or more posterior teeth in all four quadrants.  
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2.5.2 Exclusion Criteria 

1. Patients on medication that could affect the level of inflammation, such as chronic 

antibiotics, phenytoin, cyclosporine, anti-inflammatory drugs, systemic corticosteroids, or 

calcium channel blockers,  

2. Periodontal recall patients who have a history of non-compliance with the recommended 

recall interval (usually three to four months),  

3. Pregnant women, 

4. Uncontrolled diabetes, 

5. Smoking, 

6. Subjects with current caries activity, 

7. Vulnerable subjects as per the Research Ethics Office or HREB definitions. 

Thirty-three patient charts were identified for participation in the study after thorough 

scrutiny based on the above-mentioned inclusion and exclusion criteria. The GS developed a 

standardized script, which was used to communicate with these potential research 

participants/patients (Appendix E). The patients were contacted by telephone and informed about 

the research study. Patients were made fully aware on the telephone call that they did not have to 

be in this study to receive their periodontal maintenance therapy at the Graduate Periodontology 

Program, School of Dentistry, University of Alberta. Further, even if they agreed to be in the 

study, they were told that they would be free to withdraw at any time and that if they did so, their 

periodontal care would not be affected in any way. Lastly, patients were advised that they would 

not receive any payment for being in this study; however, the treatment they received as part of 

this study would be at no cost to them.  
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Twenty-two patients expressed interest in participating based on the telephone 

conversation. The treatment coordinator sent the consent forms (Appendix F) to these patients 

via email or mail, as preferred by the patients. Nineteen patients agreed and consented to 

voluntarily participate in the research, and the treatment coordinator booked them for two 

consecutive appointments for baseline (t0) and three-month assessment (t1). These two 

appointments were made 12 weeks apart. Each appointment was booked for one hour and 30 

minutes for collecting the data, which included a complete periodontal examination, a medium 

field CBCT, and the provision of supportive periodontal therapy (SPT). A timeline indicating the 

activities performed in each visit can be found in Table 2 and Table 3 below. 

Table 2 

Activities in the baseline appointment (t0) 

Obtain informed consent (done via email or mail if possible) 15 min 

Complete patient health history form (done over the phone if patient 

agrees) 

20 min 

Complete periodontal examination by Graduate Student (GS) 30 min 

Randomize and assign patients into control/experimental groups by 

treatment coordinator (TC) 

5 min 

Periodontal recall cleaning (by GS), and the patients receive the device 

from the TC 

55 min 

Total appointment time 90–125 min 

 

Table 3 

Activities in the three-month appointment (t1) 

Complete Periodontal Examination by GS  30 min 

Periodontal recall cleaning is done by GS, and the device is collected from 

patients by the TC 

60 Min 

Total appointment time  90 min 
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Both the GS and the PI were double blinded in the study. The TC was provided with an 

Microsoft Excel spreadsheet with the number of mobile teeth in all the 19 patients, as noted on 

their last annual periodontal re-evaluation. At the end of each patient’s first appointment 

(baseline (t0)) in the research study, the patient was randomly allocated to either the test group or 

the control group. The random allocation was done based on the number of mobile teeth and to 

obtain a minimum of 51 clinically mobile teeth in both the test group and the control group.  

Patients allocated to the test group received a device that would vibrate when turned on, 

its charging cord, and an instruction manual. Patients allocated to the control group received a 

sham device. Participants in both groups were asked to maintain a log on their use of the device 

for the following 12 weeks. Patients were given a printed pamphlet with instructions to 

download a mobile app (android and iPhone) that would connect with the device wirelessly 

(Appendix G) via Bluetooth and record compliance data (minutes used per day). The participants 

were requested to sync their device and the app at least once per week. In the event they were not 

able to use the mobile app, patients were requested to maintain a paper log to self-report number 

of minutes per night during which they used the device, as well as the number of days. In the 

event of the paper log, participants were requested to document the use of the device on daily 

basis before going to the bed. Any questions from subjects related to the device, its usage, its 

functioning, and log maintenance were delegated to the TC.  

One patient withdrew their consent in the middle of the study and did not return for the 

three-month follow-up appointment. Another patient was not included in the study as she 

reported she was pregnant on the day of her baseline examination appointment. Seventeen 

patients completed the research study and returned their devices at their three-month data 

collection appointment. When collecting the device (from both the test group and the control 
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group), the TC asked for the log from the patients that depicted minutes of use per day and the 

number of days the device was used in past 12 weeks.  

The majority of the patients were elderly, and they reported that they were not well-

versed with technology (use of smart phone apps). They, therefore, logged their time on paper 

once a week. At the end of the study, they informed the TC about the same who updated our 

system log based on the estimate provided by the patients. All the patients in the test group (eight 

patients) confirmed that they had used the device for five to six minutes per day for at least 11 to 

12 weeks Patients reported that unless they were not at home for the weekend and did not carry 

the device, they used it religiously as they very much wanted the HFV device to tighten their 

loose teeth and save their remaining dentition. The chronology of the study is summarized in 

CONSORT flow diagram (Schulz, Altman, & Moher, 2010) shown in Figure 6 on next page. 
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Figure 6: CONSORT flow diagram of research participants recruitment 



31 

 

2.6 Methodology for Data Collection in Each Appointment 

 The patients were checked-in by the Graduate Periodontology treatment coordinator who 

reiterated the purpose and flow of the baseline (t0) examination appointment to the patient and 

then escorted the patient to the graduate student’s dental chair. The patient was greeted and 

thanked by the graduate student (GS) for agreeing to voluntarily participate in the research 

project. With the help of a chairside Registered Dental Assistant (RDA), a complete periodontal 

examination was performed, including collecting all the values on all the teeth in the periodontal 

chart. Indexes collected were probing depths, bleeding on probing, clinical attachment levels, 

Miller’s grade of mobility, recession, furcations, and mucogingival involvement. A Periotest M 

device was used to calculate the PTV values of all the teeth (Figure 7).  

 

 

 

  

 

 

 

 

 

 

The GS explained to the patient in layman’s terms how the Periotest®M device 

functioned and then demonstrated how the device worked on their fingernail to show them the 

pressure exerted by the oscillating part of the device. This demonstration exercise on the 

Figure 7: Clinical method of using the Periotest®M device 
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fingernail helped to ease the patients’ anxiety about the amount of vibratory force exerted by the 

Periotest device. Then, PTV measurements were made of all the teeth present in the mouth, 

starting from quadrant 1 to quadrant 2 (tooth 18 to 28) and then from quadrant 3 to quadrant 4 

(tooth 38 to 48) as shown in Figure 8. During the data collection, data was collected on all the 

teeth of patients in chair rather than specific mobile teeth identified in the chart. This made it 

easy for the graduate student to measure periotest values in a flow in the entire dentition 

eliminating any possible measurement bias by just focusing on the mobile teeth. Furthermore, 

this also helped to boost patient’s morale of retention in the research participation as they were 

willing to get all their teeth tested by the Periotest device.  

Readings were taken once by pointing the Periotest®M device 0.6 mm-2mm away from 

the tooth hitting perpendicularly at the height of the contour of the clinical crown. Teeth that did 

not generate a PTV reading, or if the device gave an error message in the first round were left, 

and another reading was attempted after all the teeth were tested once. If the Periotest®M device 

did not generate a reading for the second time, a last attempt was made after a pause of two to 

Figure 8: The Periotest®M device in action with a reading 
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three minutes, but only if the patient was comfortable with another attempt. The GS waited for 

two to three minutes before making an attempt to record PTV for two reasons, 1) to let the 

periodontal tissue return to normal for accuracy of the measurement, respecting the latency 

period and 2) to make the experience less overwhelming for the patient, swallow saliva in the 

mean while and relax their jaw. 

The PTV value was voiced by the GS and was noted by the RDA using pen and paper in 

a table format (Appendix H). Next, supportive periodontal therapy was provided by the GS at no 

charge to the patient. Then, the RDA escorted the patient to the radiology department for a 

medium field CBCT, which included the maxilla and mandible along with the 

temporomandibular joints (TMJ). Lastly, the patient was escorted to the Graduate 

Periodontology reception kiosk, where the TC allocated them to a test or control group and, 

accordingly, provided them with a device.  

 

2.7 Data Extraction 

 At the end of the day of each patient’s appointment, the PTV data from the paper sheet 

was input into a Microsoft Excel spreadsheet, and the original paper sheet was scanned to 

convert it into a digital format for storage with the custodian (the Principal Investigator). Please 

see Appendix I for a visual description of the above elaborated process for documentation of the 

PTV. Additionally, the acquired CBCT was used to determine the HU to measure BMD at the 

mid-root of the tooth and at the mid-point bucco-lingually for the mandibular arch and at the 

mid-point bucco-palatally for the maxillary arch, as explained in 2.1.3.b Calculation of B. This 

entire process of data extraction was repeated for all 17 patients at baseline examination (t0) and 
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at their three-month assessment visit (t1). See Appendix I for a visual description of the above 

elaborated process for documentation of the HU.   
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3. Results 

3.1 Reliability Test for Periotest Value Measurement 

To ensure the graduate student (GS) in the study could accurately use the Periotest®M 

device, intra-rater reliability testing was completed. Five repetitive measurements of Periotest value 

(PTV) values were recorded on all the 24 teeth of a volunteer co-resident in the Graduate 

Periodontology Program using the Periotest®M device on five separate days. We took readings on 

every Monday during the lunch hour for five consecutive weeks. The readings were taken one week 

apart from the previous reading to account for latency errors if any and determine the reliability of 

the graduate student at different times rather than taking back-to-back measurements on the same 

co-resident. It took five weeks to collect the data for reliability testing. The recorded PTV values 

were transferred to a Microsoft Excel spreadsheet. Using IBM SPPSS version 26, the intraclass 

correlation coefficient was calculated as 97.8% (p0.001) with a 95% confidence interval (CI) of 

[0.961, 0.989]. The intraclass correlation coefficient (ICC) tells us about the reliability of the person 

(in this case the graduate student) collecting the data and ensures that the process was consistent and 

robust. In general, an ICC score above 90% is considered acceptable for clinical studies. 

3.2 Reliability Test for HU Measurement 

All the measurements for the Hounsfield units (HU) were done by the GS. To confirm the 

reliability of the GS for accurately determining the HU for this research project, intra-rater 

reliability testing was completed. Five repetitive measurements of HU values were determined on 

all the 28 teeth of a randomly chosen patient who had a CBCT done in the Graduate Periodontology 

Program. These HU values were determined from the same CBCT on five separate days in two 
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months. Each reading was taken at least one week apart from the previous reading. The recorded 

HU values were transferred to a Microsoft Excel spreadsheet. Using IBM SPPSS version 26, the 

intraclass correlation coefficient was calculated as 98.9% (p0.001) with a 95% CI [0.980, 0.994]. 

The intraclass correlation coefficient (ICC) tells us about the reliability of the person (in this case 

the GS) collecting the data and ensures that the process was consistent and robust. In general, an 

ICC score above 90% is considered acceptable for clinical studies. 

 

3.3 Data Description and Details of Specific Analysis 

  While in the initial stages of the development of this pilot randomized clinical trial, we 

hypothesized that the estimated sample size was a minimum of 51 mobile teeth per group, for a total 

of a minimum of 102 mobile teeth in total. These mobile teeth were based on the ones noted in the 

patients’ chart in their last annual periodontal recall examination done in the graduate 

periodontology department at the University of Alberta in last one year. The estimation was based 

on a type I error rate of 0.05, a type II error rate of 0.2 (i.e., statistical power=0.8), and a medium 

effect size of 0.5. During the data collection, data was collected on all the teeth of patients in chair 

rather than specific mobile teeth identified in the chart. By choosing this method, the GS measured 

PTV in a flow in the entire dentition eliminating any possible measurement bias by just focusing on 

the mobile teeth. Furthermore, this also helped to boost patient’s morale of retention in the research 

participation as they were willing to get all their teeth tested by the Periotest®M device.  

Since we collected the data points on every single tooth in all the 17 patients, two separate 

data analyses were performed. We started with the larger data set that had all the teeth (n=423) and 

then performed a sub-analysis on the teeth determined to be clinically mobile by the Miller’s 

classification during the initial examination (n= 116). Notably, for achieving statistical power we 
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needed a minimum of 102 mobile teeth in total, but we had 116 mobile teeth noted in these 17 

patients. In the following sections, the results will be discussed separately for the entire data set and 

separately for the target teeth (mobile teeth)  

 

3.4 Data Transformation for the Entire Data Set  

The digitized data was further transformed using Microsoft Excel version 16.60. Of 423 

teeth, seven were identified as missing the PTV and therefore were removed from the analysis. 

Therefore, a total 416 teeth were available with PTV values at baseline (t0) and at three months (t1). 

Statistical analyses for PTV were conducted on measurements taken on all these 416 teeth. They 

were arranged in Microsoft Excel with each tooth occupying an independent row and subsequent 

columns had the PTV at baseline (t0) and three months (t1). The third column consisted of the 

identification from the test group versus the control group. Similar transformation was done for the 

BMD calculated in HU. In total 397 teeth were available for HU values at baseline (t0) and at three 

months (t1). While deducing the HU values from the CBCT, teeth which were adjacent to dental 

implants, root canal treated teeth and other restorative material that caused a lot of scatter were 

removed as it made calculation of the HU very challenging. Therefore, HU were measured only on 

397 teeth and not entire 423 teeth. Statistical analysis for HU were conducted on measurements 

taken on all these 397 teeth. See Appendix I for visual representation of the data transformation 

explained above both for the PTV and HU. 
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3.5 Data Analysis for the Entire Data Set (n=416) 

3.5.1 Data Analysis for the Periotest Value (PTV) for the Entire Data Set (n=416) 

The transformed data was imported into IBM SPSS software version 26. The outcome 

variable measured was the Periotest value (PTV). Two factors responsible for affecting the outcome 

variable were identified as time and group; each with two levels. The factor “group” had two levels 

– test and control. Similarly, the factor “time” had two levels – baseline (t0) and three months (t1). A 

one way repeated-measures ANOVA for dependent samples, was conducted to assess whether there 

were differences in the mean PTV in the test group as compared to the PTV in the control group at 

three months. Hypothesis testing was carried out pertaining to the statistical test of choice. 

Using the main outcome variable PTV, a boxplot (Figure 9) was developed to visually assess 

of the distribution of the data. The box plot indicates that the spread of the PTV for both the control 

and the test group at baseline (t0) and at three months (t1) and that the sample was normally distributed. 

The confidence interval (CI) for the mean PTV in the control group at a baseline (t0) was 4.864 ± 

0.343 with a 95% CI [4.183, 5.545], and at three months (t1), it was 5.265 ± 0.383 with a 95% CI 

[4.510, 6.021]. The confidence interval (CI) for the mean PTV in the test group at baseline (t0) was 

6.962 ± 0.471 with a 95% CI [6.032, 7.892], and at three months (t1), it was 7.126 ± 0.485 with a 95% 

CI [6.169, 8.082]. The detailed descriptive summaries and associated output generated from IBM 

SPSS software version 26 can be seen in Appendix J. 
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Test of Within-subjects effects 

The test of within-subjects effects results indicated that there was no significant difference in 

the mean PTV at baseline (t0) and at three months (t1). The Greenhouse-Geisser test statistic was as 

follows: [F(df=1)=2.689, p=0.102]. 

Test of Between-subjects effects 

The test of between-subjects effects results indicated a significant difference in the mean PTV 

between the test group and the control group. The associated test statistic was as follows: 

[F(df=1)=12.105, p=0.001]. The results of the pairwise comparison using the least significant 

difference (LSD post-hoc test) between the control and the test group revealed a mean difference in 

the PTV value of 1.979 (p=0.001) with a 95% CI [0.861, 3.097]. 

Figure 9: Boxplot depicting distribution of the Periotest values (PTV) for test and control 

group (n=416) 
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Test for Interaction between factors  

  The test for interaction results indicated no interaction between the two factors: group and 

time. The associated Greenhouse-Geisser test statistic was as follows: [F(df=1)=0.475, p=0.491], 

indicating that the differences in mean PTV between test and control were the same.  

 

3.5.2 Interpretation of the Results for the Periotest Value for the Entire Data Set (n=416) 

A pairwise comparison was done between the mean PTV values of the teeth at baseline (t0) 

and at three months (t1) in the test group. The PTV value at three months (t1) was 0.164 units 

(p=0.514) higher than the value at baseline (t0) and was statistically not significant (Appendix J). 

The evidence provided by the data supports that there was no difference in the PTV value of teeth at 

baseline (t0) and at three months (t1). The use of HFV via the PTech device for 12 weeks did not 

show a statistical change in the periotest value (PTV) in the test group. Notably, the mean PTV 

increased in both the test and the control groups from baseline (t0) to three months (t1) but the 

change was not statistically significant. These results are further elaborated based on the visual 

representation in Figure 10 on the next page.  
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The profile plot in Figure 10 depicts the estimated marginal means of both the test group and 

the control group at baseline (t0) (blue in colour) and at three months (t1) (red in colour). The group 

(test versus control) is depicted on the x-axis. The y-axis represents the mean PTV. In both the test 

group and the control group, the confidence interval of the mean PTV at baseline (t0) (blue in colour 

and numeral 1) and at three months (t1) (red in colour and numeral 2) overlap, indicating that the 

mean PTV are same in both the groups at baseline (t0) and at three months (t1). This result 

corresponds with the calculated test statistic and the associated p-value for the test of within-

subjects effects. The Greenhouse-Geisser test statistic was as follows: [F(df=1)=2.689, p=0.102]. 

Notably, by the process of randomization the research participants who were allocated to the test 

group had higher PTV to begin with as compared to the control group. The mean difference in the 

Figure 10: Profile plot depicting estimated marginal means of the Periotest value (PTV) for the 

test and control groups (n=416) 
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PTV value was 1.979 (p=0.001), but this numerical difference in PTV does not make a clinical 

difference in the tooth mobility. 

The profile plot in Figure 11 depicts the estimated marginal means at baseline (t0) and at 

three months (t1) of both the test group (red in colour) and the control group (blue in colour). Time 

is depicted on the x-axis. The y-axis represents the mean PTV.  The numeral 1 represents the 

baseline (t0) and the numeral 2 represents the three months (t1). At baseline (t0) (i.e., time 1), the 

confidence interval of the test group and the control group do not overlap, indicating that the mean 

PTV differs in both groups at baseline (t0). The higher mean PTV of the test group was evident from 

Figure 11: Profile plot depicting estimated marginal means of the Periotest value (PTV) at time: baseline 

(1) and three months (2); (n=416) 
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the profile plot due to the corresponding value of the mean PTV on the y-axis. A similar trend was 

seen at three months (t1) (i.e., time 2). Here the confidence interval of the test group and the control 

group do not overlap, indicating that the mean PTV differ in both groups at three months (t1). The 

higher mean PTV of the test group was evident from the profile plot due to the corresponding value 

of the mean PTV on the y-axis. This result corresponds with the calculated test statistic and the 

associated p-value for the interaction term. The Greenhouse-Geisser test statistic was as follows: 

[F(df=1)=0.475, p=0.491].  

 

3.5.3 Data Analysis for the Bone Mineral Density in Hounsfield units (HU) for the Entire Data 

Set (n=397) 

The transformed data was imported into IBM SPSS software version 26. The outcome 

variable measured was the BMD measured in Hounsfield units (HU). In total, 397 teeth were 

available for HU values at baseline (t0) and at three months (t1). The two factors affecting the 

outcome variable were time and group, each with two levels. The factor group’s two levels were test 

and control, while the factor time’s two levels were baseline (t0) and three months (t1). A one-way 

repeated-measures ANOVA for dependent samples, was conducted to assess whether there were 

differences in the mean HU in the test group as compared to the control group at three months. 

Hypothesis testing was carried out pertaining to the statistical test of choice.  
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Using the main outcome variable HU, the distribution of the data was visually assessed with 

a boxplot. Figure 12 depicts that the sample was normally distributed. The box plot indicates that the 

spread of the HU for both the control and the test groups at baseline (t0) and at three months (t1). The 

confidence interval (CI) for the mean HU in the control group at baseline (t0) was 783.29 ± 336.25 

with a 95% CI [730.21, 836.37], and at three months (t1), it was 731.79 ± 332.16 with a 95% CI 

[678.87, 784.70]. The confidence interval (CI) for the mean HU in the test group at baseline (t0) was 

672.77 ± 438.34 with a 95% CI [617.36, 7728.18], and at three months (t1), it was 688.78 ± 439.51 

with a 95% CI [633.55, 744.01]. See Appendix J for the descriptive summaries.  

Figure 12: Boxplot depicting distribution of the Hounsfield unit (HU) values for test and control group 

(n=397) 
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Test of Within-subjects effects 

The test of within-subjects effects results indicated a significant difference in the mean HU at 

baseline (t0) and at three months (t1). The Greenhouse-Geisser test statistic was as follows: 

[F(df=1)=3.965, p=0.047]. The results of the pairwise comparison of the mean HU using the least 

significant difference (LSD post-hoc test) between the baseline (t0) and three months (t1) revealed that 

the difference in the mean HU was 17.746 (p=0.047) with a 95% CI [0.225, 35.267]. 

 

Test of Between-subjects effects 

The test of between-subjects effects results indicated a significant difference in the mean HU 

between the test group and the control group. The associated test statistic was as follows: 

[F(df=1)=4.095, p=0.044]. The results of the pairwise comparison of the mean HU using the least 

significant difference (LSD post-hoc test) between the control and the test group revealed that the 

difference in the mean HU value was 76.765 (p=0.044) with a 95% CI [2.184, 151.345]. 

 

Test for Interaction between factors  

  The test for interaction results indicated a significant interaction between the two factors: 

group and time. The associated Greenhouse-Geisser test statistic was as follows: [F(df=1)=0.14.438, 

p0.0001]. The results of the pairwise comparison of the mean HU using the least significant 

difference (LSD post-hoc test) between the control group and the test group at baseline (t0) revealed 

that the mean difference in the HU value was 110.52 (p=0.005) with a 95% CI [33.791, 187.251]. The 

results of the pairwise comparison of the mean HU using the least significant difference (LSD post-

hoc test) between the control group and the test group at three months (t1) revealed that the mean 

difference in the HU value was 43.008 (p=0.270) with a 95% CI [-33.484, 119.500]. 
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3.5.4 Interpretation of the Results for the HU Value for the Entire Data Set (n=397) 

 The statistical analysis concluded that the overall mean BMD in the entire data set (combining 

test and control group teeth together) decreased by 17.746 HU at the end of three months.  A pairwise 

comparison was done between the mean HU values of the teeth at baseline (t0) and at three months 

(t1) in the test group. The HU value at three months (t1) was 16.011 units (p=0.214) higher than the 

value at baseline (t0), but was statistically not significant (Appendix J).  

The evidence provided by the data supports that use of HFV via the PTech device for 12 

weeks did not show a statistically significant change in the mean HU of teeth at baseline (t0) and at 

Figure 13: Profile plot depicting estimated marginal means of Hounsfield units (HU) for the test and 

control group (n=397) 
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three months (t1) in the test group. These results are further elaborated in the visual representation in 

Figure 13. 

The profile plot in Figure 13 depicts the estimated marginal means of both the control group 

and the test group at baseline (t0) (blue in colour) and at three months (t1) (red in colour). Group 

(test versus control) is depicted on the x-axis. The y-axis represents the mean BMD measured in 

HU. In both the test group and the control group, the confidence interval of the mean HU at baseline 

(t0) (blue in colour and numeral 1) and at three months (t1) (red in colour and numeral 2) overlap. 

The lines connecting the estimate of marginal means (red line and blue line) cross-over, meaning 

that both the individual groups and different times interact, and their mean HU differ. Despite the 

overlap in the confidence intervals shown in the profile plot in Figure 13 based on the tests statistic 

and the associated p-value mentioned above, we conclude that the mean HU in the test group and 

the control group differ significantly at all times. 
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The profile plot in Figure 14 depicts the estimated marginal means at baseline (t0) and at 

three months (t1) of both the test group and the control group. Time is depicted on the x-axis, 

indicating baseline (t0 – numeral 1) and at three months (t1 – numeral 2). The y-axis represents the 

mean BMD measured in HU. Notably, the mean HU value increased in the test group and decreased 

in the control group from baseline (t0) to three months (t1). At baseline (t0 – numeral 1) the 

confidence interval of the test group and the control group do not overlap, indicating that the HU 

means for both groups differ at baseline (t0). The higher mean HU of the control group was evident 

from the profile plot due to the corresponding value of the mean HU on the y-axis.  

 

Figure 14: Profile plot depicting estimated marginal means of Hounsfield units (HU) at time: baseline (1) 

and three months (2); (n=397) 
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The mean HU difference between the control group and the test group at baseline (t0 – 

numeral 1) was 110.521 HU (p=0.005) with a 95% CI [33.791, 187.251]. Notably, by the process of 

randomization, the research participants who were allocated to the control group, to begin with, had 

slightly higher BMD as measured in HU. At three months (t1 – numeral 2), the confidence interval 

of the test group and the control group overlap, indicating that the mean HU was same for both. 

Although the numerical value of the mean difference was 43.008 HU (p=0.270) with a 95% CI [-

33.484, 119.50] between the control group and the test group. This difference was not statistically 

significant as evidenced by the statistic mentioned above and its associated p-value. The mean HU 

of the test group had increased, and the mean HU of the control group had decreased, as evident 

from the profile plot due to the corresponding value of the mean HU on the y-axis. This was 

consistent with the results of the pairwise comparison of the mean HU using the least significant 

difference (Appendix J). 

This concludes the section of results for the entire data set, which meant data points on all 

the available teeth in the 17 patients. 

The subsequent section will focus on the data analysis on the target teeth (mobile teeth). The 

following headings will detail about the data analysis being conducted and their individual results 

accordingly. 

 

3.6 Data Transformation for target teeth (mobile teeth) 

The digitized data was further transformed using Microsoft Excel version 16.60. Target teeth 

that were identified as mobile in the last annual periodontal recall examination were isolated form 

the entire data set that consisted of 423 teeth in all the 17 patients. A total of 116 target teeth were 

identified. Of 116 teeth, two teeth were identified as missing the Periotest value (PTV) and therefore 
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were removed from the analysis. Therefore, a total 114 target teeth were available with PTV values 

at baseline (t0) and at three months (t1). Amongst these 114 target teeth, 59 teeth belonged to the test 

group and 55 teeth belonged to the control group. Statistical analyses for PTV was conducted on 

measurements taken on all these 114 teeth. They were arranged in Microsoft Excel with each tooth 

occupying an independent row and subsequent columns had the PTV at baseline (t0) and three 

months (t1). The third column consisted of the identification from the test group versus the control 

group (Appendix I).  

Similar transformation was done for the BMD calculated in HU. In total 110 teeth were 

available for HU values at baseline (t0) and three months (t1). Amongst these 110 target teeth 59 

belonged to the test group and 51 teeth belonged to the control group. While determining the HU 

values from the CBCT, teeth which were adjacent to dental implants, root canal treated teeth and 

other restorative material that caused a lot of scatter were removed as it made calculation of the HU 

very challenging. Therefore, HU were measured only on 110 teeth and not entire 116 target teeth. 

Statistical analysis for HU were conducted on measurements taken on all these 110 teeth. See 

Appendix I for visual representation of the data transformation explained above both for the PTV 

and HU.  

 

3.7 Data Analysis for target teeth (mobile teeth, n =114) 

3.7.1 Data Analysis for the Periotest Value for Target Teeth (mobile teeth, n =114) 

The transformed data was imported into IBM SPSS software version 26. The outcome 

variable measured was the Periotest value (PTV). Two factors responsible for affecting the outcome 

variable were identified as time and group; each with two levels. The factor “group” had two levels 
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– test and control. Similarly, the factor “time” had two levels – baseline (t0) and three months (t1). A 

one way repeated-measures ANOVA for dependent samples, was conducted to assess whether there 

were differences in the mean PTV in the test group as compared to the PTV in the control group. 

Hypothesis testing was carried out pertaining to the statistical test of choice. 

Using the main outcome variable PTV, the distribution of the data was visually assessed with 

a boxplot. Figure 15 depicts that the sample was normally distributed. The box plot indicates that the 

spread of the PTV for both the control and the test groups at baseline (t0) and at three months (t1). The 

confidence interval (CI) for the mean PTV in the control group at baseline (t0) was 8.890 ± 0.938 with 

a 95% CI [7.122, 10.838], and at three months (t1), it was 8.953 ± 0.971 with a 95% CI [7.029, 10.877]. 

The confidence interval (CI) for the mean PTV in the test group at baseline (t0) was 11.861 ± 0.905 

Figure 15: Boxplot depicting distribution of the Periotest values (PTV) for test and control group (n=114) 
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with a 95% CI [10.067, 13.655], and at three months (t1), it was 12.990 ± 0.938 with a 95% CI [11.132, 

14.848].  

Notably, by the process of randomization the research participants who were allocated to the test 

group had higher PTV to begin with as compared to the control group. This means that considering 

the PTV scale of -8 to +9, the control group target teeth on an average had Miller’s physiological 

mobility and considering the PTV scale of +10 to +19 the test group target teeth on an average had 

Miller’s grade 1 mobility. The detailed descriptive summaries and associated output generated from 

IBM SPSS software version 26 can be seen in Appendix K. 

Test of Within-subjects effects 

The test of within-subjects effects results indicated no significant difference in the mean PTV 

at baseline (t0) and at three months (t1). The Greenhouse-Geisser test statistic was as follows: 

[F(df=1)=1.920, p=0.169]. 

Test of Between-subjects effects 

The test of between-subjects effects results indicated a significant difference in the mean PTV 

between the test and the control group. The associated test statistic was as follows: [F(df=1)=7.466, 

p=0.007]. The results of the pairwise comparison using the least significant difference (LSD post-hoc 

test) between the test and the control group revealed a mean difference in the PTV value of 3.459 

(p=0.007) with a 95% CI [0.951, 5.967]. 

Test for Interaction between factors  

The test for interaction results indicated no interaction between group and time. The associated 

Greenhouse-Geisser test statistic was as follows: [F(df=1)=2.115, p=0.149], indicating that the 

differences in mean PTV between test and control were the same.  
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3.7.2 Interpretation of the Results for the Periotest Value for Target Teeth (mobile teeth, n 

=114) 

The evidence provided by the data supports that there was no difference in the PTV value of 

teeth at baseline (t0) and at three months (t1). The use of HFV via the PTech device for 12 weeks did 

not change the PTV in either the test group or the control group. It is to be noted that the mean PTV 

increased in the test group and slightly decreased in the control groups from baseline (t0) to three 

months (t1), but the change was not statistically significant. These results are further elaborated 

based on the visual representation in Figure16 below.   

Figure 16: Profile plot depicting estimated marginal means of Periotest value (PTV) for the 

test and control group (n=114) 
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The profile plot in Figure 16 depicts the estimated marginal means of both the test group and 

the control group at baseline (t0) (blue in colour) and at three months (t1) (red in colour). The group 

(test versus control) is depicted on the x-axis. The y-axis represents the mean PTV. In both the test 

group and the control group, the confidence interval of the mean PTV at baseline (t0) (blue in colour 

and numeral 1) and at three months (t1) (red in colour and numeral 2) overlap, indicating that the 

mean PTV are same in both the groups at baseline (t0) and at three months (t1). This result 

corresponds with the calculated test statistic and the associated p-value for the test of within-

subjects effects. The Greenhouse-Geisser test statistic was as follows: [F(df=1)=1.920, p=0.169]. 

Notably, by the process of randomization the research participants who were allocated to the test 

group had higher PTV to begin with as compared to the control group. The mean difference in the 

PTV value between the test group and the control group was 3.459 (p=0.007), but this numerical 

difference in PTV was noted above and explained that by the process of randomization the research 

participants who were allocated to the test group had higher PTV to begin with as compared to the 

control group. 
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The profile plot in Figure 17 depicts the estimated marginal means at baseline (t0) and at three 

months (t1) of both the test group (red in colour) and the control group (blue in colour). Time is 

depicted on the x-axis. The numeral 1 represents the baseline (t0) and the numeral 2 represents the 

three months (t1). The y-axis represents the PTV. At baseline (t0) (i.e., time 1), the confidence 

interval (CI) of the test group and the control group overlap. Despite the overlap in the confidence 

intervals shown in the profile plot above based on the tests statistic the mean difference in the test 

group and the control group at baseline (t0) was 2.881 (p=0.029). With the associated p-value 

mentioned above we conclude that the mean PTV in the test group and the control group are 

significantly different at baseline (t0). 

Figure 17: Profile plot depicting estimated marginal means of Periotest value (PTV) at time: baseline (1) 

and three months (2); (n=114) 
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The higher mean PTV of the test group is evident from the profile plot due to corresponding 

value of mean PTV on the y-axis. At three months (t1) (i.e., time 2), the confidence interval of the 

test and the control group do not overlap indicating that the mean PTV differ in both groups at three 

months (t1). The mean difference in the test group and the control group at three months (t1) was 

4.037 (p=0.003) and therefore we conclude that the mean PTV in the test group and the control 

group are significantly different at three months (t1). The higher mean PTV of the test group is 

evident from the profile plot due to corresponding value of mean PTV on the y-axis. Though we see 

these differences in the test group and the control group individually, the overall result of the one 

way repeated-measures ANOVA for dependent samples in not significant for time, indicating that 

statistically the mean PTV at baseline (t0) and at three months (t1) are same. This corresponds to the 

calculated test statistic and the associated p-value as follows: Greenhouse-Geisser test statistic 

[F(df=1)=1.920, p=0.169].  

 

3.7.3 Data Analysis for the Bone Mineral Density in Hounsfield units (HU) for the Target 

Teeth (mobile teeth, n=110) 

The transformed data was imported into IBM SPSS software version 26. The outcome 

variable measured was the BMD measured in Hounsfield units (HU). In total, 110 teeth were 

available for HU values at baseline (t0) and at three months (t1). The two factors affecting the 

outcome variable were time and group, each with two levels. The factor group’s two levels were test 

and control, while the factor time’s two levels were baseline (t0) and three months (t1). A one-way 

repeated-measures ANOVA for dependent samples, was conducted to assess whether there were 

differences in the mean HU in the test group as compared to the control group at three months. 

Hypothesis testing was carried out pertaining to the statistical test of choice. 
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Using the main outcome variable HU, the distribution of the data was visually assessed with 

a boxplot. Figure 18 depicts that the sample was normally distributed. The box plot indicates that 

the spread of the HU for both the control and the test groups at baseline (t0) and at three months (t1). 

The confidence interval (CI) for the mean HU in the control group at baseline (t0) was 825.745 ± 

51.782 with a 95% CI [723.105, 928.385], and at three months (t1), it was 808.353 ± 50.864 with a 

95% CI [707.532, 909.174]. The confidence interval (CI) for the mean HU in the test group at 

baseline (t0) was 789.881 ± 48.143 with a 95% CI [694.453, 885.309], and at three months (t1), it 

was 769.678 ± 47.290 with a 95% CI [675.941, 863.415]. 

 Notably, by the process of randomization the research participants who were allocated to the 

control group had higher mean HU to begin with as compared to the test group. The detailed 

Figure 18: Boxplot depicting distribution of the Hounsfield unit (HU) values for test and 

control group (n=110) 
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descriptive summaries and associated output generated from IBM SPSS software version 26 can be 

seen in Appendix K. 

Test of Within-subjects effects 

The test of within-subjects effects results indicated there was no significant difference in the 

mean HU at baseline (t0) and three months (t1). The Greenhouse-Geisser test statistic was as follows: 

[F(df=1)=1.422, p=0.236]. 

Test of Between-subjects effects 

The test of between-subjects effects results indicated there was no significant difference in the 

mean HU between the test and the control group. The associated test statistic was as follows: 

[F(df=1)=0.298, p=0.586].  

Test for Interaction between factors  

  The test for interaction results indicated that there was no interaction between the two factors: 

group and time. The associated Greenhouse-Geisser test statistic was as follows [F(df=1)=0.008, 

p=0.929], indicating that the differences in mean HU between test and control were the same. 

 

3.7.4 Interpretation of the Results for the Bone Mineral density in Hounsfield units (HU) for 

the Target Teeth (mobile teeth, n= 110) 

The evidence provided by the data supports that there was no difference in the mean HU 

value of teeth at baseline (t0) and at three months (t1). The use of HFV via the PTech device for 12 

weeks does not change the BMD as measured in the HU in either the test group or the control group. 

Notably, the numerical value of mean Hounsfield units (HU) has slightly decreased in both the 

control and the test groups from baseline (t0) to three months (t1) but the change was not statistically 
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significant. These results are further elaborated based on the visual representation in Figure 19 

below. 

 

The profile plot in Figure 19 depicts the estimated marginal means of both the control group 

and the test group at baseline (t0) (blue in colour) and at three months (t1) (red in colour). Group 

(test versus control) is depicted on the x-axis. The y-axis represents the mean BMD measured in 

HU. In both the test group and the control group, the CI of the mean HU at baseline (t0) (blue in 

colour and numeral 1) and at three months (t1) (red in colour and numeral 2) overlap. The overlap 

indicated that the mean HU in the control group and the mean HU in the test group was same at 

baseline (t0), and at three months (t1). 

Figure 19: Profile plot depicting estimated marginal means of Hounsfield units (HU) for the test 

group and control group (n=110) 
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The profile plot in Figure 20 depicts the estimated marginal means at baseline (t0) and at 

three months (t1) of both the test group (red in colour) and the control group (blue in colour). Time 

is depicted on the x-axis, indicating baseline (t0 – numeral 1) and three months (t1 – numeral 2). The 

y-axis represents the BMD measured in HU. Notably, the numerical value of mean HU has slightly 

decreased in both the control group and the test group from baseline (t0) to three months (t1). At 

baseline (t0 – numeral 1) and at three months (t1 – numeral 2) the confidence interval of the test and 

the control group overlap indicating that the mean HU was same in both groups. The higher mean 

HU of the control group is evident from the profile plot due to corresponding value of mean HU on 

the y-axis.  

Figure 20: Profile plot depicting estimated marginal means of Hounsfield nits (HU) at time: 

baseline (1) and at three months (2); (n=110) 
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The mean HU difference between the control group and the test group at baseline (t0 – numeral 1) 

was 35.864 HU (p=0.613) with a 95% CI [-104.284, 176.012]. Notably, by the process of 

randomization the research participants who were allocated to the control group had slightly higher 

BMD as measured in HU. At three months (t1 – numeral 2), the mean HU difference between the 

control group and the test group was 38.675 HU (p=0.579) with a 95% CI [-98.989, 176.339]. At 

both baseline and at three months these differences are not statistically significant as indicated by 

the statistic mentioned above and its associated p-value. This was consistent to the output generated 

from IBM SPSS software version 26 and can be seen in Appendix K. 

.  

  



62 

 

4. Discussion 

  The goal of this research project was to conduct a pilot randomized clinical trial and to 

study the effects of High-Frequency Vibration (HFV) on the periodontium in a clinical setting. 

The measurable outcomes were changes in clinical tooth mobility as shown by the Periotest 

value (PTV) and any change in bone mineral density (BMD) as measured in Hounsfield units 

(HU). The unit of measurement was the tooth, and the measurements (both PTV and HU) of the 

same tooth were made during the baseline examination and a subsequent examination at three 

months. 

  The HFV was delivered to the test participants by using the PTech device for five 

minutes every night for 12 weeks. From the statistical analyses (both the entire data set and the 

target teeth) shown in the previous section, it can be concluded that there was no change in the 

clinical tooth mobility (as measured by the PTV) at the end of the three months. These results 

were also corroborated by carefully observing any change in the tooth mobility using Miller’s 

method based on the clinical exam, recording all periodontal indices at the baseline and at three 

months. There was no meaningful change observed in the clinical tooth mobility using Miller’s 

method in either the control group or test group at the end of three months. For an example, a 

tooth that was identified as having Miller’s grade 2 mobility was found to have the same 

mobility at the end of three months, and, similarly, a tooth that was identified as having Miller’s 

grade 1 mobility was found to have the same mobility at the end of three months. Even though 

the PTV of these teeth varied numerically, the change was not statistically significant. The 

findings based on the PTV (i.e., no change before and after) are endorsed by the Miller’s method 

of detecting clinical mobility (i.e., no change before and after). 
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  The other outcome variable measured was the change in the BMD as measured in HU. 

Based on our hypothesis testing, we addressed the following question: Does delivery of HFV to 

the test participants by using the PTech device for five minutes every night for 12 weeks change 

BMD around the teeth? From the statistical analyses shown in the previous section, at three 

months, there was a statistically non-significant increase in BMD [16.11 HU (p=0.214)] in the 

test group and therefore it can be hypothesized that with more time the change in BMD might 

have been significant. 

When considering the entire data set, that includes control and the test teeth (n=397 teeth) 

we concluded that the BMD around the teeth decreased by 17.76 HU. This appears to be 

controversial because when a subset analysis was done to see the effect of HFV on the teeth in 

the test group at t0 and t1, we deduced a numerical increase in BMD of 16.011 HU, though this 

was statistically not significant change as mentioned above. The control group received a sham 

device and therefore a change in BMD in terms of HU is not expected. The only meaningful 

explanation of a decrease of BMD in the entire data set (all teeth) by 17.76 HU is measurement 

error by the graduate student. Furthermore, no clinically visible change or impact was detected.  

In a clinical study on peri-menopausal women, regression analysis depicted a weak 

association between the skeletal BMD and tooth mobility as measured by PTV (Singh, Sharma, 

Tewari, & Narula, 2012). It can be reasoned that the improvement in BMD around the teeth will 

eventually reduce tooth mobility by strengthening the foundation.  

  When considering the target teeth i.e., mobile teeth only (n=110 teeth), from the 

statistical analyses shown in the previous section, we concluded that there was no change in the 

BMD around the mobile teeth at the end of the three months. Notably, the majority of the teeth 

(72%) in the entire data set (n=397) on which BMD was determined using HU were not mobile 
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at the baseline. It can be hypothesized that stimulating bone formation around loose teeth (mobile 

teeth) will take longer as compared to teeth that are not mobile to begin with. 

  For many reasons, our results differ from the promising results shown in the orthodontic 

literature on the use of the HFV device. The goal for using HFV in orthodontics is to move teeth 

faster and hence reduce the orthodontic treatment time. The movement of teeth under pressure of 

orthodontic forces is a catabolic activity on the periodontium (Farouk, Shipley, & El-Bialy, 

2018). The breakdown of periodontal ligament (PDL) and the surrounding bone under the 

influence of the orthodontic forces stimulates the entire cascade of bone remodelling. On the 

pressure side, the catabolic activity is accelerated due to HFV, the bone is dissolved rapidly, and 

the teeth move faster. On the non-pressure side, the bone is being deposited or regenerated faster 

due to supplemental HFV in comparison to orthodontics without HFV therapy (Alikhani, et al., 

2018). Therefore, stimulus in the form of orthodontic forces, along with the HFV, produces a 

profound effect that can be clinically measured in terms of reduced orthodontic treatment time. 

In this pilot study, the only stimulus applied to the test group participants was HFV delivered by 

the PTech device, and that, in itself, may take longer than three months to show an effect with a 

clinically measurable change. 

Another observable difference from the previous orthodontic studies was the duration of 

the use of HFV using the PTech device. Studies in the orthodontic literature that show a 

meaningful change in the treatment outcomes with the HFV device have used it for at least 12 – 

18 months, along with active orthodontic forces (Shipley, Farouk, & El-Bialy, 2019). In our 

study, participants used the PTech device for only 12 weeks, which is not enough to achieve 

bone remodelling and see its effects clinically. Since this study was the first of its kind in the 

field of periodontology, we used a conservative approach, and therefore the device was used for 
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five minutes per day for only 12 weeks to monitor and report on any unwanted effects. No 

adverse outcomes of the HFV therapy were reported by the patients. Nor do the data support any 

ill effects of HFV on the periodontal patients. Future studies can be safely commenced by 

extending the research time from six months to a year to study the effects of HFV on the 

periodontium. 

The study had several limitations. First, the sample was not an independent sample as the 

unit of measurement was teeth on which data was collected along with data on adjacent teeth and 

the teeth in the opposing arch. There is no practical way to isolate only mobile teeth and study 

them individually. The PTech device simultaneously touches all the teeth in the arch when the 

patient is occluding and holding the device between the maxillary and mandibular arches. 

Therefore, to study the effects of HFV on the periodontium, data was collected on all the teeth 

rather than mobile teeth only.  

Second, the patients were asked to use a mobile app that connected the PTech device to 

their smart phone, in order to track and document their compliance in using the device for five 

minutes per night for 12 weeks. However, only the PTech devices for the test group participants 

would connect to the Android or iOS mobile app. One participant in the test group tried to use 

the app but was unsuccessful. Therefore, all the patients submitted a paper-based log of their use 

of the PTech device. Although the compliance on the use of the HFV device on the paper-based 

log was above 95%, one cannot ignore the possibility of bias, as patients may have reported 

using the device more than they actually did. In the orthodontic studies the mean age of the 

patients was around 25 years, and all of them used the mobile app; therefore, the compliance data 

in these studies could be directly monitored by the principal investigator. 
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  Another limitation of the study was that it was impossible to determine if differences in 

the tooth mobility were caused by attachment loss or reduced BMD around the tooth. The 

clinically detectable mobility around the teeth cannot be differentiated by its cause (attachment 

loss or reduced BMD) and their effects studied separately. Therefore, the results of this study on 

the change in BMD in the test group and the hypothesis that increased BMD reduces clinical 

mobility around teeth should be interpreted with caution. 

The only method available in the school setting to measure the bone density was CBCT. 

However, in the field of radiology, there has been some debate about limitations in regular 

CBCT for measuring bone density and specifically using the Hounsfield units generated by 

CBCT (Eguren, et al., 2022). In actual radiology centres, the Hounsfield units are derived from 

the multidetector CT (MDCT) data. The gray values in the CBCT show great variability due to, 

among other factors, the limited field size, relatively high amount of scattered radiation, and 

limitations of currently applied reconstruction algorithms (Pauwels, Jacobs, Singer, & 

Mupparapu, 2015). Having said that, the latest update on the software Anatomage version 6.0 

provided means to calculate the Hounsfield units. Since we used the same parameters (0.3 mm 

voxel size, 8 cm X 8 cm (maxilla and mandible included) and 8.9 seconds of exposure time), 

repeated measurements on the same patient, and used the same RDA technician for CBCT 

acquisition, the sources of error were reduced. Considering the possible source of error in the 

calculation of Hounsfield units from the CBCT, it can be inferred that the error was the same for 

both calculating the Hounsfield units at baseline and at three months. In essence, the data showed 

us the change in BMD. Although this change may not have been precise, it helped us to 

hypothesize further studies.  
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The sample size of 17 patients is small and is a limitation of the study. Of these 17 

patients, nine were in the control group and eight in the test group. The recruitment of research 

participants was severely impacted by the Covid-19 pandemic. Patients in general were hesitant 

to come to the dental school for treatment unless absolutely necessary. A general trend was 

observed of reduced patients in the undergraduate DDS dental clinic, the Dental Hygiene 

Program, and the Graduate Periodontology Program. Patients contacted over the phone 

expressed to the treatment coordinator or the graduate student that, although the research 

participation opportunity sounded promising, they would likely not participate. The consent form 

that was developed for the study and approved by the research and ethics board may also have 

deterred some patients, as it mentioned an increased risk of exposure to Covid-19 at the Graduate 

Periodontology Clinic. 

  Future studies should be done post-pandemic (Covid-19) when the flow of the patient 

pool in the dental school and especially in the Graduate Periodontology Clinic is normal, and 

more patients are willing to participate in the research project. Secured funding should be 

procured, and the resources should be properly allocated. A dental hygienist should be added to 

the research team to reduce the graduate student’s workload and to provide maintenance therapy 

to the research participants. Being able to offer maintenance therapy would help to recruit a 

larger patient pool and to collect longitudinal data at three months, six months, and up to 12 

months on changes of HFV on clinical tooth mobility and BMD. This pilot study was done on a 

small scale in a dental school setting. Future studies can consider recruiting a similar patient pool 

in another Graduate Periodontology Program in Canada or the USA. Considerations should be 

made to collect data at private practice periodontal clinics where more regular care is sought by 
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periodontally aware patients and data collection would be easy due to a more productive practice 

style. 

To secure more accurate data on BMD, the CBCT acquisition parameters should be more 

robust in future studies. The CBCT parameters used in this pilot trial were of low resolution (0.3 

mm voxel size, 8 cm X 8 cm (maxilla and mandible included) and 8.9 seconds exposure time). 

Perhaps a high-resolution scan would provide more comprehensive information about BMD and 

help identify any change in angular bone defect anatomy due to bone formation, if any. 
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5. Conclusion 

This pilot randomized clinical trial was the first study of its kind in the field of 

periodontology to study the effects of High Frequency Vibration (HFV) on the periodontium in a 

clinical graduate program setting. Research participants were randomly allocated to the test group or 

the control group. The test group participants received HFV through the PTech device for five 

minutes per night for 12 weeks. Similar data were collected at baseline and at three months by the 

same provider. At the end of the study, when considering mobile teeth (target teeth, n=116) we 

concluded that there was no evidence of change in the clinical tooth mobility, neither shown by the 

Periotest value (PTV) nor by Miller’s method. Similarly, there was no statistically significant 

change in the bone mineral density (BMD) measured in terms of Hounsfield Units (HU) determined 

from the CBCT. Future studies on a larger scale are needed to validate and extrapolate the results of 

this pilot study. 
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Appendix A 

Research ethics board approval of the study: 
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Appendix B 

Literature review search strategy of databases: 

 

Ovid MEDLINE(R) ALL <1946 to April 22, 2022> 

1 exp Periodontics/ 26376 

2 periodont*.mp. 104697 

3 ((tooth or teeth) adj5 (move$ or mobility or moving or migrat*)).ti,ab. 7361 

4 exp Periodontal Diseases/ 92510 

5 exp Orthodontics/ 54680 

6 orthodont*.mp. 62218 

7 1 or 2 or 3 or 4 or 5 or 6 199910 

8 Vibration/ 26747 

9 vibrat*.mp. 93579 

10 8 or 9 93579 

11 7 and 10 463 

 

PubMed:
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SCOPUS: 
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Appendix C 

Estimation of Bone Mineral Density (Hounsfield Units): 

• Baseline CBCT maxillary axial plane 
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• Baseline maxillary BMD measurements in Hounsfield unit 
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• Baseline CBCT mandibular axial plane 
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• Baseline mandibular BMD measurements in Hounsfield unit 
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• 3-month CBCT maxillary axial plane 
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• 3-month maxillary BMD measurements in Hounsfield unit 
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• 3-month CBCT mandibular axial plane 
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• 3-month mandibular BMD measurements in Hounsfield unit 
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Appendix D 

Ms. Excel sheet imported 243 charts and extracted data by reading each chart 
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Appendix E 

Script used to contact patients:  
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Appendix F 

Consent Form: 
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Appendix G 

Instructions to Download and Use Vpro+ app: 
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Appendix H 

Chairside Periotest Data Collection Template: 
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Example of Periotest Data Entry (Baseline Visit): 
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Appendix I 

Data transformation for the Periotest value: 

 

 

 

 

 

 

 

 

 

Data transformation for the Hounsfield Unit value: 
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Appendix J 

Statistical Analysis for the Periotest value for entire data set: 
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Statistical Analysis for the Hounsfield Unit (HU) value for entire data set: 
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Appendix K 

Statistical Analysis for the Periotest value for target teeth (mobile teeth) 
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Statistical Analysis for the Hounsfield Unit (HU) value or target teeth (mobile teeth): 
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