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ABSTRACT 

 

Objectives/Purpose:  

Periodontitis tends to be associated with sulfur-producing bacteria. This study uses a 

chromogenic sulfur detecting strip to compares whole saliva sulfur (SS) scores in subjects 

with and without periodontal diseases and examines the relationship between SS scores 

and clinical measures of periodontal status. 

Materials & Methods:  

Ninety-sex subjects were enrolled, mean age (SD) 36.5 (15.42), age range 22 to 82, 

percent males 52%, percent Caucasians 57%, percent cigarette smokers 33%. Periodontal 

evaluations including plaque index (PI), gingival index (GI), probing depth 

measurements (PD) and attachment levels (AL) were performed on 6 sites per tooth. 

Subjects were divided into 3 groups: periodontally healthy (no loss of attachment and no 

gingival bleeding, 17 subjects), gingivitis (no loss of attachment and presence of gingival 

bleeding, 54 subjects) and periodontitis (loss of attachment > 5 mm in 5 or more teeth, 25 

subjects). A single chromogenic strip was used to collect a whole saliva sample from the 

mouth. Color reaction was scored based on a color chart. The scoring examiner was 

blinded to clinical status. 

Results: 

Good to moderate correlations were found between SS scores and PI (r=0.47, p=0.0001), 

GI (r=0.45, p=0.0001), PD (r=0.42, p=0.0001), and AL (r=0.30, p=0.002). Analysis of 

variance showed significant differences in SS scores among the three study groups (p = 

0.0001); post-hoc analysis showed higher SS scores in periodontitis subjects than non-
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periodontitis subjects (p = 0.05). Nominal logistic regression adjusting for smoking 

showed the odds ratio of periodontitis increase by a factor of 12.76 for each increase of 

one unit of measure of SS. 

Conclusion:  

The results suggest that assessing whole saliva sulfur levels with a chromogenic strip has 

potential as a screening test for periodontal diseases. 
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CHAPTER 1 - INTRODUCTION 

 

Conventional periodontal evaluations involve a multitude of clinical and radiographic 

measures. They are tedious, time consuming and not suited for rapidly screening 

individuals for periodontal diseases. A simple and quick test for periodontitis has been an 

elusive goal for many years. 

 

A multitude of clinical, biochemical and microbiological tests were previously introduced 

with none as of yet finding great success: 

 

Several studies have looked at biological markers present in the gingival crevicular fluid. 

In 1978 Dombrowski et al. looked at the protein content in the GCF and its association 

with the severity of periodontitis. This group concluded that a test for protein content in 

the GCF can give the dental practitioner a general idea of the severity of the 

inflammation (Dombrowski et al. 1978). Bader et al. in 1999 showed that neutral protease 

activity (NPA) can differentiate between bleeding at sites exhibiting only chronic 

inflammation with no attachment loss and bleeding at sites undergoing active attachment 

loss (Bader et al. 1999). 

 

Another GCF marker that has been studied by many researchers is the aspartate 

aminotransferase (AST), which is an enzyme released by necrotic cells. In 1996, 

Magnusson et al. did a multi-center clinical trial to suggest that AST levels can 
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distinguish between diseased and healthy periodontal sites. This study also looked at 

clinical parameters of disease including probing depth, severity of inflammation, and 

GCF flow before and after therapy. The conclusion was that the “use of this simple 

chairside test, when combined with other standard diagnostic procedures, provides an 

objective measurement permitting improved capacity to distinguish between diseased and 

non-diseased periodontal sites, and to better assess and monitor the outcome of therapy” 

(Magnusson et al. 1996). In another study in 1998 by Smith et al. a significant correlation 

was observed between BANA hydrolysis and pocket depth and between AST hydrolysis 

and gingival index. This study failed to demonstrate a positive association between 

chairside analysis of GCF metabolites for AST levels and/or BANA hydrolysis with 

Porphyromonas gingivalis and Actinobacillus actinomycetemcomitans. However, they 

still showed that the metabolites in the GCF had a significant correlation with diseased 

sites in patients with chronic adult periodontitis and may help confirm clinical 

observations (Smith et al. 1998).  

 

One of the most recent studies on AST and periodontitis is the one in 2001 by Oringer et 

al. This study looked at the relationship between crevicular AST levels and periodontal 

disease progression. However, this study demonstrated that the elevated levels of AST 

were present at sites that didn’t show disease progression. The high prevalence of AST-

positive sites due to gingival inflammation diminished the test’s ability to discriminate 

between progressive and stable, but inflamed, sites (Oringer et al. 2001). 
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Another enzyme used as a marker for periodontitis is MMP-8 (matrix metalloproteinase-

8), a Collagenase produced by neutrophils. In 2007, Prescher et al. showed that the 

distribution of the MMP-8 levels in GCF had a congruent pattern, where healthy and 

periodontally inflamed sites were clearly different (Prescher et al. 2007). 

 

Other studies focused more on the microbiology in periodontitis. Yoshie et al. in 1995 

looked at the detection of peptidase activity from Treponema denticola. Porphyromonas 

gingivalis, and Bacteroides forsythus to evaluate periodontal therapy. This group looked 

at the Periocheck test to detect these peptidase activities. The patients (Periocheck-

positive) underwent scaling and root planing. Two weeks later, a Periocheck test was 

undertaken in these sites. Two groups were then determined (40 Periocheck-positive and 

17 Periocheck-negative sites). All sites were re-examined at various time intervals using 

both the Periocheck test and clinical measures. The detection of intrapocket 

microbiological status by the Periocheck test preceded the changes in attachment level, 

gingival index, probing depth, and bleeding on probing after therapy (Yoshie et al. 1995).  

 

Smith et al. also looked at protease enzyme activity as a marker to test for periodontitis 

(1995). This study looked at levels of trypsin-like protease (TLPase) enzyme produced by 

Porphyromonas gingivalis in chronic adult periodontitis patients. Elevated levels of P. 

gingivalis were found at periodontitis sites; however, there was no correlation with 

subgingival plaque TLPase (Smith et al. 1995).  
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A clinical method introduced in the 1990s to evaluate patients for periodontitis is called 

PSR (periodontal screening and recording). In 1995 Khocht et al. published a paper 

comparing the assessment of periodontal status with PSR to the traditional clinical 

periodontal examination including GI, PD’s, position of the gingival margin in relation to 

the CEJ, furcation involvement and mobility. This study concluded that PSR is designed 

mainly as a screening examination and cannot be used as a replacement for conventional 

periodontal examination. The results of this study suggested that possible improvements 

in this system should be considered to minimize false negative results (Khocht et al. 

1995). Another study by the same group (Khocht et al.) a year later compared PSR to 

radiographs. This paper found PD’s and attachment levels to be important parameters in 

evaluating periodontal status. PA radiographs correlated poorly with both PD’s and AL’s 

where BW’s had a significant correlation with AL’s but this correlation became second to 

PSR scores when the sample size was increased. Overall, PSR scores showed more 

significant associations with both PD’s and AL’s than did the bone levels based on the 

radiographs (Khocht et al. 1996).  

 

None of the tests introduced previously have shown great success to screen for 

periodontitis. Clinical tests such as PSR can miss the presence of disease. Many of the 

biological tests are not simple to perform and usually do not provide additional 

information beyond what traditional periodontal evaluations provide.  

 

Periodontal infections tend to be associated with sulfur producing bacteria. An increase in 

sulfur compound levels in periodontally diseased pockets is well documented (Persson 
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1992; Langendijk et al. 1999; Torresyap 2003). However, sulfur assessment is difficult 

and usually involves assessing volatile sulfur compounds with complicated and/or 

expensive equipment (Persson 1992; Langendijk et al. 1999; Torresyap 2003). A dry 

biochemical sulfur detection test currently in development (ALT Bioscience, Lexington, 

KY, USA) employs a strip with a porous pad impregnated with a chromogenic reagent 

that detects sulfur compounds dissolved in oral fluids. The strip provides a non-

quantitative assessment of sulfur compounds. The chromogenic reagent reacts with sulfur 

compounds to form colored complexes that are then scored using a color chart. Sulfur 

compounds detected by the strip include hydrogen sulfide and methyl mercaptan. 

 

Saliva is a biological fluid that is easily collectable. It can provide clinicians with useful 

information about many pathological conditions. Saliva is mainly composed of water and 

contains many factors such as electrolytes, mucus, enzymes and immunoglobulins that 

play important physiologic and defense roles in the body. In addition many oral bacteria 

and their noxious agents including sulfur compounds may find their way into the saliva. 

Salivary analysis of microbial byproducts such as dissolved sulfur compounds with the 

simple to use sulfur strip may offer a novel and simple means to screen for periodontal 

diseases. 

 

HYPOTHESES: 

We hypothesized that sulfur compound scores in whole saliva from periodontitis patients 

would be elevated. We further hypothesized that salivary sulfur compound levels would 

positively relate with periodontal disease measures. To test our hypotheses we compared 
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whole saliva sulfur levels as measured by the strip in subjects with and without 

periodontal diseases and examined the relationship between sulfur measures in saliva 

with clinical measures of periodontal status. 
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CHAPTER 2 – MATERIAL AND METHODS 

 

Study site:  This study was done at Temple University School of Dentistry (TUSD), 

Philadelphia, PA. The study protocol and consent forms were approved by Temple 

University Institutional Review Board. The study included three subject groups, a 

periodontally healthy group (H), a gingivitis group (G) and a periodontitis group (P). All 

subjects were recruited from TUSD’s patient population, staff and students. 

 

SUBJECT QUALIFICATION: 

Inclusion criteria: 

1) In good general health.  

2) Age 21 years or older. 

3) Can communicate and read English. 

4) Have a minimum of 12 natural usable teeth.  

 

Exclusion criteria: 

Any of the following conditions excluded subjects from eligibility for study participation:  

1) Medical conditions with known impact on periodontal status (e.g. diabetes).  

2) Medical conditions requiring prophylactic antibiotic coverage. 

3) Medical conditions that impact on salivary function. 

4) Subjects on anti-inflammatory medications.  

5) Current participation in a dental plaque/gingivitis clinical trial. 

6) Pregnant females.  
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7) Gross dental caries and other significant oral disease. 

8) Fixed orthodontic appliance. 

 

Subject recruitment: The study was advertised by word of mouth to dental patients 

attending the periodontology clinic at TUSD, and to TUSD’s staff and students.  

 

Subject screening and enrollment: A total of 100 subjects were screened for the study, 4 

were disqualified for not meeting all study criteria, and 96 were enrolled and completed 

all study evaluations. Clinical characteristics of 24 of the subjects reported in this study 

were previously described (Hardan et al. 2011 - in press). 

 

Ethical issues: All subjects were able to communicate and understand spoken English. 

Prior to commencing the study, consent was obtained and documented for all subjects. 

Consent forms were signed and witnessed. 

 

QUESTIONNAIRE: 

Prior to the clinical examination, all subjects were asked to fill out a questionnaire that 

included questions related to education, income, dental hygiene, dental care and smoking. 

Only questions related to smoking were evaluated for the present study. Number of 

cigarettes smoked per day for how many years was recorded. The pack per day score was 

calculated for each current smoker subject. 
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ORAL/PERIODONTAL ASSESSEMENTS: 

All subjects received a comprehensive oral/periodontal evaluation including probing 

measurements. A single experienced dental examiner (AK) performed all dental exams. 

The examiner was calibrated and standardized in the use of the clinical evaluation 

measures employed in the study. The examiner recorded the plaque index (PI) of Silness 

and Loe and the gingival index (GI) of Loe and Silness around all teeth present. Each 

tooth was scored at six sites, mesiobuccal, buccal, distobuccal, mesiolingual, lingual and 

distolingual. Surfaces with large restorations and teeth with crowns were not scored. 

 

A conventional periodontal probe (Michigan-O Probe with Williams markings, Hu-

Friedy, Chicago, IL) was used for all probing measurements. Probing depth (PD) was 

recorded on six sites per tooth, mesiobuccal, buccal, distobuccal, mesiolingual, lingual 

and distolingual. The probe was inserted parallel to the long axis of the tooth on the 

buccal and lingual surfaces. Interproximally, the probe was placed with slight angulation, 

as close to the contact area as possible. At the gingival margin the reading was taken to 

the nearest millimeter. The position of the gingival margin (GM) to the cementoenamel 

junction was recorded at the same six sites per tooth to the nearest millimeter. A (-) sign 

was given when the gingival margin was coronal to the cementoenamel junction and a (+) 

sign when it was apical. Attachment levels were calculated according to the formula AL 

= PD + GM. For all the aforementioned examinations, only fully erupted teeth were used, 

except third molars were not included. Caries and missing teeth were also recorded. 
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Subject placement into groups: following completion of the periodontal evaluations, 

based on the periodontal findings each subject was assigned to one of three periodontal 

status groups according to the following criteria: 

- Periodontal Health Group: no loss of clinical attachment and less than 5 sites 

with GI score of 2 throughout the mouth. 

- Gingivitis Group: no loss of clinical attachment and 5 or more sites with GI 

score of 2. At least one site in each quadrant is present. 

- Periodontitis Group: 4 mm or greater loss of clinical attachment on at least one 

site on 4 or more teeth. At least one tooth in each quadrant is affected. 

 

SALIVA SAMPLING: 

Prior to initiating the periodontal measures, subjects were instructed to close their mouth, 

rub their tongue against the lingual aspects of the gingival margins, pool their saliva on 

the tongue surface and open their mouth. The padded end of the strip was dipped in the 

pooled saliva on the tongue surface without rubbing against the tongue (Figure 1).  
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Figure 1 - Saliva sampling technique 

 

 

 

SALIVA SCORING: 

Strip was allowed 60 seconds for color reaction to develop. A blinded evaluator (unaware 

of clinical diagnosis) determined color scoring of the strip by comparison to a color chart 

(Figure 2) 
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Figure 2 – Strip color scoring technique 

 

 

 

STATISTICAL ANALYSIS: 

Collected data were entered into a personal computer and mean scores were computed. 

JMP statistical package version 8 for Macintosh (SAS institute, Cary, NC, USA) was 

used for the analysis. Analysis of variance (ANOVA) or Chi square tests were utilized to 

compare the differences in demographic data, clinical data, and strip data between the 

three groups. Pearson correlation and partial correlation were used to examine association 

between clinical data and strip scores. 
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CHAPTER 3 – RESULTS 

 

For all subjects, mean age (SE) was 36.5 (1.57) years; age range was 22 to 82 years, 52% 

males, and 57% Caucasian. Demographics of subjects by group are summarized in table 

1. Periodontitis subjects were older than both the periodontally healthy and gingivitis 

subjects (p=0.0001). Gender distribution was similar between the three groups. 

Periodontitis subjects had a lower percentage of Caucasians and a higher percentage of 

smokers than the non-periodontitis subjects.  

 

Table 1 - Demographic data by subject group 

 Healthy 

N=17 

Gingivitis 

N=54 

Periodontitis 

N=25 

p-value 

Age 

Mean (SE) 

32.17 (3.0) 30.61 (1.68) 52.16 (2.47) 0.0001 

% Males 70 50 44 0.21 

% White 64 68 28 0.002 

% Smokers 35 18 64 0.0004 

 P-value gives the probability that the groups differ in either an ANOVA test or chi  

square test, for means or proportions, respectively. 

 

 

 

 

Cigarette smoking was reported by 32 subjects (33%). Percentage of smokers 

significantly differed between the three groups (p = 0.001). The highest percentage of 

smokers (48%) was in the periodontitis subjects (table 1). For smoking subjects, the 

average pack per day consumption was 0.8. No statistical differences were noted in pack 

per day consumption between the three groups.  
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Clinical parameters by subject group are summarized in table 2. As to be expected, 

analysis of variance (ANOVA) showed significant differences between the three groups 

for all periodontal parameters, including attachment level (p=0.0001), pocket depth 

(p=0.0001), plaque index (p=0.0005), gingival index (p=0.0001) and bleeding on probing 

(p=0.0001). Follow-up analysis with the Tukey-HSD test showed the periodontitis group 

to be significantly higher on all clinical parameters than gingivitis and healthy groups 

(p=0.05). 

 

Table 2 - Clinical periodontal data by subject group 

 Healthy 

N=17 

Gingivitis 

N=54 

Periodontitis 

N=25 

p-value 

PI 

Mean (SE) 

0.31 (0.09) 0.55 (0.05) 1.11 (0.07) 0.0001 

GI 

Mean (SE) 

0.31 (0.04) 0.48 (0.02) 0.78 (0.04) 0.0001 

PD mm 

Mean (SE) 

2.33 (0.12) 2.40 (0.06) 3.38 (0.09) 0.0001 

AL mm 

Mean (SE) 

0.17 (0.29) 0.10 (0.06) 3.06 (0.24) 0.0001 

% BOP 

Mean (SE) 

4.56 (4.32) 13.08 (2.42) 38.15 (3.56) 0.0001 

  P value gives the probability that the groups differ in either an ANOVA test or chi 

  square test, for means or proportions, respectively. 

 

 

 

 

Color score range of SS was 1 to 6 for all subjects combined. Figure 3 presents the mean 

SS score levels by group. Analysis of variance showed significant differences in SS 

scores among the three study groups (p=0.0001). Post-hoc analysis with Tukey HSD test 

showed the SS scores of the periodontitis group higher than both the periodontal health 

group (p=0.05) and the gingivitis group (p=0.05) 
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Figure 3 - Mean strip sulfur score by group 

 
          Bar chart of sulfur levels: The whiskers indicate the standard error of the mean. 

          Significance of difference among groups was sought using ANOVA. 

 

 

Pearson correlation analysis showed a weak association between cigarette smoking 

(pack/day score) and SS scores, r = 0.35, p=0.0004. Thus cigarette smoking can 

potentially influence the SS scores. 

 

Pearson correlation analyses to determine the association between the periodontal clinical 

parameters and SS scores are summarized in table 3a. All clinical parameters showed 

statistically significant weak to moderate associations with SS scores. The strongest 

associations were noted between SS with PI (r =0.47, p = 0.0001), GI (r =0.45, p = 

0.0001), and PD (r = 0.42, p = 0.0001). Table 3b summarizes the partial correlations 

between clinical parameters and SS scores adjusted for cigarette smoking. Adjusted 

partial correlations were comparable to unadjusted correlations albeit slightly weaker. 
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Thus, even though cigarette smoking can independently influence SS scores it does not 

obscure the association with periodontal measures. 

 

 

Table 3 - Correlation analysis between salivary sulfur strip scores and periodontal 

Measures 

Periodontal 

Measures 

 

n 

a. Pearson Correlations 

(unadjusted) 

R (p-value) 

b. Partial Correlations 

(adjusted for smoking) 

R (p-value) 

PI 96 0.47 (0.0001) 0.39 (0.0001) 

GI 96 0.45 (0.0001) 0.39 (0.0001) 

PD 96 0.42 (0.0001) 0.35 (0.0005) 

AL 96 0.30 (0.002) 0.22 (0.02) 

% BOP 96 0.29 (0.003) 0.20 (0.04) 

 

 

Logistic regression adjusting for smoking showed the odds ratio of periodontitis (as 

defined previously) increase by a factor of 12.76 (95% CL 3.46-67.19, model 1: smoking 

dichotomous) or a factor of 9.93 (95% CL 2.97-46.97, model 2: pack/day) for each 

increase of one unit of measure of SS score. 
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CHAPTER 4 – DISCUSSION 

 

This study used a non-quantitative chromogenic sulfur strip to compare the scores of 

dissolved sulfur compounds in saliva between periodontitis and non-periodontitis 

subjects, it also investigated the relation between salivary sulfur scores with clinical 

periodontal disease measures. The data showed that periodontitis subjects have higher 

sulfur compound scores than non-periodontitis subjects. It also showed a relevant positive 

relation between the sulfur compound salivary scores and clinical periodontal disease 

measures. 

 

Sulfur producing bacteria produce sulfur compounds in the presence of dead cells. 

Volatile sulfur compounds (VSCs) are produced through the putrefaction activities of 

microorganisms on appropriate substrate components of dental plaque, debris, and 

salivary cellular elements (Persson 1992). VSCs include hydrogen sulfide, dimethyl 

sulfide (CH3SCH3), methyl mercaptan (CH3SH), and dimethyl disulfide (CH3SSCH3).  

. In 1992, a sensitive gas chromatographic method was developed by Persson to 

determine the amounts of volatile sulfur compounds in gingival fluid. In this study, 

hydrogen sulfide was the predominant volatile sulfur compound and was detected in 61 

out of 79 studied periodontal pockets. Methyl mercaptan was found in about 20% of the 

pockets. 

 

 In-vitro studies show that sulfur compounds can affect neutrophils, fibroblasts and 

monocytes. They increase production of oxygen radicals by neutrophils. These 
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compounds inhibit the proliferation of human gingival fibroblasts, human gingival 

epithelial cells and osteoblasts. Furthermore, VSCs increase collagen degradation and 

reduce collagen (IV) synthesis in fibroblasts and suppress wound healing. Moreover, 

VSCs stimulate interleukin-1 production, resulting in an increase in prostaglandin E and 

matrix metalloproteinase 1. Thus, VSCs may induce the initial damage to the epithelial 

barrier in the progression of periodontal disease. Sulfur byproducts can also facilitate 

penetration of antigens (LPS and prostaglandins) into the host tissues (Yaegaki 2008). 

 

Persson in 1992 showed that sulfur compounds (hydrogen sulfide and methyl mercaptan) 

are present in periodontal pockets in humans. Another in-vivo study that confirmed the 

results of Persson’s study was by Langendjik in 1999. Langendjik showed that sulfate-

reducing bacteria (SRB) were found in one or more pockets of 86% of the periodontitis 

patients. The data showed that SRB belong to the normal oral microbiota, and have a 

preference for periodontal pockets (Persson 1992; Langendijk 1999). 

 

Intra-pocket sulfide levels reflect the levels of sulfide-producing species and may provide 

useful diagnostic information (Torresyap et al. 2003). In a study by Zhou in 2004 it was 

concluded that Sulfur levels may be associated with the initiation and progression of 

early plaque-induced gingivitis (Zhou et al. 2004). Zappacosta, et al in 2007 showed that 

salivary cysteine (a direct precursor of hydrogen sulfide) could be considered a reliable 

marker for the oral tissue damage severity in periodontitis patients. In this study, a 

statistically significant increase of the salivary parameters level (cysteine, 

cysteinylglycine, glutathione, aspartate aminotransferase and lactate dehydrogenase) was 
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found in the patients with probing pocket depth > 5 mm, the salivary cysteine 

concentrations showing the most significant correlation (Zappacosta et al. 2007). 

 

The dry chemical strip used in this study was simple to use and easy to interpret. The 

strip results corroborated the above-cited studies. The reported strip scores indicated that 

sulfur compound levels in whole saliva from periodontitis patients are elevated. This 

suggests that sulfur compounds associated with sulfur producing bacteria in periodontal 

pockets, in microbial biofilm at the dentogingival region and other oral microbial niches 

(e.g. tongue) in periodontitis patients find their way in salivary fluids. Our findings 

further indicate that sulfur compound levels dissolved in salivary fluids associate with 

periodontal disease measures and potentially could be used as a screening test for 

periodontitis.  

 

The sulfur compounds detected by the sulfur strip are also associated with halitosis or bad 

breath. Halitosis could be caused by a variety of intraoral conditions including 

periodontal disease, rampant caries, pericoronitis and/or type of food (Bornstein, et al. 

2009; Van den Velde, et al. 2009). Other conditions may also be involved such as 

cigarette smoking, chronic sinusitis with postnasal drip, diabetic ketoacidosis and others 

(Bornstein, et al. 2009; Van den Velde, et al. 2009). In this study we examined the effect 

of cigarette smoking on the strip scores and found a positive association between 

cigarette smoking and the strip color change. Cigarette smoke contains sulfur compounds 

that could be detected by a halimeter (Rosenberg 1996; Christen 1992). It is possible that 
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sulfur compounds present in cigarette smoke adsorb onto the oral mucosal tissues and 

over time are dissolved in salivary fluids. Their levels are likely dependent on the time 

elapsed since the last cigarette smoked. The partial correlation analysis performed 

adjusting for cigarette smoking showed that cigarette smoking is independently 

associated with SS scores and does not obscure the association between the sulfur strip 

scores and periodontal disease measures. 
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CHAPTER 5 – CONCLUSION 

 

In conclusion, results from this study indicate that salivary fluids in periodontitis patients 

contain increased levels of dissolved sulfur compounds and further suggest that assessing 

dissolved sulfur compounds in salivary fluids with a simple chromogenic strip has 

potential as a screening test for periodontal diseases. 
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