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Aim: The study was designed to determine the effect on clinical variables, subgingival bacteria and 
local immune response brought about by additional application of hyaluronan-containing gels in early wound 
healing after scaling and root planing (SRP).  

Material and Methods: In this randomised clinical study, data from 34 individuals with chronic 
periodontitis was evaluated after full-mouth SRP. In the test group (n = 17), hyaluronan gels in two molecular 
weights were additionally applied during the first two weeks after SRP. The control group (n = 17) was treated 
with SRP only. Probing depth (PD) and attachment level (AL) were recorded at baseline and after 3 and 6 
months, and subgingival plaque and sulcus fluid samples were taken for microbiological and biochemical 
analysis. 

Results: In both groups, PD and AL were significantly reduced (p < 0.001). The changes in PD and the 
reduction of the numbers of pockets with PD ≥ 5mm were significantly higher in the test group after 3 
(p = 0.014; p = 0.021) and 6 months (p = 0.046; p = 0.045). Six months after SRP, the counts of Treponema 
denticola were significantly reduced in both groups (both p = 0.043), those of Campylobacter rectus in the test 
group only (p = 0.028). Prevotella intermedia and Porphyromonas gingivalis increased in the control group.  

Conclusions: The adjunctive application of hyaluronan may have positive effects on probing depth 
reduction and may prevent recolonization by periodontopathogens.  
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Scaling and root planing (SRP) are effective methods in the treatment of periodontal 
diseases.1 Findings from a systematic review have shown that subgingival mechanical 
debridement results in a mean attachment gain of up to 1.58 mm in pockets with an initial 
depth ≥ 7 mm.2 Different local antimicrobial and anti-inflammatory adjuncts have been 
shown to improve the outcome of SRP. Antibiotics, e.g. tetracyclines,3, 4 metronidazole5 were 
applied to the periodontal pockets; in general, results for SRP combined with topical 
antibiotics were not or were only marginally better than for SRP without antibiotics.5, 6  

Another possible approach is the application of hyaluronan (or hyaluronic acid, HA). HA 
is a non-sulfated glycosaminoglycan and a major component in the extracellular matrix.7 In 
human periodontal ligament cells, fibroblast-growth factor-2 regulates the production of HA.8 
Although high levels of glycosaminoglycans are detectable in the gingival crevicular fluid of 
periodontitis patients, the amount is reduced after periodontal therapy.9 In addition, 
glycosaminoglycans with a high molecular weight are found in periodontally healthy 
individuals: the molecular size is lower in periodontitis patients, suggesting degradation of the 
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molecules.10 Lower molecular-mass forms of HA but not the native forms induce 
inflammation reduction by means of signaling through toll-like receptors (TLR) 2 and 4.7   

In in-vitro and in animal studies, the application of hyaluronan showed positive effects on 
fibroblasts, bone regeneration and wound healing.11-13 Hyaluronan acts as an anti-
inflammatory.14, 15 HA is currently under discussion as a treatment option in osteoarthritis,16 
urinary incontinence in women17, and is already in use as a soft tissue filler.18 In dentistry, HA 
has showed a positive effect on the reduction of plaque and on the sulcus bleeding index of 
patients with plaque-induced gingivitis.19, 20 Only in a very few studies has HA been applied 
as an adjunct to scaling and root planing in non-surgical treatment of periodontitis. Johannsen 
et al.21 reported significant reductions of BOP and PD after the adjunctive use of 
subgingivally applied 0.8% HA gel immediately post SRP and 1 week afterwards. However, 
in another study applying 0.2% HA gel weekly for 6 weeks after SRP in chronic periodontitis 
patients, no influence of HA on clinical variables or on periodontopathogens was found after 
6 and 12 weeks.22  

The objective of the present study was to determine the effect on clinical variables, 
subgingival periodontopathogenic bacteria and local immune response brought about by the 
additional use of a 0.8% HA gel during SRP and of a 0.2% HA gel used twice daily for two 
weeks after SRP. 

MATERIAL AND METHODS 

Patients 
Following approval of the study by the Ethics Commission (#121-2006) of the University of 
Leipzig Medical Faculty, forty-two randomly selected volunteers (24 female and 18 male) 
gave written and informed consent to their participation in the randomised non-blinded 
clinical study in the Department of Periodontology at the University of Leipzig in 2007 and 
2008.  

Only individuals with moderate or severe chronic periodontitis23 with at least 5 sites with 
probing depths (PD) ≥ 5 mm and a minimum of 20 teeth were included in the study. The 
interproximal plaque index (API)24 was required to be below 30% after two initial 
prophylaxis and instruction sessions. Individuals were excluded if they had taken antibiotics 
in the six months prior to the study or if they had received periodontal treatment during the 
previous year. Pregnancy, nursing, smoking, chronic diseases such as diabetes mellitus or 
rheumatoid arthritis and allergy to ingredients in the drug were also criteria for exclusion.  

All treatment was performed by the same dentist (M.H.). To avoid bias, plaque sampling, 
GCF and assessment of the clinical data were performed by another investigator blinded to 
the treatment (H.J.). Treatment assignment was performed by an assistant in accordance with 
a computer-generated randomization table. The 42 patients were allocated into a test group 
consisting of 21 and a control group of 21 participants.  

The clinical variables PD, attachment level (AL) and bleeding on probing (BOP) of all 
teeth were determined in a 4-point measurement per tooth (mesiobuccal, buccal, distobuccal 
and midoral) with a manual periodontal probe** at three appointments: before SRP (baseline, 
t0), after 3 months (t1) and 6 months (t2). The API was also recorded. The interproximal area 
was considered as one site for the purposes of recording the API. At the same time, samples 
of the subgingival biofilm and gingival crevicular fluid (GCF) were taken from the deepest 
site in both the premolar and the molar regions.  

Four samples were taken per volunteer. First, paper strips†† were placed at the entrance of 
the periodontal pocket for 20 s. This method ensures that the subgingival biofilm in the 
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pocket is not destroyed. Following this, endodontic paper points‡‡ were inserted into the 
pocket until resistance was felt and were left in place for 30 s. The strips and points were 
stored as a pooled sample at -20°C immediately after sampling. The frozen samples were 
transferred within two weeks to the laboratory where the plaque samples were again stored at 
-20°C, and the GCF samples at -80°C for a maximum of nine months before analysis.  

Therapy and Follow-Up Treatment  
After professional tooth cleaning and motivation and instruction of the patients regarding oral 
hygiene, the interproximal plaque index was < 30 %. Under local anaesthesia with articaine 
hydrochloride/epinephrine hydrochloride,§§ the participants received full-mouth scaling and 
root planing in two sessions carried out within 24 hours using hand and ultrasonic 
instruments. All patients used a chlorhexidine digluconate mouthwash*** for one minute twice 
daily during the first seven days after SRP and carefully performed normal oral hygiene with 
toothbrush and interdental brushes. 

Immediately after the SRP, a 0.8% HA (1,800 kDa)-containing gel††† was introduced into 
all periodontal pockets in the test group (n = 21) by the periodontist (M.H.). In addition, the 
patients applied a 0.2% HA (1,000 kDa)-containing gel‡‡‡ onto the gingival margin twice 
daily over the following 14 days. They were asked to cover the buccal and oral gingiva with 
the gel to excess and to direct the excess into the interproximal area. It is legally stipulated 
that the 0.8% HA gel may be applied only by the dentist, while the 0.2% gel may be used by 
the patient at home.  

The control group (n = 21) was treated with SRP only; no placebo was used. 

Biochemical and Microbiological Analysis 
Immediately before analysis, GCF samples were eluted overnight into 500 µl phosphate 
buffered saline at 4°C. Neutrophil elastase (NE) activity was determined with a microplate 
assay using the chromogenic substrate N-methoxysuccinyl-Ala-Ala-pro-Val-pNa#. The 
substrate was dissolved in dimethylsulphoxide (DMSO) to 10 mM, and the working solution 
was 1 mM after dilution with 0.05 M Tris, pH 7.5. In short, 10 ml of the substrate working 
solution was added to each 90 ml of the eluate from the specimen. Absorption at 405 nm was 
measured immediately and also after incubation at 37°C for 30 min in a microplate reader. 
NE activity in GCF is measured as an increase in absorption. The assay used for the 
determination of the activity of myeloperoxidase has been described by de Mendez et al. 25 
The substrate includes Triton-X-100, o-dianisidine and H2O2 in sodium citrate buffer. The 
absorption at 450 nm was measured immediately in a microplate reader. After incubation for 
30 min at 37°C, the measurement was repeated. These measurements were also performed 
including sodium azide as a myeloperoxidase inhibitor.26 The readings of substrate and 
sample were subtracted from the values including additional inhibitor.   

DNA was extracted from the plaque samples using a kit§§§. The subsequent quantitative 
detection of selected periodontodontopathogenic bacterial species (Aggregatibacter 
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Treponema. 
denticola, Prevotella intermedia and Campylobacter rectus), was performed by means of 
real-time polymerase chain reaction (PCR), as recently described by Eick.27  

Data Analysis 
The null hypothesis of our study was that there are no statistically significant differences in 
the clinical parameters PD, AL and BOP  between the test and control groups. The primary 
outcome variable was the change in the mean PD. Secondary outcome variables were changes 
in the number of sites with PD ≥ 5 mm, occurrence of BOP, mean AL, activity levels of 
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neutrophil enzymes and the counts of selected pathogenic bacteria associated with 
periodontitis.  

 Statistical analysis of the clinical and laboratory data was undertaken using software****. 
Unit of analysis in all statistical tests was the individual. Probing depth (PD) was set as the 
primary outcome and used to determine sample size. A mean difference of 1 mm in observed 
PD with a standard deviation of 1 mm between two groups or two examination dates would 
require ≥ 16 patients per group in order to detect a significant difference (p ≤ 0.05) with a test 
power of 80%. The results are presented as PD and AL for all sites in a four-point 
measurement. The PCR data collected was analyzed as total counts of selected pathogenic 
bacteria, and also qualitatively. For both intra- and inter-group testing, non-parametric tests 
(Wilcoxon and U-test respectively) were used and Χ2-test was performed for qualitative 
analysis of the presence of periodontopathogens. A level of α ≤ 0.05 was considered 
significant.  

RESULTS 
Figure 1 gives the study flow adapted to Moher et al.28 The clinical results of the final 17 test 
and 17 control patients at baseline are given in Table 1. The mean PD was 4.2 ± 0.4 mm in 
the test group and 4.1 mm ± 0.4 mm in the control group. The mean AL was 5.5 mm ± 
0.9 mm in the test group and 5.7 mm ± 0.6 mm in the control group. The corresponding BOPs 
were 16.3% ± 8.7% and 18.8% ± 11.1%. There were no significant differences between the 
groups at baseline. No adverse effects of HA were observed during the study in the years 
2007 and 2008.  

Changes in clinical data observed during the study are presented in Table 2. Significant 
improvements were detected for PD and AL in the test and control groups. Analysis of 
differences between the two groups revealed significant PD improvement in the test group 
compared to the control group after three and after six months (p = 0.014 and p = 0.046). 
Similarly, the numbers of sites with a PD ≥ 5 mm were reduced more in the test group than in 
the control group (p = 0.021 and p = 0.045). No differences were observed between the 
groups in changes in AL, BOP and API.    

NE activity increased in correspondence with increased occurrence of BOP in the six 
months after treatment. When compared to baseline, NE activity was significantly increased 
after three and six months in both treatment groups (test group: p = 0.002, p = 0.019; control 
group: p = 0.003, p = 0.028). MPO activities did not change significantly. No significant 
differences were detected between the groups for NE and MPO activities (Figure 2). 

Six periodontopathogenic bacteria were examined. At baseline, about 40% of the patients 
tested positive for A. actinomycetemcomitans and 60% for P. gingivalis. Differences between 
the test and control groups were found only six months after SRP. At the six-month-
appointment, the prevalence both of A. actinomycetemcomitans (p = 0.027) and C. rectus 
(p = 0.008) was higher in the control group than in the test group (Table 3). Quantitative 
analysis found a decrease of the T. denticola counts in the test group six months after SRP 
over baseline (p = 0.043), and in the control group after three months in comparison with 
baseline (p = 0.043). Changes in T. forsythia were without significance in both groups. 
Furthermore, C. rectus counts decreased in the test group six months after SRP in comparison 
with baseline (p = 0.028). In contrast, at the 6-month examination in the control group, the 
counts of P. intermedia were significantly higher compared with baseline (p = 0.043) and 
those of P. gingivalis were increased compared with the appointment 3 months after SRP 
(p = 0.016; Figure 3).  
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DISCUSSION 
This study analyzed the effect of an additional application of HA gels during SRP and the 
early wound-healing period up to 14 days. Clinical variables, inflammatory markers and 
selected periodontopathogens were examined after three and six months. In contrast to 
published studies21, 22, 29, a combination of two gels was applied. A 0.8% HA (1,800 kDa)-
containing gel was introduced into all periodontal pockets during SRP and followed by the 
application of a 0.2% HA (1,000 kDa)-containing gel onto the gingiva twice daily for 14 days 
after SRP. The control group did not receive a placebo gel as this was unavailable. This may 
constitute a weakness in the study.  

In both treatment groups, a reduction of PD and AL was observed. The improvements 
were in the range of other post-SRP studies.2, 30 The improvement in PD was more noticeable 
in the test group in comparison to the control group, suggesting a positive effect of 
hyaluronan on wound healing. The difference in full-mouth PD between the groups was 
0.29 mm after 6 months, which is slightly less than results reported for systemically applied 
adjunctive amoxicillin/metronidazole in chronic periodontitis patients.31 Our result is 
inconsistent with studies by Engström et al.29 and Xu et al.22, who did not find any difference 
in PD between HA test and control groups after treatment. It may be speculated that the usage 
of 1,800 kDa hyaluronan is of great importance for healing and clinical outcomes, especially 
in the first days and weeks after treatment, as considered in our study. The study by 
Johannsen et al.21, who applied also a 0.8% HA gel subgingivally, demonstrated a higher, 
significant improvement of BOP in the HA group in comparison with SRP only. An 
improvement in AL and gingival recession was reported very recently in 14 patients with 
intrabony defects treated with periodontal surgery and HA.32    

In our study, HA seemed to have an antibacterial action to a certain extent. It is well 
known that after initial reduction of the total bacterial load in periodontal pockets, the number 
of bacteria increases again in the weeks and months after treatment.33, 34 In places, the counts 
were higher than baseline. The low baseline counts may be a result of more intensive attention 
paid to oral hygiene by the patients before entering the study.    

The use of antibiotics is accompanied by increased risk of resistant strains developing and 
possible drug interactions, and therefore requires strict diagnosis criteria to be met.35 HA was 
discussed as a possible alternative for the treatment of bacterial diseases by Pirnazar et al.36 
Their in vitro experiments showed bacteriostatic effects of HA against all six tested bacterial 
strains (including A. actinomycetemcomitans and P. gingivalis). Moreover, Carlson et al.37 
detected a growth inhibiting effect of up to 76.8% ± 3.7% of an organic matrix consisting of 
HA acting on pathogenic bacteria such as staphylococci, streptococci and Pseudomonas 
aeruginosa in orthopaedic infections.  

When HA was applied once a week in vivo, no influence was seen on the counts of 
periodontopathogenic bacteria.22 The aim of this study was to apply HA gels adjunctively to 
SRP and in daily supportive care over two weeks. More intensive application of HA may 
overcome some problems. For instance, the constant crevicular fluid flow rate of up to 40 µl 
per hour38 is responsible for a rapid clearance of each subgingivally administered drug.  In 
addition, it may be assumed that the amount of HA available is further reduced by bacterial 
hyaluronidases. Certain bacterial species e.g. T. denticola, have a hyaluronidase action.39 
Consequently, saturation of the bacterial hyaluronidases, which are needed to break through 
the physiological HA network, may have prevented bacterial spread.37 Furthermore, effective 
pre-treatment of periodontitis patients prior to SRP may have some influence. The baseline 
examination in our study took place immediately before SRP. Here, beside low levels of 
clinical inflammatory markers (BOP) and laboratory variables (MPO, NE), 
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periodontopathogen counts were not high. HA seemed to be able to stabilize these low counts 
for a longer period and prevent the early regrowth of these bacterial species.    

HA may have an immunomodulatory effect on polymorphonuclear leukocytes (PMNs). 
Together with fibronectin, HA stimulates PMN migration.40  Further, HA improves the 
functions of PMNs in vitro and in vivo.41 HA has been shown to suppress the release of 
superoxides from activated neutrophils.42 In our study, a significant influence on neutrophil 
enzymes was not found. One reason may be patient treatment before SRP, resulting in low 
baseline values at the commencement of the study. On the other hand, another study 
analyzing the effect of a hyaluronate-carboxymethylcellulose membrane also did not detect an 
influence on PMN function.43 

HA is a candidate for use in the restoration of periodontal integrity due to its complex 
interactions with the extracellular matrix and its components.44, 45. High molecular weight HA 
reduces proliferation of fibroblasts and lymphocytes in the epithelium in periodontal lesions.46 
In dogs, HA functions as a scaffold promoting adhesion and the proliferation of periodontal 
ligament cells; it is under discussion as a suitable scaffold incorporating selected molecules 
for clinical application in periodontal tissue regeneration.47  

Notwithstanding its limitations (no placebo), our study indicates possible antibacterial 
effects of high molecular weight HA on periodontopathogenic bacteria as an adjunct to SRP, 
and also possibly increased probing depth reduction. Further studies are needed to verify the 
mode of action of HA in periodontitis patients.  

ACKNOWLEDGMENTS  
The authors are grateful to Claudia Ranke (Institute of Medical Microbiology, University Hospital of Jena) for 
technical assistance. Thanks also to Timothy Jones (Institute of Applied Linguistics and Translatology, 
University of Leipzig) for proofreading.  

Statement concerning source of funding and conflict of interest 
The authors declare that they have no conflict of interest. The study was supported by Merz Dental, Lütjenburg, 
Germany, who provided the hyaluronan products and financially supported laboratory analyses.  

Source of support:  
Most of the study was institutionally founded. Additional support was received from Merz Dental, Lütjenburg, 
Germany who provided the hyaluronan products and financial support for laboratory analyses.  

REFERENCES 
1. Apatzidou DA, Kinane DF. Nonsurgical mechanical treatment strategies for periodontal disease. Dent Clin 

North Am 2010;54:1-12. 

2. Van der Weijden GA, Timmerman MF. A systematic review on the clinical efficacy of subgingival 
debridement in the treatment of chronic periodontitis. J Clin Periodontol 2002;29 Suppl 3:55-71; discussion 
90-51. 

3. Williams RC, Paquette DW, Offenbacher S, et al. Treatment of periodontitis by local administration of 
minocycline microspheres: a controlled trial. J Periodontol 2001;72:1535-1544. 

4. Machion L, Andia DC, Benatti BB, et al. Locally delivered doxycycline as an adjunctive therapy to scaling 
and root planing in the treatment of smokers: a clinical study. J Periodontol 2004;75:464-469. 

5. Stelzel M, Flores-de-Jacoby L. Topical metronidazole application as an adjunct to scaling and root planing. 
J Clin Periodontol 2000;27:447-452. 

6. Tomasi C, Wennstrom JL. Locally delivered doxycycline as an adjunct to mechanical debridement at 
retreatment of periodontal pockets: outcome at furcation sites. J Periodontol 2011;82:210-218. 

7. Jiang D, Liang J, Noble PW. Hyaluronan as an immune regulator in human diseases. Physiol Rev 
2011;91:221-264. 



Journal of Periodontology; Copyright 2012  DOI: 10.1902/jop.2012.120269 
 

7 

8. Shimabukuro Y, Ichikawa T, Takayama S, et al. Fibroblast growth factor-2 regulates the synthesis of 
hyaluronan by human periodontal ligament cells. J Cell Physiol 2005;203:557-563. 

9. Giannobile WV, Riviere GR, Gorski JP, Tira DE, Cobb CM. Glycosaminoglycans and periodontal disease: 
analysis of GCF by safranin O. J Periodontol 1993;64:186-190. 

10. Yamalik N, Kilinc K, Caglayan F, Eratalay K, Caglayan G. Molecular size distribution analysis of human 
gingival proteoglycans and glycosaminoglycans in specific periodontal diseases. J Clin Periodontol 
1998;25:145-152. 

11. Pilloni A, Bernard GW. The effect of hyaluronan on mouse intramembranous osteogenesis in vitro. Cell 
Tissue Res 1998;294:323-333. 

12. Sasaki T, Watanabe C. Stimulation of osteoinduction in bone wound healing by high-molecular hyaluronic 
acid. Bone 1995;16:9-15. 

13. Kawano M, Ariyoshi W, Iwanaga K, et al. Mechanism involved in enhancement of osteoblast differentiation 
by hyaluronic acid. Biochem Biophys Res Commun 2011;405:575-580. 

14. Wu JJ, Shih LY, Hsu HC, Chen TH. The double-blind test of sodium hyaluronate (ARTZ) on osteoarthritis 
knee. Zhonghua Yi Xue Za Zhi (Taipei) 1997;59:99-106. 

15. Parker NP, Bailey SS, Walner DL. Effects of basic fibroblast growth factor-2 and hyaluronic acid on 
tracheal wound healing. Laryngoscope 2009;119:734-739. 

16. Colen S, Haverkamp D, Mulier M, van den Bekerom MP. Hyaluronic acid for the treatment of osteoarthritis 
in all joints except the knee: what is the current evidence? BioDrugs 2012;26:101-112. 

17. Kirchin V, Page T, Keegan PE, Atiemo K, Cody JD, McClinton S. Urethral injection therapy for urinary 
incontinence in women. Cochrane Database Syst Rev 2012;2:CD003881. 

18. Beasley KL, Weiss MA, Weiss RA. Hyaluronic acid fillers: a comprehensive review. Facial Plast Surg 
2009;25:86-94. 

19. Jentsch H, Pomowski R, Kundt G, Gocke R. Treatment of gingivitis with hyaluronan. J Clin Periodontol 
2003;30:159-164. 

20. Pistorius A, Martin M, Willershausen B, Rockmann P. The clinical application of hyaluronic acid in 
gingivitis therapy. Quintessence Int 2005;36:531-538. 

21. Johannsen A, Tellefsen M, Wikesjo U, Johannsen G. Local delivery of hyaluronan as an adjunct to scaling 
and root planing in the treatment of chronic periodontitis. J Periodontol 2009;80:1493-1497. 

22. Xu Y, Hofling K, Fimmers R, Frentzen M, Jervoe-Storm PM. Clinical and microbiological effects of topical 
subgingival application of hyaluronic acid gel adjunctive to scaling and root planing in the treatment of 
chronic periodontitis. J Periodontol 2004;75:1114-1118. 

23. Armitage GC. Development of a classification system for periodontal diseases and conditions. Ann 
Periodontol 1999;4:1-6. 

24. Lange DE, Plagmann HC, Eenboom A, Promesberger A. Clinical methods for the objective evaluation of 
oral hygiene (In German). Dtsch Zahnarztl Z 1977;32:44-47. 

25. de Mendez I, Young KR, Jr., Bignon J, Lambre CR. Biochemical characteristics of alveolar macrophage-
specific peroxidase activities in the rat. Arch Biochem Biophys 1991;289:319-323. 

26. Davies B, Edwards SW. Inhibition of myeloperoxidase by salicylhydroxamic acid. Biochem J 
1989;258:801-806. 

27. Eick S, Straube A, Guentsch A, Pfister W, Jentsch H. Comparison of real-time polymerase chain reaction 
and DNA-strip technology in microbiological evaluation of periodontitis treatment. Diagn Microbiol Infect 
Dis 2011;69:12-20. 

28. Moher D, Schulz KF, Altman DG. The CONSORT statement: revised recommendations for improving the 
quality of reports of parallel-group randomised trials. Lancet 2001;357:1191-1194. 

29. Engstrom PE, Shi XQ, Tronje G, et al. The effect of hyaluronan on bone and soft tissue and immune 
response in wound healing. J Periodontol 2001;72:1192-1200. 

30. Cobb CM. Clinical significance of non-surgical periodontal therapy: an evidence-based perspective of 
scaling and root planing. J Clin Periodontol 2002;29 Suppl 2:6-16. 



Journal of Periodontology; Copyright 2012  DOI: 10.1902/jop.2012.120269 
 

8 

31. Sgolastra F, Gatto R, Petrucci A, Monaco A. Effectiveness of Systemic Amoxicillin/Metronidazole as 
Adjunctive Therapy to Scaling and Root Planing in the Treatment of Chronic Periodontitis: A Systematic 
Review and Meta-Analysis. J Periodontol. 2012 Feb. 14 .[Epub ahead of print] 
DOI:10.1902/jop.2012.110625 

32. Fawzy El-Sayed KM, Dahaba MA, Aboul-Ela S, Darhous MS. Local application of hyaluronan gel in 
conjunction with periodontal surgery: a randomized controlled trial. Clin Oral Investig 2012;16:1229-1236.  

33. Lindemann C, Pfister W, Wutzler P, Gangler P. Microbiological parameters in periodontitis marginalis 
during local treatment (in German). Dtsch Stomatol 1991;41:30-34.  

34. Zijnge V, Meijer HF, Lie MA, et al. The recolonization hypothesis in a full-mouth or multiple-session 
treatment protocol: a blinded, randomized clinical trial. J Clin Periodontol 2010;37:518-525. 

35. Slots J, Ting M. Systemic antibiotics in the treatment of periodontal disease. Periodontol 2000 2002;28:106-
176. 

36. Pirnazar P, Wolinsky L, Nachnani S, Haake S, Pilloni A, Bernard GW. Bacteriostatic effects of hyaluronic 
acid. J Periodontol 1999;70:370-374. 

37. Carlson GA, Dragoo JL, Samimi B, et al. Bacteriostatic properties of biomatrices against common 
orthopaedic pathogens. Biochem Biophys Res Commun 2004;321:472-478. 

38. Goodson JM. Gingival crevice fluid flow. Periodontol 2000 2003;31:43-54. 

39. Scott D, Siboo R, Chan EC. An extracellular enzyme with hyaluronidase and chondroitinase activities from 
some oral anaerobic spirochaetes. Microbiology 1996;142 ( Pt 9):2567-2576. 

40. Hakansson L, Venge P. The combined action of hyaluronic acid and fibronectin stimulates neutrophil 
migration. J Immunol 1985;135:2735-2739. 

41. Hakansson L, Hallgren R, Venge P. Regulation of granulocyte function by hyaluronic acid. In vitro and in 
vivo effects on phagocytosis, locomotion, and metabolism. J Clin Invest 1980;66:298-305. 

42. Lym HS, Suh Y, Park CK. Effects of hyaluronic acid on the polymorphonuclear leukocyte (PMN) release of 
active oxygen and protection of bovine corneal endothelial cells from activated PMNs. Korean J 
Ophthalmol 2004;18:23-28. 

43. Otake K, Uchida K, Yoshiyama S, et al. Effects of a hyaluronate-carboxymethylcellulose membrane 
(Seprafilm) on human polymorphonuclear neutrophil functions. J Surg Res 2008;149:243-249. 

44. Moseley R, Waddington RJ, Embery G. Hyaluronan and its potential role in periodontal healing. Dent 
Update 2002;29:144-148. 

45. Sukumar S, Drizhal I. Hyaluronic acid and periodontitis. Acta Medica (Hradec Kralove) 2007;50:225-228. 

46. Mesa FL, Aneiros J, Cabrera A, et al. Antiproliferative effect of topic hyaluronic acid gel. Study in gingival 
biopsies of patients with periodontal disease. Histol Histopathol 2002;17:747-753. 

47. Takeda K, Sakai N, Shiba H, et al. Characteristics of high-molecular-weight hyaluronic acid as a brain-
derived neurotrophic factor scaffold in periodontal tissue regeneration. Tissue Eng Part A 2011;17:955-967. 

Corresponding author: Prof. Dr. Holger F. R. Jentsch, University of Leipzig, Medical Faculty 
Department of Conservative Dentistry and Periodontology, Nürnberger Str. 57, D-04103 

Leipzig, Germany, E-mail: jenh@medizin.uni-leipzig.de, phone: +49 3419721208, fax: +49 
3419721229 

Submitted April 30, 2012; accepted for publication September 21, 2012.  

Figure 1.  

Flowchart (adapted to Moher et al.)28 of the study analysing the effect of hyaluronic acid (HA) as an adjunct 
after scaling and root planing 

Figure 2.  

Activities of myeloperoxidase (MPO) and neutrophil elastase (NE) at baseline as well as three and six months 
after SRP with (test) and without (control) the additional use of hyaluronan-containing gels (median, 10, 25, 50, 
75, 90 percentiles and outliers) 
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Figure 3.  

Counts of periodontopathogenic bacteria at baseline as well as three and six months after SRP with (test) and 
without (control) the additional use of hyaluronan-containing gels (median, 10, 25, 50, 75, 90 percentiles and 
outliers) 
 

Table 1. Clinical results at baseline  

 

Variable Test group (n=17) 

mean±SD 

Control group (n=17) 

mean±SD 

U-test (p) 

Mean age (years) 54.82±9.35 54.06±9.81  

Range (years) 42 - 70 41 - 72  

Male (n) 8 6  

Female (n) 9 11  

PD (mm) 4.2±0.4 4.1±0.4 0.235 

Sites with PD ≥ 5 mm 

(n) 

 

29 ±19 

 

24±17 

 

0.133 

Sites with AL ≥ 5 mm 

(n) 

AL (mm) 

 

83±18 

5.5±0.9 

 

88±14 

5.7±0.6 

 

0.218 

0.158 

BOP (%) 16.3±8.7 18.8±11.1 0.642 

API (%) 21±12 22±10 0.959 

 

Table 2. Changes (Δ) of clinical data after three (t1) and six months (t2) in comparison with baseline 

(t0) 

 

Variable Test group (n=17) 

mean±SD    Wilcoxon test (p) 
Control group (n=17) 

mean±SD    Wilcoxon test (p) 
U-test (p) 

ΔPD t1-t0 (mm) -1.08±0.30 <0.001 -0.74±0.40 <0.001 0.014 

ΔPD t2-t0 (mm) -1.07±0.36 <0.001 -0.82±0.36 <0.001 0.046 

ΔPD≥5mm t1-t0 (n) -20±9 <0.001 -14±15 <0.001 0.021 

ΔPD≥5mm t2-t0 (n) -21±11 <0.001 -15±13 <0.001 0.045 

ΔAL t1-t0 (mm) -1.27± 0.63 <0.001 -1.00±0.62 <0.001 0.196 

ΔAL t2-t0 (mm) -1.24± 0.58 <0.001 -1.34±0.57 <0.001 0.547 

Δ of sites with 
AL≥5mm  t1-t0 (n) 

-51±13 <0.001 -34.4±21 <0.001 0.013 

Δ of sites with 
AL≥5mm  t2-t0 (n) 

-50±17 <0.001 -54±24 0.001 0.518 

ΔBOP t1-t0 (%) 0.02±9.42 0.877 0.99±12.02 0.796 0.863 

ΔBOP t2-t0 (%) 7.46±24.73 0.041 5.18±19.33 0.140 0.917 

Δ API t1-t0 (%) 0±9 0.977 6±9 0.017 0.084 

Δ API t2-t0 (%) -3±8 0.103 0±11 0.814 0.395 
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Table 3. Prevalence of six periodontopathogens at baseline as well as three and six months after SRP 

in the test and control group 

 

 

Species Test group 

(n=17) 

Control group 

(n=17)  

 A. actinomycetemcomitans 

Baseline  

3 months 

6 months 

 

6 (35%) 

6 (35%) 

4 (24%)* 

 

8 (47%) 

4 (24%) 

13 (76%)* 

P. gingivalis 

Baseline 

3 months 

6 months  

 

10 (59%) 

10 (59%) 

10 (59%) 

 

8 (47%) 

9 (53%)  

13 (76%) 

T. forsythia 

Baseline 

3 months 

6 months 

 

14 (82%) 

13 (76%) 

17 (100%) 

 

11 (65) 

11 (65%) 

17 (100%) 

T. denticola 

Baseline 

3 months 

6 months 

 

6 (35%)   

5 (29%) 

3 (18%) # 

 

6 (35%) 

2 (12%) # 

3 (18%) 

P. intermedia 

Baseline 

3 months 

6 months 

 

1 (6%) 

5 (29%) 

4 (24%) 

 

1 (6%) 

2 (12%) 

6 (35%) # 

C. rectus 

Baseline 

3 months 

6 months 

 

7 (33%) 

8 (39%) 

2 (11%)*# 

 

7 (41%) 

9 (53%) 

12 (71%)* 
* significant inter-group difference, p < 0.05 

# significant difference to baseline, p < 0.05 

** PCP-UNC 15, Hu-Friedy Manufacturing Co., Chicago, IL, USA 
†† Periopaper; Oraflow Inc., Smithtown, New York, USA 
‡‡ ISO 60, Roeko GmbH, Langenau, Germany 

§§ Ultracain D-S, Sanofi-Aventis, Frankfurt/Main, Germany 
*** 0.2% CHX, Curaden, Stutensee, Switzerland 
††† Gengigel prof®, Merz Dental, Lütjenburg, Germany 
‡‡‡ Gengigel®, Merz Dental, Lütjenburg, Germany 
§§§ Genomic Mini Kit®,A & A Biotechnology, Gdynia, Poland 

**** SPSS® Statistics 17.0, IBM Corporation, New York, NY, USA 
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