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Abstract Hyaluronic acid application has been proven to
be beneficial in a number of medical disciplines. The aim of
the current study was to clinically evaluate the effect of
local application of hyaluronan gel in conjunction with
periodontal surgery. Fourteen patients with chronic perio-
dontitis having four interproximal intrabony defects
(≥3 mm) with probing depth values >5 mm were included
in this split-mouth study. Following initial nonsurgical
periodontal therapy and re-evaluation, defects were ran-
domly assigned to be treated with modified Widman flap
(MWF) surgery in conjunction with either 0.8% hyaluronan
gel (test) or placebo gel (control) application. Clinical

attachment level (CAL), probing depth (PD), gingival
recession (GR), plaque index (PI), and bleeding on probing
(BOP) values were taken at baseline and 3 and 6 months.
Differences between test and control sites were evaluated
using a Wilcoxon signed-rank and a McNemar test. A
Friedman and a Cochran test were used to test equal ranks
over time. Statistically significant differences were noted
for CAL and GR (P<0.05) in favor of the test sites. No
significant differences were found regarding PD, BOP, or PI
values (P>0.05). Hyaluronan gel application in conjunction
with periodontal surgery appears to result in significant
improvement of CAL and in a reduction in GR. Hyaluronan
gel application appears to improve the clinical outcome of
MWF surgery.

Keywords Periodontal surgery . Hyaluronic acid . Clinical
attachment level . Gingival recession

Introduction

The ultimate goal of periodontal treatment is the regeneration
of the supporting tissues lost due to periodontal disease [1].
Regeneration refers to the reproduction or reconstitution of a
lost or injured part, in contrast to repair, which describes the
healing by tissues that do not fully restore the architecture or
the function of the lost part [2]. In periodontitis, as
destruction reaches the deeper structures, regeneration
becomes unpredictable.

However, in contrast to regeneration, periodontal repair
remains a readily attainable goal. A variety of surgical
procedures have been advocated to enhance periodontal
tissue reparative response and to provide an environment,
in which new attachment can readily occur. These include
the modified Widman flap (MWF) [3], the excisional new
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attachment procedure [4], and the open flap debridement
[5]. They all share minimal excision of gingival tissues,
minimal extent of flap reflection with minimal exposure of
the alveolar bone, close adaptation of the tissues, and
replacement of the flap close to the pre-surgical position of
the gingival margin [6]. Although most techniques resulted
in significant gain in clinical attachment level in deep
pockets, the modified Widman flap resulted in the greatest
clinical attachment gain [7].

Hyaluronic acid (hyaluronan) is a linear, widely distrib-
uted glycosaminoglycan of the extracellular matrix of
mammalian connective tissues [8, 9], primarily synthesized
by mesenchymal cells [10] and forms the backbone for the
organization of proteoglycans establishing links with
collagen, fibrin, and different matrix molecules [11]. It
was detected in periodontal tissues in varying quantities and
is more prominent in the nonmineralized tissues, such as
the gingiva and the periodontal ligament, than the miner-
alized ones such as the cementum and alveolar bone [12].
In the early inflammatory stages of wound healing, tissues
are very rich in hyaluronan [13–15].

Hyaluronan has been the center of various studies, from
early tissue development [16, 17], as an active bone matrix
[18], in mesenchymal cells’ differentiation [19], migration
[20–22], and adhesion [23], to hydroxyapatite formation
[24] and has been used as a vehicle for growth factors. The
hydrophilic nature of hyaluronan creates an environment
for cellular migration, while its free radical scavenging and
protein exclusion properties offer protection to cells and
extracellular matrix molecules [11]. Hyaluronan further
promotes many blood cells’ functions especially in the
inflammatory response, e.g., phagocytosis and chemotaxis
[14]. Its anti-inflammatory properties have made it of
interest in various medical applications as in the treatment
of radio-epithelitis [25], osteoarthritis of the knee [26–28],
and rheumatoid arthritis [29].

Despite all previously mentioned properties, only few
studies could be found on the potential of hyaluronan in
periodontal wound healing. The aim of the present study was
to clinically evaluate the adjunctive effects of hyaluronan gel
application in conjunction with periodontal surgery.

Material and methods

Patients

In this study, 800 patients from the outpatient clinic of the
Oral Medicine and Periodontology Department at the
Faculty of Oral and Dental Medicine, Cairo University
were examined for conformity with the inclusion criteria.
Seven hundred seventy-two patients were excluded (760
not meeting the inclusion criteria, 12 refused to participate).

Twenty-eight patients were initially included in this split-
mouth study. All patients had no relevant medical history
that contraindicated periodontal surgery and were non-
smokers. Inclusion criteria were chronic periodontitis cases
[30], with at least four interproximal sites with moderate to
deep intrabony defects (≥3 mm) on the radiographs, and
clinical probing depths (PD) >5 mm using William’s
graduated periodontal probe on premolars or molars
following initial nonsurgical periodontal therapy, with a
minimum of 20 teeth in each patient. Patients should not
have received antibiotic therapy or periodontal treatment
within the 6-month period prior to the study. This study was
approved by the Ethical Committee at Cairo University
Hospital, Cairo, Egypt. The subjects gave their written
informed consent to participate in the study. Fourteen patients
were excluded due to a resultant probing depth <5 mm
8 weeks following the initial nonsurgical periodontal therapy
and 14 patients continued the study.

Procedures

Pre-surgical phase

After initial examination, each patient was given detailed
instructions on self-performed plaque control measures using
a soft tooth brush and interdental cleaning devices when
indicated. Initial nonsurgical professional periodontal therapy
consisted of full mouth supra- and sub-gingival scaling and
root planing (SRP). Eight weeks following the initial therapy,
re-evaluation of the intrabony defects in the interproximal
sites with a clinical probing depth >5 mm was performed by
radiographs as well as by using William’s graduated peri-
odontal probe to confirm the indication for periodontal
surgery. Pairs of premolar and molar teeth in the maxilla or
the mandible were randomized (see below) to receive the test
treatment (MWF with adjunctive hyaluronan gel application)
or to serve as MWF controls. Prior to surgery, the values for
clinical attachment level (CAL), PD, gingival recession (GR),
bleeding on probing index (BOP), and plaque index (PI) were
recorded. CAL, PDs, and GR were recorded to the nearest
millimeter using a William’s graduated periodontal probe,
with a tip diameter of 0.5 mm. All teeth were evaluated at six
sites: mesio-buccal, mesio-lingual, mid-buccal, disto-buccal,
disto-lingual, and mid-lingual.

Surgical phase and placement of hyaluronan gel
in the defect

The defects in each patient were randomly assigned (see
below) to be treated either with a mucoperiosteal flap, the
MWF, with a placebo gel, or in conjunction with the
application of hyaluronan gel. The MWF was selected as a
surgical technique to ensure complete removal of the

1230 Clin Oral Invest (2012) 16:1229–1236



pocket lining, thereby exposing the fresh underlying
connective tissue to the hyaluronan gel’s effect. Great care
was exerted during the surgical procedure to minimize the
width of the excised collar (around 0.5 mm in width) so as
not to compromise the primary wound closure potential
later. The root surface and bone defects were instrumented
using Gracey curettes (Aesculap, Tuttlingen, Germany) to
achieve complete debridement. Afterwards, 0.5 ml of 0.8%
hyaluronan gel (Gengigel, Ricerfarma, Milan, Italy) was
applied to the defect area, filling the defect from the bottom
upwards. Closure of surgical sites was ensured with 4–0 black
silk sutures (Ethicon, Johnson & Johnson, Livingston,
Scotland, UK). A similar surgical procedure was conducted
for the control site with the application of a placebo gel
prepared at Cairo University (carboxymethylcellulose, xylitol,
NaCl, and water).

Each patient was given both amoxicillin (GlaxoSmithKline,
Cairo, Egypt) and metronidazole (Sanofi-Aventis Egypt,
Cairo, Egypt) antibiotics each 500 mg t.d.s for 1 week
postoperatively to optimize the surgical outcome [31]. Patients
were advised to refrain from hot food and beverages for the
first day, use soft diet, and avoid chewing on the surgical side
for the first week following the surgery. Oral hygiene
instructions using a soft tooth brush were stressed upon. For
the following first week, salted water mouth bath four times
per day, then for the second week 0.12% chlorhexidine
mouthwash (Antiseptol, Kahira Pharmaceuticals, Cairo,
Egypt) twice daily were implemented as an adjunct to oral
hygiene measures. The rationale of the reliance on salted
water mouth bath for the first week was based on the reported
highly cytotoxic effects of chlorhexidine and the recommen-
dations that it should be used with caution especially during
surgery and the initial healing phase afterwards [32]. Sutures
were removed 1 week following the surgery.

Follow up and re-evaluation

Patients were seen weekly for the first month to check their
oral hygiene performance and then at 3- and 6-month
intervals to record all clinical indices.

Outcome measures

The primary outcome measure defined in the study was the
change in CAL between the test and control sites.
Secondary outcome measures outlined were changes in
GR, PD, BOP, and PI.

Sample size

This split-mouth study was conducted as a randomized
controlled clinical trial (RCT). In the absence of any data
from previous studies on the beneficial effect of hyaluronan

gel on the CAL, sample size was calculated on the basis of
data from a study on the effect of Emdogain (Straumann,
Freiburg, Germany) on the CAL [33]. Assuming a difference
of 0.5 mm between the means and a standard deviation of
the difference in means of 0.35 mm (the CAL gain in their
test group was 1.7 mm with a SD of 1.3. The SD for the
difference in CAL gain between the groups was not given.
However, since the SD in the CAL gain was about 70% of
the mean in the test group, we assumed a SD for the
difference of 0.35 mm, 70% of 0.5 mm), with α=0.05
and 1−β=0.9, we calculated that a total of seven pairs would
be needed to find significant differences. With a dropout rate
of 75%, 28 patients were enrolled for this RCT.

Randomization

Case and control were taken from the same patient using a
split-mouth design so that each patient served as his own
control. Randomization of the sites for each patient was
performed using a coin toss method by a single clinician in
charge of randomization. The random sequence was then
allocated and concealed till the end of the 6-month follow-
up phase. Since the number of patients’ withdrawals after
randomization of the sites was zero, no loss of information
biased the data. For each patient, sites were allocated to
receive either material A (placebo) or B (hyaluronan gel).

Surgeries with application of hyaluronan as well as placebo
gel were performed after filling both materials in plastic
syringes and designating them A and B by the clinician in
charge of randomization before handing them to the surgeon.
During surgery, the patients as well as the surgeon did not
know which site received the hyaluronan gel. To evaluate the
surgeon’s as well as patients’ blinding, they were asked
individually after the surgeries if they noted any differences,
by which they could tell which site received the hyaluronan or
the placebo gel. All patients and the surgeon answered
negatively. On subsequent re-evaluation visits, a single
clinician who performed the pre-surgical examinations and
did not perform the surgeries performed the follow-up
examinations for all patients at 3- and 6-month intervals
without knowledge about the test versus control sites.
Only the study statistician and the clinician in charge of
randomization of sites knew about the unblinded data.

Statistical analysis

A Shapiro–Wilk test was performed to test for the normal
distribution of data. Descriptive statistics were computed
for the variables of CAL, GR, PD, BOP, and PI. The
nonparametric Wilcoxon signed-rank test was used for
CAL, GR, PD, and PI and a McNemar test was used for
BOP to test hypotheses about equal ranks between test and
control groups. The nonparametric Friedman test was used
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for CAL, GR, PD, and PI and the Cochran test for BOP to
test hypotheses about equal ranks over time in each group.
All data were statistically analyzed using the SPSS software
(SPSS 15, Chicago, IL, USA). The level of significance
was set at 0.05 for all tests.

Results

Statistically significant differences (P<0.05) were noted
between the test and the control sites at 3 and 6 months,
where the test sites showed greater gain in CAL and
reduction in GR values (Table 1). No statistically signifi-
cant differences were noted regarding PD (Table 1), BOP,
and PI values (Table 2) (P>0.05). Over time, a significant
improvement of the CAL, PD, and PI values was noted for
both test and control sites as well as of BOP values of the
control sites (P<0.05). Frequency distribution for CAL and
PD values was further calculated (Tables 3 and 4). Twelve
test (86%) and seven control (50%) sites showed 3 mm or
greater gain in CAL, while one test (7%) and three control
(22%) sites demonstrated a residual PD of 4 mm or greater
by the end of the study time.

Discussion

The current study evaluated the adjunctive effect of
hyaluronan gel application in conjunction with periodontal
surgery. Hyaluronan application proved to be promising in
wound healing in a number of medical disciplines [34]. Its
application in conjunction with periodontal surgery was
thought to achieve similar beneficial effects.

Previous studies investigated the adjunctive effect of
hyaluronan application in the treatment of chronic perio-
dontitis [35, 36]. In these studies, SRP without a flap
reflection was instituted prior to the application of the
material. The current study applied hyaluronan in conjunc-
tion with a MWF. The rationale behind this surgical
technique was to surgically remove the entire pocket lining
as well as to clean the intrabony defects more thoroughly,
via an open approach, prior to the hyaluronan gel
application. The removal of the pocket lining by this flap
design was to place the hyaluronan gel in direct contact
with the connective tissue to perform all its alleged
beneficial effects.

This study is the first to report on a significant
improvement of CAL following hyaluronan gel application.
The present study demonstrated a significant improvement
of the CAL, PD, and PI values for the test and control sites
over time, as well as a statistically significant difference
between the test and control sites for CAL and GR values
in favor of the test sites. The improvement in CAL, PD, and T
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PI noted in both groups over time is consistent with an
earlier systematic review on the positive effect of surgical
debridement on the clinical parameters of chronic perio-
dontitis [37]. The current study results are further consistent
with the similarly designed study on the effect of enamel
matrix derivative’s application in conjunction with the
MWF on the clinical outcome of the surgical treatment of
intrabony periodontal defects [33].

In contrast to earlier studies by Xu et al. [35] and
Johannsen et al. [36], who found no statistically significant
difference in CAL between sites receiving hyaluronan as an
adjunct to SRP and sites receiving SRP alone, the present
study reported an improvement in CAL in the test sites.
This is also in contrast to the study of Engström et al. [38],
who found no difference in clinical measures between sites
treated by guided tissue regeneration (GTR) with hyalur-
onan and control sites treated with GTR alone. Variations in
hyaluronan gel formulations employed in the different
studies, treatment modalities and surgical techniques,
disease severity, and follow-up intervals may explain the
differences in the results between these studies and the
present one.

The findings of the present study are in accordance with
the study of Prato et al. [39], who concluded that the use of
an autologous cell hyaluronic acid graft in tissue engineer-
ing results in an increase of gingival height in a very short
time without discomfort to the patients. In the present study,
sites receiving hyaluronan showed a statistically significant
improvement in CAL and GR values at 3 and 6 months
compared to the control sites. This may be attributed to the
fact that hyaluronan facilitated cell division [34], promoted
cell–cell and cell–substrate adhesion, cell migration, prolif-
eration, and activation [40], while acting as a storehouse
and a vehicle for growth factors [41, 42]. By interacting
with the fibrin clot during the early stages of healing,
hyaluronan could have provided a structural framework to
modulate the infiltration of various cells into the wound site
including fibroblasts, keratinocytes, cementoblasts, and
osteoblasts and to stimulate them to produce a series of
pro-inflammatory cytokines [42]. It is alleged to be
involved in the activation of micro and macrophages,
stimulating their migration, adherence at the wound site,
phagocytosis, and killing of pathogens making the local
condition more favorable for the healing process. Addi-
tionally, it is believed to stabilize the granulation tissue at
the wound site by scavenging cell-derived oxygen radicals
and inhibiting cell-derived enzymes as serine proteases that
degrade the extracellular matrix proteins [43]. During this
process, hyaluronan contributes to extracellular matrix
formation, cell migration into the wound matrix, cell
proliferation, and granulation tissue organization, thus
allowing the re-attachment of the basal layer of the gingival
epithelium to the basal lamina [44]. All these effects mayT
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be responsible together or in turn for the improvement of
the CAL and GR in sites treated with the hyaluronan.

The current results of an absence of any statistically
significant PD reductions between the test and control sites
are further in concert with the results of earlier studies [35,
38]. This absence of significant PD reduction may be
explained by the fact that the improvement in CAL on the
test sites, in which the absence of an improvement in GR
could have meant an eventual reduction in PD, was in the
current study compensated by the improvement in GR
values.

An anti-inflammatory effect of hyaluronan was not
substantiated by a statistically significant reduction in
BOP index in favor of the test sites by the end of the
study. These results are in accordance with the studies of
Engström et al. [38] and Xu et al. [35], who failed to
demonstrate any significant improvement in BOP. The
current study’s results are, however, in contrast to the
results of Johannsen et al. [36], who found a statistically
significant improvement in BOP, in sites treated with
hyaluronan gel in conjunction with SRP by the end of their
12-week study. The divergence in follow-up intervals of
this study to the current one may account for this
discrepancy. The hyaluronan gel may have exerted its
reported anti-inflammatory effect during the early phases of
wound healing of cellular proliferation and granulation

tissue maturation. Yet, this effect was not substantiated at 3
or 6 months postoperatively.

The reduced plaque formation, noted by an improvement
in the PI values for the test and control sites over the study
time, likely resulted from improved gingival health follow-
ing the MWF, the reinforcement of oral hygiene instruc-
tions given to the study subjects postsurgically, in addition
to the improved oral hygiene routines commonly observed
in study subjects [45, 46]. However, comparing the test and
control sites continued to show a nonsignificant difference
regarding their PI values. Similar to earlier investigations
[35, 36, 38], the current study did not demonstrate an
additional bacteriostatic effect of the hyaluronan gel in
terms of a reduced plaque accumulation. This remains in
contrast to an earlier in vitro study [44]. The bacterial
complexity of the oral environment as opposed to their in
vitro investigation could account for this difference to the
current results.

Conclusions

Hyaluronan gel application in conjunction with periodontal
surgery appears to significantly favor the periodontal
surgical outcome in terms of a gain in clinical attachment
level as well as a reduction in gingival recession values.

Table 3 Frequency distribution
of CAL values CAL (mm) % Control sites % Test sites

Baseline 3 months 6 months Baseline 3 months 6 months

1 7.1 21.4 28.6

2 14.3 28.6 14.3 42.9

3 35.7 14.3 42.9 21.4

4 21.4 14.3 7.1

5 50.0 21.4 28.6 42.9 21.4

6 21.4 21.4

7 7.1 14.3 7.1

8 28.6 7.1 14.3

Table 4 Frequency distribution
of PD values PD (mm) % Control sites % Test sites

Baseline 3 months 6 months Baseline 3 months 6 months

1 21.4 7.1 21.4 28.6

2 21.4 42.9 28.6 50.0

3 42.9 28.6 35.7 14.3

4 14.3 7.1 7.1 7.1

5 57.1 14.3 14.3 50.0 7.1

6 28.6 35.7

7 7.1 7.1

1234 Clin Oral Invest (2012) 16:1229–1236



Conflict of interest and source of funding The authors report no
conflict of interest regarding this study and the study was funded by
the first author.

References

1. Mattson JS, Gallagher SJ, Jabro MH (1999) The use of 2
bioabsorbable barrier membranes in the treatment of interproximal
intrabony periodontal defects. J Periodontol 70:510–517.
doi:10.1902/jop.1999.70.5.510

2. Wang HL, Greenwell H, Fiorellini J, Giannobile W, Offenbacher
S, Salkin L, Townsend C, Sheridan P, Genco RJ (2005)
Periodontal regeneration. J Periodontol 76:1601–1622.
doi:10.1902/jop.2005.76.9.1601

3. Ramfjord SP, Nissle RR (1974) The modified Widman flap. J
Periodontol 45:601–607

4. Yukna RA, Bowers GM, Lawrence JJ, Fedi PF Jr (1976) A
clinical study of healing in humans following the excisional new
attachment procedure. J Periodontol 47:696–700

5. Smith DH, Ammons WF Jr, Van Belle G (1980) A longitudinal
study of peridontal status comparing osseous recontouring with
flap curettage. I. Results after 6 months. J Periodontol 51:367–375

6. Robertson PB (1983) Surgical periodontal therapy: indications,
selection and limitations. Int Dent J 33:137–146

7. Knowles JW, Burgett FG, Nissle RR, Shick RA, Morrison EC,
Ramfjord SP (1979) Results of periodontal treatment related to
pocket depth and attachment level. Eight years. J Periodontol
50:225–233

8. Bartold PM, Wiebkin OW, Thonard JC (1981) Glycosaminoglycans
of human gingival epithelium and connective tissue. Connect Tissue
Res 9:99–106

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

10. Gerdin B, Hallgren R (1997) Dynamic role of hyaluronan (HYA)
in connective tissue activation and inflammation. J Intern Med
242:49–55

11. Chen WY, Abatangelo G (1999) Functions of hyaluronan in
wound repair. Wound Repair Regen 7:79–89

12. Waddington RJ, Embery G (2001) Proteoglycans and orthodontic
tooth movement. J Orthod 28:281–290

13. Oksala O, Salo T, Tammi R, Hakkinen L, Jalkanen M, Inki P,
Larjava H (1995) Expression of proteoglycans and hyaluronan
during wound healing. J Histochem Cytochem 43:125–135

14. Weigel PH, Fuller GM, LeBoeuf RD (1986) A model for the role
of hyaluronic acid and fibrin in the early events during the
inflammatory response and wound healing. J Theor Biol 119:219–
234

15. Fraser JR, Laurent TC (1989) Turnover and metabolism of
hyaluronan. CIBA Found Symp 143:41–53, discussion 53–49,
281–285

16. Toole BP, Gross J (1971) The extracellular matrix of the
regenerating newt limb: synthesis and removal of hyaluronate
prior to differentiation. Dev Biol 25:57–77

17. Toole BP, Jackson G, Gross J (1972) Hyaluronate in morphogen-
esis: inhibition of chondrogenesis in vitro. Proc Natl Acad Sci U S
A 69:1384–1386

18. Iwata H, Urist MR (1973) Hyaluronic acid production and
removal during bone morphogenesis in implants of bone matrix
in rats. Clin Orthop Relat Res:236–245

19. Belsky E, Toole BP (1983) Hyaluronate and hyaluronidase in the
developing chick embryo kidney. Cell Differ 12:61–66

20. Goldstein LA, Zhou DF, Picker LJ, Minty CN, Bargatze RF, Ding
JF, Butcher EC (1989) A human lymphocyte homing receptor, the

hermes antigen, is related to cartilage proteoglycan core and link
proteins. Cell 56:1063–1072

21. Stamenkovic I, Amiot M, Pesando JM, Seed B (1989) A
lymphocyte molecule implicated in lymph node homing is a
member of the cartilage link protein family. Cell 56:1057–1062.
doi:0092-8674(89)90638-7

22. Gariboldi S, Palazzo M, Zanobbio L, Selleri S, Sommariva M,
Sfondrini L, Cavicchini S, Balsari A, Rumio C (2008) Low
molecular weight hyaluronic acid increases the self-defense of
skin epithelium by induction of beta-defensin 2 via TLR2 and
TLR4. J Immunol 181:2103–2110. doi:181/3/2103

23. Toole BP (1990) Hyaluronan and its binding proteins, the
hyaladherins. Curr Opin Cell Biol 2:839–844

24. Boskey AL, Dick BL (1991) Hyaluronan interactions with
hydroxyapatite do not alter in vitro hydroxyapatite crystal
proliferation and growth. Matrix 11:442–446

25. Liguori V, Guillemin C, Pesce GF, Mirimanoff RO, Bernier J
(1997) Double-blind, randomized clinical study comparing hya-
luronic acid cream to placebo in patients treated with radiotherapy.
Radiother Oncol 42:155–161. doi:S0167-8140(96)01882-8

26. Huskisson EC, Donnelly S (1999) Hyaluronic acid in the
treatment of osteoarthritis of the knee. Rheumatology (Oxford)
38:602–607

27. Adams ME, Atkinson MH, Lussier AJ, Schulz JI, Siminovitch
KA, Wade JP, Zummer M (1995) The role of viscosupplementation
with hylan G-F 20 (Synvisc) in the treatment of osteoarthritis of the
knee: a Canadian multicenter trial comparing hylan G-F 20 alone,
hylan G-F 20 with non-steroidal anti-inflammatory drugs (NSAIDs)
and NSAIDs alone. Osteoarthr Cartil 3:213–225

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

29. Matsuno H, Yudoh K, Kondo M, Goto M, Kimura T (1999)
Biochemical effect of intra-articular injections of high molecular
weight hyaluronate in rheumatoid arthritis patients. Inflamm Res
48:154–159

30. Armitage GC, Cullinan MP (2010) Comparison of the clinical
features of chronic and aggressive periodontitis. Periodontol 2000
53:12–27. doi:10.1111/j.1600-0757.2010.00353.x

31. Cionca N, Giannopoulou C, Ugolotti G, Mombelli A (2009)
Amoxicillin and metronidazole as an adjunct to full-mouth scaling
and root planing of chronic periodontitis. J Periodontol 80:364–
371. doi:10.1902/jop.2009.080540

32. Giannelli M, Chellini F, Margheri M, Tonelli P, Tani A (2008)
Effect of chlorhexidine digluconate on different cell types: a
molecular and ultrastructural investigation. Toxicol In Vitro
22:308–317. doi:10.1016/j.tiv.2007.09.012

33. Heijl L, Heden G, Svardstrom G, Ostgren A (1997) Enamel
matrix derivative (EMDOGAIN) in the treatment of intrabony
periodontal defects. J Clin Periodontol 24(9 Pt 2):705–714

34. Pilloni A, Rimondini L, De Luca M, Bernard GW (2003) Effect of
hyaluronan on calcification-nodule formation from human peri-
odontal ligament cell culture. J Appl Biomater Biomech 1:84–90

35. Xu Y, Hofling K, Fimmers R, Frentzen M, Jervoe-Storm PM
(2004) 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
75:1114–1118. doi:10.1902/jop.2004.75.8.1114

36. Johannsen A, Tellefsen M, Wikesjo U, Johannsen G (2009) Local
delivery of hyaluronan as an adjunct to scaling and root planing in
the treatment of chronic periodontitis. J Periodontol 80:1493–
1497. doi:10.1902/jop.2009.090128

37. Heitz-Mayfield LJ, Trombelli L, Heitz F, Needleman I, Moles D
(2002) A systematic review of the effect of surgical debridement vs
non-surgical debridement for the treatment of chronic periodontitis. J
Clin Periodontol 29(Suppl 3):92–102, discussion 160–102

Clin Oral Invest (2012) 16:1229–1236 1235

http://dx.doi.org/10.1902/jop.1999.70.5.510
http://dx.doi.org/10.1902/jop.2005.76.9.1601
http://dx.doi.org/0092-8674(89)90638-7
http://dx.doi.org/181/3/2103
http://dx.doi.org/S0167-8140(96)01882-8
http://dx.doi.org/10.1111/j.1600-0757.2010.00353.x
http://dx.doi.org/10.1902/jop.2009.080540
http://dx.doi.org/10.1016/j.tiv.2007.09.012
http://dx.doi.org/10.1902/jop.2004.75.8.1114
http://dx.doi.org/10.1902/jop.2009.090128


38. Engström PE, Shi XQ, Tronje G, Larsson A, Welander U, Frithiof
L, Engstrom GN (2001) The effect of hyaluronan on bone and soft
tissue and immune response in wound healing. J Periodontol
72:1192–1200. doi:10.1902/jop.2000.72.9.1192

39. Prato GP, Rotundo R, Magnani C, Soranzo C, Muzzi L, Cairo F
(2003) An autologous cell hyaluronic acid graft technique for
gingival augmentation: a case series. J Periodontol 74:262–267.
doi:10.1902/jop.2003.74.2.262

40. Culty M, Miyake K, Kincade PW, Silorski E, Butcher EC,
Underhill C (1990) The hyaluronate receptor is a member of the
CD44 (H-Cam) family of cell-surface glycoproteins. J Cell Biol
111:2765–2774

41. Prisell PT, Camber O, Hiselius J, Norstedt G (1992) Evaluation of
hyaluronan as a vehicle for peptide growth-factors. Int J Pharm
85:51–56

42. Bertolami CN, Messadi DV (1994) The role of proteoglycans in
hard and soft tissue repair. Crit Rev Oral Biol Med 5:311–337

43. Wisniewski HG, Hua JC, Poppers DM, Naime D, Vilcek J,
Cronstein BN (1996) TNF/IL-1-inducible protein TSG-6 poten-
tiates plasmin inhibition by inter-alpha-inhibitor and exerts a
strong anti-inflammatory effect in vivo. J Immunol 156:1609–
1615

44. Pirnazar P, Wolinsky L, Nachnani S, Haake S, Pilloni A, Bernard
GW (1999) Bacteriostatic effects of hyaluronic acid. J Periodontol
70:370–374

45. Glavind L, Zeuner E, Attstrom R (1983) Evaluation of various
feedback mechanisms in relation to compliance by adult patients
with oral home care instructions. J Clin Periodontol 10:57–68

46. Ramberg P, Lindhe J (1994) The influence of gingival inflammation
on de-novo plaque-formation. J Dent Res 73:394–394

1236 Clin Oral Invest (2012) 16:1229–1236

http://dx.doi.org/10.1902/jop.2000.72.9.1192
http://dx.doi.org/10.1902/jop.2003.74.2.262


Copyright of Clinical Oral Investigations is the property of Springer Science & Business Media B.V. and its

content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.




