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Abstract. – OBJECTIVE: With our study we 
aimed at investigating the levels of high mobility 
group box chromosomal protein-1 (HMGB-1), tu-
mor necrosis factor-alpha (TNF-α) and interleu-
kin (IL)-1β in periimplant crevicular fluid (PICF) 
of smokers and never-smokers, with and with-
out periimplantitis, and correlate these levels 
with the clinical and radiographic periimplant 
parameters.

SUBJECTS AND METHODS: Sixty partici-
pants (n=15/group) were recruited and divided 
into 4 groups: cigarette smokers with periim-
plantitis (CSPI); cigarette smokers without 
periimplantitis (CSNPI); never-smokers with 
periimplantitis (NSPI); and never-smokers with-
out periimplantitis (NSNPI). Clinical and ra-
diographic periimplant parameters, including 
plaque scores (PS), bleeding on probing (BOP), 
probing depth (PD) and crestal bone level (CBL), 
were assessed. Crevicular levels of HMGB-1, 
TNF-α, and IL-1β were quantified using human 
enzyme linked immunosorbent assay. p-values 
were generated using Kruskal-Wallis’ test for 
comparison between the study groups, while 
correlations between HMGB-1, TNF-α, IL-1β lev-
els and clinical variables were analyzed using 
Spearman rank correlation coefficient analysis.

RESULTS: Bleeding on probing was least in 
NSNPI and CSNPI followed by CSPI and NSPI 
(p<0.05). The highest PD and CBL was record-
ed for CSPI and NSPI groups, while the least 
PD and CBL were recorded among non-periim-
plantitis groups. HMGB-1 and IL-1β were found 
to be significantly highest in CSPI groups fol-
lowed by NSPI and CSNPI groups with no statis-
tically significant difference between CSPI and 
NSPI groups (p<0.05). CSPI groups reported 
the highest TNF-α levels in the PICF in compari-
son to other groups (p<0.05). A significant neg-
ative correlation was observed between plaque 
scores (p=0.0187) and CBL (p=0.0049) in NSN-
PI and CSPI groups with HMGB-1, respective-
ly. A significant positive correlation was seen 

for HMGB-1 in groups CSPI (p=0.0023) and NS-
PI (p=0.0018) for BOP. In CSPI group, a signifi-
cant positive correlation was observed between 
TNF-α and PD (p=0.0443). On correlating IL-1β, 
a significant positive correlation was observed 
for CBL in CSPI (p=0.0006) and NSPI (p=0.0275) 
groups, respectively.

CONCLUSIONS: HMGB-1 could play a sig-
nificant role in periimplant inflammatory re-
sponse and inflammation. Higher crevicular flu-
id HMGB-1 levels are indicative of a possible 
surrogate biomarker for peri-implantitis.
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Introduction

High mobility group box chromosomal protein 
1 (HMGB-1) is an intracellular DNA binding pro-
tein that possesses nuclear functions essential for 
survival1. HMGB1 orchestrates inflammatory and 
immune response via its cytokine, chemokine, 
and growth factor activity. HMGB1 is an intracel-
lular protein that when present in the extracellular 
milieu acts as a “necrotic marker” for the immune 
system2. Recent studies2 indicate that damaged or 
necrotic cells can release HMGB1 into the extra-
cellular milieu, where it triggers inflammatory 
responses. Extracellular HMGB1 acts as an im-
mune-stimulatory signal that indicates the extent 
of tissue injury3. Exposure to inflammatory stim-
uli such as lipopolysaccharides, tumor necrosis 
factor-α (TNF-α) and/or interleukins stimulates 
the release of HMBG-1 by macrophages, mono-
cytes, endothelial cells and necrotic cells4.
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Periimplantitis is a microbial infection of the 
supporting structures around dental implants that 
results in the destruction of periimplant connec-
tive attachment and progressive loss of alveolar 
bone5. It is a result of an interplay between key 
molecular pathways and bacterial challenge that 
enable periodontal ligaments attachment, apical 
migration of the epithelial attachment and apical 
spread of the bacterial biofilm along the implant 
surface5. Among various predisposing and modi-
fying factors associated with peri-implantitis, such 
as type 2 diabetes mellitus, and obesity6,7, smoking 
has been demonstrated as the well-recognized 
risk factor for periimplantitis8. Smoking increases 
the expression of inflammatory cytokines, such 
as TNF-α, interleukin (IL)-6 and IL-1β in the 
peri-implant crevicular fluid (PICF), which con-
tribute to progression of peri-implant deterioration 
and alveolar bone loss9,10. HMGB1 has been found 
to be associated with the initiation, progression, 
and prolongation of periodontal inflammation via 
a positive feedback mechanism whereby the initial 
release of chemokines and cytokines by the epithe-
lial cells cause HMGB1 secretion, which in turn 
causes inflammation and immune reaction in the 
periodontium11. Continuous release of HMGB1 en-
hances the release of IL-1β and TNF-α promoting 
bone resorption and osteoclastogenesis11.

Although HMGB1 has been extensively stud-
ied and has a role in the progression of chron-
ic systemic diseases including periodontitis12,13, 
HMGB1 has never been compared among smok-
ers and never smokers with and without periim-
plantitis. Therefore, the aim of this study was to 
investigate the levels of HMGB1, TNF-α and IL-
1β in PICF of smokers and never-smokers, both, 
with and without periimplantitis, and correlate 
these levels with the clinical and radiographic 
periimplant parameters.

Subjects and Methods

Ethical Guidelines
This study followed the guidelines recom-

mended by the Declaration of Helsinki and was 
approved by King Khalid University. The par-
ticipating volunteers were requested to read the 
information sheet written in simple English, stat-
ing the aims and procedure of the current study, 
and clearly informing the participants that there 
would have been no consequences in case they 
wished to withdraw from the study at any time. 
Individuals who gave consent were invited to 

ask questions before signing a written informed 
consent form. Oral hygiene instructions and data 
regarding the hazardous effects of smoking was 
conveyed to all the volunteers.

Sample Size and Study Groups
Sixty participants (n=15/group) were recruited 

for the study considering a 50% difference in 
mean PICF HMGB-1 with a total of 90% pow-
er, and α=0.05. The study included self-reporting 
‘Cigarette-smokers (CS)’ fulfilling the criteria of 
smoking at least 5 cigarettes daily, for at least 12 
months14. ‘Never-smokers (NS)’ were defined indi-
viduals who reported to have never smoked tobac-
co neither consumed smokeless tobacco products. 
The exclusion criteria were as follows: a) smoking 
other than cigarette smoking; b) non-steroidal an-
ti-inflammatory drug use, antibiotic, and/or steroid 
therapy in the last 3 months; c) self-reported sys-
temic disorders such as acquired immunodeficien-
cy syndrome/HIV, diabetes mellitus and/or cardi-
ac, renal, hepatic disease; d) patients having un-
dergone periodontal therapy in the past 6 months; 
e) third molars; f) pregnant and lactating females.

The selected individuals were then stratified 
into the following four groups: 
1. Cigarette smokers with periimplantitis (CSPI); 
2. Cigarette smokers without periimplantitis 

(CSNPI);
3. Never-smokers with periimplantitis (NSPI);
4. Never-smokers without periimplantitis (NSN-

PI).

Questionnaire
A pretested questionnaire in English and Ar-

abic language was distributed among the par-
ticipating subjects to gather information related 
to demographics, duration, and daily frequency 
of smoking (pack years), and family history of 
smoking. Implant related characteristics, such as 
number of dental implants, position of dental im-
plants and duration of implants in service, were 
recorded.

Clinical and Radiographic Examination
A trained examiner blinded to the study groups 

estimated all the clinical and radiographic vari-
ables. Intra-assessor standardized calibration was 
carried out on peri-implant probing depth (PD) 
(kappa statistical value=0.92). Four sites on each 
implant (mesiobuccal, midbuccal, distobuccal, 
palatal/lingual) were assessed for plaque score 
(PS), bleeding on probing (BOP), and PD. Digital 
radiographs were taken using a dental radiogra-
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phy machine and viewed on a calibrated com-
puter screen (Samsung SyncMaster digital TV 
monitor, Seoul, Korea) using a software program 
(Image Tool 3.0 Program, Department of Dental 
Diagnostic Science, University of Texas Health 
Science Center, San Antonio, TX, USA). Crestal 
bone level (CBL) was calculated as the vertical 
distance from implant-abutment junction to the 
highest point of alveolar bone.

Collection of Periimplant Crevicular Fluid 
(PICF) and Biomarker Quantification

Periimplant crevicular fluid samples were col-
lected from the deepest PD of the buccal side 
of the dental implant. The selected implant site 
was initially dried and isolated using sterile cot-
ton rolls. Supragingival oral biofilm was gently 
removed from the crown surface and a sterile 
paper-strip (Periopaper, Amityville, NY, USA) 
was pushed inside the pocket until resistance was 
sensed. The paper was held in place for 30 s and 
volume of GCF collected was quantified based on 
the measurements on a calibrated digital machine 
(Periotron 8000, Oraflow Inc., Plainview, NY, 
USA). Visibly contaminated strips were discard-
ed, and an alternate site was chosen for evalu-
ation. All the strips were kept in labelled tubes 
containing 300 µL of a 0.01 M sodium phosphate 
buffer, pH 7.2, and protease inhibitor (Complete 
Mini; protease inhibitor cocktail tablets; Roche 
Applied Science, Indianapolis, IN, USA). To ob-
tain the supernatant, centrifugation was carried 
out at 8,000 rpm for 5 min at 4°C and the final 
samples were stored at -80°C till further analysis. 
The levels of HMGB-1 (Biocompare, CA, USA), 
TNF-α (Abcam, UK) and IL-1β (Abcam, UK) 
were estimated using human enzyme linked im-
munosorbent assay (ELISA).

Statistical Analysis
A specific software (SPSS v.15, IBM Corp., 

Chicago, IL, USA) was used to analyze all statis-
tical tests. Variables were processed for normality 
testing using Shapiro-Wilk test and homogeneity 
of variances using inferential statistic Levene’s 
test. p-values were generated using Kruskal-Wal-
lis’ test for comparison between the study groups. 
Post-hoc two-group comparisons using Bon-
ferroni-corrected Mann-Whitney U tests were 
used. The correlations between PICF HMGB-1, 
TNF-α, and IL-1β levels and clinical variables 
were analyzed using Spearman rank correlation 
coefficient analysis. p-values <0.05 were deemed 
significant.

Results

Baseline demographics are reported in Table 
I. Each group consisted of 15 male participants 
with mean age ranging between 45.9-48.8 years. 
The mean duration of pack years among cig-
arette smoking participants in CSPI was 18.7 
years while in CSNPI was 10.6 years. The daily 
frequency of smoking ranged from 13.4 to 8.9 
cigarettes daily among CSPI and CSNPI groups, 
respectively. A total of 125 dental implants were 
studied within the study groups out of which 76 
dental implants were maxillary, while 49 dental 
implants were mandibular. The duration of den-
tal implants ranged from 43.8 to 51.6 months. A 
higher number of participants reported once daily 
toothbrushing.

Clinical, radiographic and laboratory param-
eters are shown in Table II. Plaque scores were 
significantly higher in CSPI, CSNPI and NSPI 
groups (p<0.05). Bleeding on probing was least 

Table I. Baseline demographic of the study groups.

 Parameters CSPI CSNPI NSPI NSNPI

Number of study participants (n) 15 15 15 15
Gender (Male/Female) 15/0 15/0 15/0 15/0
Mean age in years (± SD) 48.8 ± 7.8 46.2 ± 6.6 45.9 ± 10.2 46.4 ± 7.2
History of cigarette smoking (pack years) 18.7 ± 0.7 10.6 ± 1.5 - -
Daily frequency of smoking (mean ± SD) 13.4 ± 1.2 8.9 ± 0.6 - -
Total number of implants included 39 28 26 32
Implant position (maxilla/mandible) 20/19 21/7 10/16 25/7
Duration of implants in months (mean ± SD) 43.8 ± 10.3 51.6 ± 16.8 48.1 ± 9.8 45.6 ± 3.4
Brushing frequency (%)     
Once daily 85 92 88 78
Twice daily 15  8 12 22
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in NSNPI and CSNPI followed by CSPI and NSPI 
(p<0.05). The highest PD and CBL was recorded 
for CSPI and NSPI groups while the least PD and 
CBL were recorded among non-periimplantitis 
groups. The PICF flowrate was highest for CSPI, 
CSNPI and NSPI groups (p<0.05). Crevicular 
fluid HMGB-1 and IL-1β was found to be signifi-
cantly highest in CSPI groups followed by NSPI 
and CSNPI groups with no statistically signifi-
cant difference between CSPI and NSPI groups 
(p<0.05). The lowest levels were recorded for 
NSNPI groups. CSPI groups reported the highest 
TNF-α levels in the PICF in comparison to other 
groups (p<0.05). 

Table III describes the Spearman rank correlation 
coefficient. On correlating HMGB-1, a significant 
negative correlation was observed between plaque 
scores (p=0.0187) and CBL (p=0.0049) in NSNPI 
and CSPI groups, respectively. A significant pos-
itive correlation was seen for HMGB-1 in groups 
CSPI (p=0.0023) and NSPI (p=0.0018) for BOP. 
The same trend was seen for TNF-α, in which a 
significant positive correlation was seen in groups 
CSPI (p=0.0291) and NSPI (p=0.0013) for BOP. In 
CSPI group, a significant positive correlation was 
observed between TNF-α and PD (p=0.0443). On 
correlating IL-1β, a significant positive correlation 
was observed for CBL in CSPI (p=0.0006) and 
NSPI (p=0.0275) groups, respectively.

Discussion

This study aimed at investigating the levels 
of HMGB-1, TNF-α and IL-1β in periimplant 
crevicular fluid of smokers and never-smokers, 
with and without periimplantitis, and correlate 
these levels with the clinical and radiograph-

ic periimplant parameters. The outcome of the 
present study suggests that HMGB-1 could play 
a significant role in peri-implant inflammatory 
response and inflammation, and higher crevicular 
fluid HMGB-1 levels are indicative of a possible 
surrogate biomarker for periimplantitis.

The role of HMGB-1 in inflammatory pathways 
is well-known. For instance, HMGB-1 plays a 
significant proinflammatory role in lung function 
and intratracheal injection of HMGB-1 could lead 
to necrosis of the alveolar cells and thereby cause 
lung injury15. In addition, anti-HMGB-1 antibody, 
when injected within mice, could protect the mice 
against lipopolysaccharide-induced lethality and 
could decrease the levels of other proinflammato-
ry cytokines and incidence of acute lung inflam-
mation16,17. HMGB-1 is also believed to play a 
significant role in various other dental infections 
including periodontitis and periimplantitis18,19. In 
periodontal infections, HMGB-1 is believed to 
stimulate the release of other proinflammatory 
biomarkers, such as IL-6 and IL-22 from the peri-
odontal ligament fibroblast cells20. Furthermore, 
higher levels of salivary HMGB-1 were observed 
in the patients with Sjogren’s syndrome and to-
gether with other proinflammatory biomarkers 
could form an inflammatory loop in the salivary 
glandular function21. Therefore, the function of 
HMGB-1 in periodontal and periimplant function 
enticed more consideration in research. Similarly, 
the role of HMGB-1 is widely studied in cigarette 
smoking. Evidence suggests that cigarette smok-
ing induces HMGB-1 translocation and release 
in lung alveolar tissue22,23. Consistent with the 
previous evidence, it could be inferred that our 
study, that consisted in cigarette smokers having 
periimplantitis, justified the upregulated levels of 
HMGB-1 in their PICF.

Data are expressed in median and interquartile range.

Table II. Clinical, radiographic and laboratory parameters among study groups,

 Variables CSPI CSNPI NSPI NSNPI

Clinical parameters    
Mean plaque score (%) 38.6 (14.2)A 33.8 (10.6)A 31.4 (15.8)A 15.3 (6.1)B

Mean bleeding on probing (%) 28.5 (7.8)B 11.4 (6.4)A 35.7 (14.6)B 9.8 (4.5)A

Mean probing depth (mm) 5.8 (2.3)A 1.4 (0.7)B 5.2 (2.0)A 1.1 (0.3)B

Mean crestal bone level (mm) 2.8 (0.6)A 1.5 (0.3)C 2.6 (0.4)A 0.6 (0.2)B

Laboratory parameters    
PICF flow rate (µl/min) 1.98 (0.88)B 1.56 (0.59)B 1.24 (0.45)B 0.71 (0.39)A

HMGB-1 (pg/ml) 169 (85)A 34 (18)B 143 (68)A 0.0 (0.0)C

TNF-α (pg/ml) 342 (129)A 119 (65)C 289 (112)B 33 (18)D

IL-1β (pg/ml) 188 (32)A 93 (37)B 149 (76)A 28 (13)C
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Age and cigarette smoking are two of the com-
mon risk factors in the pathogenesis of periim-
plantitis24,25. It is noteworthy that the included 
participants age ranged from 46 to 49 years and 
that the history of smoking in pack years was 
>10 years. These factors may prove to increase 
the extent of periimplant infections. Moreover, 
the majority of patients daily brushed only once, 
and this reflected in the scoring of plaque in-
dex, which was generally higher among cigarette 
smokers and patients having periimplantitis. With 
regards to bleeding on probing, some interesting 
findings were noted. The BOP was significantly 
lower among cigarette smokers, as compared to 

never-smokers. This could be attributed to the 
extent of bleeding, which is comparably lower 
among tobacco users as compared to never-smok-
ers26,27. Research indicates that nicotine exerts a 
powerful vasoconstrictive effect on the gingival 
vasculature, which significantly reduces the level 
of bleeding in tobacco smokers28,29.

It has been documented30 that the concen-
tration of IL-1β, IL-6 and TNF-α in PICF is 
significantly elevated in periimplantitis and can 
potentially be considered a prognostic marker 
of implant failure. Our results show that there 
are statistically significant differences in the 
concentration of IL-1β and TNF-α in the PICF 

*Significant at p < 0.05.

Table III. Spearman rank correlation analysis between clinical and PICF biomarkers among study groups.

 Parameters CSPI CSNPI NSPI NSNPII

HMGB-1    
Plaque score 
Correlation coefficient -0.6397 -0.4577 0.3049 -0.6102
p-value 0.2555 0.9571 0.2317 0.0187*
Bleeding on probing
Correlation coefficient 0.0531 0.1941 0.8236 -0.3143
p-value 0.0023* 0.0863 0.0018* 0.1860
Probing depth
Correlation coefficient 0.8165 0.0037 0.0167 -0.1711
p-value 0.9815 0.4615 0.9958 0.2764
Crestal bone level 
Correlation coefficient -0.700 4 0.2139 -0.2250 -0.7334
p-value 0.0049* 0.1376 0.3560 0.8879
TNF-α    
Plaque score 
Correlation coefficient 0.4474 -0.4300 0.1953 -0.3483
p-value 0.2215 0.3414 0.4985 0.1680
Bleeding on probing
Correlation coefficient 0.9612 0.9321 0.0013* 0.0013*
p-value 0.0291* 0.8093 0.4055 0.9332
Probing depth
Correlation coefficient 0.6853 0.0945 0.4283 0.2756
p-value 0.0443* 0.1217 0.3874 0.8743
Crestal bone level
Correlation coefficient -0.3498 0.3264 0.1265 -0.2384
p-value 0.0593 0.5486 0.4532 0.9237
IL-1β    
Plaque score
Correlation coefficient 0.2821 -0.2364 0.3454 -0.8964
p-value 0.4229 0.8522 0.9734 0.3045
Bleeding on probing
Correlation coefficient -0.1296 0.5634 -0.2342 0.4503
p-value 0.0991 0.7856 0.7856 1.9234
Probing depth
Correlation coefficient 0.9823 0.2348 -0.5498 0.8475
p-value 0.0834 0.5432 0.9274 0.8473
Crestal bone level
Correlation coefficient 0.7644 0.3442 0.7433 -0.8510
p-value 0.0006* 0.8347 0.0275* 0.9322
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of cigarette smokers, with and without periim-
plantitis. These data suggest that these cytokines 
could stimulate HMGB-1 production in later 
stage and then HMGB-1 further promotes the 
release of these cytokines in periimplant inflam-
mation.

Limitations
Some limitations exist in the present study. 

For instance, this study was a case-control study 
and present outcomes from a single time point 
investigation. The follow-up of participants could 
determine the evolution of HMGB-1 and other 
biomarkers and how they impact peri-implant 
health. In addition, this study did not investigate 
the levels of various pathogenic biofilms associ-
ated with periimplantitis. The determination of 
various bacteria could provide a link of HMGB-1 
with periimplant inflammation along with other 
systemic diseases31,32. Future studies are warrant-
ed to investigate this association.

Conclusions

Within the limitations of the present study, 
HMGB-1 could play a significant role in periim-
plant inflammatory response and inflammation. 
Higher crevicular fluid HMGB-1 levels are in-
dicative of a possible surrogate biomarker for 
periimplantitis.
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