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Introduction

Periodontal disease is an inflammatory lesion moderated 
by complex host-parasite interaction which leads to loss of 
connective tissue attachment and alveolar bone loss.[1] If 
untreated, the disease progresses causing tooth mobility and 
subsequent tooth loss.[2]

Conventional methods used to diagnose periodontal diseases 
are measurement of probing depth, attachment level, and 
assessment of bone loss using radiographs to diagnose the 
pathology only after the disease process has occurred. One can 
predict the disease risk by assessing the serum and salivary 
levels of certain compounds. Enzymes, immunoglobulins, 
hormones of host origin, and bacterial products are some of 

the salivary constituents that are used for the estimation of the 
disease risk which have been termed as biomarkers.[3]

Of the various enzymes that can be estimated for early 
diagnosis of periodontal disease, alkaline phosphatase (ALP), 
and acid phosphatase (ACP) are important as they play a 
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crucial role.[4] ALP, a membrane-bound glycoprotein produced 
by cells such as polymorphonuclear leukocytes, fibroblasts, 
macrophages, and osteoblasts is a hydrolyzing enzyme that 
removes the phosphate groups from various molecules and is 
a marker of bone metabolism.[5]

ACP which is produced by desquamated epithelial cells, 
macrophages, and bacteria such as Capnocytophaga, 
Veillonella, and Actinobacillus is mainly correlated with the 
osteoclastic activity of bone metabolism.[6,7]

A literature search has shown that various studies have 
assessed the salivary and serum levels of ALP[8] and ACP[9] 
and correlated the same with the clinical parameters.[10] In 
adjunct to scaling and root planing (SRP), local and systemic 
antimicrobials are used to maintain long-term stability in 
patients with poor oral hygiene maintenance.[11]

Tetracyclines are being used extensively in the treatment 
of periodontal disease as they are effective against rapidly 
multiplying bacteria.[12] Doxycycline has an indistinct ability 
to reduce the degeneration of the collagen matrix by inhibiting 
the action of matrix metalloproteinases.[13]

The current study was done to determine the serum and salivary 
levels of ALP and ACP in patients diagnosed with chronic 
periodontitis before and after phase I therapy with or without 
adjunct to systemically administered doxycycline.

Materials And Methods

A total number of 60 participants in the age range of 40 and 
56  years were chosen from the Outpatient Department of 
Periodontics and Implantology. The sample size was estimated 
using G* power 3.9.2 software and keeping the alpha error as 
5% and the power of the study as 90%. Ethical clearance was 
obtained from the ethical committee of the institution.

The participants were divided into 3 groups (Groups A, B, and 
C). Group A which formed the control group comprised 20 
periodontally healthy subjects. Groups B and C (test groups) 
comprised 20 subjects each of who were diagnosed with 
chronic generalized periodontitis.

Inclusion criteria for the control group were study participants 
with sulcus depth of ≤3  mm with no attachment loss and 
bleeding on probing present in <20% sites. The test group 
participants had to have a having a probing depth ≥5 mm and 
clinical attachment loss ≥5 mm in a minimum of two teeth of 
each quadrant and BOP in more than 30% of sites.

Written informed consent was obtained from all the individuals 
who participated in the study.

Clinical parameters were recorded at baseline in Group A 
and at baseline and 3-month post-therapy in Group  B and 
Group  C. The parameters assessed included plaque index 
(PI),[14] gingival index (GI),[15] sulcus bleeding index (SBI),[16] 
probing depth (PD), and clinical attachment level (CAL). This 
was followed by saliva and blood sample collection. Saliva 

samples were collected in the morning from 10 A.M. to 11 
A.M. to standardize the collection according to the circadian 
rhythm.[17] 5  mL of unstimulated saliva was collected in a 
sterile container and the same was transported to the laboratory 
immediately.

10 mL of blood sample was collected from the median cubital 
vein of each participant and transported to the laboratory 
immediately. The transported saliva and blood samples were 
centrifuged at 3000 rpm. for 5 min. Both salivary and serum 
ALP and ACP were analyzed by spectrophotometry using a 
semi-auto analyzer.

After the sample collection, all the participants received 
a detailed periodontal examination. In all the test group 
participants, SRP was performed using an ultrasonic scaler and 
hand instruments and chlorhexidine mouthrinse was prescribed 
twice daily for 1 month.

Patients in Group  C were instructed to follow a systemic 
antibiotics regimen of 100 mg doxycycline twice a day on 
the 1st day, then once a day for 14 days.[18] Clinical parameters 
and serum and salivary samples were recorded 3-month post-
therapy.

Statistical analysis
The data were arranged in Microsoft Excel and analyzed with 
SPSS v.24 software. The variables have been expressed with 
mean and standard deviation. To assess the clinical parameters 
at baseline and 3-month post-operative, a paired t-test was 
applied. ALP and ACP levels in saliva and serum between the 
test groups at baseline and post-operative and with the control 
were assessed using one-way ANOVA.

Results

On comparing the clinical parameters such as PI, GI, SBI, 
probing depth, and CAL of Group A with Group B and C, there 
was a significant difference showing a P = 0.001 at 3-month 
post-therapy (Table 1).

There is a significant improvement in PI, GI, SBI, probing 
depth, and gain in CAL when the baseline values of Group A 
were compared to 3-month post-therapy of Group B and C. 
When 3-month post-therapy values of Group B and C were 
compared, it showed a P = 0.003 which was found to be 
statistically significant (Table 2).

The serum ALP levels reduced significantly when baseline 
values of Group A (109.20 ± 22.48) were compared to 
3-month post-therapy of Group B (283.50 ± 34.68) and also 
3-month post-therapy of Group C (186.75 ± 38.05). Salivary 
ALP levels also showed that a significant difference when 
baseline values of Group A (132.25 ± 26.48) were compared 
to 3-months post-therapy of Group B (306.50 ± 47.60) and 
Group C (158.75 ± 30.25). Both Groups B and C also showed 
a significant difference in salivary and serum ALP levels when 
baseline values were compared to 3-month post-therapy. 
However, there was no significant difference when serum 
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and salivary levels of Group B were compared to Group C 
at 3-month post-therapy showing a P = 0.109 and 0.065 for 
serum and saliva, respectively (Table 3).

The serum ACP levels reduced significantly when baseline 
values of Group A (2.19 ± 0.34) were compared to 3-month 
post-therapy of Group  B (3.04 ± 0.42) and also 3-month 
post-therapy of Group C (2.87 ± 0.35). Similarly, there is a 
significant difference when salivary ACP levels of Group A at 
baseline (2.54 ± 0.38) were compared to 3-month post-therapy 
of Group B (5.07 ± 0.29) and Group C (5.64 ± 0.28). Both 
serum and salivary ACP levels showed a significant difference 
when baseline values were compared to 3-month post-therapy 
in Group B and C. However, there was no significant difference 
when serum and salivary levels of Group B were compared 

to Group C at 3-month post-therapy showing a P = 0.139 and 
0.127 for serum and saliva, respectively (Table 4).

Discussion

A periodontal diagnostic tool in general provides relevant 
information for differential diagnosis, localization of disease, 
and severity of infection. The diagnosis of an active phase of 
periodontal disease and recognition of patients at risk for active 
disease are challenges for clinicians.[19]

Saliva could serve as a conducive vehicle to simultaneously 
evaluate multiple factors that predict the level of activity 
known to occur in the progression of periodontitis. Studies 
reveal an assuring outlook for saliva as a key diagnostic 

Table 1: Comparing the clinical parameters such as PI, GI, SBI, PD, and CAL of Group A with Groups B and C

Groups GI PI SBI PD CAL
Control (Group A) 0.23±0.19 0.47±0.24 1.15±0.36 2.55±0.51 0.00±0.00
Test group B

Before phase I therapy 2.63±0.27 2.68±0.23 3.70±0.80 5.85±0.81 6.30±1.12
After phase I therapy 1.48±0.20 1.56±0.26 2.75±0.71 4.60±0.75 5.30±1.12
F‑value 616.156 369.609 68.727 107.047 245.259
P‑value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Significance HS HS HS HS HS

Test group C
Before phase I therapy 2.67±0.22 2.76±0.17 4.00±0.79 5.75±0.78 6.40±0.94
After phase I therapy 0.48±0.16 0.70±0.36 1.85±0.97 3.39±0.94 4.15±1.03
F‑value 959.126 393.432 97.931 87.523 326.711
P‑value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Significance HS HS HS HS HS

PI: Plaque index, GI: Gingival index, SBI: Sulcus bleeding index, PD: Probing depth, CAL: Clinical attachment level

Table 2: Significant improvement in PI, GI, the SBI, PD, and gain in CAL when the baseline values of Group A were 
compared to 3‑month post‑therapy of Groups B and C

Group GI PI SBI PD CAL Significance
Group B (3 months post therapy) 1.48±0.20 1.56±0.26 2.75±0.71 4.60±0.75 5.30±1.12 0.003
Group C (3 months post therapy) 0.48±0.16 0.70±0.36 1.85±0.97 3.39±0.94 4.15±1.03
PI: Plaque index, GI: Gingival index, SBI: Sulcus bleeding index, PD: Probing depth, CAL: Clinical attachment level

Table 3: The comparison of serum and salivary alkaline phosphatase levels of Group A compared to 3‑month 
post‑therapy of Group B and Group C

Groups Serum alkaline phosphatase level Salivary alkaline phosphatase level

Mean SD P‑value Mean SD P‑value
Group A 109.20 22.48 <0.001 (H.S) 132.25 26.48 <0.001 (H.S)
Group B (after 3 months) 283.50 34.68 306.50 47.60
Group A 109.20 22.48 <0.001 (H.S) 132.25 26.48 <0.001 (H.S)
Group C (after 3 months) 186.75 38.05 158.75 30.25
Group B (baseline) 340.00 39.20 <0.001 (H.S) 420.00 39.06 <0.001 (H.S)
Group B (after 3 months) 283.50 34.68 306.50 47.60
Group C (baseline) 314.00 23.03 <0.001 (H.S) 404.50 47.18 <0.001 (H.S)
Group C (after 3 months) 186.75 38.05 158.75 30.25
Group B (after 3 months) 283.50 34.68 0.109 (N.S) 306.50 47.60 0.065 (N.S)
Group C (after 3 months) 186.75 38.05 158.75 30.25
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medium for determining systemic diseases of the health status 
of an individual.[20,21] Highly enriched content of disease 
biomarkers that can be deciphered and analyzed, ease of 
collection, and surplus availability make saliva a key diagnostic 
medium.[22] Salivary ALP takes part in the normal turnover of 
the periodontal ligament, alveolar bone, and root cementum 
formation.

ALP creates a pH favorable for hydroxyapatite crystal 
formation in the bone matrix. Their increased activity might 
be an aftermath of a destructive process in alveolar bone in the 
advanced stages of the development of periodontal disease.[23] 
The potential value of ALP as a biomarker of periodontal 
disease was identified by Ishikawa and Cimasoni.[24]

They showed a significant correlation between ALP 
concentration in gingival crevicular fluid and pocket depth. Our 
study showed a significant increase in the serum and salivary 
ALP levels in chronic generalized periodontitis patients. 
Following phase 1 therapy, there was a significant reduction 
in the serum and salivary levels which is in accordance with 
the study by Dabra and Singh.[25]

ACP is among the enzymes associated with bone metabolism. It 
is present in neutrophils and is considered a lysosomal marker. 
Our study showed us a statistically significant increase in the 
activity of ACP in patients with chronic periodontitis when 
compared to healthy subjects. Similar results were reported 
by Todorovic et al.[26]

Contrary to our study Zombon et al.[27] reported no change 
in the levels of ACP activity when pretreatment levels were 
compared to its posttreatment.

The results of our study reveal a promising outlook for saliva 
as a key diagnostic medium as it provides sensitivity and 
specificity for discriminating periodontitis from health and also 
identifying those individuals who might be at risk for continued 
chronic inflammation.[28,29] Some bacteria are inclined to get 
away from the host defenses after non-surgical periodontal 
therapy due to restricted means of entry to the root surfaces in 
addition to the tissue-invading capacity of the pathogens.[30,31] A 

variety of antibiotics have been tried to battle these phenomena. 
Systemic doxycycline has been tried as an adjunct to SRP.[32,33]

Similar results were found by Akincibay et al. and Baltacioglu 
et al. They evaluated the effect of systemic doxycycline in 
patients with aggressive periodontitis after SRP and found that 
the use of doxycycline is superior to SRP alone.[34,35]

Contrary to our study Grellmann et al. showed that the use of 
doxycycline did not significantly improve probing depths.[36] 
The results of our study have shown significant improvement 
in the clinical parameters when doxycycline was used as an 
adjunct to SRP. This was in accordance with the results shown 
by Eickholz[37] and Hagh.[38]

Conclusion

Saliva, like blood, contains a myriad of protein and nucleic acid 
molecules that reflect physiological status. Unlike other body 
fluids, salivary diagnosis extends an easy, safe, economical, 
and non-invasive approach to disease detection and possesses 
a high perspective to reconstitute the next generation of 
diagnostics.

Although the future of periodontal disease diagnosis using 
salivary diagnostics looks promising, hurdles to these 
approaches may unfold in the clinical setting. Endorsement 
of novel periodontal diagnostics will need to be benchmarked 
with existing “gold standard” of diseases such as alveolar bone 
levels and CAL in large patient populations.

Systemic antibiotics as a complementary therapy in addition to 
scaling and root planing in patients with severely affected sites 
by periodontitis improve the clinical results further thereby 
decreasing the need for surgical periodontal therapy.
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