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Abstract
Background: Salivary alkaline phosphatase may be useful as a potential bone turnover marker to establish the diagnosis and prog-
nosis of periodontitis, an inflammatory disease that affects the connective tissue attachment around the teeth. Clinical diagnosis 
provides limited information about patients at risk for future periodontal breakdown. The aim of this study was to compare the 
alkaline phosphatase levels determined in total saliva through kinetic and colorimetric methods in patients with different diagnoses 
of periodontitis.
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Material and Methods: The study group consisted of 27 adults classified according to their clinical diagnoses as having mild, moder-
ate and severe chronic periodontitis and a control group consisted of 28 periodontitis-free adult subjects. Alkaline phosphatase was 
quantified in whole saliva using two commercial serum kits. Data were analyzed using one-way ANOVA and Tukey tests.

Introduction
Periodontitis is a group of inflammatory diseases that affect the connective tissue attachment and supporting bone around the teeth. 

It is widely accepted that the initiation and the progression of periodontitis are dependent on the presence of virulent microorganisms 
capable of causing disease [1]. 

After its initiation, the disease progresses with the loss of collagen fibers and attachment to the cemental surface, apical migration of 
the junctional epithelium, formation of deepened periodontal pockets, and resorption of alveolar bone [2]. If left untreated, the disease 
continues with progressive bone destruction, leading to tooth mobility and subsequent tooth loss.

Results: Salivary alkaline phosphatase was detected by the two methods in all subjects. Levels in patients with periodontal disease 
were significantly higher than those in healthy subjects using both methods. However, a significant correlation between the determi-
nation of alkaline phosphatase and the clinical diagnoses was only found using the kinetic method.

Conclusion: Salivary alkaline phosphatase determination by the kinetic kit could represent a useful test for the diagnosis of the 
periodontal disease due to its marked correlation with the clinical diagnosis.

Traditional periodontal diagnostic parameters used clinically include probing depths, bleeding on probing, clinical attachment levels, 
plaque index and radiographs assessing alveolar bone level [3], however provide limited information about patients at risk for future 
periodontal breakdown [4]. 
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Several intracellular enzymes are released increasingly from the damaged cells of periodontal tissues into the gingival crevicular fluid 
and saliva [5], their estimation can be used for screening and predicting the early changes in the periodontal tissues and also to determine 
the efficacy of the treatment [6]. The advantage of saliva is the ease of collection, furthermore may offer a cost-effective approach to assess 
periodontal disease incidence in a large population [7-9]. Alkaline phosphatase (ALP) is a membrane-bound glycoprotein produced by 
many cells such as polymorphonuclear leukocytes (PMNLs), osteoblasts, macrophages, and fibroblasts within the area of the periodon-
tium and gingival crevice [10]. Some studies have shown a remarkably increase in the activity of these enzymes in periodontitis and a 
reduction after periodontal therapy [11,12]. Also, salivary alkaline phosphatase levels may be useful as a potential bone turnover marker 
to establish the diagnosis and prognosis of periodontal disease [13]. 

The aimed of the study was to test two existing serum ALP kits to determine its useful in total saliva of chronic periodontitis patients 
and its relations with the clinical diagnosis.

Clinical considerations for patients with periodontitis have been published previously [14] taking into consideration an adaptation 
of Lindhe [15]. Clinical parameters were assessed at six sites on each tooth (mesio-buccal, medio-buccal, disto-buccal, mesio-lingual, 
medio-lingual, disto-lingual) using a manual periodontal probe (Hu-Friedy, NC, USA). The following parameters were included: gingival 
index (GI) [16], plaque index (PI) [17], bleeding on probing (BOP) up to 15s after gentle testing, probing depth (PD) (distance between 
the gingival margin and the bottom of the sulcus/pocket) and clinical attachment level (CAL) (distance between cement-enamel junction 
and the bottom of the sulcus/pocket). Bone resorption in periodontal chronic patients (CP) was established on the basis of clinical and 
radiographic criteria. Periapical radiographs were taken using a standardized long-cone paralleling technique. Patients with CP included 
in this study had mild (1): GI > 1, PI > 20%, BOP, and PD and CAL between 3 and 5 mm; moderate (2): GI > 1, PI > 20%, BOP, and PD and 
CAL between 5 and 6 mm and severe (3):GI> 1, PI > 20%, BOP, and PD and CAL ≥ 7 mm forms of the disease and exhibited at least one 
site with the clinical features. Free periodontal subjects (C): GI < 1, PI < 20%, no BOP, PD ≤ 3 mm and no CAL. Clinical and radiographic 
characteristics are show in table 1 [14].

Aim of the Study

Clinical parameters
Material and Methods

Diagnoses Clinical and Radiographic Characteristics
Control Gingival index =0. Plaque Index 20%. Probing depth 3 mm. No attachment loss on the basis of clinical criteria. 

Characteristics compatible with health: light pink gums with a rough appearance. Absence of bleeding on 
probing, furcation, mobility and bony defects.

Mild Periodontitis Gingival index >1. Plaque Index >20%. Probing depth 4mm. Pocket depth and attachment level  
(measurement and radiographic analysis) not exceeding one third of the length of the root. Bleeding on prob-

ing. Absence of furcation, mobility and bony defects.
Moderate  

Periodontitis
Gingival index >1. Plaque Index >20%. Probing depth > 5 mm. Pocket depth and attachment level  

(measurement and radiographic analysis) between one third and half the length of the root. Bleeding on 
probing. First degree furcation. Eventual first degree mobility.

Severe  
Periodontitis

Gingival index > 1. Plaque Index >20%. Probing depth > 7 mm. Pocket depth and attachment level  
(measurement and radiographic analysis) over half the length of the root. Bleeding on probing. Second or 

third degree furcation. Eventual second or thirddegree mobility. Angular bony defects.

Table 1: Characteristics associated to control subjects and to the clinical and radiographic diagnoses of mild, moderate and severe 
chronic periodontitis groups.
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The study group consisted of 27 adults. They were classified according to their clinical diagnoses as having mild, moderate and severe 
chronic periodontitis (CP) aged 37.9 ± 4.3 yrs. The control group (C) consisted of 28 periodontitis-free adult subjects aged 32.8 ± 2.9 
yrs. All patients attended the School of Dentistry at the National University of Tucumán for periodontal consultation. Written informed 
consent was obtained from all patients prior to participation. Inclusion criteria for all subjects were a minimum of 20 natural teeth ex-
cluding third molars GI > 1, PI > 1, BOP, PD and CAL ≥ 4.5 mm for patients and GI < 1, PI < 1, no BOP, PD and CAL < 3 mm for the C group. 
Exclusion criteria for all subjects included periodontal therapy prior to saliva collection, systemic medical affections and/or medicines 
that might impact directly on periodontal status or salivary constituents and salivary flow, use of antibiotics, steroidal or non-steroidal 
anti-inflammatory agents in the 6 months prior to the study. 

Patients were instructed not to eat or drink for 2h prior to sample collection. Unstimulated whole saliva was collected at the initial 
visit, before periodontal treatment, between 8 and 10 a.m. for 10 minutes. The volunteers were asked not to eat and drink for 1h prior to 
the experiment. While in a sitting position, the participants were asked to swallow saliva, then remain motionless and allow the saliva to 
drain passively for 10 minutes over the lower lip into a sterile plastic vial on ice. Saliva accumulated in the antero-vestibular and sublin-
gual regions of the mouth was collected with a saliva ejector, avoiding contact with the mucosa, and placed in a test tube on ice. Whole sa-
liva was centrifuged at 10,000 rpm for 10 minutes at 4°C and immediately frozen at -20°C until chemical determinations were performed.

Two diagnostic kits were used for the estimation of ALP activity. The kinetic method (ALP 405 AA, Wiener Lab Arg.) is based in the 
hydrolysis of p-nitro phenylphosphate (p-NFF) 10 mM in diethanolamine buffer (DEA) 1M in presence of Mg+2 0.5 mM at 37ºC using 10 
ul of saliva. The velocity of apparition of p-nitrophenol at 405 nm is proportional to the enzyme activity. The unities of ALP (U/L) were 
calculated by the following form:

Study population

The colorimetric method (optimized ALP, Wiener Lab Arg.), is based in the degradation of sodium phenylphosphate with amino methyl 
propanol (AMP) 3M pH = 10 at 37ºC. A color at 520 nm proportional to the ALP activity was determined by the phenol liberated whit 
4-amino antipyrina 29mM and ferrycyanure 10 mM as oxidant agent. A modification in the sample volume was necessary to make, so 100 
ul of saliva was used instead the 10 ul indicated in the protocol form. A phenol standard solution was (200 UI/l)included in the kit. The 
ALP unities (UI) were calculated with the following form taking into account the adaptation made:

ALP (UI) = 200 UI/L x DOm/DOSt

ALP (U/L) = ΔA / min x 5.460

Data were analyzed by the SPSS system (11.0). Differences among groups were studied using one-way ANOVA. When differences were 
significant, the Tukey test was applied. The clinical diagnosis and the salivary alkaline phosphatase levels were analyzed by means Spear-
man rank correlation.

Results
Salivary ALP activity was detected by the two serum kits. The mean and the standard deviation for both of them are show in figure 

1. ALP activities showed statistically significant difference (p < 0.001) between healthy and periodontitis groups with the two methods 
used. The average activity of ALP in saliva of the periodontal disease patients was 136.4 ± 23.4 U/L with the kinetic method and 129.8 ± 
60.9 UI/L with the colorimetric method and in the healthy patients groups 67.6 ± 12.6 U/L and 33.4 ± 17.3 UI/L respectably. In the healthy 
group ALP levels showed significant differences in between two methods (p < 0.001), however this difference is not showed in periodon-
titis patients. A gentle and sustained increase of ALP activity was registered from mild, moderate to severe periodontitis using the kinetic 
method (Table 2), so a significance correlation (Figure 2), was found between kinetic methods with the clinical diagnosis r = 0.543 (p < 
0.001)however, no correlation with the colorimetric methods was found (data no show). 

Saliva collection

Chemical determinations

Statistical analysis
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Figure 1: Mean and standard error of alkaline phosphatase (U/L) in healthy 
and chronic periodontitis patients.

ALP
Mild periodontitis Moderate periodontitis Severe periodontitis P value

Kinetic method 120.7 ± 5.7 U/L 127.9 ± 14.3 U/L 148.8 ± 30.0 U/L p > 0.05
Colorimetric method 115.6 ± 81.5 UI/L 105.4 ± 71.0 UI/L 138.4 ± 56.5 UI/L P > 0.05

Table 2: Mean and standard error of alkaline phosphatase (U/L) levels with kinetic and colorimetric methods in mild, 
moderate and severe periodontal patients.

Figure 2: Correlation between alkaline phosphatase (U/L) with the clinical 
diagnosis (Mild periodontitis: 1, Moderate periodontitis: 2 and Severe  

periodontitis 3). 
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Diagnostic test in serum and/or urine are commonly used in evaluation of many systemic diseases. Salivary diagnostics is a dynamic 
and emerging field in the diagnosis of oral and systemic diseases [18]. ALP is detected in the parotid, submandibular, and minor salivary 
glands, as well as in desquamated epithelial cells, leukocytes, and bacteria from dental plaque. ALP is considered to be an important indi-
cator of bone formation and is a phenotypic marker for osteoblast cells [5]. It has been shown that its concentration in saliva, are elevated 
in patients with periodontal disease [10]. ALP in a 77% of diagnostics accuracy is one of the three most promising biomarkers for predict-
ing future disease activity together with β glucuronidase(78%) and cathepsin B (99%) [9]. 

Discussion

The present study was designed to evaluate the useful of two serum kits to determine ALP salivary activity in periodontal disease pa-
tients. The study selects a healthy subject group to take a referential salivary ALP level in periodontal free patients and a mild, moderate 
to advanced periodontal patients group. 

As show our results, both kits could detect the enzymes in saliva of healthy and disease patients, however with the colorimetric 
method was necessary to increase the sample volume to detect the enzyme in saliva. We found statistical difference in ALP activity in 
periodontal patients with the two methods respect to the control group. Salivary ALP activity in saliva is usually indicative of inflamma-
tion and/or destruction of the periodontal tissues [5]. As well as the study done by Bezerra., et al. in 2010 [19], significant correlation 
was found between ALP level and clinical diagnosis in periodontal mild, moderate and advanced patients with the kinetic method. In-
creased ALP activity has been shown to have a predictive value in terms of attachment loss that is significantly more accurate than the 
use of clinical parameters [20,21], while other researchers showed that a combination of ALP salivary levels and the P. gingivalis count in 
saliva in periodontal disease patients may be useful biomarkers for predicting the progression of periodontal disease during supportive 
periodontal therapy [22].

Saliva as a mirror of the oral and systemic health is a valuable source for clinically relevant information, because it contains biomark-
ers specific for the unique physiological aspects of periodontal disease [23,24]. A biomarker or biologic marker is a substance that is 
objectively measured and evaluated as an indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to a 
therapeutic intervention [1]. In considering that changes in ALP levels in saliva and/or serum has been used as an inflammatory marker 
of periodontium, we can conclude that salivary ALP testing by the kinetic kit could therefore represent a non-invasive, sensitive and useful 
test for quantify the biomarker for application to diagnose periodontal disease and to prognosticate treatment. Recently due to the combi-
nation of biotechnological development a large number of medically valuable analytes in saliva are unveiled and some of them represent 
biomarkers for different disease including cancer, auto immune disease, viral disease, bacterial diseases [18]. Thus, ALP determination in 
saliva using this test can represent an easy and accessible form to measure the biomarker. In according of our results we can conclude that 
salivary ALP levels in a range between 54.8 - 80.2 UI/L can associated to healthy periodontal disease subjects, while an increase in ALP 
activity with an inflammatory tissue state as characterized the periodontal disease. Changes of the clinical parameters from the moderate 
form to advanced periodontal disease show correlation in this study with ALP levels. These findings however should be interpreted taking 
into account some limitation of the study, in particular the sample size.

Statistical differences in salivary alkaline phosphatase activity in periodontal patients respect to the control group were found by the 
two serum ALP kits. Salivary ALP determination by the kinetic kit could represent a useful test for the diagnosis of periodontal disease. It 
does not require any adaptation or modification of the technique for its application in saliva samples and show sensitivity and a marked 
correlation with the clinical diagnosis.

Conclusion
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