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highest prevalence in the region at 24.4%, compared to 
Malaysia (17%), Thailand (16%), and Singapore (4%) [3, 
4]. 

Stunting leads to salivary gland dysfunction, causing 
oral cavity disorders [2, 5]. Chronic malnutrition induces 
pleomorphism, reduced proliferation, and increased 
apoptosis in acinar cells, resulting in cell atrophy and 
decreased saliva production [5]. This impairs the self-
cleansing mechanism, reduces salivary proteins, disrupts 
tissue homeostasis, and lowers microbial resistance, 
which compromises oral hygiene [1, 5]. Consequently, 
stunted children face microbiome imbalances, chronic 
inflammation, and increased risk of periodontal diseases 
due to pathogens like Porphyromonas gingivalis, Trepo-
nema denticola, Fusobacterium, and Tannerella forsythia 
[1, 6, 7]. Periodontal disease is a chronic inflammatory 

Introduction
Stunting is a condition of impaired growth in children, 
primarily caused by chronic malnutrition or persistent 
infections [1], and is defined by a height-for-age Z-score 
below − 2 standard deviations based on WHO standards 
[1, 2]. Globally, stunting affects 149 million toddlers, with 
25% of cases in Southeast Asia [1]. Indonesia has the 
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Abstract
Objective  Stunting is a condition of impaired growth in children resulting from chronic malnutrition, characterized 
by shorter stature compared to peers of the same age. This condition leads to salivary gland dysfunction, which 
triggers oral dysbiosis and increases the risk of periodontal disease in children. Scaling and root planing (SRP) is the 
gold standard treatment for periodontal disease, aimed at reducing pathogenic bacterial populations. This study 
aimed to evaluate the effect of SRP treatment on the oral microbiome profile in the saliva of stunted children. A pre- 
and post-test study design was employed, involving 10 elementary school children divided into two groups: normal 
children and stunted children. Each participant underwent scaling, with saliva samples collected before and after the 
procedure. The oral microbiome profile was analyzed using next-generation sequencing, generating taxonomic data 
at the phylum, genus, and species level.

Result  Statistical analysis revealed significant changes in the gingival index, a clinical parameter, in the normal group 
but not in the stunted group. Scaling resulted in shifts in the microbiome profile in both groups, with the dominant 
phyla identified as Proteobacteria, Bacteroidota, and Firmicutes. Scaling procedure alters the oral microbiome profile in 
stunted children without affecting the clinical parameter.
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condition that affects the tooth-supporting tissues, 
including the gingiva, periodontal ligament, and alveo-
lar bone. In severe cases, it can lead to attachment loss, 
tooth mobility, and bone destruction [6, 8, 9]. 

Pro-inflammatory cytokines, such as IL-1, IL-6, IL-8, 
and TNF-α, play a significant role in the pathogenesis of 
this condition. Additionally, stunting has been shown to 
exacerbate the inflammatory response, further contrib-
uting to the progression of periodontal disease [10–12]. 
In stunted children, the salivary microbiome profile may 
interact with systemic factors such as platelets, poten-
tially linking oral health to systemic inflammation. Plate-
lets, a cellular subgroup of blood elements with a lifespan 
of 8–10 days and numbering nearly one trillion in an 
adult, play critical roles in responding to vessel injuries, 
regulating angiogenesis, and mediating innate immunity. 
These functions make platelets key players in systemic 
inflammation as they respond to inflammatory sig-
nals and interact with immune cells. Dysbiosis-induced 
inflammation, common in stunted individuals, may lead 
to altered platelet activation and function, exacerbating 
systemic health issues and contributing to the inflamma-
tory burden observed in periodontal disease [13]. 

The microbiome is an ecosystem of commensal and 
pathogenic microorganisms that live symbiotically within 
the human body. This term was introduced by Joshua 
Lederberg, a Nobel Prize laureate in 2001 [14]. The oral 
microbiome is the second most diverse microbial com-
munity in the human body, harboring more than 700 
bacterial taxa [14, 15]. The oral biofilm is a complex 
microbial community influenced by dietary habits, oral 
hygiene practices, salivary flow, and salivary compo-
nents [14]. A healthy oral microbiome is characterized 
by a balance between commensal (e.g., Streptococcus and 
Neisseria) and pathogenic bacteria [16, 17]. However, a 
pathological shift can occur, leading to periodontal dis-
ease, which is marked by the emergence of pathogenic 
species such as Porphyromonas gingivalis, Treponema 
denticola, and Tannerella forsythia, collectively referred 
to as the red complex [16, 18]. 

The presence of pathogenic bacteria within the biofilm 
plays a crucial role in the progression of periodontal dis-
ease, affecting both hard and soft tissues in the oral cav-
ity [18]. In the presence of oral pathologies, disruption of 
microbial balance leads to alterations in the composition 
and organization of biofilm, including shifts in microbial 
species and their interactions [19]. 

Scaling and root planing, a common periodontal treat-
ment, removes plaque, calculus, and bacterial toxins from 
tooth surfaces, smoothing roots. It is sometimes supple-
mented with antiseptics or antibiotics [8]. In addition to 
scaling and root planing (SRP), various adjuvant methods 
can be employed to treat periodontal disease, including 
antimicrobial mouthrinses, antibiotic gels, and antibiotic 

microspheres placed within periodontal pockets. Oral 
antibiotics are also used to control bacterial infections 
and reduce the size of periodontal pockets over time 
[20, 21]. When non-surgical methods yield insufficient 
results, surgical interventions such as flap surgery and 
bone or tissue grafting may be performed. These meth-
ods aim to restore the supporting structures of the teeth 
[20]. Antimicrobial methods utilizing low-energy lasers 
have also been introduced as adjuncts to enhance the 
effects of scaling and root planing (SRP) [22, 23]. 

Dysbiosis, a microbial imbalance, is frequently 
observed in stunted children, with a higher Firmicutes 
population in their gastrointestinal tract, which further 
impairs nutrient absorption [24]. Understanding the oral 
microbiota in stunted children is crucial to exploring the 
connection between specific pathogens and their effects 
on health [25]. 

This study aimed to evaluate how scaling and root plan-
ing influences oral microbiota shifts in stunted children’s 
saliva. By identifying these changes, the study seeks to 
better understand the interplay between stunting, oral 
health, and periodontal disease, paving the way for more 
targeted treatments for this vulnerable population.

Methods
Study participants
Participants were recruited from elementary schools 
within the Lubuk Kilangan Community Health Center’s 
jurisdiction. Eligible participants, aged 6 to 12 years, were 
categorized as stunted or normal stature based on WHO 
height-for-age standards. All had a clinical diagnosis of 
gingivitis, confirmed through assessments of the gingival 
index and oral hygiene status.

Exclusion criteria were implemented to ensure valid-
ity and minimize confounding factors. Thorough evalu-
ations, including alloanamnesis with legal guardians, 
assessed medical histories for systemic diseases, recent 
antibiotic use, deep dental caries, and special needs con-
ditions like Down syndrome. Only participants meeting 
eligibility criteria were included.

Baseline data collection involved assessing the gingi-
val index, oral hygiene status, and saliva sampling before 
scaling and root planing procedures. Height measure-
ments were taken with a microtoise (precision 0.1  cm) 
and converted into Z-scores using WHO standards. 
These steps ensured the study’s focus on eligible partici-
pants and reliable data collection.

Saliva sampling
Unstimulated saliva samples were collected at baseline 
and one week after treatment with the drooling method. 
Prior to sampling, subjects were instructed not to eat, 
drink, and brush their teeth for at least 30 min before the 
session. Saliva was collected using saliva collection kits 
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(SafeCollect™, Zymo Research, California, USA) accord-
ing to the manufacturer’s protocol. After collection, a 
total of two samples (baseline and one week’s) from each 
subject were placed in an ice box and transferred into a 
-20℃ freezer until analysed.

Treatment protocol
All participants received oral hygiene instructions and 
scaling in all quadrants. Procedures were performed by a 
registered dentist using ultrasonic instruments. A follow-
up appointment was carried out one week after treat-
ment to assess subjects’ oral hygiene, to calculate their 
gingival index score, and to collect their saliva sample.

PCR amplifications of the 16 S rRNA gene and sequencing
Amplification of the 16  S rRNA gene targeting the V3 
and V4 regions was performed using specific forward 
(5’TCGTCGGCAGCGTCAGATGTGTATAAGAGA-
CAGCCTACGGGNGGCWGCAG) and reverse 
(5’GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGGACTACHVGGGTATCTAATCC) primers. For 
amplicon PCR of the 16 S rRNA gene, KAPA HiFi Hot-
Start ReadyMix PCR kits (Roche, Basel, Switzerland) 
were used according to the manufacturer’s instructions. 
Libraries were constructed with NextEra XT DNA library 
preparation kits (Illumina Inc., San Diego, CA, USA). 
Sequencing was performed on the MiSeq Illumina plat-
form using MiSeq v3 reagent kits (Illumina Inc., San 
Diego, CA, USA).

Bioinformatic and statistical analysis
FastQC software (Babraham Bioinformatics, Babraham, 
UK) was used to assess the quality of fastq data. Classi-
fication is based on the Silva database ​(​​​h​t​t​p​:​/​/​n​g​s​.​a​r​b​-​s​i​
l​v​a​.​d​e​/​​​​​)​, microbiome analysis was done using Quantita-
tive Insights Into Microbial Ecology 2 (QIIME2). The out-
put of this workflow is a classification at phylum, genus, 
and species level. We used paired t-test to determine the 
mean difference within group before and after procedure, 

and independent t-test to determine the mean differ-
ence between groups. Results were considered significant 
when p-value < 0.05.

Results
Subjects’ characteristics
This was a pre-test post-test study. Table  1 shows sub-
jects’ characteristics, such as sex and body height, and 
clinical parameters such as gingival index (GI) and oral 
hygiene index simplified (OHIS).

Based on the table above, stunting was observed more 
frequently in girls than in boys. Additionally, stunted 
children were significantly shorter by an average of 17 cm 
(14%) compared to their non-stunted peers (p = 0.01). 
The scaling procedure resulted in a significant improve-
ment in the gingival index (GI) among normal children, 
while in the stunted group, only a downward trend was 
observed. For the oral hygiene index-simplified (OHIS), 
both groups exhibited a decreasing trend; however, the 
changes were not statistically significant.

Normal stature and stunted children’s microbiome profile
Oral microbiomes in each group were compared before 
and after treatment, and we observed the bacteria at 
the phylum, genus and species level. Microbiome differ-
ences in the normal stature children group is presented 
in Fig. 1.

Figure  1a shows the salivary microbiome profile of 
normal stature children at the phylum level, revealing 
changes after scaling. Before treatment, Bacteroidota was 
the most abundant phylum, while Proteobacteria became 
dominant post-scaling. Firmicutes remained among the 
top three phyla.

In stunted children (Fig.  1b), Proteobacteria was the 
most abundant phylum both before and after scaling. The 
procedure increased the proportion of salivary bacteria 
in this group, except for Proteobacteria and Bacteroidota. 
These findings highlight distinct microbiome shifts in 
response to scaling between normal stature and stunted 
children.

At the genus level, we observed 75 genera in the saliva 
of normal stature children before scaling, and 81 gen-
era were found after the procedure. We highlight three 
genera commonly associated with periodontal environ-
ments, which are Prevotella, Veillonella, and Streptococ-
cus. Changes after the scaling procedure is presented in 
Fig. 2.

Significant decreases were observed in Prevotella and 
Veillonella composition, while Streptococcus showed 
significant increase in normal children after scaling-
root planing treatment (Fig.  2a). In the stunted group 
(Fig.  2b), all genera composition did not differ signifi-
cantly after treatment. But there was a decreasing trend 

Table 1  Characteristics of normal and stunted elementary 
school children

Normal (n = 5) Stunted (n = 5) p
Sex
  • Male 3 2
  • Female 2 3
Height (cm; mean ± SD) 136.2 ± 3.1 118.3 ± 11.8 0.01a

GI Pre-scaling Post-scaling
  • Normal stature 2.34 ± 0.35 2.04 ± 0.30 0.009b

  • Stunted 2.30 ± 0.58 2.16 ± 0.63 0.107b

OHIS
  • Normal stature 2.14 ± 0.50 2.06 ± 0.55 0.455b

  • Stunted 2.24 ± 0.48 2.02 ± 0.64 0.282b

a: independent t-test; b: paired t-test; GI: Gingival Index; OHIS: Oral Hygiene 
Index Simplified

http://ngs.arb-silva.de/
http://ngs.arb-silva.de/
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in all genera, except Streptococcus, showing a higher 
trend after treatment.

Bacteria found exclusively in stunted children
In this study, 165 bacterial species were identified in the 
saliva before scaling, and 180 species were identified one 
week after the procedure. Among the identified species, 
several bacteria were found exclusively in the stunted 
children group, as shown in Fig. 3.

Based on Fig.  3 there were 25 bacterial species exclu-
sively identified in the saliva of stunted children, with the 
dominant phyla being Bacteroidota, Firmicutes, and Pro-
teobacteria. The genus Prevotella had the highest number 

of identified species in stunted children, including Pre-
votella histicola, Prevotella loescheii, and Prevotella 
salivae.

Discussion
Stunting is more commonly observed in female children, 
potentially due to cultural biases that prioritize nutri-
tional intake for male children [2, 26]. In many societies, 
male children are perceived as future economic contribu-
tors, leading to a focus on their nutrition and healthcare 
access, while female children often face limitations in 
these areas [26, 27]. Stunting is closely associated with 
a compromised immune system, resulting in reduced 
ability to eliminate pathogens and increased susceptibil-
ity to infections. This immunodeficiency is attributed to 
a decrease in salivary and tear immunoglobulin A (sIgA) 
levels and a general reduction in immune response, 
which may lead to long-term immunodeficiency [28]. 
Chronic malnutrition, a primary contributor to stunting, 
is also linked to salivary gland dysfunction, manifesting 
as reduced saliva flow and impaired oral hygiene [2, 29]. 

Children who are stunted often experience delays in 
cognitive and motor development, which negatively 
affect their ability to maintain proper oral hygiene [1]. 
This inability to perform adequate oral care leads to 
plaque accumulation and subsequently increases the risk 
of developing dental caries and periodontal disease. Fur-
thermore, salivary gland dysfunction exacerbates oral 
health problems, creating a cycle of pain, discomfort, and 
difficulty eating. These factors further aggravate nutri-
tional deficiencies and hinder the growth and develop-
ment of stunted children [1, 30]. 

The impact of periodontal disease is not limited to 
oral health but extends to systemic health as well. For 
example, untreated periodontal disease is associated with 
adverse pregnancy outcomes, including low birth weight 
[31]. Mothers with untreated periodontal disease are at a 
higher risk of delivering low birth weight infants, which 
in turn increases the likelihood of stunting in these chil-
dren. This establishes a cycle where a stunted mother is 
more likely to give birth to a low birth weight child, per-
petuating stunting across generations [32]. 

This study identified eight bacterial phyla in the saliva 
of normal stature and stunted children. Scaling treatment 
altered oral bacterial proportions, with 165 species found 
before scaling and 180 species one week after. Dominant 
phyla in stunted children included Proteobacteria, Bac-
teroidota, and Firmicutes, with the high bacterial count 
linked to higher carbohydrate intake compared to pro-
tein intake [33]. An individual’s dietary pattern is linked 
to the occurrence of caries and periodontal disease in 
children, as well as affecting the microbiota composition 
in saliva and gingival crevicular fluid [34]. Stunted chil-
dren frequently consume ultra-processed foods (UPFs), 

Fig. 1  Normal stature children’s microbiome profile at the phylum level 
before and after scaling procedure (a), and stunted children’s microbiome 
profile at the phylum level before and after scaling procedure (b)
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Fig. 2  Changes in genera commonly associated with periodontal environment before and after scaling procedure in normal stature children (a), and in 
stunted children group (b)
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a pro-inflammatory diet associated with increased Veil-
lonella populations [35]. High carbohydrate intake also 
correlates with elevated acidogenic bacteria, such as 
Streptococcus mutans, Streptococcus mitis, Prevotella 
spp., and Actinomyces spp., consistent with this study’s 
findings where Prevotella and Actinomyces were exclu-
sively identified in the stunted group [36].

The oral cavity microbiome is a complex ecosystem, 
with bacteria classified into color-coded complexes 
like purple, yellow, green, orange, and red [37]. Healthy 
periodontal conditions are associated with purple, yel-
low, and green complexes, while orange and red com-
plexes are linked to periodontal diseases. Bacteria such 
as Porphyromonas gingivalis, Treponema denticola, and 
Tannerella forsythia (red complex) and Prevotella spp. 
(orange complex) are implicated in periodontitis and 
other pathological conditions [37, 38].

Stunted children experience decreased salivary flow 
due to micronutrient deficiencies, such as zinc, impairing 
saliva’s protective properties [1]. Zinc plays a crucial role 
in microbial clearance by generating reactive oxygen spe-
cies (ROS) that disrupt bacterial cell membranes, includ-
ing Prevotella spp [39]. Clinically, Prevotella contributes 
to gingival tissue inflammation and bleeding on prob-
ing, key indicators of gingival disease [40, 41]. However, 
scaling alone did not significantly improve gingival index 
scores in this study, likely due to persistent Prevotella 
populations.

Prevotella, a commensal bacterium, is frequently 
associated with oral dysbiosis, periodontal disease, and 
dental caries. Its lipopolysaccharides (LPS) stimulate 
pro-inflammatory cytokines (TNF-α, IL-6, IL-8), disrupt 

phagocytosis, promote bone resorption, and collaborate 
with other pathogens like Porphyromonas gingivalis and 
Treponema denticola [40, 42]. These bacteria enhance 
periodontal inflammation and tissue destruction.

Similarly, Veillonella, a Gram-negative anaerobic bacte-
rium, is linked to dental caries and periodontal disease. 
Species like Veillonella atypica and Veillonella parvula 
interact with periodontal pathogens such as Porphyromo-
nas gingivalis, exacerbating oral pathology [43]. Scaling 
and root planing procedures reduce Prevotella and Veil-
lonella populations, improving periodontal outcomes 
[40, 41]. 

Post-scaling, health-associated genera like Streptococ-
cus significantly increased in normal stature children and 
showed a similar trend in stunted children (Fig. 2). Strep-
tococcus, an early plaque colonizer, is part of the core 
microbiome in healthy periodontal states alongside Neis-
seria [17]. Studies in patients with generalized aggressive 
periodontitis (GAgP) have demonstrated that scaling and 
root planing can reduce periodontal pathogens while 
increasing health-associated microbiota such as Neisse-
ria, Streptococcus, and Haemophilus [44]. 

Periodontal disease management is broadly classified 
into non-surgical and surgical therapies, both aimed at 
controlling infection and restoring the tooth’s support-
ing structures. The choice of intervention depends on 
individual disease severity and patient-specific factors 
[8]. Scaling and root planing (SRP) is the cornerstone of 
initial periodontal therapy, focusing on the removal of 
dental plaque, tartar, and stains, as well as smoothing the 
root surface to eliminate bacterial toxins [8, 21]. 

Fig. 3  Bacterial species found exclusively in stunted children
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Adjunctive antimicrobial therapies, such as low-level 
laser therapy (LLLT) and antimicrobial photodynamic 
therapy (aPDT), have also been integrated into periodon-
tal disease management [22, 23]. aPDT involves the inter-
action between laser light and a photosensitizer (e.g., 
methylene blue or toluidine blue) to generate free oxygen 
radicals that destroy bacterial cells and promote heal-
ing [22]. Similarly, LLLT is a non-invasive technique that 
uses low-energy lasers to reduce inflammation and pro-
mote tissue repair, often serving as an adjunct to enhance 
the outcomes of SRP [23]. 

While aPDT and LLLT have shown promising results 
as adjunctive treatments, SRP remains the gold standard 
for managing periodontal disease due to its proven effec-
tiveness and practicality. First, SRP effectively removes 
plaque and calculus from both supragingival and subgin-
gival surfaces, which is critical for reducing the bacterial 
load in the oral cavity. Additionally, SRP has been con-
sistently shown to improve key clinical parameters, such 
as the gingival index (GI) and bleeding on probing, fur-
ther reinforcing its efficacy and reliability. Finally, SRP is 
a minimally invasive procedure that can be performed in 
a standard dental office setting, making it more accessible 
and cost-effective for patients [22, 23]. 

The established role of SRP as a primary treatment 
modality highlights its critical importance in the manage-
ment of periodontal disease. Although innovative adjunc-
tive therapies like aPDT and LLLT continue to evolve and 
provide complementary benefits, SRP remains the foun-
dation upon which periodontal therapy is built, ensuring 
effective bacterial control and clinical outcomes.

Overall, the findings underscore the importance of 
scaling and root planing in mitigating oral dysbiosis and 
promoting a healthier microbiome composition, particu-
larly in vulnerable populations like stunted children.

Limitations
This study was designed as a preliminary investigation, 
and as such, the findings should be interpreted with cau-
tion when considering their generalizability to broader 
populations. The study participants consisted of stunted 
children, whose nutritional and growth patterns may be 
influenced by a range of socio-cultural factors, including 
variations in dietary practices across different communi-
ties. These factors highlight the need to account for cul-
tural diversity when interpreting the results. To ensure 
broader applicability of the findings, future research 
should include a larger, more diverse sample that ade-
quately represents the population at large. This will help 
address the limitations inherent in the small sample size 
of this preliminary study and account for regional or cul-
tural variability in dietary and growth-related factors.

The lack of control over participants’ dietary pat-
terns and environmental factors also become our study 

limitations, both of which may have influenced the out-
comes. Variations in dietary intake, particularly micro-
nutrient consumption, and differing environmental 
exposures, such as hygiene practices and socio-cultural 
influences, were not accounted for or standardized dur-
ing the study. These uncontrolled variables could have 
introduced potential confounding factors, which should 
be considered when interpreting the findings. Future 
research should aim to incorporate these aspects to pro-
vide a more comprehensive understanding of the rela-
tionships observed.

Conclusion
Stunted children have a distinct oral salivary microbi-
ome profile compared to normal stature children, with 
their saliva being dominated by bacteria from the orange 
complex, such as Prevotella spp., Campylobacter, and 
Peptostreptococcus. Scaling showed a promising result in 
reducing pathogenic bacteria such as Prevotella and Veil-
lonella while increasing periodontal health-related bacte-
ria such as Streptococcus.
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