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ABSTRACT

The historical bifurcation of dental and medical care pathways imposes a
severe epidemiological burden, particularly within transitional health
systems confronting a high prevalence of both non-communicable diseases
and chronic periodontitis. Bridging this gap requires robust policy
frameworks that extend beyond clinical interventions to involve cross-
sectoral collaboration. To evaluate the structural efficacy, clinical outcomes,
and policy implications of integrating oral-systemic healthcare using a
Pentahelix collaborative model between primary healthcare centers and
academic dentistry institutions in South Sumatra, Indonesia. A mixed-
methods implementation study was conducted over eighteen months across
twelve primary care centers in South Sumatra. The intervention utilized the
Pentahelix model, integrating government authorities, academic dentistry
faculties, health technology industries, community leaders, and local media.
Quantitative data included inter-departmental referral completion rates,
changes in patient glycemic control (HbAlc), and systemic inflammatory
markers (C-Reactive Protein). Qualitative data assessed stakeholder
engagement and interprofessional competencies. Implementation of the
Pentahelix framework significantly improved medical-dental cross-referral
completion rates from a baseline of twelve percent to seventy-six percent.
Clinically, patients with comorbid type 2 diabetes and severe periodontitis
receiving integrated care demonstrated a mean HbA1c reduction of 0.9% and
a significant decrease in serum C-Reactive Protein levels following combined
medical and non-surgical periodontal therapy. Furthermore,
interprofessional competency scores among participating academic students
and primary care staff increased significantly. In conclusion, the Pentahelix
model provides a viable, highly effective policy framework for dismantling
clinical silos in transitional health systems. By anchoring interprofessional
clinical practice within a multi-stakeholder governance structure, health
systems can achieve measurable improvements in both population health
metrics and health workforce readiness.

1. Introduction

The global healthcare landscape is undergoing a
critical paradigm = shift, moving away from
compartmentalized disease management toward
holistic, patient-centered models of care.! Despite this
progressive trajectory, the historical and structural
division between dental medicine and general

medicine remains one of the most persistent barriers

to achieving comprehensive population health.2 Oral
diseases, particularly chronic periodontitis and dental
caries, are among the most prevalent non-
communicable diseases worldwide, affecting billions of
individuals and imposing a profound economic burden
on global health systems. For decades, dentistry has
operated in an isolated silo, structurally and

financially divorced from primary medical care.3 This
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bifurcation has resulted in fragmented care delivery,
missed diagnostic opportunities, and compromised
management of complex systemic diseases that
possess established oral manifestations and reciprocal
biological links.4

Transitional health systems, such as the
framework operating in Indonesia, face unique
challenges in addressing this divide. These systems
often grapple with geographical disparities in
healthcare access, an unequal distribution of the
specialized health workforce, and the dual burden of
infectious diseases and rising non-communicable
diseases.5 In South Sumatra, Indonesia, primary
health centers (Puskesmas) serve as the frontline of
community health defense. However, these facilities
frequently experience a disconnect between their
general medical services and dental public health
programs. The integration of academic dentistry
institutions—which possess concentrated expertise,
clinical resources, and an educational mandate—into
these community-based primary care networks
presents a strategic opportunity to optimize resource
utilization and enhance clinical outcomes.®6

To achieve sustainable integration, traditional
bilateral partnerships between a clinic and a
university are insufficient. Complex public health
challenges require multi-dimensional collaborative
governance.” The Pentahelix model has emerged as a
robust administrative and policy framework designed
to foster synergy across five distinct societal sectors:
the Government (public administration and policy
formulation), @ Academia  (research, knowledge
generation, and clinical education), Industry
(technology infrastructure and financial enterprise),
Community (civil society and patient advocacy), and
Media (information dissemination and public health
literacy).® While the Pentahelix approach has been
successfully applied to disaster mitigation and
infectious disease management, its application to the
structural integration of oral and systemic healthcare
remains largely unexplored.®

The novelty of this study lies in its pioneering

application of the multi-sectoral Pentahelix

collaborative governance framework to explicitly
dismantle the clinical and educational silos separating
community primary healthcare centers and academic
dentistry institutions within a developing Southeast
Asian context.10 Therefore, the aim of this study was
to scientifically evaluate the structural efficacy,
clinical biometric outcomes, and public health policy
implications of a Pentahelix-driven collaborative care
model integrating academic dental networks into

primary care centers in South Sumatra, Indonesia.

2. Methods

A convergent parallel mixed-methods
implementation study was conducted between
January 2024 and December 2024. The study was
anchored in twelve state-funded primary healthcare
centers situated across urban and peri-urban districts
of Palembang, South Sumatra, Indonesia. These
centers were purposively selected based on their
patient volume, geographic distribution, and pre-
existing affiliations with regional academic dentistry
institutions.

The structural foundation of the intervention was
systematically operationalized through the five
collaborative pillars of the Pentahelix model, ensuring
a robust, multi-sectoral approach to healthcare
integration. At the governmental level, the provincial
health office formally mandated the integration pilot
program. This decisive legislative action provided the
critical regulatory backing required to legitimize
shared medical-dental clinical workflows and
authorized the implementation of flexible funding
mechanisms necessary to sustain interprofessional
care delivery. Concurrently, the academic sector
functioned as the clinical engine of the intervention.
Faculty members and final-year clinical students from
regional academic dentistry institutions were
physically embedded directly into the participating
primary care centers. Within this integrated clinical
setting, these academic cohorts collaborated closely
with general medical practitioners to establish and
systematically execute joint diagnostic triage

protocols.
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To technologically bridge the historical clinical
silos, the industrial sector was engaged to modernize
the health informatics infrastructure. Local health
technology companies developed and successfully
deployed an interoperable, cloud-based electronic
health record module. This advanced digital
infrastructure permitted seamless, real-time data
sharing and facilitated highly efficient, closed-loop
referral pathways directly between the dental
operatories and the medical consultation rooms. On a
grassroots level, community integration was achieved
through the strategic empowerment of local
neighborhood health cadres. These community health
workers were rigorously trained to conduct
fundamental oral health screenings and to
systematically educate families regarding the profound
biological connections between oral and systemic
diseases, thereby driving localized patient mobilization
and proactive healthcare-seeking behavior. Finally,
the media sector amplified the intervention's public
health impact through targeted health
communication. Regional broadcasting networks,
acting in synergy with various digital platforms,
executed comprehensive public awareness campaigns.
These multimedia initiatives emphasized the critical
necessity of integrated health check-ups, with a
specific, evidence-based focus on elucidating the
reciprocal relationship between chronic periodontal
disease and systemic metabolic conditions, notably
diabetes mellitus and hypertension.

The study involved multiple participant cohorts to
capture a comprehensive dataset. The clinical cohort
comprised adult patients aged thirty-five to sixty-five
years diagnosed with both type 2 diabetes mellitus and
severe chronic periodontitis. These patients received a
coordinated intervention consisting of optimized
medical glycemic management concurrent with non-
surgical periodontal therapy (scaling and root planing)
administered by the integrated academic-primary care
teams. Quantitative data collection involved tracking
inter-departmental referral completion rates over the
biometrics,

eighteen-month period. Clinical

specifically glycated hemoglobin (HbAlc) and high-

sensitivity C-Reactive Protein serum levels, were
recorded at baseline and at a six-month follow-up
interval. Additionally, interprofessional collaborative
competency was measured among sixty participating
medical and dental practitioners and students using a
validated Likert-scale psychometric instrument
administered before and after the intervention.
Qualitative data were obtained through semi-
structured, in-depth interviews with key stakeholders
representing each of the five Pentahelix sectors. The
interviews focused on identifying structural
facilitators, logistical barriers, and the perceived
sustainability of the integrated health policy.
Quantitative clinical and survey data were analyzed
using paired t-tests and descriptive statistics to
determine the significance of changes from baseline to
the post-intervention phase, with the threshold for
statistical significance set at an alpha level of 0.05.
Qualitative transcripts were subjected to rigorous
inductive thematic analysis to map the dynamics of
cross-sectoral collaboration and identify core policy

implications.

3. Results

The data presented in Table 1 provides a profound
quantitative assessment of the operational friction
that traditionally characterizes bifurcated health
systems, and the subsequent operational
transformation achieved through the Pentahelix
intervention. Prior to the implementation of the
integrated model, the baseline metrics paint a stark
picture of clinical fragmentation within the primary
healthcare network. The baseline period recorded a
mere 145 referrals initiated from medical to dental
departments, and an even lower 88 referrals flowing
from dental to medical practitioners. More critically,
the pre-intervention referral completion rate stood at
an abysmal 12.4%. This low completion rate is
indicative of a systemic failure characterized by
"informal" or paper-based referral mechanisms, which
rely entirely on the patient's autonomous navigation of

complex, disjointed clinical scheduling systems.

Consequently, the average time to encounter for those
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few patients who did complete the referral was heavily
prolonged at 42.5 days. In the context of chronic
disease management—where timely intervention is
paramount to preventing acute exacerbations—a six-
week delay between a medical screening and a dental
intervention effectively nullifies the clinical utility of
the referral.

Following the operationalization of the multi-
sectoral framework, the referral metrics underwent a
statistically highly significant (p < 0.001) paradigm
shift. The

experienced an exponential surge, with medical-to-

volume of cross-referrals generated

dental referrals increasing to 892, and dental-to-
medical referrals rising to 614. This dramatic increase
in sheer volume does not merely reflect a change in

administrative procedure; rather, it signifies a

profound behavioral shift among the participating

clinicians. The integration of academic protocols

fostered an environment of heightened diagnostic

vigilance, wherein medical practitioners actively

screened for oral manifestations of systemic disease,

and dental practitioners routinely assessed for

undiagnosed  systemic morbidities, such as

hypertension or hyperglycemia.

However, the most critical indicator of systemic
efficacy is the dramatic elevation in the referral
completion rate, which surged to 76.8%. This metric
represents the successful bridging of the clinical
divide. This achievement is primarily attributable to
the intervention of the industry sector within the
Pentahelix model, specifically the deployment of an
interoperable, cloud-based Electronic Health Record
(EHR) system. The EHR facilitated a "closed-loop"
referral pathway, allowing practitioners to directly
schedule appointments across departments in real-
time while maintaining shared visibility of the patient's
This

effectively removed the logistical burden from the

diagnostic chart. technological integration
patient, ensuring continuity of care. Correspondingly,
the enhanced operational efficiency is reflected in the
drastic reduction of the average time to encounter,
which plummeted from 42.5 days to a highly efficient
8.2 days. This temporal compression is vital for
addressing acute periodontal infections that
destabilize systemic metabolic control, proving that
structural integration directly translates to expedited,

patient-centric care delivery.

Table 1. Efficacy of Medical-Dental Cross-Referrals Before and After Pentahelix Implementation

REFERRAL METRIC

PRE-INTERVENTION

(Baseline 6 Months)

Total Referrals Generated
(Medical to Dental)

Total Referrals Generated
(Dental to Medical)

Referral Completion Rate
(Percentage %)

Average Time to Encounter
(Days from referral to visit)

145

88

12.4%

42.5

POST-
INTERVENTION P-VALUE
(Final 6 Months)
892 < 0.001
614 < 0.001
)
76.8% < 0.001
L J
8.2 < 0.001
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Table 2 elucidates the profound biological
implications of dismantling clinical silos, providing
irrefutable quantitative evidence that integrated
interprofessional care yields significant improvements
in systemic pathophysiology. The clinical cohort
tracked in this dataset comprised patients suffering
from the dual burden of type 2 diabetes mellitus and
severe chronic periodontitis. At baseline, this cohort
exhibited significant metabolic and inflammatory
dysregulation, characterized by a mean Glycated
Hemoglobin (HbAlc) of 8.7%, a markedly elevated
High-Sensitivity C-Reactive Protein (hs-CRP) level of
5.4 mg/L, and an average Fasting Plasma Glucose of
165.4 mg/dL. These baseline parameters represent a
state of Thighly elevated cardiovascular and
microvascular risk, perpetuated by the systemic
dissemination of inflammatory mediators originating
from the ulcerated periodontal pocket epithelium. The
baseline average periodontal probing depth of 5.8 mm
indicates a massive surface area of ulcerated tissue,
serving as a continuous portal of entry for gram-
negative periodontal pathogens and their highly
virulent endotoxins into the systemic circulation.

The post-intervention data, recorded at a six-
month follow-up interval, demonstrates the profound
systemic impact of providing immediate, integrated
non-surgical periodontal therapy alongside routine
endocrinological management. Following the
intervention, the mean HbAlc underwent a
statistically significant reduction of 0.9% (p < 0.001),
dropping to 7.8%. In the realm of diabetology, a
sustained 0.9% reduction in HbAlc is clinically
massive; established epidemiological literature
dictates that every 1% drop in HbA1lc corresponds to a
roughly 21% decrease in the risk of diabetes-related
mortality and a 37% reduction in microvascular
complications. This systemic metabolic improvement
was mechanistically driven by the successful
management of the localized oral infection. The
integrated academic-primary care teams successfully
reduced the average periodontal probing depth by 2.4
mm, effectively eliminating the subgingival bacterial

biofilm and initiating tissue healing.

The biological link between this localized
periodontal healing and systemic glycemic control is
brilliantly illustrated by the corresponding reduction
in systemic inflammatory markers. The mean hs-CRP
levels plummeted from 5.4 mg/L to 3.1 mg/L,
reflecting a highly significant (p < 0.001) attenuation
of the patient's systemic inflammatory burden. By
eradicating the periodontal pathogens through
targeted debridement, the influx of circulating
lipopolysaccharides was halted. Consequently, the
hyper-secretion of host pro-inflammatory cytokines—
specifically tumor necrosis factor-alpha and
Interleukin-6, which are notorious for inducing
cellular insulin resistance by impairing insulin
receptor  signaling  pathways—was  effectively
suppressed. The data in Table 2 definitively prove that
within a transitional health system, dentistry can no
longer be viewed as an elective, localized specialty.
Instead, the integration of targeted periodontal
interventions within primary medical care is a
biologically essential, highly effective, and potentially
life-saving  modality for the comprehensive
management of complex systemic endocrinological
diseases.

Table 3 provides a critical sociological and
administrative analysis of the collaborative dynamics
that underpinned the success of the integration model.
By quantifying stakeholder engagement and their
perceived impact on the model's sustainability, this
dataset offers profound insights into the mechanics of
multi-sectoral public health implementation. The data
reveals a distinct hierarchy of influence and
engagement among the five pillars of the Pentahelix
structure. The Government and Academia sectors
emerged as the paramount drivers of the initiative,
both recording exceptionally high engagement scores
(8.5 and 9.2, respectively) and perceived impact scores
(9.5 and 8.8). The academic sector's premier
engagement score reflects the inherent motivation of
dental institutions to secure expansive, community-
based clinical environments for their students, thereby
fulfilling both educational accreditation mandates and

societal obligations.
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Table 2. Changes in Clinical Biometrics Following Integrated Medical-Periodontal Therapy

CLINICAL BIOMARKER

BASELINE MEAN
(Standard Deviation)

6-MONTH FOLLOW- MEAN

ol DIFFERENCE RALLE

(Standard Deviation)

8.7
Glycated Hemoglobin (HbA1c) (%) (£1.2)
5.4
High-Sensitivity C-Reactive Protein (mg/L) (+1.8)
165.4
Fasting Plasma Glucose (mg/dL) (£28.3)
5.8
Periodontal Probing Depth Average (mm) (20.7)

However, the government sector achieved the
highest perceived impact score (9.5), underscoring a
fundamental reality of health system reform:
regardless of clinical enthusiasm or academic
expertise, structural integration is ultimately
impossible without top-down legislative authority. The
provincial health office's mandate dissolved
bureaucratic barriers, sanctioned the sharing of
clinical space, and most importantly, authorized the
flexible financial pathways required to reimburse
integrated care delivery. The industry sector presents
a fascinating dichotomy within the matrix. While its
direct day-to-day engagement score was moderate
(7.8), its perceived impact on the model's long-term
sustainability was highly rated at 9.0. This reflects the
nature of health informatics and technological
infrastructure. The development and deployment of
the interoperable Electronic Health Record (EHR)
system required intense initial collaboration, but once
operational, the technology functioned autonomously
in the background. Yet, stakeholders universally
recognized that without this digital bridge—which
effectively transformed the abstract concept of
interprofessional collaboration into a tangible, daily

workflow—the integrated model would rapidly collapse

7.8
(0.9) v-0.9 <0.001
3.1
1.1) v-23 <0.001
132.8
(+19.5) v -32.6 <0.001
34
(:0.5) v 24 <0.001

back into isolated silos. The industry's contribution
was therefore viewed as the indispensable operational
glue holding the clinical partnership together.
Conversely, the Community (Engagement: 8.0,
Impact: 7.5) and Media (Engagement: 6.5, Impact: 7.0)
sectors recorded the lowest relative metrics,
highlighting the inherent challenges of executing
grassroots public health campaigns. While local health
cadres were effectively trained to mobilize patients,
altering deeply ingrained community perceptions
regarding oral healthcare—shifting the paradigm from
episodic, pain-driven tooth extractions to proactive,
systemic-focused periodontal management—proved to
be an immense sociocultural hurdle. The media
sector's lower scores indicate that broadcasting
networks struggled to consistently sustain targeted,
high-impact health literacy messaging amidst
competing public interests. These findings suggest
that while the structural and clinical elements of the
Pentahelix model can be rapidly optimized through
policy and technology, the socio-behavioral
transformation required to fully realize the model's
public health potential demands sustained, iterative,

and culturally nuanced longitudinal engagement.
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Table 3. Stakeholder Engagement and Perceived Role Impact Matrix

PRIMARY CONTRIBUTION TO THE

Government Policy mandates, flexible funding allocation
N Clinical workforce, diagnostic protocols,
Academia . .
research
Interoperable health informatics,
Industry ) P
infrastructure
Community Patient mobilization, grassroots advocacy
Media Health literacy campaigns, public awareness

The psychometric data detailed in Table 4
quantifies the profound educational transformation
that occurred as a direct byproduct of the Pentahelix
integration model. Historically, health professions
education has been deeply compartmentalized, with
medical and dental students trained in isolated
academic silos, cultivating distinct professional
identities and terminologies. This antiquated
pedagogical approach leaves graduates ill-prepared for
the realities of modern, team-based healthcare, a
deficit clearly reflected in the pre-intervention baseline
scores. Prior to the embedding of academic dental
cohorts into the primary care centers, the participating
students and staff exhibited suboptimal competencies
across all domains of the validated Interprofessional
Attitudes Scale. The particularly low baseline score in
"Roles and Responsibilities Clarification" (2.8 out of
5.0) highlights a systemic lack of cross-disciplinary
understanding; general medical practitioners
frequently possessed limited knowledge of the
diagnostic scope of modern dentistry, while dental
students were often unfamiliar with primary care
triage protocols and systemic risk stratifications.

Following the eighteen-month immersion within
the integrated clinical environment, the competency
scores across all domains exhibited a highly

significant, transformative elevation (p < 0.001). The

ENGAGEMENT SCORE

PERCEIVED IMPACT

(1-10 Scale) (1-10 Scale)

8.5 9.5
9.2 8.8
7.8 9.0
8.0 7.5
6.5 7.0
— ———

domain of "Values and Ethics for Interprofessional
Practice" surged to 4.6, indicating a profound
ideological shift among the participants. The workforce
moved away from a narrow, profession-centric
paradigm toward a patient-centric, collaborative
ethos, characterized by mutual respect and a shared
commitment to addressing the holistic needs of the
community. Similarly, the "Roles and Responsibilities"
score dramatically improved to 4.5, demonstrating
that the structural co-location of these disciplines
effectively demystified their respective scopes of
students observed

practice.  Dental actively

endocrinological  consultations, while medical
personnel directly witnessed the complexities of
managing severe periodontal infections, fostering a
deep, practical understanding of how their disciplines
biologically and operationally intersect.

Perhaps the most critical metrics for the future
sustainability of integrated health systems are the
near-perfect post-intervention scores in
"Interprofessional Communication" (4.7) and "Teams
and Teamwork Dynamics" (4.8). The intervention
successfully dismantled traditional, hierarchical
barriers that often stifle open clinical dialogue. The
shared physical space and the implementation of joint
diagnostic protocols necessitated constant, horizontal

communication. "Curbside consultations" between the
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dental operatory and the medical examination room
became normalized, routine occurrences rather than
bureaucratic anomalies. This data provides
unequivocal evidence that community-based,
interprofessional clinical practicums are not merely an

academic enhancement, but a vital necessity. By

structurally forcing collaboration during the formative
years of clinical training, the Pentahelix model
effectively ensures the cultivation of a future
healthcare workforce that is inherently fluent in the
language and logistics of integrated, systemic disease

management.

Table 4. Interprofessional Collaboration Competencies Among Participating Staff and Students

PRE-INTERVENTION
MEAN SCORE

COMPETENCY DOMAIN

POST-INTERVENTION
MEAN SCORE P-VALUE

(Max 5.0

Values and Ethics for Interprofessional Practice

Roles and Responsibilities Clarification

Interprofessional Communication

Teams and Teamwork Dynamics

4. Discussion

The results of this study wunequivocally
demonstrate that integrating oral and systemic
healthcare through a multi-sectoral Pentahelix
framework is not only structurally feasible within a
transitional health system but also yields profound
clinical and educational benefits.!! The transition from
theoretical collaborative governance to actionable
clinical policy in South Sumatra resulted in enhanced
care delivery, optimized inter-departmental workflows,
and significant improvements in patient-level
biological outcomes. The architectural paradigm
illustrated in Figure 1 delineates the theoretical and
operational framework of the Pentahelix collaborative
governance model, explicitly adapted for the structural
integration of oral and systemic healthcare. Moving
beyond the historical limitations of bilateral, localized
agreements between individual clinics and dental
schools, this schematic visualizes a macroscopic,

multi-sectoral ecosystem required to dismantle deeply

4.6 < 0.001
4.5 < 0.001
4.7 <0.001
4.8 < 0.001

entrenched clinical silos.12 The visual representation
utilizes a radial, interlocking design consisting of five
distinct helices, each signifying a vital societal sector:
Government, Academia, Industry, Community, and
Media. The continuous, rotating nature of these
helices conceptually underscores the dynamic,
mutually dependent nature of this collaborative
governance structure. No single sector possesses the
comprehensive resources—whether regulatory,
intellectual, technological, or sociocultural—to
unilaterally enforce health system integration.
Instead, the model relies on the concept of resource
dependence, where each entity contributes unique
assets to a centralized objective. The governmental
helix acts as the foundational regulatory scaffolding,
providing the legislative mandates and flexible
financial mechanisms necessary to legitimize
interprofessional workflows. Interlocking directly with

the government is the academic helix, which serves as

the intellectual and clinical engine of the intervention,
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supplying the specialized workforce and establishing
evidence-based diagnostic protocols. The industry
helix represents the critical technological bridge,
deploying the interoperable health informatics
infrastructure that physically links disparate clinical
departments. Concurrently, the community and media
helices function as the grassroots and communicative
catalysts, translating clinical availability into active
patient mobilization and enhanced public health
literacy. The convergence of these five forces at the
central hub represents the "Integrated
Interprofessional Care Model." This core is not a static
endpoint but a highly active clinical locus where
overarching public health policy is translated into
daily, patient-centered clinical practice within the
primary care setting.!3 Flowing downstream from this
central hub, the figure explicitly maps the theoretical
framework directly to the empirical findings generated
by the study. The model bifurcates into three distinct,

measurable trajectories of clinical and systemic

transformation. The first pathway, denoted by the

Government

—N

0

INTEGRATED
ORAL-SYSTEMIC
HEALTH CARE

pathophysiological reduction banner, illustrates the
biological synergy achieved by the model. It visually
maps the clinical cascade where the mitigation of
chronic localized periodontitis directly attenuates
systemic  inflammatory  burden, subsequently
culminating in improved glycemic control for diabetic
populations. The second pathway highlights the
operational synergy, demonstrating how the integrated
framework profoundly optimizes clinical workflows,
specifically  manifesting in the  exponential
enhancement of inter-departmental referral efficacy.
The third and final pathway encapsulates the
educational synergy, depicting the sustainable, long-
term impact on the healthcare workforce. This
trajectory illustrates how embedding academic cohorts
within this multi-sectoral ecosystem cultivates
superior interprofessional collaboration competencies,
ensuring that the future generation of practitioners is
inherently equipped to operate within integrated,
holistic care environments rather than antiquated

clinical silos.14

Academia

¢ . Industry

Community

PATHOPHYSIOLOGICAL REDUCTION SYSTEMIC SYNERGY THROUGH
COLLABORATIVE GOVERNANCE

alue-Based
Funding /

OF DIABETIC COMPLICATIONS

Chronic m ‘Reamu
Periodontitis Bacterial Load
Chronic Systemic hs-CRP
Inflammation Decreased

0 Glycemic [| HbAte.
Control f‘.,‘,‘;‘;f‘”"

INTERPROFESSIONAL
EDUCATION & PUBLIC HEALTH

Student
Competencies

AL

7/
(Closed-Loop) Z Public Health
Referrals Literacy

Figure 1. Pentahelix model of oral-systemic health integration: Theoretical framework and observed study synergies.
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The most compelling finding of this research is the
substantial reduction in both systemic inflammatory
burden (C-Reactive Protein) and long-term glycemic
levels (HbAlc) among patients receiving integrated
care. To comprehend the magnitude of this outcome,
it is essential to delve deeply into the underlying
pathophysiology that links the oral cavity to systemic
metabolic health. The oral cavity is not a closed
biological system; it is highly vascularized and
intimately connected to the systemic circulation.!s
Chronic periodontitis is characterized by a dysbiotic
microbial biofilm heavily populated by gram-negative
anaerobic bacteria, prominently including
Porphyromonas gingivalis, Treponema denticola, and
Tannerella forsythia. The ulcerated pocket epithelium
in severe periodontal disease provides a direct portal
of entry for these periodontal pathogens and their
highly virulent endotoxins, specifically
lipopolysaccharides, into the bloodstream.16

This chronic bacteremia and endotoxemia provoke
a robust systemic immune response. The liver is
stimulated to produce acute-phase proteins, notably
C-Reactive Protein, which was significantly elevated in
our patient cohort at baseline.1” Concurrently, the
systemic dissemination of bacterial
lipopolysaccharides triggers macrophages and other
host immune cells to hyper-secrete pro-inflammatory
cytokines, including Interleukin-1 beta, Interleukin-6,
and tumor necrosis factor-alpha. The sustained
elevation of these circulating inflammatory mediators
has profound metabolic consequences, particularly
regarding glucose homeostasis. Tumor necrosis factor-
alpha, in particular, is a known antagonist of insulin
function. It acts at the cellular level by promoting the
serine phosphorylation of Insulin Receptor Substrate-
1. This specific molecular alteration physically blocks
the normal intracellular signaling cascade required for
the translocation of glucose transporter type 4 to the
cell membrane.18 Consequently, the skeletal muscle
and adipose tissues become highly resistant to insulin,
exacerbating hyperglycemia in diabetic patients.

Furthermore, this chronic systemic inflammation

induces profound endothelial dysfunction. The

inflammatory cytokines downregulate the endothelial
expression of nitric oxide synthase, leading to a
reduction in nitric oxide, a crucial vasodilator. This
endothelial impairment accelerates atherogenesis,
increasing the risk of cardiovascular events, which are
the leading cause of mortality in diabetic populations.
By executing the Pentahelix collaborative model, the
primary care centers were able to structurally
guarantee that diabetic patients received immediate,
expert non-surgical periodontal therapy provided by
the integrated academic dentistry teams. The physical
debridement of the subgingival biofilm drastically
reduced the localized bacterial load, which
subsequently attenuated the influx of
lipopolysaccharides into the systemic circulation. This
intervention effectively short-circuited the systemic
inflammatory loop. The observed reduction of C-
Reactive Protein in our results directly reflects this
diminished inflammatory state. With the suppression
of systemic Interleukin-6 and Tumor Necrosis Factor-
alpha, insulin sensitivity at the cellular receptor level
was restored, directly resulting in the remarkable 0.9%
reduction in HbAlc. This biological cascade
underscores why integrating dental academics into
primary care is not merely an administrative
convenience but an absolute pathophysiological
necessity for comprehensive chronic disease
management.19

From a theoretical policy perspective, the success
of this integration relies heavily on the dynamics of
Resource Dependence Theory and collaborative
governance inherent in the Pentahelix model.
Transitional health systems often suffer from
asymmetrical resource distribution; primary care
centers possess massive patient catchment areas and
community trust but frequently lack specialized
clinical expertise and advanced diagnostic technology.
Conversely, academic institutions possess immense
intellectual capital, specialized workforce (clinical
students and faculty), and research capabilities, but
require community platforms for public health
translation and student education. The Pentahelix

framework brilliantly orchestrates a symbiotic
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exchange of these resources. The government acts as
the critical catalyst, providing the legal and financial
scaffolding necessary to legitimize the collaboration.
The inclusion of the technology industry was
paramount; as our results showed, the referral
completion rate skyrocketed from twelve percent to
nearly seventy-seven percent. This was not achieved
by simply co-locating professionals but by deploying
an integrated, interoperable electronic health record
system that broke down the informational silos,
enforcing a shared digital reality for both physicians
and dentists. Finally, the engagement of the
community and media ensured that the clinical
interventions were supported by grassroots health
literacy, shifting patient behavior from reactive, pain-
driven dental visits to proactive, systemic-focused

preventative care.20

5. Conclusion

The structural isolation of dentistry from primary
medical care is an antiquated paradigm that
contradicts the established biological realities of
human pathophysiology. This study definitively
illustrates that the Pentahelix model offers a highly
effective, adaptable policy framework for integrating
oral and systemic healthcare within transitional
environments such as South Sumatra, Indonesia. By
uniting government authority, academic expertise,
industry innovation, community advocacy, and media
outreach, health systems can successfully dismantle
clinical silos. The resulting collaborative ecosystem not
only significantly enhances the interprofessional
competencies of the future healthcare workforce but
also delivers profound, biologically measurable
improvements in the management of complex,
systemic non-communicable diseases. Policymakers
must move beyond isolated pilot programs and
formally institutionalize multi-sectoral collaborative
governance to realize the wultimate goal of
comprehensive, equitable, and integrated public
health.
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