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Abstract

Background: Oral joint-support products are widely used in synovitis and early cartilage
degeneration, but their clinical differentiation often depends less on ingredient
presence than on formulation logic. In this study, we evaluated a four-component oral
system containing glucosamine hydrochloride (Glc HCl), chondroitin sulfate (CS),
methylsulfonylmethane (MSM), and graded molecular weight sodium hyaluronate (HA),
and we matched its internal performance dataset with published randomized human
trials relevant to each design pillar. Methods: We summarized the formulation
architecture and internal comparator results, then searched public biomedical sources
through March 2026 for controlled human studies on glucosamine, chondroitin, MSM,
and oral hyaluronic acid in knee osteoarthritis or synovitis-related symptom settings.
Results: The internal dataset consistently ranked the complete four-component
architecture above the simplified comparator across mixing uniformity, effusion
resolution, cartilage-repair effect, utilization efficiency, and overall therapeutic effect.
Published trials showed that adding MSM to glucosamine-chondroitin improved WOMAC
and VAS outcomes by week 12 in mild knee osteoarthritis, that oral HA-containing
regimens improved WOMAC domains in selected mild-pain populations, and that broad-
spectrum oral sodium hyaluronate could reduce pain scores and rescue-drug use over 8
weeks. Balanced evidence also showed that glucosamine-chondroitin was neutral in the
overall GAIT population but beneficial in a moderate-to-severe pain subgroup, while
another short-term HA-glucosamine-chondroitin study in moderate pain did not show
superiority over placebo. Conclusions: We found a coherent translational rationale for
the NVTIA architecture: Glc HCl and CS support matrix biology, MSM strengthens
symptom control, and graded HA improves synovial-environment relevance. Direct
prospective validation of the exact formulation remains the next decisive step.
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1. Introduction

Synovitis and cartilage degeneration frequently coexist in osteoarthritic joints, where pain,
swelling, effusion, and progressive functional decline form a clinically meaningful cluster rather
than isolated symptoms. In practice, oral multi-ingredient regimens are often used before
invasive escalation, yet many formulations differ only superficially and do not explain why their
architecture should matter clinically.

We focused here on a four-component system built around Glc HCI, CS, MSM, and graded
molecular weight sodium hyaluronate. The scientific question was not whether these
ingredients are familiar, but whether combining sulfur support and a graded HA architecture
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creates a clinically more defensible oral design than a simplified comparator lacking MSM and
molecular-weight gradation.

To answer that question responsibly, we kept two evidence layers distinct. First, we
summarized the internal formulation-performance dataset that compares the complete system
with a structurally simplified comparator [1]. Second, we assembled published randomized
human trials relevant to the same biological axes: matrix support through glucosamine-
chondroitin, symptomatic gain from MSM, and synovial-environment support from oral
hyaluronic acid. This approach allowed us to write a stand-alone clinical manuscript without
overstating what has and has not yet been demonstrated directly.

2. Materials and Methods

2.1. Formulation Architecture and Internal Comparator Dataset

We examined three formulation embodiments and one comparator. The embodiments
combined Glc HC], CS, MSM, and graded molecular weight HA, whereas the comparator omitted
MSM and used a single high-molecular-weight HA form. We preserved the internal qualitative
performance descriptors and the stated utilization-efficiency ranges.

Table 1. Four-component composition architecture and intended positioning

Glc
cS MSM
Group HCl1 HA architecture Positioning
(parts) | (parts)
(parts)
Moderate-to-severe  acute/chronic
Embodiment Graded MW HA, 30
150 75 55 synovitis; strongest overall
1 parts
positioning
Chronic synovitis; stronger
Embodiment Graded MW HA, 45
180 90 70 sustained-release and cartilage-
2 parts
repair emphasis
Embodiment Graded MW HA, 15 | Milder acute synovitis or lower-
120 60 40
3 parts intensity oral support
Single  high-MW | Simplified control lacking MSM and
Comparator 150 75 0
HA, 30 parts HA gradation

2.2. Identification of Published Clinical-trial Evidence

For public clinical evidence, we searched PubMed, PubMed Central, and registry-linked trial
records through March 2026 for randomized or controlled human studies involving oral
glucosamine, chondroitin sulfate, MSM, sodium hyaluronate, or hyaluronic acid in knee
osteoarthritis and closely related symptom settings. We prioritized trials that reported WOMAC,
VAS, KOOS, LFI, SF-36, OMERACT-OARSI response, rescue-medication use, or comparable
patient-centered outcomes.
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Table 2. Published human clinical trials relevant to the NVTIA four-component logic

. . Relevance to the
Population / Intervention and .
Study . . Main outcomes four-component
design duration .
design
Glucosamine, No overall pain Sl.lper.lorlty
chondroitin for the combination in the Provides a
Clegg et al, | 1,583 patients L full cohort; moderate-to-
. combination, . balanced
2006 with knee OA; . severe pain  subgroup
. celecoxib, or benchmark for the
(GAIT) multicenter RCT responded  better  to .
placebo for 24 . Glc/CS axis
combined therapy than to
weeks
placebo
All active groups
118 patients with Glucqsamlne 500 1mpro.ved.; the Glu+MSM
: mg t.i.d., MSM 500 | combination produced
mild-to-moderate . Supports the
Usha and mg tid., | faster and larger | " .
. knee OA; double- o . . . clinical value of
Naidu, 2004 . combination, or | reductions in pain, ..
blind  placebo- . retaining MSM
. placebo for 12 | swelling, and Lequesne
controlled trial ) A
weeks index than individual
agents
MSM 3 twice MSM improved WOMAC | Shows MSM can
Kimetal, | Adults with knee dailv vs & lacebo pain and physical function | contribute beyond
2006 OA; pilot RCT y p and SF-36 activities of daily | matrix-support
for 12 weeks . . .
living versus placebo ingredients
147 patients with At week 12, WOMAC and
. p GC vs GCM vs | VAS differed significantly | Directly supports
Lubis et al, | grade I-II knee
. placebo for 12 | among  groups; GCM | the  Glc/CS/MSM
2017 OA; double-blind
weeks showed the  clearest | subsystem
RCT . .
clinical benefit
606 patients with CS+GH reduced WOMAC | Confirms that a
Hochberg et aingﬂ knee OA: CS+GH vs | pain by ~50%, met non- | Glc/CS  backbone
al., 2016 p . . " | celecoxib for 6 | inferiority to celecoxib,and | can be clinically
non-inferiority o . . .
(MOVES) RCT months similarly improved | active in
swelling/effusion symptomatic OA
47 patients with Week-8 WOMAC pain,
Wane et al mild knee OA | Liquid low-MW | stiffness, function, and | Supports the oral-
2521 ” | pain; double- | HA regimen for 8 | total scores improved | HA pillar in mild-
blind placebo- | weeks significantly from baseline | pain settings
controlled trial and versus placebo
60 sub]ects_ with Broad-spectrum VAS pain, WOMAC pain and Supports
. symptomatic . total score, Lequesne
Cicero et al,, oral sodium | . graded/broad-
knee OA; double- index, ROM, and rescue-
2020 . hyaluronate for 56 . spectrum oral HA
blind placebo- drug use improved versus
. days relevance
controlled trial placebo
Wang et al,, 80 subjects with Liquid HA  + | No significant superiority Shows thaF short-
moderate  knee . term benefit is not
2021 ain: double- glucosamine + | over placebo on KOOS, universal and keeps
(moderate El' ; chondroitin for 8 | WOMAC, SF-36, or sleep . P
ain) ind placebo- weeks outcomes the interpretation
p controlled trial balanced
51 patients with | HA-based Both active groups
mild-to-moderate | supplement vs | improved; the HA arm Supports oral HA as
Minoretti et | knee OA; | Glc+CS outperformed Glc+CS for pp . L
. . ) . a  differentiating
al,, 2024 randomized supplement vs no | pain at rest, pain during dlar
single-blind pilot | treatment for 4 | movement, and WOMAC p
study weeks pain
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2.3. Practical Framework for Future Direct Validation

We used the rheumatology and clinical-research infrastructure of University Hospital Basel and
the University of Basel as a realistic implementation framework for future direct validation of
the exact four-component formula, because these institutions publicly describe both
rheumatology care capacity and outpatient clinical-trial operations.

Table 3. Basel implementation framework for prospective verification

Basel
Potential role in direct
implementation Publicly listed details
validation
element

Screening, phenotyping,
Rheumatology University  Hospital Basel, = Rheumatology,

ultrasound, specialist
setting Petersgraben 4, 4031 Basel, Switzerland

follow-up

Department of Clinical Research, University of

Protocol operations, data
Clinical trial | Basel c/o University Hospital Basel, Spitalstrasse

management, monitoring,
operations 8/12 and Schanzenstrasse 55, CH-4031 Basel,

outpatient trial visits

Switzerland

Aligns the exact formulation
Primary / supportive | WOMAC, VAS, SF-36, ultrasound effusion, cartilage-

with clinically interpretable
endpoints related imaging or biomarkers

joint outcomes

3. Results

The internal comparator dataset makes the formulation argument unusually explicit. Across
three embodiments, the complete four-component architecture remained associated with
better mixing behavior, stronger effusion resolution, better cartilage-repair positioning, and
markedly higher active utilization than the simplified comparator. Embodiment 1 carried the
strongest overall internal ranking.

The published human-trial dataset then adds a clinically useful second layer. It does not prove
efficacy for the exact NVTIA formula, but it does show that the two features differentiating the
formula from simpler joint products - MSM retention and oral HA retention - each have
supporting clinical signals in humans.

Table 4. Internal formulation-performance comparison

Comparison item Emb. 1 Emb. 2 Emb. 3 Comparator
Component mixing uniformity Excellent Good Good Poor
Joint effusion resolution effect Excellent Good Good Poor
Cartilage repair effect Excellent Good Good Poor
Active ingredient utilization efficiency >90% >85% >80% <30%
Overall therapeutic effect Excellent Good Good Poor
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Figure 1. Patent-derived qualitative performance scorecard
(Excellent=4, Good=3, Basic=2, Poor=1; visualization only)

Emb. 1

Emb. 2

Emb. 3

Comp.

Mixing Effusion Cartilage Utilization Overall
uniformity resolution repair efficiency therapeutic effect

Figure 1. Preserved internal scorecard visualizing formulation-performance ranking across
the four groups.

The scorecard preserves the qualitative ranking logic from the original qualitative figure: the
complete four-component embodiments consistently outperformed the simplified comparator
across all five dimensions, and Embodiment 1 carried the strongest overall internal profile.

3.1. Glucosamine-chondroitin-MSM Evidence Stream

The randomized clinical literature indicates that MSM is the most important symptomatic
differentiator added on top of a glucosamine-chondroitin backbone. In Usha and Naidu, the
Glu+MSM arm produced faster and larger improvement than either component alone, while
Lubis et al. showed that glucosamine-chondroitin-MSM outperformed both glucosamine-
chondroitin and placebo at week 12 on WOMAC and VAS. MSM monotherapy also improved
WOMAC pain and physical function in the Kim pilot study [3-5]. These trials collectively support
the decision to retain MSM as an essential pillar rather than an optional adjunct.

Figure 2. Published week-12 change from baseline in a randomized trial
&C vs GCM vs placebo (Lubis et al., 2017) 0

Change from baseline

—-10 -

—121 I WOMAC change at week 12

W VAS change at week 12

—14 4

GC 133 cem Placebo

Figure 2. Preserved clinical figure summarizing week-12 changes in the glucosamine-
chondroitin versus glucosamine-chondroitin-MSM trial.
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By contrast, the GAIT trial reminds us that glucosamine-chondroitin alone should not be treated
as uniformly effective in every setting: the overall trial was neutral, although the moderate-to-
severe pain subgroup showed a higher response rate with combination treatment than with
placebo [2]. The MOVES study adds a different perspective, showing that glucosamine
hydrochloride plus chondroitin sulfate achieved non-inferiority to celecoxib over 6 months in
painful knee osteoarthritis [6].

3.2. Oral Hyaluronic-acid Evidence Stream

The oral-HA literature provides the second major translational support line. In the mild-pain
Wang trial, week-8 reductions from baseline were reported for WOMAC pain (-2.6), stiffness (-
1.2), physical function (-5.8), and total score (-9.4), with between-group differences favoring
the active regimen [7]. Cicero et al. reported that broad-spectrum oral sodium hyaluronate
improved pain VAS, WOMAC pain and total score, Lequesne index, range of motion, and rescue-
medication use over 56 days [8]. Minoretti et al. further suggested that an HA-based
supplement can outperform a glucosamine-chondroitin supplement on pain-at-rest, pain-
during-movement, and WOMAC pain in a short pilot setting [10].

Figure 3. Published week-8 WOMAC improvements with an oral HA-containing regimen
(Wang et al., 2021)

Mean change from baseline at week 8

Q 4
(O s

Pain Stiffness Function Total

Figure 3. Preserved figure showing week-8 WOMAC improvements reported for the mild-
pain oral HA regimen.

At the same time, oral HA should not be described as universally effective across all pain
phenotypes or study designs. In a separate 8-week moderate-pain study, a liquid HA-
glucosamine-chondroitin mixture failed to show significant superiority over placebo on KOOS,
WOMAUG, SF-36, or sleep-quality endpoints [9]. We therefore interpret the HA pillar as clinically
promising but context-sensitive.

3.3. Operational Pathway for Direct Confirmation

Because the exact four-component formula has not yet been directly verified in a completed
public head-to-head randomized trial, the next critical step is a dedicated prospective study
using rheumatology-linked recruitment, validated patient-reported outcomes, ultrasound
assessment of effusion, and pragmatic medication-use tracking. The Basel platform is suitable
for that task because the rheumatology service and the Department of Clinical Research are
both publicly positioned to support such work.
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Proposed Swiss Clinical Implementation Framework

Clinical Setting Study Operations Endpoints
University Hospital Basel Department of Clinical Research WOMAC, VAS, SF-36
—- University of Basel - - ndi
Rheumatology : 34 Ultrasound findings
Petersgraben 4 Spitalstrasse 8/12 Effusion and cartilage
4031 Basel, Switzerland CH-4031 Basel, Switzerland measures

Translational clinical framework for future verification of the exact four-
component system.

Figure 4. Preserved operational framework illustrating a practical Basel-based pathway for
future clinical verification of the exact four-component system.

4. Discussion

When we read the internal dataset against the published trials, the differentiation logic
becomes clinically coherent rather than merely promotional. Glc HCI and CS address cartilage-
matrix support; MSM adds a symptom-control axis that has shown value beyond glucosamine-
chondroitin alone in randomized studies; and oral HA contributes a synovial-
microenvironment and lubrication narrative that is no longer purely theoretical because
multiple controlled human studies report pain and WOMAC-related benefits in selected
populations.

The evidence base is also not uniformly positive, and that balance is important. The GAIT trial
did not show overall superiority of glucosamine, chondroitin, or the combination in the full
study population, although the moderate-to-severe pain subgroup favored combined therapy.
Likewise, a short-term study of a liquid HA-glucosamine-chondroitin mixture in moderate knee
pain did not show superiority versus placebo. We therefore interpret the formulation as
clinically differentiated and testable, not as already definitively proven.

The most informative next step would be a prospective randomized trial of the exact four-
component formulation with WOMAC pain and function, VAS, ultrasound effusion, rescue-
medication use, and possibly cartilage-related imaging or biomarker endpoints. A
rheumatology-linked clinical-trial platform such as the Basel framework would be technically
well suited to that design.

5. Conclusion

In this study, we found that the NVTIA four-component synovitis composition has a stronger
clinical rationale than a simple ingredient-list product. Its internal comparator dataset favors
the complete architecture, and the published human literature provides relevant support for
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the MSM and oral-HA pillars that most clearly differentiate it from standard glucosamine-
chondroitin regimens. The exact formulation still requires direct human confirmation, but the
superiority hypothesis is sufficiently well grounded to justify prospective validation.
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