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Osteoarthritis (OA) is characterized by degenerative
changes within joint tissues, including morphological
alterations and loss of cartilage integrity.! Although
the onset of the disease is often correlated with
age-related joint degeneration, various factors,
including obesity, genetic predisposition, and
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ABSTRACT

Objectives: The aim of this study was to assess the effect of
Naturagen® 4 Joint product, containing type 1, 2, and 3 collagen, on
pain associated with osteoarthritis (OA) and to evaluate its effects on
quality of life and physical functioning.

Patients and methods: This double-blind, randomized,
placebo-controlled clinical study included a total of 31 patients
(8 males, 23 females; mean age: 53.5+9.1 years; range, 35 to 65 years)
with Grade 2-3 OA according to the Kellgren-Lawrence (KL)
classification system between June 2023 and November 2023. The
patients were divided into two groups: a collagen group (n=16) and
a placebo group (n=15). The Visual Analog Scale (VAS), Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
Knee Injury and Osteoarthritis Outcome Score (KOOS-PS), Oxford
Knee Score (OKS), Tampa Scale for Kinesiophobia (TSK), Short
Form Health Survey (SF-12), Foot Function Index (FFI), Timed Up
and Go (TUG), 6-Min Walking Test (6MWT), Five Repetition Sit
to Stand Test (5STS), Stair Climbing Test (SCT), and Berg Balance
Scale (BBS) were used. All tests were performed before and after
eight weeks of collagen supplementation.

Results: Eight weeks of collagen supplementation yielded notable
enhancements across all osteoarthritis-related pain and quality of life
scales evaluated, including VAS, WOMAC, KOOS-PS, OKS, TSK,
SF-12, and FFI scores (p<0.05). In functional evaluations, there were
significant positive effects of collagen use in BBS and 6MWT results
(p<0.05). In TUG, 5STS, and SCT tests, no significant difference was
found between the groups (p>0.05).

Conclusion: Our study results suggest that the eight-week
collagen-based supplement exerts a favorable effect on pain and quality
of life levels, as well as some functional test results.

Keywords: Collagen supplement, osteoarthritis, pain, physical function, quality
of life.
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stress, can exacerbate OA by inducing low-grade
systemic inflammation.”?’ During the early stages
of the disease, symptoms manifest as irregularities
within the collagen matrix and fragmentation of
collagen fibers, resulting in higher water content
within affected tissues.’! Furthermore, systematic
inflammation and active synovitis play a central
role in the pathophysiology of both rheumatoid
arthritis and OA, which can be influential in disease
progression. This condition manifests with a range
of symptoms, including joint stiffness, reduced
mobility, and musculoskeletal pain, all of which
significantly impact the quality of life for affected
individuals.®” Therefore, it is of utmost importance
to develop effective treatment and management
strategies that consider both the biomechanical and
inflammatory components of OA.

Strategies used to treat OA include home physical
therapy, physiotherapy, medications, and, in severe
cases, joint replacements.’! Common treatment
modalities for knee OA include over-the-counter
painkillers such as acetaminophen, non-steroidal
anti-inflammatory drugs (NSAIDs), and hyaluronic
acid (HA) injections present an alternative option
for treating OA by replenishing synovial fluid and
restoring joint viscoelasticity.'” These medications
can help relieve pain; however, their effects are
usually transient and do not affect the disease process;
long-term use may also cause side effects such as
stomach disorders, decreased efficacy of diuretics,
and inhibition of kidney function.!''? Furthermore,
numerous studies have indicated that compounds
such as glucosamine sulfate, chondroitin sulfate, and
collagen derivatives have the potential to alleviate
symptoms associated with OA. This evidence supports
the notion that these compounds may serve as a viable
treatment option for OA.[1314

Collagen is a fibrous protein composed of
peptides with a unique molecular structure that
provides strength and elasticity. It is found in all
animals, and its production in the body is thought
to decrease with chronological age.™ It is the
most common component of the solid matrix of
articular cartilage, and collagen supplementation
has been highlighted as an important option to
prevent progressive cartilage damage over time
and accelerate the healing process after the
onset of OA.M'%7l Hydrolyzed collagen peptide
and non-hydrolyzed collagen, which are two
different forms of collagen supplementation
frequently used for the knee joint, have different
mechanisms of action.™ Non-hydrolyzed collagen,
a frequently used component in OA treatment,
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has been shown to benefit by increasing joint
comfort in clinical studies.'” However, as it is not
hydrolyzed, absorption is low and, thus, collagen
must be hydrolyzed to become a physiologically
usable supplement.?*?! Hydrolyzed collagen
contains amino acids and peptides of varying
lengths that resist hydrolysis, making them
highly bioavailable.?>?! Numerous studies have
demonstrated that the oral intake of hydrolyzed
collagen can stimulate chondrocytes and enhance
macromolecule synthesis within the extracellular
matrix, thereby leading to cartilage regeneration.
This process occurs subsequent to collagen
absorption from the intestines and its deposition
within the articular cartilage.?” In addition, it has
been shown to have beneficial effects on bone,
joints, skin, blood sugar, blood pressure, lipid
metabolism, and the immune system.?52

The dietary supplement investigated in our study
comprises a blend of type 1 and type 3 collagen
peptides, along with type 2 hydrolyzed collagen,
glucosamine sulfate, chondroitin sulfate, HA, and
vitamin C. This formulation stands out for its
distinctive composition among collagen supplements.
In the present study, we hypothesized that collagen
supplementation containing all these components
could exert a beneficial impact on symptoms
associated with OA. We, therefore, aimed to assess
the effects of supplementation with type 1 and
type 3 collagen peptides, as well as type 2 hydrolyzed
collagen, on OA-related pain, quality of life, and
physical functionality.

PATIENTS AND METHODS

Investigational products

The study product was provided by Naturagen®
4 Joint Naturagen Hag Kozmetik AS, Tirkiye,
registered with the United States (US) Food and
Drug Administration (FDA) (Registration No:
12537420128). The product contained 15 stick sachets
of 5.75 grams in a box. Naturagen® 4 Joint contained
varying amounts of PROFIN® bovine collagen
peptides (type 1 and type 3), glucosamine sulfate,
chondroitin sulfate, methylsulfonylmethane, malic
acid, lemon flavoring, calcium l-ascorbate, HA,
maltodextrin, olibanum gumresin extract, chicken
hydrolyzed collagen (type 2), silicon dioxide, steviol
glycosides, and vitamin C. The ingredient profile of
the product is shown in Table I. The placebo product
contained 5.2 g of maltodextrin. Both products
contained sweeteners with the same flavor. All
products had the same appearance, taste, and
texture.
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TABLE |
Product ingredients and daily doses

Ingredients Daily intake dose
per sachet (mg)
Collagen peptides (type 1, 3) 2000
Glucosamine sulfate 1500
Chondroitin sulfate 750
Methylsulfonylmethane 500
Hyaluronic acid 100
Olibanum gumresin extract 50
Hydrolyzed collagen (type 2) 40
Vitamin C 100

Study design and study population

Thisdouble-blind, randomized, placebo-controlled
clinical study was conducted at Samsun Traing and
Research Hospital, Department of Orthopedics and
Traumatology between June 2023 and November
2023. We investigated the effects of eight weeks of
use of Naturagen® 4 Joint, a combination of type
1 and type 3 collagen peptide and type 2 hydrolyzed
collagen, glucosamine sulfate, chondroitin sulfate,
HA, and vitamin C, on various pain and quality of
life scales, balance and various functional test results
in patients with OA. The study included 31 patients
(8 males, 23 females; mean age: 53.5+9.1 years; range,
35 to 65 years) with Grade 2-3 OA according to
the Kellgren-Lawrence (KL) classification system.

TABLE Il
Inclusion and exclusion criteria for the study

Inclusion criteria

- Non-vegetarian

- Willing to participate in all scheduled visits and tests
Exclusion criteria

KL radiographic Grade 1 or 4 with a diagnosis of knee OA

- Diagnosed with unilateral KL radiographic Grade 2 or 3 knee OA for more than three months
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Inclusion and exclusion criteria are listed in Table II
and the study flowchartisshowninFigure 1. A written
informed consent was obtained from each patient.
The study protocol was approved by the Sinop
University, Faculty of Medicine, Human Research
Ethics Committee (date: 14.09.2023, no: 2023/183). The
study was conducted in accordance with the ICH
Good Clinical Practice Guidelines and principles of
the Declaration of Helsinki. The study was registered
at Iran Clinical Trials Registry with the registration
number of IRCT20240411061470NT1.

At their first visit, in addition to descriptive
information and limb lengths, Visual Analog Scale
(VAS), Knee Injury and Osteoarthritis Outcome
Score Physical Function Short Form (KOOS-PS),
Oxford Knee Score (OKS), Tampa Scale for
Kinesiophobia (TSK) and Short Form Health Survey
(SF-12) scales, Timed Up and Go (TUG) and Stair
Climbing Test (SCT) tests were performed. On the
day following the first visit, the Western Ontario
and McMaster Universities Osteoarthritis Index
(WOMAC), Foot Function Index (FFI), Berg Balance
Scale (BBS) scales, six-minute walk test (6MWT),
and Five Repetition Sit to Stand Test (5STS) tests
were performed. After completion of the pre-tests,
all participants were randomized to one of the
two treatment groups using computer-approved
software (www.random.org) and divided into
collagen (n=16) and placebo (n=15) groups. Blinding
of the products was performed using blinding
codes in sealed envelopes. The participants and the

- Any history of trauma, fracture, or surgery on the index joint

- Evidence or history of clinically significant hematologic, renal, endocrine, pulmonary, gastrointestinal, cardiovascular, hepatic, or
neurologic diseases or malignancies within the last five years

- History of hypersensitivity to the rescue medication or any of the products used in the study
- Active viral or bacterial infection according to clinical examination
- Expected knee arthroscopy or arthroplasty or life-threatening pathology

- Received intra-articular injections or corticosteroids in the target knee joint (the most painful knee at screening) within the last six
months

- Patients with intolerance to protein-based foods or supplements, pregnant or breastfeeding women, and those with alcohol dependence

KL: Kellgren-Lawrence; OA: Osteoarthritis.
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Enroliment .

Assessed for eligibility
Male and female between the ages of 35-65 years diagnosed with
Grade 2 and 3 osteoarthritis (n=45)

A

1st Data collection
Pre-test .

All tests and scales were completed in two days (n=45)

Declined participation (n=7)

Excluded (n=7)

Y

Y

Placebo

Randomization . (n=19)

Collagen
(n=19)

Follow-up .

Supplementation period (8 weeks)

Excluded (n=4)
Not participating in tests (n=4)

Excluded (n=3)
Irregular use of supplements (n=3)

Y

Y

2" Data collection
Post-test .

All tests and scales were completed in two days (n=31)

Y

Y

Analysis . Analyzed (n=15)

Analyzed (n=16)

FIGURE 1. Study flowchart.

investigators responsible for data collection were
blinded to treatment allocation. The participants
were instructed to consume the products according
to the manufacturer's recommendation, one sachet
per day, dissolved in one glass (200 mL) of water,
for a total of eight weeks. For a thorough follow-up
process, the participants were assigned diary
cards, and their product use was recorded in this
way. The participants were also asked to maintain
their general daily physical activity levels and not
to participate in any physical activity program
during the study period. Throughout the study,
analgesics were allowed to be used as rescue
medication except for 48 h before the measurements.
The participants returned after eight weeks of
product use, and post-tests were completed on two
consecutive days in the same order as the pre-tests.
All measurements in the study were performed
at the same time of the day (01:00-03:00 PM). The
primary endpoint of the study was the successful
completion of the final tests after eight weeks of
product use, and the secondary endpoints were

the patient's unwillingness to continue the study
for various reasons, discontinuation of product use
earlier than eight weeks, any trauma to the index
joint, and the development of hypersensitivity to
the product used in the study. In previous studies,
collagen supplementation was evaluated at various
follow-up periods such as 4, 6, 8, 12, and 24 weeks,
and it was predicted that tissue regeneration and
treatment effects could be observed at eight weeks
of follow-up, although there were changes according
to the type of test.[121327-2]

Assessment tools
Pain and quality of life scales

The VAS is a 100-mm line used for self-assessment
of knee pain by patients. Patients indicate their pain
level by marking a point on the line between mo
pain' and 'excruciating pain.' A higher score indicates
greater pain intensity.

The WOMAC is a 24-item scale consisting of
three dimensions: pain (five questions), stiffness
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(two questions), and physical function (17 questions).
It is scored on a five-point Likert scale (none, mild,
moderate, severe, extreme). It is calculated by
standardizing to a range of values from 0 to 100. A
higher score indicates increased pain, stiffness, and
functional limitations.

The KOOS-PS scale is used to assess the activities
of daily living and physical function of people
with OA and knee injuries. All items are scored
on a five-point Likert scale from 0-4 (none, mild,
moderate, severe, extreme). The maximum score is
100. A score of 0 indicates that there is no problem,
and a score of 100 indicates that the knee problem
is serious.

The OKS is used to assess pain and functional
status and consists of 12 questions about problems
the patient has experienced in the knee in the
last four weeks. The raw score is a value between
0 and 48. Low scores indicate poor knee function
and pain.B¥

The TSK includes 17 questions covering fear of
falling and fear of movement and scores range from
1 to 4. Questions 4, 8, 12, and 16 were reversed. A high
score (maximum 68) indicates that the patient has a
high fear of falling and moving.*"

The SF-12 consists of two different dimensions:
Physical Component Score (PCS) and Mental
Component Score (MCS). Both SF-12 PCS and SF-12
MCS are scored between 0 and 100. A higher score
indicates better health.
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The FFI pain consists of 23 items with three
subgroups: pain, disability, and activity limitation.
Higher scores indicate more pain, disability, and
activity limitation.®? After summing the scores
obtained from the patients' answers, the resulting
score is divided by the total maximum score that
these questions can receive. The number obtained is
multiplied by 100, and the total score is calculated.

Functional tests

The TUG is a simple test which evaluates how
quickly one can stand up and sit down. The patient
is asked to stand up from a seated position on a
standard chair, walk three meters, turn around, and
sit back on the chair. The use of assistive devices such
as canes is allowed when necessary, and the elapsed
time is recorded.

The 6MWT is standardized tool to measure
functional capacity. The patients are asked to walk
as fast as they can safely in a 30 m corridor for 6 min,
with the chance to stop and rest when needed.
Patients who regularly use assistive devices such as
canes are able to use them during the test. At the end
of 6 min, walking distance is recorded in meters.

The 5STS is a simple physical performance test.
Before starting the test, the patients are asked to cross
their arms across their chest and sit and stand on the
chair once. They are, then, asked to sit and stand five
times as fast as possible. After five repetitions, the
elapsed time is recorded.®”

TABLE Il
Baseline demographic and clinical characteristics of patients

Placebo (n=15)

Collagen (n=16)

MeanxSD n % MeanxSD

Characteristic
Age (year)
Height (cm)
Weight (kg)
BMI (kg/m?)

Sex

Female 11
Male 4

Osteoarthritis side

55.4+6
163.6+7.4
86.8+15.8

32.4+5

51.5+11.4
167+7.3

87.8+13.1
31.6+5

12

Right 5 33

Left 10 67
Dominant side

Right 15 100

Left - -

10

16

63
37

100

SD: Standard deviation; BMI: Body mass index.
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Interaction

Collagen

Placebo

Group x time

Group Time

Post-Post

Pre-Pre

Post
Mean+SD

Pre

Mean+SD

Post
Mean+SD

Pre
Mean+SD

p

0.018*
<0.028*
<0.001*

p
0.289
0.882
0.378

0.019*

0.302
0.811

0.023*
0.187

0.001*

0.592
0.722
0.154
0.181

0.179
0.340
0.057
0.092
0.197
0.109

5+2.6
13.3+5.1

2.9

17.2+6.3

6.9%
24.5+8

6.5£2.5
15.6+£5.9
16.8+£9.2
41.7+9.8
36.4+8.7

VAS

0.028*
<0.001*
<0.001*
<0.001*

0.003~
0.001*

15.3+5.5
18.5+8.2
40.2+10.1

KOOS-PS
OKS

0.005*
0.195
0.082
0.265

0.086
0.956
0.414
0.751

13.316.1
38.9+9

0.335

0.002*

0.613
<0.001~

0.023*
<0.001*

43.1+7.5
29.1x11.7
48.5+8.2

0.429
0.894
0.909
0.791

Tampa

43+11.4
42.2+8.6

36+9.9
45.7+9.3

SF-12 physical
SF-12 mental
WOMAC pain

0.054
<0.001~

0.010*
<0.001*

46+8.5
6.2+3.6
2.8+1.9
24.5+12.2
34.9+17.1

0.012*

0.023*
0.401

3+1.8

9.9+3.1

6.5£2.9

0.118
<0.001*
<0.001*

0.614

0.941
<0.001*
<0.001*

0.148
<0.001*
<0.001*

SD: Standard deviation; VAS: Visual Analog Scale; KOOS-PS: Knee Injury and Osteoarthritis Outcome Score Physical Function Short Form; OKS: Oxford knee score; SF-12: Short-Form Health Survey; WOMAC Western

Ontario and McMaster Universities Osteoarthrtis Index; * p<0.05.

1.3

2.9+
15.9+6.1

3.8x2.4
35.1x11.4
50.8+16.4

0.165
0.526

1.9£2.2
26.31£9.6

WOMAC stiffness

0.002*
0.001*

0.012*

WOMAC physical function

WOMAC total

0.023"

21.2+7.7

0.764

36+12.9
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The SCT is a simple functional exercise test. The
patients are asked to ascend and descend 10 flights
of stairs, as fast as they can without endangering
themselves (step height 20 cm). During the test, the
patients are allowed to hold on to the bars next to the
ladder. The time taken to complete the movement is
recorded in sec.

The BBS is a scale developed to assess the risk of
falls and loss of balance in patients. A score of 0-4 is
given for each item. The total score is 56. A score of
0-20 indicates a high risk of falling, a score of 21-40
indicates a moderate risk of falling, and a score of
41-56 indicates a low risk of falling. A standard chair,
a standard step, a 15 m-long corridor, and a stopwatch
are used for the test, and the total score is recorded.

Statistical analysis

Study power and sample size calculation were
performed using the G*Power version 3.1 software
(Heinrich-Heine-Universitit Diisseldorf, Diisseldorf,
Germany). Accordingly, it would be appropriate
to conduct the study with 14 participants in both
groups (effect size r: 0.87, lower and upper critical
p=0.55, true power=0.91).

Statistical analysis was performed using the
IBM SPSS version 22.0 software (IBM Corp.,
Armonk, NY, USA). Descriptive data were
expressed in mean + standard deviation (SD),
median (min-max) or number and frequency,
where applicable. The Shapiro-Wilk test was
applied to check the normality of data distribution.
Differences in characteristics across groups were
assessed using the one-way analysis of variance
(ANOVA) test. Group comparisons over time
were conducted using a mixed repeated-measures
analysis of variance (RM ANOVA), with post-hoc
analyses adjusted using the Bonferroni correction.
In this study, we considered 'time' (pre- and
post-measurements) and 'group' (placebo and
collagen) as within-subject and between-subject
factors, respectively. We confirmed the sphericity
assumption using Mauchly's test; if violated
(p<0.05), we applied the Greenhouse-Geisser
correction. As a key assumption, we also tested
the interaction between time and group. A two-
tailed p value of <0.05 was considered statistically
significant.

RESULTS

Descriptive data of the patients are presented in
Table III. There was no statistically significant
difference between the placebo and collagen groups
(p>0.05).
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Table IV presents the pre- and post-comparison
of pain, kinesiophobia, and quality of life scales in
the placebo and collagen groups. Based on these
evaluations, the collagen group showed positive
results with statistical significance in OCS, SF-12
PCS, WOMAC Pain, WOMAC Physical function and
WOMAC Total (p<0.001) scores and VAS (p=0.018),
KOOS-PS (p=0.028), TAMPA (p=0.023) and SF-12 MCS
(p=0.010) scores. In the placebo group, no statistically
significant difference was observed in any parameter
in pre- and post-evaluations, and comparable results
were obtained (p>0.05).

Figure 2 depicts the evaluation of FFI sub-
dimensions of pain, disability, and activity restriction
parameters in the placebo and collagen groups
on the OA and contralateral sides, both pre- and
post-treatment. The collagen group showed significant
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differences in FFI pain (p=0.011), FFI disability
(p=0.009), and FFI activity restriction (p=0.003) scores
on the OA side, and positive results were observed
in post-evaluations. On the contralateral side of
the collagen group, pre- and post-measurements
yielded similar results (p>0.05). In the placebo group,
there was a significant difference in the FFI pain
(p=0.026) on the OA side and FFI pain (p=0.023) on the
contralateral side.

Figure 3 shows the pre- and post-comparisons
of TUG, 6MWT, 5STS, SCT, and BBS evaluations in
placebo and collagen groups. The collagen group
showed positive results with significant differences
in 6MWT (p=0.017) and BBS (p=0.012) parameters.
In the placebo group, there was no statistically
significant difference in any parameter, and pre- and
post-evaluations revealed similar results (p>0.05).

Collagen
FFI pain FFI disability FFI activity restriction
50 20
50 p=0.301 p=0.237
S/
i p=0.278 40 5
i 2 p=0.645
p=0.638 p=0.645 =04
30 30
10
20
o 20 . o @-.. .
5 g § 831 | e,
@ - %] -
10 | M T o1 | | TV || W9
0
o [}
-10 10 -5
Group p=0.412 Group p=0.411 Group p=0.373
@ p=0.011" Time p=0.005* - @® p=0.009" Time p=0.003* @ p=0.003" Time p=0.004*
207w pe0.22 Group’Time p=0.433 - W p=0.088 Group™Time p=0.479 107w p-0.649 Group™Time p=0.153
Pre Post Pre Post Pre Post
Placebo
FFI pain FFI disability FFI activity restriction
50 50 20
p=0.993
e
p=0.840 %
40 p0.840) 40 p=0.810 s p=1.000
p=1.000
R
30 30
p=0.667 10
20 20

Score

o
Score
o 3
—

Score
o

Group p=0.768 Group p=0.908 Group p=1.000
36 @ p=0.026" Time p=0.002* - @ p=0.345 Time p=0.071 % @ p=0.358 Time p=0.197
B W p=0.023* Group*Time p=0.965 A W p=0.102 Group™Time p=0.611 = W p=0.358 GroupTime p=1.000
Pre Post Pre Post Pre Post

@ Osteoarthritis

[ Contralateral

FIGURE 2. Intra-group and inter-group analysis of foot function index results.

FFI: Foot Function Index; * p<0.05.
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FIGURE 3. Intra-group and inter-group analysis of functional test and scale results.

TUG: Timed Up and Go test; 5STS: Five Repetition Sit to Stand test; SCT: Stair climbing test; BMWT: Six-minute walk test; BBS: Berg Balance

Scale; * p<0.05.

DISCUSSION

In the prenovel supplement formulation
containing type 1 and type 3 collagen peptide,
type 2 hydrolyzed collagen, glucosamine sulfate,
chondroitin sulfate, HA and vitamin C in
improving various pain and quality of life metrics,
balance, and functional outcomes in patients
diagnosed with Grade 2-3 OA according to the KL
classification system. The primary finding of the
study revealed that eight weeks of supplementation
with diverse collagen types elicited statistically
significant effects on pain perception, quality of
life, and balance scale scores among patients with
OA.B1 Nonetheless, the effects of eight weeks
of supplementation on functional test results
demonstrated variability across different metrics.

Although the exact etiology of OA is unknown, it
is associated with inflammation in articular cartilage,
which can cause pain and various functional
limitations due to abnormal joint structure, and
with the myriad adverse effects attributed to the

administration of analgesic and anti-inflammatory
medications for OA, there has been a notable shift
toward investigating safe therapeutic constituents,
particularly the potential effects of collagen species,
in OA treatment.l*7

Many recent studies have investigated the effect
of collagen supplementation on OA pain levels,
and the results have shown that collagen is an
effective method of reducing pain levels.!01213.28:29,57]
In our study, both the WOMAC pain and VAS
scores indicated that an eight-week collagen
supplementation regimen effectively mitigated pain
levels associated with OA, consistent with findings
from prior research. Beyond pain management,
the progression of OA imposes activity limitations
that profoundly impact individuals' psychological
and social well-being, thereby compromising their
overall quality of life. Hence, evaluating the quality
of life in OA patients is of paramount importance
for gaining deeper insights into the disease
trajectory and treatment outcomes.”® In our study,
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many scales such as WOMAC, KOQOS-PS, OCS,
and SF-12 were used to assess quality of life,
and the results in all scales showed that collagen
supplementation provided significant increases
in quality of life. These results are consistent
with previous studies in the literature.'**! The
positive effects on pain and quality of life can
be explained by the protective effect of collagen
on cartilage.™ Collagen has been demonstrated
to produce anti-inflammatory cytokines that
stimulate chondrocytes and are responsible for
the synthesis of cartilage matrix components. This
occurs through the induction and migration of
regulatory T cells to the site of inflammation
and damage."” It has also been reported that oral
hydrolyzed collagen use increases the appearance
of collagen-derived peptides such as Pro-Hyp
in human blood, which promotes HA synthesis
from synovial cells.*#? In addition, hydrolyzed
collagen stimulates chondrocytes to produce type 2
collagen and proteoglycan.*3) However, despite all
these known physiological effects of collagen
supplementation, additional studies are still
needed to clarify the basic mechanisms involved in
improving OA symptoms.

In addition to collagen, the supplement used in
our study also contained HA, glucosamine sulfate,
and chondroitin sulfate, which have proven efficacy
in the treatment of OA.['**1 Therefore, besides
collagen, it is conceivable that other efficacious
components within the product contribute to
the observed positive effects of eight weeks of
supplementation on pain relief and enhancement
of quality of life. However, to gain a more precise
understanding of this scenario, it would be
necessary to compare the effects of individual
components within separate groups. Additionally,
researchers have underscored that various factors,
including pain and activity limitations, may
influence the development of kinesiophobia in
individuals.®># In our study, kinesiophobia levels
were evaluated using the TSK scale, and significant
decreases in kinesiophobia levels were found after
collagen supplementation. This result supports
the idea that improvements in pain and quality
of life levels may also provide positive effects on
kinesiophobia levels.

As a reflection of the movement limitation and
functional consequences caused by knee OA, loss of
balance and consequent fall risk are at the forefront
in patients.*! Indeed, high rates of fall risk have
been reported in patients with knee OA in various
studies.*®*! Therefore, the determination of balance
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levels in OA patients is of utmost importance in
terms of revealing the risk status of patients and
understanding the level of treatment. In our study, FFI
scales, which are thought to reflect possible indirect
effects on lower extremity balance performance,
and BBS scales were used to understand the direct
balance status. Both scale scores showed a significant
improvement after collagen supplementation. This
showed that therapeutic methods such as collagen
supplementation may be effective in preventing risk
factors that may lead to serious consequences such as
falls in OA patients.

The International Osteoarthritis Research Society
(OARSI) recommends the use of various physical
performance-based functional assessments for
individuals with OA, including tests such as TUG,
SCT, and 6MWT."2%0 Santana et al.'? evaluated the
effects of collagen supplementation on TUG and
6MWT tests in patients with OA and reported that
the use of collagen provided significant increases
in both test results. In a similar study, Costa et al.*”)
concluded that collagen supplementation showed
positive effects in both tests. In our study, various
tests, such as TUG, SCT, 6MWT, and 5STS, were
utilized for functional assessments based on physical
performance. Although the results of our study
confirmed the significant efficacy of collagen in the
6MWT, similar to the literature, no significant effect
was observed in the other tests. Various reasons,
such as age differences, sex, and the health status
of the knees on the contralateral side, may affect the
functional test results. In addition, compared to the
scales included in the study, the emergence of effects
in functional test results may require longer-term
collagen use.

Nonetheless, this study has several limitations,
such as the number of subjects in the groups,
the age difference of the participants, the lack
of sex-specific assessments, the duration of
supplement use, and the evaluation of a single
product with varying amounts of ingredients.
In addition, the fact that various biomarkers
associated with OA, such as cartilage oligomeric
matrix protein and C-reactive protein, which have
an important role in collagen secretion and joint
stability, were not included in the study, stands out
as another important limitation.

In conclusion, our study results suggest that the
supplement containing collagen types and various
components that are effective in the treatment of OA
exerts favorable effects, particularly on pain, quality
oflife, and kinesiophobia levels. These results indicate
that the use of collagen may provide important
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contributions, particularly in terms of pain and
quality of life in patients with OA. In addition, it
may be promising for clinicians to prefer collagen as
a supportive product in the OA treatment process.
In future studies, having a higher number of subject
groups, keeping the age range in more specific
ranges, and including sex-specific evaluations would
contribute to a clearer understanding of the effects
of collagen supplementation. In addition to the
product used in our study, including inter-group
comparisons in which the product components are
examined separately in addition to the product
used in our study may reveal clearer data on how
effective the combined use of the components is. In
future studies, consideration of various biomarkers
associated with collagen and OA, such as cartilage
oligomeric matrix protein and C-reactive protein,
may provide a clearer physiological rationale for
possible improvements in outcomes. In addition to
all the supportive conditions listed, extending the
supplement intake period and maintaining regular
follow-up may contribute to a better understanding
of the possible effects of the product in the long term.
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