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Abstract: The demand for dietary supplements containing collagen has been growing for years. The
speciality and uniqueness of the dietary supplement (DS) examined in our study is the presence of
L-arginine and hyaluronic acid alongside collagen and vitamin C. The individual mechanisms of
action and physiological role of these compounds are understood, but they have not yet been tested
in the combination and amounts of the dietary supplement used in this study. In this study, we
investigated the effectiveness of the DS in elderly patients with musculoskeletal complaints.
Somatometric, body composition, physiotherapy and laboratory tests were performed at the
beginning and at the end of the study. The two-month study involved 30 people, randomly divided
into two groups: a control group (CG) and an experimental group (EG). All subjects consumed 25
ml DS per day and EG members also participated in physiotherapy 3 times a week. Alongside the
DS, blood lipid levels changed: LDL decreased, HDL increased, LDL/HDL ratio significantly
decreased in both groups. For EG, the results improved more markedly. In 3 items of the body
composition test, there was a significant improvement in both groups, which was attributed to the
use of the dietary supplement. For the EG, there were significant changes in 5 additional test items,
which we attribute to the addition of regular physical activity. Knee and hip joint range of motion
(ROM) showed significant improvements in the study group, while in the CG the DS can cause
significant improvements in joint range of motion in a passive condition as well.

Keywords: diatary supplement; body composition; laboratory results; collagen and hyaluron acid
oral supplementation; articular movement improvement; C vitamin; L-arginin; health promotion

1. Introduction

The demand for dietary supplements containing collagen has been growing for years. The
collagen market, including hydrolysed collagen, is expected to continue to grow [1]. Collagen is the
most abundant protein found in mammals. (30% of the total protein mass) It has a structural role,
contributing to the mechanical, conformational and organisational properties of our tissues [2].
Collagen, being a protein, is made up of amino acids. Our body can produce it if we have sufficient
protein-rich foods in our diet. However, vitamin C is essential for its synthesis, helping to bind
collagen-forming amino acids. Collagen can be extracted from pork, beef, chicken and various
seafood. Its consumption also affects the skin, eyes, hair, nails, gums, ligaments, muscles, cartilage,
bones, digestion and heart health. The demand for dietary supplements containing collagen has been
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growing for years. The collagen market, including hydrolysed collagen, is expected to continue to
grow [1].

The main types of collagen:

Type I: the most common type of collagen. It is found in connective tissues, including tendon,
ligament, dermis and blood vessels. Its main sources are marine fish and, to a lesser extent, pigs [3].

Type II: in adults, it is the main structural component of the hyaline cartilage of joint surfaces,
thus affecting joint function. It can also be found in other tissues such as the nucleus of the
intervertebral disc, retina, sclera and lens of the eye. It is used as a dietary supplement for the
treatment of joint pain and inflammation and as a source of dietary protein [4].

Type III: the second most common type of collagen in tissues. It is usually found in tissues that
have elastic properties, such as the skin, lungs, intestinal walls and blood vessel walls. It is also found
in fibrous proteins in bone, cartilage, dentin, tendons and other connective tissues. Its main sources
are pigs and cattle [3].

The effects, role, and benefits of collagen supplements, based on the results in the literature, are
limited to the areas of our research:

The skin undergoes structural changes with age. There is a deterioration in neurosensory
perception, permeability and the ability to recover from injury. The skin's natural ability to retain
water is reduced as a result of the amino acid composition of aged skin changing. The amount of
hyaluronic acid produced by fibroblasts decreases and collagen synthesis slows down [5]. Collagen
peptide supplementation can also increase lean body mass and muscle fibre diameter [6]. Researchers
have shown that taking collagen can promote the synthesis of muscle proteins such as creatine and
stimulate muscle growth after exercise [7]. Collagen is a major component of connective tissues,
including tendons, ligaments, skin and muscles [8]. Collagen peptide supplementation is also useful
in relieving the symptoms of osteoarthritis. There is a significant improvement in pain, stiffness and
physical function [9]. The glycine content of collagen reduces the risk of stomach ulcers [10]. Collagen
synthesis is important in the process of intestinal wall repair and healing. [11]. A link has been shown
between inflammatory bowel disease and reduced serum collagen levels [12]. Oral collagen
supplementation has been shown to have a positive effect on blood lipids, with regular use, the
LDL/HDL ratio is reduced [13], high blood pressure is reduced [14], and arterial stiffness is reduced
[15].

In research, only pre-digested (hydrolysed) collagens are used, which contain peptides and not
whole proteins [16].

Collagen supplements are in increasing demand due to the need to delay age and stay youthful,
as they have been shown to have positive effects on skin, joints and bones. The hydrolysed collagen
market is expected to grow fastest, supported by its increasing use in the healthcare sector [17].

The speciality and uniqueness of dietary supplement used in the study is the high levels of L-
arginine and hyaluronic acid, in addition to collagen and vitamin C.

The individual mechanisms of action and physiological role of these ingredients are well
understood, but have not yet been uniformly tested in the pairing and amounts of the dietary
supplement used in this study.

The aim of the research: To investigate the effectiveness of the tested dietary supplement in
elderly patients with musculoskeletal complaints. On the one hand, we wanted to demonstrate that
the dietary supplement under investigation could reduce musculoskeletal complaints, and on the
other hand, that the effectiveness of the supplement could be enhanced by regular, intense exercise
in addition to consumption.

Thirdly, we have used laboratory tests to refute the common misconception that dietary
supplements can cause liver and kidney damage.

2. Materials and Methods

The research was conducted at the Faculty of Health Sciences of University of Miskolc, during a
60-day study period. 30 elderly people aged 60 years and over were included in the study, who live
an active life, with musculoskeletal complaints (permanent or recurrent degenerative
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musculoskeletal complaints affecting at least two body parts or joints), and randomly divided into
two groups (study and control).

All participants took part in blood tests, body composition measurements, somatometric tests,
joint range of motion and endurance tests at the beginning and at the end of the study period, and
consumed 25 ml of the study supplement dissolved in 2 dl of water every morning throughout the
study period.

The experimental group - contrary to the control group - participated in three guided
physiotherapy sessions per week throughout the study.

The dietary supplement tested in our study (one dose: 500 mg Vitamin C (625%RIV), 10000 mg
Collagen, 40 mg Hyaluronic acid (molecular weight Da (0.8-1.5)x10 6), 1075 mg L-Arginine, 1074 mg
Glycine) have been formulated taking into account international research on collagen.

Socio-demographic data: data from 13-13 individuals in both study and control groups were
analysed. There were 1 man in the test group and 2 men in the control group. The average age was
68.9 +/- 4.6 years in the study group and 69.9 +/- 4.9 years in the control group. The participants were
mostly retired, with 2 people in the study group working in intellectual jobs and three in the control
group, also in intellectual jobs.

Somatometric tests: body height was measured using an Inbody BSM 270, waist and hip, thigh
and upper arm circumferences were measured manually using a tape measure and tabulated.

Extensive anthropometric and body composition analysis: was performed by using InBody 270
(InBody Co., Ltd., South Korea) in accordance with the manufacturers’ protocol. During the analysis,
the following parameters were determined: weight (kg), total body water (1), body fat mass (kg), soft
lean mass (kg), fat-free mass (kg), skeletal muscle mass (kg), percent body fat (%), visceral fat area
(kg), body cell mass (kg), total body water (1), extracellular water (1), intracellular water (1), mineral
mass (kg), bone mineral content (kg), protein mass (kg), basal metabolic rate (kcal), and overall fitness
score (InBody Score).

Passive Range of Motion (PROM): Movement applied to a joint solely by another person or
persons or a passive motion machine. When passive range of motion is applied, the joint of an
individual receiving exercise is completely relaxed while the outside force moves the body part, such
as a leg or arm, throughout the available range [18].

Stamina test: determination of voluntary time, 3-minute step bench test - resting, maximum, 1,
3 and 5 minute relaxation heart rate data, fatigue rate at the end of the test with Modified Borg scale.
(The Modified Borg Dyspnea Scale (MBS) is a 0 to 10 rated numerical score used to measure dyspnea
as reported by the patient during submaximal exercise and is routinely administered during six-
minute walk testing (6MWT), one of the most common and frequently used measures to assess
disease severity in pulmonary arterial hypertension) [19].

Garmin Vivoactive 4 activity watch: continuous monitoring of activity, heart rate, calorie
consumption of the persons during the entire duration of the physical training;

Lab results: blood glucose; liver function (GPT, GOT, GGT), kidney function (urea, creatinine,
GFR), vitamin B12 and D, ions (Na, K, Mg, Ca, Fe, transferrin, iron binding capacity, inflammatory
parameters (red blood cell sedimentation, CRP, LDH, AST), blood lipids (cholesterol, HDL, LDL,
triglyceride).

Type of research

Our research is cross-sectional and prospective. The research will be longitudinal in duration
and qualitative in method.

The methods used in this research provide valid and reliable results, as we examine the subjects'
somatometric data, body composition, laboratory results, activity during physical exercises,
musculoskeletal complaints, in several dimensions.

Statistical analysis
For descriptive statistical evaluation,mathematical mean, standard deviation (SD), number of
items, minimum and maximum values were calculated; normality was checked by Shapir6-Wilk test,

and the difference between sample means was tested by t-test.
Statistical analyses were performed by using IBPM SPSS Statistics Version 25 software packages.
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The methodology of physiotherapy sessions:

Weeks 1-4 (Part A): Each training session started with a warm-up, about 5 minutes apart. This
was followed by mobilisation exercises to improve the movement of the "stem" joints and spine in a
relieved position. Elements of a standard series of posture correction exercises, stretching and
strengthening of antigravity muscles followed.

Weeks 5-8 (Part B): Elements: low-intensity cardio-pulmonary training, postural correction,
stretching and strengthening of antigravity muscles, even in loaded positions.

From week 5 onwards, part B was introduced, and thereafter fewer and fewer exercises were
gradually phased out of part A, and more and more only elements of part B were used. Each time the
exercise programme was pulse controlled.

3. Results

3.1. Results of the comparative analysis of laboratory results

Pre- and post-intervention blood laboratory results from the experimental and control groups
were compared using statistical methods (normality was tested by Shapiro-Wilk test, and the
difference between sample means was tested by t-test).

The laboratory analysis included the results of 26 constituents, of which 20 showed no
measurable change.

It is important to note that liver function parameters (GOT, GPT, GGT) and renal function values
(urea, creatinine, eGFR) also fell into this category.

In cases of for 4 items, the experimental group showed a significant change based on the t-test:
e  total cholesterol (mmol/l): the mean decreased in both groups, with -0.14 in the control group

from 6.02 to 5.88, but the change was not significant (p=0.636), while the change in the

experimental group (-0.44) was significant (p=0.018), with a decrease from 5.81 to 5.37 (Figure

1);

total choresterol immal/1}
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Figure 1. Total cholesterol.

e HDL cholesterol (mmol/l): the mean of both groups showed an increase, in the control group
by 0.07 from 1.59 to 1.66, the change was not significant (p=0.121), in the experimental group
the change increased by 0.23 from 1.69 to 1.92, which was significant (p=0.004) (Figure 2);
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Figure 2. HDL cholesterol.

e  Magnesium (mmol/l): the mean decreased in both groups, in the control group by -0.07, from
0.90 to 0.84, showing no significant change (p=0.096), in the experimental group the decrease
was -0.07, from 0.90 to 0.83, reaching significance (p=0.002) (Figure 3);
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Figure 3. Magnesium.

® White blood cell count (G/L): the mean showed an opposite trend, although neither group was
outside the normal range at the beginning or at the end of the study. While it increased by 0.49
from 6.47 to 6.96 in the control group to a non-significant extent (p=0.232), it decreased
significantly in the experimental group by -0.46 from 6.96 to 6.67 (p=0.030) (Figure 4).

White blod cell count {WBC) {g/1)
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Figure 4. White blood cell.
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for 2 items, the change was significant for both groups according to the t-test (Table xy):

e LDL (mmol/l): the mean of both groups showed a significant decrease, with the control group
decreasing by -0.74 from 4.08 to 3.35 (p=0.003) and the experimental group decreasing by -0.98
from 3.71 to 2.72 (p=0.000) (Figure 5);

L d

LDL cholesterol {mmol/l)

H con conz @1 EinT:2
Figure 5. LDL choresterol.

e Total iron-binding capacity: a significant decrease was observed in both groups, with a decrease
of -3.67 from 49.38 to 45.71 in the control group (p=0.018) and -4.53 from 50.39 to 45.86 in the
experimental group (p=0.000) (Figure 6).
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Figure 6. Total iron (Fe) binding capacity.

e LDL/HDL ratio: significant reduction in both groups, but slightly greater reduction in the test
group (control p=0.006, test p=0.000)

3.2. Results of a comparative study of Inbody results

The results of the pre- and post-intervention Inbody body composition analyser of the
experimental and control groups were compared using statistical methods (normality was tested by
Shapiro-Wilk test, the difference between sample means was tested by t-test).

We analysed 13 different measures of body composition, 2 of which showed no measurable
change: ECW (Extracellular Water), BMC (Bone Mineral Content).

for 8 test items, the experimental group showed a significant change based on the t-test:
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e TBW (Total Body Water): the mean increased for both groups, by 0.10 for the control group
from 34.26 to 34.36, a change that was not significant (p=0.744), but by 0.72 for the experimental
group from 32.26 to 32.98, a significant change (p=0.003) (Figure 7);
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Figure 7. Total Body Water.

o ICW (Intracellular Water): the change of the mean for the control group was negligible,
increasing by 0.06 from 20.88 to 20.95, (p=0.809), but for the experimental group the increase was
0.82, from 19.84 to 20.65, a significant increase (p=0.013) (Figure 8);
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Figure 8. Intracellular Water.

e  Protein: the mean of the control group was 0.05, increasing from 9.04 to 9.08 by a non-significant
amount (p=.0666), while for the experimental group the results increased by 0.48 from 8.58 to
9.06, a significant change (p=0.000) (Figure 9);

Protein
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Figure 9. Protein.
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®  Minerals: mean increased by 0.03 in the control group, from 3.39 to 3.42, with no significant
change (p=0.286), and by 0.19 in the study group, from 3.10 to 3.30, with a significant change
(p=0.000) (Figure 10);
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Figure 10. Minerals.

o  SMM (Skeletal Muscle Mass): the mean of both groups showed an increase. For the control
group, the increase in muscle mass was 0.09 from 25.25 to 25.34, which was not significant
(p=0.773), while for the experimental group, the increase in muscle mass was significant, with a
significant result of 0.67 from 23.88 to 24.55, which was a significant change (p=0.002) (Figure
11);
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Figure 11. Skeletal Muscle Mass.

e  PBF (Percent Body Fat): its mean decreased in both groups, in the control group by -0.98 from
37.55 to 36.57, which was not significant (p=0.068), in the experimental group the decrease was
significant (p=0.000) by -2.57 from 38.30 to 35.73 (Figure 12);
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Figure 12. Percent Body Fat.

e  BMR (Basal Metabolic Rate): the mean increased in both groups, in the control group by 3.38
from 1378.54 to 1381, with a non-significant increase (p=0.717), and in the experimental group
by 26.08 from 1319.08 to 1345.15, with a significant change (p=0.022) (Figure 13);
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Figure 13. Basal Metabolic Rate.

e  VFA (Visceral Fat Area): its mean decreased in both groups, the control group by 2.65 from
140.89 to 138.25, non-significantly (p=0.353), while the experimental group showed a decrease of
-10.33 from 138.12 to 127.79, significant (p=0.000) (Figure 14).
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Figure 14. Visceral Fat Area.

for 3 test items, the change was significant for both groups according to the t-test:

e  BFM (Body Fat Mass): its mean decreased significantly in both groups, by -0.74 from 28.48 to
17.75 for the control group (p=0.002) and by -2.09 from 27.72 to 25.62 for the experimental group
(p=0.000);
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Figure 15

e  BMI (Body Mass Index): its mean significantly decreased for both groups, -0.33 from 27.98 to
27.65 (p=0.014) for the control group and -0.86 from 28.09 to 27.23 (p=0.050) for the experimental

group;
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Figure 16

e  VFL (Visceral Fat Level): mean significantly decreased in both groups, by -0.69 from 13.46 to
12.77 for the control group (p=0.013) and by -1.38 from 13.38 to 12 for the experimental group
(p=0.000).
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Figure 17

3.3. Range of motion testing of hip and knee joints (passive range of motion - PROM)

for 5 test items, the experimental group showed a significant change based on the t-test:
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e Hip ROM fl L: its mean increased by 1.5 in the control group from 113.3 to 114.8, while in the
experimental group it increased by 7.9 with significant magnitude (p=0.020) from 108.8 to 116.7
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Figure 18

e Hip ROM ext L: mean increased by 0.1 from 4.7 to 4.8 in the control group and significantly
(0.046) increased by 1.5 from 4.0 to 5.5 in the experimental group.
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Figure 19

e Knee ROM fl R: mean decreased by 1.1 in the control group from 116.8 to 115.7, and decreased
significantly by 6.3 in the experimental group (p=0.003) from 113.3 to 119.6.
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Figure 20

e Knee ROM fl L: mean increased by 1.9 in the control group from 115.5 to 1174, in the
experimental group it increased by 7.5, the change was significant (p=0.001) from 114 to 121.5
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Figure 21

e Knee ROM ext R: mean decreased by 2.0 in the control group from 5.3 to 33.0, and decreased by
3.4 in the experimental group with significant magnitude (p=0.016) from 5.9 to 2.5.

o

ight

)
L]

KEnee ROM_oit_ri
m

M CON1 [ CONZ [ INT1 [EINT2

Figure 22

for 2 test items, the change was significant for both groups according to the t-test:
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e  Mean hip ROM fl R: increased by 6.3 from 109.8 to 116.1 (p=0.018) in the control group and by
10.3 from 106.4 to 116.7 (p=0.000) in the experimental group.
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Figure 23

e Knee ROM ext L: mean decreased by 4.2 from 6.2 to 2.5 in the control group (p=0.000), while it
decreased by 4.6 from 6.2 to 1.6 in the experimental group (p=0.000).
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Figure 24

3.4. Results of the parameters measured during the physiotherapy session

Among the parameters tested, exercise time (p=0.011), maximum heart rate (0.002) and calories
burned during exercise (p=0.012) showed significant changes (Table 1).

Table 1. Comparing changes in data during training
Initial ~Statistical Final Statistical

Hatn average spread average spread piZ-arled)

Training time (min) 425 1.5 45.0 1.1 0,011
Average heart rate (beats/min) 76,2 8.1 80.6 6.0 0,084
Maximum heart rate (beats/min) 97,1 8.7 114.6 8.5 0.002
Calories 134.6 46,3 169.0 37,7 0,012

4. Discussion
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The world is undergoing a huge age shift. According to the UN Population Profile, the number
of people over 60 in high-income countries is projected to reach 366 million by 2030. Most of us can
expect to live many years longer than our parents' and grandparents' generation. This longer life
expectancy is a huge achievement, driven by improvements in public health and healthcare [20].
Health promotion-oriented and prevention-oriented research thinking has led to the emergence of a
wide range of research aimed at maintaining health at a high level over the long term. Proper
nutrition and carefully used dietary supplements can help maintain health.

Consumption of collagen is beneficial for the skin, eyes, hair, nails, gums, ligaments, muscles,
cartilage, joints, digestion and heart health. The demand for dietary supplements containing collagen
has been growing for years. The collagen market, including hydrolysed collagen, is expected to
continue to grow [1].

The speciality and uniqueness of the supplement used in this study is the high levels of L-
arginine and hyaluronic acid in addition to collagen and vitamin C. The individual mechanisms of
action and physiological role of these ingredients are well understood, but have not yet been
uniformly tested in the pairing and amounts included in the dietary supplement under investigation.
It is biologically known that high LDL and triglyceride levels are pro-atherogenic and lead to
endothelial dysfunction. Many indicators of early atherosclerosis have been described. The LDL to
HDL ratio (LDL-C/HDL-C ratio) indicates the balance between the two types of cholesterol associated
with cardiovascular events, LDL/HDL higher than 2.5 is high risk, lower than 2.5 is low risk [21]. In
a study similar in some respects to ours, healthy adults (30) who consumed 16 grams of collagen per
day for 6 months had a reduction in their LDL/HDL cholesterol ratio. They also had significantly
lower levels of a marker of atherosclerosis risk in their bloodstream at the end of the study [13].

These associations were confirmed in our study, with patients who regularly exercised (study
group) showing a significant increase in HLD cholesterol, a decrease in total cholesterol and a
decrease in mean LDL cholesterol. However, the control group who did not exercise also had non-
significant decreases in total cholesterol, increases in HDL cholesterol, and significant decreases in
LDL cholesterol.

In our study, the initial LDL/HDL ratio of the randomly assigned control group was 2.66, which
showed a significant decrease to 2.01 by the end of the two-month study period (p: 0,006). This
reduced the cardiovascular risk from high to low. The mean LDL/HDL ratio of patients in the study
group was 2.19 for low-risk, but this also fell significantly to 1.41 by the end of the study (p:0.000).
Although the intake of 16 mg of collagen per day for 6 months by Tomosugi et al. reduced the
LDL/HDL ratio of all subjects (p:0.253), the high cardiovascular risk group (p: 0.025), for high risk (0,
458).

We attribute the strong improvement in the LDL/HDL ratio, a marker of cardiovascular risk, to
the fact that the supplement also contains other ingredients with antiatherogenic effects, such as L-
arginine and vitamin C. So in virtually a third of the time, less collagen intake (16 grams instead of
10 grams per day), with these additional supplemental ingredients, works significantly more
effectively.

Similar studies have been carried out in the literature. For example, in a small study, 15 adult
subjects had mild hypertension reduced by consuming 5.2 grams of collagen per day for 4 weeks [14].
consuming 2.5 grams of collagen per day for 12 weeks reduced arterial stiffness [15].

In the last decades, there have been numerous studies aimed at identifying anti-atherogenic
substances (e.g: Vitamin C, L-Arginine) or different forms of exercise on blood fat levels [21]. Regular
physical activity can lead to a reduction in blood lipids, with both triglyceride and total cholesterol
levels showing a downward trend [22]. In addition to total cholesterol, a breakdown of HLD and LDL
cholesterol levels shows increasing values for HDL cholesterol and decreasing values for LDL
cholesterol with exercise [23]. One study found that physically active women had significantly higher
HDL cholesterol levels than women with a sedentary lifestyle [24]. It has been found that high-
intensity exercise alone can be used to modify lipoproteins in a cardiovascularly beneficial manner
in a population of healthy older women [25].
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These associations were confirmed in our study, with patients who regularly exercised (study
group) showing a significant increase in HLD cholesterol, a decrease in total cholesterol and a
decrease in mean LDL cholesterol. However, the control group who did not exercise also had non-
significant decreases in total cholesterol, increases in HDL cholesterol, and significant decreases in
LDL cholesterol.

It can therefore be concluded that while these changes are significant in patients who are both
physically active and taking a dietary supplement, the results are also better in those taking a dietary
supplement alone, although significant levels are only achieved in the case of LDL reduction.

Other exercise-related contexts have also emerged in the literature. Research has shown that
exercise triggers the redistribution of magnesium in the body to meet metabolic needs. Exertive
exercise appears to increase urine and sweat losses, which can increase magnesium requirements by
10-20% [26]. Another study draws attention to the role of L-arginine as a means of reducing blood
lipids. It found that watermelon consumption and L-arginine supplementation improved lipid
profiles by reducing serum concentrations of triglycerides, total cholesterol and low-density
lipoprotein cholesterol [27]. L-arginine administration has been shown to inhibit visceral fat
accumulation [28]. A similar study has also demonstrated the anti-atherogenic effects of L-Arginine
and vitamin C [29]. L-arginine is one of the most versatile metabolic amino acids with pronounced
anti-aging effects. Such effects include reduced risk of vascular and heart disease, reduced erectile
dysfunction, improved immune response and inhibition of gastric acidosis [30]. Other research
suggests that oral hyaluronic acid supplementation also has anti-obesity effects.

Oral administration of hyaluronic acid (200 mg/kg bw for 8 weeks) reduced body weight,
adipose tissue, serum lipids (LDL, triglyceride) and leptin levels [31].

In our study, Body Fat Mass, Body Mass Index and Visceral Fat Level were significantly reduced
in both groups, which we attribute to the combined anti-adipogenic and metabolism-enhancing
effects of the ingredients in the supplement.

Positive changes in Visceral Fat Area, Basal Metabolic Rate, Percent Body Fat, Skeletal Muscle
Mass were also recorded, which were not significant compared to the control group, but positive in
terms of body composition. Significant levels of positive changes were measured for the test group
for the same test data. We believe that the change with significant strength was due to regular
exercise, but it is encouraging that the group that only used a dietary supplement also improved their
results. As far as somatometric studies are concerned, it is a known fact that there is a direct
correlation between waist circumference and visceral fat [32]. In our study, a significant reduction in
abdominal volume was also observed in the study group, correlated with significantly reduced VFA
and VFL.

With collagen supplementation, patients diagnosed with chronic knee pain had reduced knee
pain and improved ROM test [33]. In our study, the knee and hip joint range of motion (ROM)
showed significant improvement in the study group, while the control group also showed significant
improvement in joint range of motion in the passive condition.

5. Conclusions

The dietary supplement under investigation can be used for joint, cardiovascular and nutritional
health promotion and prophylactic purposes.
In the future, we plan to study its effects in other groups, such as younger patients and athletes.
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