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Abstract

Purpose: To compare the effects of proprioceptive exercises and topical glucosamine sulfate on knee
osteoarthritis in terms of reducing pain and functional disability.

Methods: A single-blinded randomized clinical trial (IRCT20220115053712N1) was conducted at
Muhammad Physical Therapy Clinic and Rehabilitation Center, Multan, Pakistan, from November 2021
to April 2022. Eighty-four patients enrolled and were randomized into two groups; patients in Group A
were treated with proprioceptive exercises while those in Group B were treated with topical glucosamine
sulfate. The Numerical Pain Rating Scale (NPRS) and Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scale were used to measure pain and functional activities at baseline,
9th and 18th sessions.

Results: The results showed that both interventions were effective, but more in Group A (p < 0.05).
Group A also showed highly significant improvement in relieving the pains associated with osteoarthritis
when compared to Group B (p < 0.001).

Conclusion: Proprioceptive exercises are more efficient than topical glucosamine sulfate for managing
knee osteoarthritis, improving functional outcomes and lowering pain intensity.
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INTRODUCTION

Osteoarthritis (OA) is a degenerative joint
condition also called age-related arthritis or
"wear and tear arthritis" [1]. Three signs and
symptoms are prescribed by the European
League to determine a case of rheumatism. The

three signs are crepitus, restricted range of
motion, and bony enlargement; and the three
symptoms are non-stop pain, limited morning
stiffness, and decreased functional activities [2].
People with OA have a poor quality of life in
terms of physical activity, and cartilage
degeneration occurs as a result of a sedentary
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lifestyle [3,4]. Faster cartilage breakdown lessens
the glycosaminoglycan content, leading to the
weakening of joint mechanics and flexibility due
to a sedentary lifestyle [4].

Overcoming noxious stimuli and improving
functional activities is the primary approach to
managing OA [5], and the first-line treatment
involves non-pharmacological interventions [5].
Glucosamine is a normal glycosaminoglycan in
the cartilage matrix and synovial fluid [6] which
has anti-inflammatory activity, thus aiding relief
from the symptoms [7]. Wear molecules become
mediators of inflammation, and the pro-
inflammatory cytokines, including IL-1, IL-6, and
TNF, are secreted by molecules whenever
collagen and proteoglycans decay. This further
causes the release of matrix
metalloproteinases (MMPs) and the suppression
of the production of type-2 collagen [5].
Glucosamine affects the functions of various
mediators of OA. Glucosamine is helpful in knee
OA, by reducing the destruction of proteoglycans
and suppressing the formation of degrading
enzymes and inflammatory mediators. As
glucosamine sulfate lessens the IL-1f in synovial
fluid, it also blocks the actions of catabolic
enzymes and enhances the cultured human
chondrocytes to synthesize proteoglycans [7].

The perception or awareness of the position and
movement of the body is called proprioception
[8]. Mechanoreceptors are present in the skin,
ligaments, tendons, joint capsules, and muscles
to detect proprioceptive sensations. When
movement occurs, the mechanoreceptors detect
the stimulations which provide the proprioceptive
sensations necessary for coordinating the
Activities of Daily Livings (ADLS). Any injury or
impairment lessens motor control [9]. The control
of sensorimotor systems (muscle contraction and
proprioceptive  alertness), is necessary to
produce a stable gait and maintain balance. The
lack of quadriceps function disturbs the patients'
balance and walking [8].

So it is believed that rehabilitation improves pain,
ADLs, and the sensorimotor functions of patients.
Recovery occurs due to proprioceptive therapy
through the provocation of the articular
mechanoreceptors. These exercises increase the
muscle spindle sensations, as well as impact
muscle strength and endurance. Intra-articular
pressure increases the weight-bearing exercises,
which causes the stimulations of Ruffini nerve
endings, so the proprioceptive activity increases
[10]. In this study, proprioceptive exercises and
the topical drug (glucosamine sulfate) were
applied to the knee of OA patients and compared

for their effects in relieving the pains associated
with osteoarthritis.

METHODS

A single-blinded randomized clinical trial
(IRCT20220115053712N1), was conducted at
Muhammad's Physical Therapy Clinic and
Rehabilitation Center, Multan, Pakistan, from
November 2021 to April 2022. Approval was
received from the Ethical Committee of the
Muhammad Institute of Medical and Allied
Sciences, Multan, Pakistan (approval no.
2021/IRB/2/PT/02). The study protocol was in
accordance with the declaration of Helsinki [11].
Using the Borkowf sample formula (Eq 1), the
sample size was determined [12].

N=202 (Z1-a+Z1-BY / (HO-HON? e.vereeerern. (1)

where 02 = variance, Z1-a = confidence level 95
%, Z1-B = power of test 90 %, yo= population
means 1, ya = population mean 2.

A total of 84 subjects were randomly divided into
Groups A and B.

Inclusion criteria

Patients with the Kellgren and Lawrence (K-L)
grading system (grade 1-2-3 knee OA) were
included in this trial [13]. Patients aged 45 - 70
years, either gender (male and female), with
cartilage degeneration, local biomechanical
factors (e.g., joint deformity, muscle weakness),
nutritional factors, and postmenopausal women
were also included.

Exclusion criteria

Patients with Kellgren and Lawrence grade 4,
neurological disorders, knee replacement,
rheumatoid arthritis, steroidal injection in the past
2 months, neuropathy, knee fractures, knee
ligament or meniscus injury, diabetes mellitus >
10 years, metal implants in the knee were
excluded from this study.

Treatments and assessment of parameters

The patients were assessed by radiological
findings (x-rays) and by physical assessment.
Group A was treated with proprioceptive
exercises: standing on one leg, knee flexion and
extension exercises (sitting position with a chair
and theraband), walking on heel and toes (with
eyes open and closed), half squat, side lunges,
one-legged balance exercise with heating pad
[14]. In contrast, Group -B was treated with
topical glucosamine sulfate, ankle pumps, quads
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strengthening, and calf stretching [15]. The
workout plan was distributed over a six-week
period, 3 times per week [16]. Exercise sessions
lasted 30 min [14]. The dose of glucosamine
sulfate gel was 250 mg [15]. Glucosamine sulfate
was applied topically twice daily, 3 times per
week for 6 weeks [16]. Patient's pain and
functional disability were measured by the
Numerical Pain Rating Scale (NPRS) [16] and
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scale [17] on the
baseline, 9t session (3@ week), and 18" session
(6" week) of both the groups.

Statistical analysis

The Statistical Packages for Social Sciences
(SPSS, version 23) was used to evaluate
guantitative data. Significant value was taken at
a probability (p) value less than 0.05. Unpaired t-
test was used to determine differences between
groups whilst a repeated measure of ANOVA
was used to determine differences within groups.

RESULTS

Out of 86 subjects, 84 were selected as 2 of
them dropped out from Group B. Group A was
treated with proprioceptive exercises and
showed significantly better results when
assessed with WOMAC and NPRS scales than
Group B, treated with topical glucosamine
sulfate. The mean and standard deviation for the
baseline measurements, 9" session, and 18t
session for all the outcomes are described in
Table 1 and Table 2.

Repeated measures of ANOVA revealed a
significant enhancement of the outcomes within
Group A (WOMAC pain p = 0.000), (WOMAC
functional activities p < 0.001) and (NPRS p <
0.001) showed highly significant outcomes

compared to Group B (WOMAC pain p = 0.02),
(WOMAC functional activities p = 0.04) and
(NPRS p = 0.01). It showed the dominancy of

Group A, interventions (proprioceptive
exercises).
The unpaired t-test revealed significant

improvement in the outcomes between Groups A
and B. For the WOMAC pain (p = 0.000 and t =
1.9), WOMAC functional activities (p = 0.000 and
t = 1.98) and for NPRS (p = 0.000 and t = 1.04).
Demographic data and statistical analysis of data
are shown in Table 1 and Table 2.

Assessed for eligibility
(N=88) Exclusion (n = 2)

——

Randomization (N = 86)

Not meeting

ion criteria

3
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Figure 1: Consolidated Standards of Reporting Trials
(CONSORT) flow diagram
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Table 1: Demographic profile of patients (n = 84)

Parameter Group A (%) Group B (%) Total, N (%)
Gender of participants

Male 19 (45.23) 26 (61.90) 45 (53.57)
Female 23 (54.76) 16 (38.09) 39 (46.42)
Age of participants

45-50 12 (28.57) 15 (35.71) 27 (32.14)
51-55 15 (35.71) 13 (30.95) 28 (33.33)
56-60 9(21.42) 8 (19.04) 17 (20.23)
61-65 5(11.90) 4 (9.52) 9 (10.71)
65-70 1(2.38) 2(4.76) 3(3.57)
K-L grades of OA

K-L Grade 1 14 (33.33) 13 (30.95) 27 (32.14)
K-L Grade 2 18 (42.85) 21 (50) 39 (46.42)
K-L Grade 3 10 (23.80) 8 (19.04) 18 (21.42)

K-L grade: Kellgren & Lawrence grade
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Table 2: Pairwise comparisons of mean differences for the outcomes of NPRS and WOMAC scales within the
groups using repeated measures of ANOVA. (mean = SD; n = 42)

Group WOMAC Scale Baseline oth session 18th session P-value
interpretation
Pain 16.78+2.31 11.52+54 5.11+3.52 < 0.000
Functional activities 57.33+21.9 34.59+23.71 12.69+8.94 <0.001
A NPRS scale
Interpretation
Pain 8.30+1.07 6.671+2.86 3.01+2.03 < 0.000
WOMAC Scale
interpretation
B Pain 16.16+2.75 13.85+3.94 10.34+2.40 0.02
Functional activities 47.66+20.11 40.6+20.85 35.56+16.47 0.04
NPRS scale
Interpretation
Pain 7.85+1.69 6.09+1.30 0.01
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Figure 3: Scores results of WOMAC ADLs on the
baseline, 9™ session, and 18" session. Group A:
Proprioceptive  exercises, Group B: Topical
glucosamine sulfate

exercises, Group -B: Topical glucosamine sulfate

DISCUSSION

This study evaluated the efficacy of
proprioceptive exercises and topical glucosamine
sulfate in patients with knee OA. When patients
were given proprioceptive exercises, both
outcomes (functional impairment and pain) were
reduced to the greatest extent possible.

The research was previously undertaken on the
impact of proprioceptive training on pain,
stiffness, function, and functional test outcomes
among patients with knee OA. Proprioceptive
training successfully reduced pain and improved
daily activities among patients with knee OA [15].
Some other studies compared the effects of
isometric quadriceps exercise on proprioceptive
exercise on pain, joint stiffness, and physical
problems in patients with osteoarthritis of the
knee. The results showed that both are effective,
but proprioceptive exercises are more effective
than isometrics quadriceps exercises [18]. The
conclusion showed that proprioceptive exercises
(Group A) were the most effective therapy used
in the past, and must be used in the future.
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Previous studies also provide evidence for the
benefit of glucosamine sulfate in OA patients and
highlighted the beneficial effects in OA patients
[7,17]. One study was conducted on the effects
of glucosamine on knee OA. The results showed
that glucosamine was superior to placebo in the
management of OA [7]. Another study compared
the efficacy and safety of a new fixed-dose
combination of glucosamine sulfate and
chondroitin sulfate capsules to a fixed-dose
combination of glucosamine hydrochloride and
chondroitin sulfate capsules in patients with
osteoarthritis of the knee. The findings revealed
that a fixed-dose GS/CS combination was more
effective [17].

Literature supports the individual effects of
glucosamine  sulfate  and proprioceptive
exercises. The effects of glucosamine sulfate
cream and proprioceptive exercises are of great
importance and must be implemented for future
use. No study was published comparing
proprioceptive exercises and topical glucosamine
sulfate. So, this study looked at the comparison
of both groups.

Limitation of the study

The study protocol was not for a lengthy period,
(8 to 12 weeks), and hence this study was
unable to observe the effects over a long period.
Future research is needed to develop a long-
term treatment procedure that can be used to

test the products of long-term treatment
durations.
CONCLUSION

In the management of OA (grades 1, 2, and 3),
proprioceptive exercises and topical glucosamine
sulfate are both effective, but the effects of
proprioceptive exercises in reducing pain and
functional disability are more when compared to
topical glucosamine sulfate.

DECLARATIONS

Acknowledgements

We are grateful to Muhammad Institute of
Medical and Allied Sciences, Multan, for
providing opportunity to project our studies in a
best possible way.

Funding

None provided.

Ethical approval

Approval was obtained from the Ethical
Committee of the Muhammad Institute of Medical
and Allied Sciences, Multan, Pakistan (approval
no. 2021/IRB/2/PT/02).

Availability of data and materials

The datasets used and/or analyzed during the
current study are available from the
corresponding author on reasonable request.

Conflict of Interest
No conflict of interest associated with this work.
Contribution of Authors

We declare that this work was performed by the
authors named in this article, and all pertaining to
claims relating to the content of this article will be
borne by the authors. Hifza Arif designed the
study and data collection. Hifza Arif interpreted
the data and prepared the manuscript for
publication. Hifza Arif, Nimra Arif, Noshaba
Kanwal supervised the data collection. Humera
Tahir analysed the data. Shaukat Hussain
Munawar, Muhammad Omer Igbal and Izhaan
Akmal analysed the data and reviewed the
manuscript.

Open Access

This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES

1. Sharma V, Anuvat K, John L, Davis M. Scientific
American pain management-arthritis of the knee.
Decker: Pain related disease states 2017.

2. Richebé P, Capdevila X, Rivat C. Persistent postsurgical
pain: pathophysiology and preventative pharmacologic
considerations. Anesthesiol 2018; 129(3): 590-607.

3. Muraki S, Akune T, Oka H, En-Yo Y, Yoshida M, Saika A.
Association of radiographic and symptomatic knee
osteoarthritis with health-related quality of life in a
population-based cohort study in Japan: the ROAD
study. Osteoarthritis Cartilage 2010; 18(9): 1227-1234.

Trop J Pharm Res, November 2022; 21(11): 2451



Arif et al

4. Lespasio MJ, Piuzzi NS, Husni ME, Muschler GF,
Guarino A, Mont MA. Knee osteoarthritis: a primer.
Perm J 2017; 21(2): 16-183.

5. Robinson WH, Lepus CM, Wang Q, Raghu H, Mao R,
Lindstrom TM. Low-grade inflammation as a key
mediator of the pathogenesis of osteoarthritis. Nat Rev
Rheumatol 2016; 12: 580-592.

6. Gromova OA, Torshin 1Y, Lila AM, Gromov AN. Molecular
mechanisms of action of glucosamine sulfate in the
treatment of degenerative-dystrophic diseases of the
joints and spine: results of proteomic analysis. Neurol
Neuropsychiat Psychosomat 2018; 10(2): 38-44.

7. Mani E, Tizin EH, Angin E, Eker L. Lower extremity
proprioceptive sensation in patients with early stage
knee osteoarthritis: a comparative study. Knee 2020;
27(2): 356-362.

8. Wang H, Ji Z, Jiang G, Liu W, Jiao X. Correlation among
proprioception, muscle strength, and balance. J Phys
Ther Sci 2016; 28(12): 3468-3472.

9. Cabuk H, Kusku Cabuk F. Mechanoreceptors of the
ligaments and tendons around the knee. Clin Anat 2016;
29(6): 789-795.

10. Kroger S. Proprioception 2.0: novel functions for muscle
spindles, Curr Opin Neurol 2018; 31(5): 592-598.

11. General Assembly of the World Medical Association.
World Medical Association Declaration of Helsinki:
ethical principles for medical research involving human
subjects. The Journal of the American College of
Dentists 2014; 81(3): 14-18.

12. Borkowf CB, Johnson LL, Albert PS. Power and sample
size calculations. Prin Pract Clin Res (Elsevier) 2018;
359-372.

13.

14.

15.

16.

17.

18.

Sachdeva M, Aggarwal A, Sharma R, Randhawa A,
Sahni D, Jacob J, Sharma V, Aggarwal A. Chronic
inflammation during osteoarthritis is associated with an
increased expression of CD161 during advanced stage.
Scan J Immunol 2019; 90: 1.

Jeong HS, Lee SC, Jee H, Song JB, Chang HS, Lee SY.
Proprioceptive training and outcomes of patients with
knee osteoarthritis: a meta-analysis of randomized
controlled trials. J Athl Train 2019; 54(4): 418-428.

Ogata T, Ideno Y, Akai M, Seichi A, Hagino H, lwaya T,
Doi T, Yamada K, Chen A-Z, Li Y, et al. Effects of
glucosamine in patients with osteoarthritis of the knee: a
Systematic review and meta-analysis. Clin Rheumatol
2018; 37(9): 2479-2487.

Truong TT, Lim JM, Cho HR, Kim YS, Dao DG, Tran QH,
Choi JS. A double-blind, randomized controlled 12-week
follow-up trial to evaluate the efficacy and safety of
polycan in combination with glucosamine for the
treatment of knee osteoarthritis. Evidence-Based
Complementary and Alternative Medicine 2019; 21(4):
1-8.

Lomonte ABV, Mendong¢a JA, Brandao GDC, Castro ML.
Multicenter, randomized, double-blind clinical trial to
evaluate efficacy and safety of combined glucosamine
sulfate and chondroitin sulfate capsules for treating knee
osteoarthritis. Adv Rheumatol 2019; 58(1): 41.

Ojoawo AO, Olaogun MOB, Hassan MA. Comparative
effects of proprioceptive and isometric exercises on pain
intensity and difficulty in patients with knee
osteoarthritis: a randomised control study. Technol
Health Care 2016; 24(6): 853-863.

Trop J Pharm Res, November 2022; 21(11): 2452



