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Abstract

Background: Knee osteoarthritis (OA) is a degenerative and complex disease influenced by mechanical, neurological, and psycho-
logical factors. Due to its increasing prevalence associated with aging and obesity, it is essential to understand how different types
of exercise affect psychological well-being, neurobiological indicators, and cellular oxygenation is essential for optimizing recovery.
Objective: To compare the effectiveness of weight-bearing and non-weight-bearing exercises on psychological well-being, neurobio-
logical markers, and cellular oxygenation.

Methods: Eighty volunteers with persistent knee pain (>3 months) were enrolled in a single-blind randomized controlled trial con-
ducted at the Riphah Rehabilitation Center in Lahore, Pakistan. Participants aged 40 years and older were randomly allocated to two
intervention groups. Both groups received baseline treatment, Group A additionally performed non-weight-bearing exercises, whereas
Group B performed weight-bearing exercises, including quadriceps strengthening, for a duration of six weeks. Outcomes were as-
sessed using the Depression Anxiety and Stress Scale (DASS 2.1), ELISA, and arterial blood gas analysis to evaluate oxygenation.
Data were analyzed using SPSS version 25, with a p < 0.05 considered statistically significant.

Results: Following the intervention, significant improvements were observed in stress, anxiety, depression, BDNF level, and oxygen-
ation in both the weight-bearing and non-weight-bearing exercise groups (p < 0.05). Comparative analysis revealed no significant dif-
ference in anxiety between the groups; however, the weight-bearing group demonstrated significantly greater improvements in stress,
depression, BDNF levels, and oxygenation (p < 0.05).

Conclusion: Both interventions resulted in improvements in psychological and physiological outcomes among patients with knee osteoar-
thritis. However, weight-bearing exercises demonstrated greater benefits in terms of neurobiological markers and psychological well-being.
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Pesziome

OcTeoapTpHUT KOJIEHHOTO CyCTaBa — 3TO JITCHEPATUBHOE M KOMIUIEKCHOE 3a00JeBaHNe, Ha KOTOPOE BIMSAIOT MEXaHUYECKHE, HEBPO-
JIOTUYECKUE U IICUXOJoTHYeckue (akTopel. B cBA3M ¢ yBeIMYEHHEM €r0 pacHpOCTPaHEHHOCTH, O0YCIOBICHHOM CTapEHHEM U OXKH-
pEHHEM, BaXKHO IIOHUMATh, KaK Pa3IMYHbIC THIIB! YIPAXKHEHHH BIHUAIOT HA IICHXOJIOTHYECKOE COCTOSHHE, HEHPOOUOIOTHIECKHE 110-
Ka3aTeId U KIETOUHYI0 OKCUTCHAIUIO, YTOObI ONTUMU3UPOBATH IPOLIECC BOCCTAHOBICHUSL.

Heab: CpaBHUTH 3PEKTUBHOCTD YIPAKHEHHH C 0CEBOM Harpy3koi 1 6e3 He€ C TOUKU 3pPEHMs IICUXO0JIOTMYECKOT0 COCTOSIHUS, Hel-
PpOOHOIOTNYECKUX ITOKa3aTeNeil U KICTOYHOW OKCUI'€HALIUH.

MeTtoasi: B nccnenosanme BkirodeHo 80 100pOBONBIEB ¢ MEPCHCTHPYIONIEH OOIBI0 B KOJIEHHOM cycTaBe (>3 Mec.) B paMKax Ofi-
HOCTOPOHHETO CJICTIOT0 PAaHJOMU3HPOBAHHOIO KOHTPOIMPYEMOTO HCCIeNoBaHus, nposenéuHoro B Llentpe peabumuramuu Riphah
B Jlaxope, [Takucran. Yuactauku B Bo3pacte 40 jet u crapiie ObUIH CilydaifHbIM 00pa3oM paszieneHbl Ha jiBe rpymnbl. O0e rpynms
noy4nsii 6a30BOE JICUCHHUE; TPYINa A JOMOJHUTEIBHO BBITOIHSIA YIPAKHEHUs 0e3 0CeBOI Harpys3ku, a rpynmna b — ynpaxHenus
C OCEBOI Harpy3KoM, BKJIFOUas yKpEIUIeHUE KBa/IPULIETICOB, B TeueHHe 6 Hezemb. OleHKa pe3ybTaToB IPOBOIMIIACE C UCITIOIb30BAHUE
LIKaJIbl Jerpeccuu, TpeBoxkHoCTH U cTpecca (DASS 2.1), ananusa ELISA n ananu3za ra3oB apTepualibHOM KPOBH [UIS OLIEHKH OKCH-
reHaiuu. JlaHHbIC aHAIN3UPOBAIUCH ¢ TIoMoIibio SPSS Bepcust 25 (p<0,05).

Pesyabrarbi: [Tocne BMenaTenbecTBa 00€ IpyIiibl IPOAEMOHCTPUPOBAIN 3HAYUTEIBHOE YIIYUIIIeHHE [oKa3arelel crpecca, TPeBOX-
HoctH, Aenpeccuu, ypoBHs BDNF u oxcurenammu (p<0.05). CpaBHHUTENBHBIN aHATU3 MOKA3aJl OTCYTCTBHE 3HAYMMBIX PA3ITUUUil
B YPOBHE TPEBOKHOCTH; OIHAKO TPYIIIa, KOTOPas BBIITOJIHSIA YIIPAXKHEHHS C 0CEBOI Harpy3KoH, MPOIEeMOHCTPUPOBAIa 3HAUUTEIILHO
Ooree BEIpaKCHHbIE YIyUIISHHs B [IOKa3aTeNsiX cTpecca u genpeccu, yposHss BDNF u xiieTouHOH OKCHTeHAINH.

3akarouenne: O0a MoaAxona NPUBEIH K YIYUIICHUIO ICHXOJIOTHYECKUX U (PU3HOIOTHUECKUX TIOKa3aTenell y MalueHTOB ¢ 0CTeoap-
TPO30M KOJICHHOTO cycTaBa. [Ipu 3ToM ynpaskHEeHUsI C 0CEBOM HArpy3KOH XapaKTepH30BAIUChH OOJee BEIPAXKEHHBIM TOJIOKUTEIbHBIM
BJIMSHUEM Ha HEHpoOMOIOrnueckre MapKepbl 1 CUXOJIOTHUECKOE O1aronoiyyue.

Kniouesvie cnoga: ocreoapTpo3 KOJICHHOTO cycTaBa, Heliporpodudeckuii ¢paxrop mosra (BDNF), cunapom nepenneii 6011 B KojeHe,
YIpaXXHEHUsI C OCEBON HArpy3Koil, TPEBOKHOCTh

Lumuposams: Mynup M., lllakun-yp-Pexman C., beiir A.A., Ad3an A., Honpa I11., Yonpa X. CpaBHUTENbHBII 9D PEKT yIpaKHEHUH
C OCEBOW Harpy3koil u 0e3 Ha ICHXOJOIrMYecKoe Oiarornojydue, HEHpOOMOJIOTMYECKHE IOKA3aTelId M MapaMeTphbl KIETOYHOH
OKCHTEHAIIUH: ITyTh K BOCCTAHOBJICHUIO. MHnnosayuonnas meouyuna Kyoanu. 2026;11(1):62-70. https://doi.org/10.35401/2541-9897-

2026-11-1-62-70

Introduction

With aging, joint stiffness and discomfort are common
complaints, but they may be signs of the osteoarthritis
(OA), a chronic degenerative joint condition rather than
merely normal aging. The knee is the most frequently
affected joint worldwide and a major contributor to dis-
ability. OA involves the entire joint — including carti-
lage, subchondral bone, ligaments, and synovium — and
often causes pain, stiffness, and functional loss that can
substantially reduce quality of life over many years. Al-
though OA has historically been viewed as an inevitable
consequence of aging, it is now understood as a disorder
with modifiable risk factors and potential for prevention
and treatment through early intervention. With an aging
population and rising obesity rates, the prevalence of knee
OA is increasing worldwide.

In the United States, around 12 million people have
been affected by knee osteoarthritis, predominantly
adults aged 65 years or older. The condition affects fe-
males more frequently than males.! According to the
Global Burden of Disease (GBD) study, the number
of diagnosed cases of knee osteoarthritis has increased
at an annual rate of approximately 8%.? Approximately
20 years prior to 2017, the incidence of clinically diag-
nosed knee OA was reported to be 7 per 1,000 person-
years.? A systematic review has shown that the lifetime
risk of developing knee OA ranges from approximately
14% to 45%.*

OA, as a progressive disease, is associated with
multiple factors, including but not limited to mechani-
cal loading, inflammatory mechanisms, metabolic and

biochemical processes, genetic variations, and overall
joint integrity.” Malalignment leads to uneven load dis-
tribution across the joint, thereby accelerating mechani-
cal wear over time and constituting a major risk factor
for joint injury.® This process may initiate a cycle of
progressive deterioration that ultimately results in joint
failure. Inflammation of the cartilage and synovial lining
also contributes to joint degeneration and pain.” Identi-
fied risk factors include advanced age, higher body mass
index, poor joint alignment, osteoarthritis in the contra-
lateral knee, early structural joint changes, and low fast-
ing glucose levels during the two to four years preceding
the radiographic onset of accelerated knee osteoarthritis
(AKOA).? Individuals commonly exhibit signs of menis-
cal injury, increased bone marrow lesions, joint effusion
and inflammation, rapid cartilage loss, reduced mobility,
and greater arthritis-related impact within 1-2 years prior
to disease onset. As joint pathology progresses, traumatic
events may occur, most commonly in the form of severe
meniscal tears that compromise joint stability.’

The development and progression of knee osteoar-
thritis (OA) are strongly influenced by psychological
distress, which also has a substantial impact on pain per-
ception and overall disease burden.!® Elevated levels of
knee pain, greater disability, and reduced quality of life
have been associated with stress and related psychoso-
cial factors, such as anxiety and depression; these asso-
ciations appear to be particularly pronounced in women.
In addition to exacerbating pain, these psychological
conditions influence how individuals respond to and
cope with chronic pain.!!
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Maladaptive cognitive and behavioral responses,
including catastrophizing, fear-avoidance, and nega-
tive thinking, may accelerate the transition from acute
to chronic pain.!> Chronic psychological stress also ad-
versely affects physical health by contributing to sleep
disturbances, elevated cortisol levels, obesity, and meta-
bolic syndrome, all of which are recognized risk factors
for OA." Persistent pain, stiffness, and functional limita-
tion associated with knee OA may give rise to a cycle of
psychological distress and physical deterioration.' This
cycle often results in social isolation, reduced mobility,
and, in some cases, substance misuse. Consequently, ef-
fective management of OA requires the identification and
treatment of psychological distress, underscoring the im-
portance of a biopsychosocial approach in both clinical
practice and research.'s

Another key factor involved in the development of
pain in knee osteoarthritis is elevated levels of brain-
derived neurotrophic factor (BDNF).'S Peripheral sensi-
tization is a process that is enhanced by increased BDNF
levels, as BDNF amplifies the responsiveness of noci-
ceptive receptors within the knee joint.'” Fusion proteins
known as TrkB—Fc chimeras are generated by linking the
extracellular domain of the TrkB receptor to the Fc por-
tion of an antibody.'® These chimeras are commonly used
in research settings to investigate the role of TrkB and
its ligands, including BDNF, by inhibiting TrkB-mediated
signaling and thereby reducing pain in OA."

Furthermore, BDNF contributes to the progression of
joint degeneration by enhancing inflammatory processes
within the synovial fluid of the knee joint.?* This inflam-
matory activity further exacerbates pain and discomfort
in patients with OA. By influencing neuronal survival and
growth, BDNF promotes neuroplastic changes that con-
tribute to the development of chronic and persistent pain
in OA.! Collectively, these findings suggest that modula-
tion of BDNF and its receptor represents a potential thera-
peutic strategy for the management of osteoarthritis.

The pathophysiology of knee osteoarthritis (OA),
a condition increasingly recognized as a whole-joint dis-
ease affecting not only cartilage but also subchondral
bone, synovium, and periarticular tissues, is strongly in-
fluenced by oxygen availability within joint tissues, par-
ticularly articular cartilage.”> Because articular cartilage
is avascular, chondrocytes reside in a hypoxic environ-
ment and require tightly regulated oxygen homeostasis to
maintain normal cellular function and extracellular matrix
integrity.”® Evidence suggests that disturbances in local
oxygen tension may contribute to the imbalance between
anabolic and catabolic processes in OA by promoting the
expression of matrix-degrading enzymes and the genera-
tion of reactive oxygen species (ROS), which damage cel-
lular structures and the extracellular matrix.*

Although knee OA has been associated with system-
ic oxidative stress, the role of tissue oxygenation in the
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development of the disease remains poorly understood.
To determine whether altered oxygen transport or cellu-
lar oxygen utilization contributes to cartilage degradation
and joint dysfunction, measurement of arterial blood gas
(ABG) levels represents a novel and potentially informa-
tive approach for assessing systemic oxygen status in pa-
tients with OA.»

Methods

This single-blind, randomized controlled trial (RCT)
was conducted at the Riphah Rehabilitation Center in
Lahore, Pakistan, between September 2022 and Febru-
ary 2023. The trial was performed in accordance with
the Consolidated Standards of Reporting Trials (CON-
SORT) guidelines and registered with ClinicalTrials.gov
(IRCT20230427058007N1) following approval by the
Ethics Review Committee of Riphah International Uni-
versity, Lahore. G*Power 3 software was used to estimate
the sample size based on previous literature, with a 95%
confidence interval (CI) and 80% statistical power. To ac-
count for an anticipated 20% dropout rate, the calculated
sample size was increased accordingly.

Participants were recruited from the outpatient depart-
ment (OPD) using a non-probability purposive sampling
technique. Eligible participants were men and women
aged 40 years or older who had experienced knee pain
for at least three months. All participants demonstrated
tibiofemoral osteophytes on radiographic examination
and reported an average overall pain intensity of at least
4 on an 11-point numeric rating scale (NRS) during the
preceding week. Participants were willing to receive text
message reminders during the study, if required, and pos-
sessed a mobile phone with text-messaging capability.

Participants were excluded if they had open wounds
or ulcers on the ankles or feet, or systemic diseases such
as severe cardiovascular, renal, or hepatic conditions.
Additional exclusion criteria included lateral joint space
narrowing greater than or equal to medial joint space nar-
rowing on radiographs (as assessed using a radiographic
atlas), knee surgery or intra-articular injection within the
past six months, planned knee surgery within the next nine
months, recent (current) or remote (within four weeks) use
of oral corticosteroids, any systemic arthritic conditions,
a history of knee fracture or cancer, prior hip or knee joint
replacement, tibial osteotomy, or any other condition cur-
rently affecting lower limb function. Participants who had
engaged in knee strengthening or neuromuscular/func-
tional exercises within the previous six months, or who
planned to initiate such exercise within the following nine
months, were also excluded.

After obtaining written informed consent, partici-
pants were randomly assigned to two equal groups us-
ing computer-generated numbers by an independent re-
searcher who was not involved in data collection or anal-
ysis. To ensure allocation concealment, the independent
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researcher prepared opaque, sealed envelopes, which
were opened sequentially to assign participants to their
respective groups. Group A received standard non-
weight-bearing exercises, while Group B underwent
weight-bearing quadriceps strengthening exercises, com-
bined with a baseline protocol of breathing exercises and
grade I-1I oscillatory therapy. Both groups also received
gentle stretching and breathing techniques. Pre- and post-
intervention assessments of cellular hypoxia, BDNF
levels, and psychological profiles were conducted after
six weeks. Participants in the intervention group attended
five individual physiotherapy sessions over the six-week
period, with each session lasting 30—40 minutes.

The exercise program lasted six weeks. The pre-
scribed number of repetitions progressed from two sets
of 20 repetitions to two sets of 10 repetitions per exer-
cise, and subsequently to three sets per week. Partici-
pants were encouraged to follow the same routine for

Table 1

Shapiro-Wilk Test for Normality of Outcome Variables
Tabnuua 1

Tect lanupo-Ynika Ha HOPMAJIBLHOCTb pacHpeleeHHA
HCXOTHBIX MepeMeHHbIX

Variable Wﬂsl:l_ ;It);:(i)s tic p-Value
Stress Pre 0.9785 0.7835
Stress Post 0.9392 0.0864
Anxiety Pre 0.9871 0.9668
Anxiety Post 0.9685 0.4997
Depression Pre 0.9608 0.3237
Depression Post 0.9499 0.1679
BDNF Pre 0.971 0.5662
BDNF Post 0.98 0.8258
Oxygen Levels Pre 0.9733 0.6328
Oxygen Levels Post 0.9646 0.4033

Note: BDNF, brain derived neurotropic factor

Ipum.: BDNF, nefiporpoduuecknii paktop mosra

Table 2

Comparison of Continuous Baseline Characteristics
Between Groups

Tabnuua 2

CpaBHeHHe HENPEPBIBHBIX HCXOHBIX XapaAKTEPHCTHK
MeKIy rpynnamMmu

Variable Mean + SD Mean + SD p-Value
Age 56.20+6.78 58.00 £ 7.75 0.504
Height 170.51 £ 11.12 169.82 + 8.98 0.8538
Weight 69.17 £ 6.24 67.33+4.79 0.3749
BMI 23.67+1.72 23.40+1.55 0.6588

Note: BMI, Body Mass Index; SD, Standard Deviation

Ipum.: BMI — ungexc maccsl tena, SD — cranmaptHoe oT-
KIJIOHEHUE

daily at-home exercises.?® Exercise progression, based
on the modified Borg Rating of Perceived Exertion
CR-10 scale, proceeded from passive range of motion
(ROM) to active ROM and finally to resisted activities
using 0.5 kg ankle weights. The program was adjusted
for any participant experiencing joint swelling or pain
lasting more than one day by reducing repetitions, inten-
sity, or frequency by half. All exercises were performed
under the supervision of a physiotherapist. Weight-bear-
ing activities, including toe standing, squats, single-leg
standing, side leg lifts, and assisted leg extensions, were
gradually advanced to independent performance without
support.?’

Non-weight-bearing exercises included knee flexion
and extension in the supine position, hip abduction and
adduction, side-lying leg lifts, and knee extensions (short-
arc quadriceps exercises in sitting and supine, progress-
ing from 0-45° and subsequently returning to 0°).28 As-
sessments included ELISA, DASS 2.1, and arterial blood
gases (ABGs), with measurements recorded both before
and after the intervention. The examiner was blinded to
group allocation.

Data analysis was performed using SPSS version 25.
Qualitative data were presented as frequencies and per-
centages, while quantitative data were expressed as mean
+ standard deviation. The Shapiro-Wilk test was used to
assess data normality. For non-normally distributed data,
non-parametric tests were applied, with results reported
as median and interquartile range (IQR). Intragroup dif-
ferences were analyzed using the Friedman test, and in-
tergroup differences were assessed using the Mann—Whit-
ney U test. A p-value of less than 0.05 was considered
statistically significant.

Results

The statistical analysis provides insights into the effi-
cacy of the interventions by comparing the Weight-Bear-
ing Exercise (WBE) and Non-Weight-Bearing Exercise
(NWBE) groups across demographic characteristics, ad-
herence, and outcome measures. Baseline characteristics
of the two groups were comparable. There were no signif-
icant differences in gender distribution (60% female, 40%
male) or adherence levels (66.7% high, 16.7% moderate,
16.7% poor) between groups (p > 0.05). Table 1 presents
the results of the Shapiro-Wilk test, which assessed the
normality of each outcome variable. Both pre- and post-
intervention measures satisfied the assumption of normal-
ity, with all p-values greater than 0.05, thereby supporting
the use of parametric tests, such as the t-test, for subse-
quent within-group and between-group analyses.

Baseline continuous demographic characteristics for
the WBE and NWBE groups are summarized in Table 2.
Age, height, weight, and BMI did not differ significantly
between groups (p > 0.05 for all), indicating that the two
groups were comparable prior to the intervention.
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Table 3 shows the distribution of categorical variables,
including gender and exercise adherence, for both inter-
vention groups. Chi-square tests confirmed baseline com-
parability between groups for these categorical character-
istics, with no significant association observed between
group assignment and gender (p = 0.456) or adherence
(p=0.333).

Table 4 summarizes psychological outcomes, includ-
ing stress, anxiety, and depression, for both groups. Post-
intervention, depression and stress scores were signifi-
cantly lower in the Weight-Bearing Exercise group (p =
0.0137 and p = 0.0155, respectively), whereas anxiety
scores did not differ significantly between groups. These
findings suggest that weight-bearing exercise regimens
may confer mental health benefits.

Table 5 compares Brain-Derived Neurotrophic Factor
(BDNF) levels before and after the intervention between
the two groups. Pre-intervention BDNF levels did not
differ significantly between groups (p = 0.5689). Post-in-
tervention, BDNF levels were significantly higher in the
Weight-Bearing Exercise group, with a mean difference
of 1.54 ng/mL (95% CI: 0.44-2.66; p = 0.0084). These
results indicate that the intervention led to a significant
increase in BDNF levels.

Table 6 presents oxygen level measurements before
and after the intervention. Pre-intervention oxygen levels

Table 3

Distribution of Categorical Variables and y* Test
Comparison

Tabnuua 3

PacnipenesieHue KaTeropuajibHbIX MepeMeHHbIX
U NPOBEPKA ¢ MOMOLIbIO KpUTEpHs )

Weight- | Non-Weight-
Variable | Category | Bearing Bearing p-Value
(n=15) (n=15)
Gender Male 5 7
Female 10 8 0.456
o Exercnes | Migh |9 n
Moderate 2 3
Low 4 1
Chi-Square p-value 0.333

did not differ significantly between groups (p = 0.4853).
Post-intervention, oxygen levels were significantly higher
in the Weight-Bearing Exercise group, with a mean dif-
ference of 4.10% (95% CI: 1.79-6.41; p = 0.0011), in-
dicating a significant improvement in oxygen saturation
following the intervention.

Table 7 presents a within-group pre- and post-interven-
tion analysis of psychological and physiological outcomes
for the Weight-Bearing Exercise group. Post-intervention,
all measured outcomes showed notable improvements.

Table 4
Comparison of psychological parameters across groups
Tabnuya 4
CpaBHeHHe IICUX0JOTHYECKUX MAPAMETPOB MEKAY TPyIIaMu
Variable Mean £+ SD Mean £+ SD t-Statistic df p-Value 95% CI (Diff)
Stress Pre 28.67 +4.35 31.33+4.12 -1.724 27.9 0.0958 [-5.84, 0.50]
Stress Post 2.86+0.18 3.02+0.14 -2.587 26.4 0.0155 [-0.28, -0.03]
Anxiety Pre 2533 +£5.54 28.20 £ 6.00 -1.359 27.8 0.1849 [-7.19, 1.45]
Anxiety Post 12.93 +2.22 1420 +3.23 -1.251 24.8 0.2227 [-3.35, 0.82]
Depression Pre 26.00 £ 4.47 2493 £3.71 0.711 27.1 0.4833 [-2.01, 4.15]
Depression Post 15.47+4.10 19.07 £3.33 -2.639 26.9 0.0137 [-6.40, -0.80]
Table 5
Comparison of biochemical outcomes across groups
Tabnuua 5
CpaBHeHHe OMOXMMMYECKHUX MOKa3aTe/ell MeKaAy rpynmnamMu
Variable Mean + SD Mean + SD t-Statistic df p-Value 95% CI (Diff)
BDNF Pre 22.13+1.44 22.48 +1.85 -0.577 26.4 0.5689 [-1.60, 0.90]
BDNF Post 26.09 £ 1.09 24.55+1.78 2.879 232 0.0084 [0.44, 2.66]
Table 6
Comparison of cellular oxygenation outcomes across groups
Taénuya 6
CpaBHeHne noka3areJieil KJIeTOYHOH OKCUTeHAILINH MesKAy IpynIaMu
Variable Mean £+ SD Mean = SD t-Statistic df p-Value 95% CI (Diff)
Oxygen Levels Pre 90.03 +2.98 89.34 £2.33 0.708 26.5 0.4853 [-1.32,2.70]
Oxygen Levels Post 96.49 +3.17 92.39+£3.01 3.635 27.9 0.0011 [1.79, 6.41]
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Table 7

Pre- and Post-comparison in the Weight-Bearing Exercise Group

Tabnuua 7

CpaBHeHne nokasareJieii 10 4 mocJie ynpamne}mﬁ Cc Harpyslcoﬁ Ha BeC TeJia

Variable Pre Mean = SD | Post Mean = SD t-Statistic df p-Value 95% CI (Diff)
Stress 28.67 +£4.35 2.86+0.18 23.064 14 0.000 [23.40, 28.20]
Anxiety 2533 +£5.54 12.93+2.22 7.542 14 0.000 [8.87,15.93]
Depression 26.00 + 4.47 15.47 £4.10 6.657 14 0.000 [7.14, 13.93]
BDNF 22.13+1.44 26.09 + 1.09 -9.479 14 0.000 [-4.87,-3.07]
Oxygen Levels 90.03 +£2.98 96.49 £3.17 -16.124 14 0.000 [-7.31,-5.60]

Table 8
Pre- and Post- Comparison in the Non-Weight-Bearing Exercise Group
Taonuua 8
CpaBHeHHe MoKa3aTeJieii 10 U MocJie yIpaskHeHuii 6e3 oceBoil HATPY3KHU
Variable Pre Mean + SD Post Mean + SD t-Statistic df | p-Value 95% CI (Diff)
Stress 31.33+4.12 3.02+0.14 26.829 14 0.000 [26.05, 30.58]
Anxiety 28.20 £ 6.00 14.20 +£3.23 8.635 14 0.000 [10.52,17.48]
Depression 2493 +3.71 19.07 £3.33 5.358 14 0.0001 [3.52,8.21]
BDNF 22.48 +1.85 24.55+1.78 -2.873 14 0.0123 [-3.62,-0.52]
Stress 31.33+4.12 3.02+0.14 26.829 14 0.000 [26.05, 30.58]
Oxygen Levels 89.34+2.33 92.39+3.01 -9.332 14 0.000 [-3.75,-2.35]

Stress, anxiety, and depression scores decreased signifi-
cantly (p < 0.001 for all), indicating clear psychological
benefits. Physiologically, both BDNF and oxygen satu-
ration levels increased significantly (p < 0.001), reflect-
ing enhanced neuronal and respiratory function. Overall,
these results demonstrate that the weight-bearing inter-
vention improved both mental and physical well-being.

Table 8 presents a within-group pre- and post-inter-
vention analysis of psychological and physiological
outcomes for the Non-Weight-Bearing Exercise group.
Post-intervention, stress, anxiety, and depression scores
decreased significantly (all p < 0.0001), indicating no-
table improvements in mental health. BDNF levels also
increased significantly (p = 0.0123), although the mag-
nitude of change was smaller than that observed in the
Weight-Bearing Exercise group. Additionally, oxygen
saturation levels increased significantly after the interven-
tion (p < 0.001), reflecting improved respiratory function.
Overall, the non-weight-bearing intervention led to im-
provements in both physiological measures and psycho-
logical well-being.

Discussion

This study aimed to evaluate the effects of weight-bear-
ing and non-weight-bearing exercises on psychological
outcomes, biochemical markers, and cellular oxygenation
in patients with knee osteoarthritis (OA). The findings in-
dicate that while both intervention groups demonstrated
improvements in BDNF levels, cellular oxygenation,
and reductions in stress, anxiety, and depression over the

six-week intervention period, the Weight-Bearing Exer-
cise group exhibited significantly greater improvements
compared with the Non-Weight-Bearing Exercise group.

The results demonstrated that stress levels decreased
in both the Weight-Bearing and Non-Weight-Bearing
Exercise groups, with post-intervention mean scores sig-
nificantly lower than baseline. Interestingly, the reduction
in stress was slightly greater in the Non-Weight-Bearing
group. These findings align with previous research show-
ing that low-impact, non-weight-bearing interventions,
such as aquatic therapy, can substantially reduce stress
in individuals with osteoarthritis by promoting relaxation
and minimizing joint loading.”

Conversely, a study investigating challenges associat-
ed with strengthening exercises reported that exercise can
present several psychological and physical obstacles for
patients and therapists, including pain-related fear, mis-
conceptions about exercise, difficulty performing exercis-
es, use of cuff weights, and negative effects of comorbid
medical conditions.’® The present findings, however, con-
tradict this notion, demonstrating that even weight-bear-
ing exercises, when properly tailored, can substantially
reduce stress. These results suggest that individualized
exercise programs and professional supervision may help
alleviate such concerns.

Both intervention groups exhibited a substantial de-
crease in depression scores following the intervention,
with the Weight-Bearing Exercise group showing a great-
er mean reduction than the Non-Weight-Bearing Exercise
group. Similarly, Hall (2021) reported that strengthening
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exercises were more effective for overall mental health
compared with aerobic and mind-body exercises (mean
difference 12.51, 95% CI: 4.25-20.77) and also dem-
onstrated superior effectiveness for reducing depressive
symptoms compared with stretching exercises.*?

Anxiety levels were also significantly reduced in both
intervention groups, with the Non-Weight-Bearing Ex-
ercise group showing a slightly larger effect. A study by
Xiao Ma et al. (2024) investigating the relationship be-
tween anxiety and weight-bearing joints in osteoarthritis
found no evidence that anxiety was induced by weight-
bearing joint OA (knee or hip). Nevertheless, clinical re-
search supports a substantial association between gener-
alized anxiety disorder (GAD) and weight-bearing joint
OA. Further studies are needed to clarify whether weight-
bearing joint OA and GAD are causally related.*

Both Weight-Bearing and Non-Weight-Bearing Exer-
cise regimens led to a significant increase in blood BDNF
levels, with post-intervention levels significantly higher
in the Weight-Bearing Exercise group. This finding is
consistent with previous research demonstrating the ef-
fect of exercise on neurotrophic factors. For example, S.
Puts et al. (2023) reported that acute exercise increased
BDNF and induced a myokine response compared with
other inflammatory markers. Exercise training may pro-
vide intra-articular and systemic anti-inflammatory ben-
efits for patients with knee osteoarthritis, highlighting the
importance of educating patients and clinicians about the
anti-inflammatory properties of exercise.*

Baseline oxygen saturation levels did not differ be-
tween the Weight-Bearing and Non-Weight-Bearing Ex-
ercise groups (p = 0.4853). Post-intervention, however,
the Weight-Bearing Exercise group showed a significantly
greater increase in oxygen saturation (p = 0.0011), sug-
gesting that weight-bearing exercise may more effectively
improve cardiopulmonary efficiency. Previous research ex-
amining oxidative stress in patients with knee osteoarthritis
indicated that antioxidant levels or markers of oxidative
stress are linked to disease development. These findings
emphasize the importance of individualized therapeutic ap-
proaches that support antioxidant effects and redox balance
for joint health and overall systemic well-being.**

Controlled weight-bearing exercise may improve ox-
ygenation in the affected joint by enhancing blood flow
and cartilage health, making it a valuable intervention for
managing knee osteoarthritis. Excessive exercise, how-
ever, should be avoided, as it can reduce oxygen levels
and potentially damage cartilage. Optimizing the benefits
of exercise while minimizing risks requires an individual-
ized approach that considers each patient’s tolerance and
the severity of their OA.

The safety and feasibility of both interventions are fur-
ther supported by high adherence rates and the absence of
significant adverse events in either group. Individualiza-
tion enhances the clinical relevance of the findings and
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improves the generalizability of outcomes; for example,
exercise intensity can be adjusted according to pain and
swelling. Overall, when properly tailored and supervised,
weight-bearing functional exercises are supported by evi-
dence as an effective component of physiotherapy pro-
grams for patients with knee OA.

Conclusion

This randomized controlled trial demonstrates that both
Weight-Bearing and Non-Weight-Bearing exercise proto-
cols effectively reduce psychological stress and improve
biochemical and oxygenation parameters in patients with
knee osteoarthritis. Compared with Non-Weight-Bearing
exercises, Weight-Bearing exercises produced significantly
greater improvements in BDNF levels and cellular oxygen-
ation. Regarding psychological outcomes, Non-Weight-
Bearing exercises showed slightly greater reductions in
stress and anxiety, whereas depression levels decreased
more substantially in the Weight-Bearing group. These
findings highlight the importance of addressing mental
well-being alongside biochemical and functional factors
in OA rehabilitation and support the incorporation of pro-
gressive, weight-bearing resistance exercises into standard
physiotherapy programs. Large-scale, multi-center studies
with longer follow-up periods are recommended to further
validate and extend these results.

Author contributions

Conceptualization: Munir, H. Chopra

Methodology: Munir

Investigation: Munir, S. Chopra

Statistical analysis: Afzal

Manuscript drafting and revising: Munir, Shakil-Ur-Rehman,
S. Chopra, H. Chopra

Supervision: Shakil-Ur-Rehman, Baig

Final approval of the version to be published:
Shakil-Ur-Rehman, Baig

Bkuan aBropos

Paspabomka konyenyuu: M. Mynup, X. Honpa

Paszpabomra memodonoeuu: M. Mynup

Ilpogedenue uccreoosanus: M. Mynup, l11.Homnpa
Ilposedenue cmamucmuyeckozo ananuza: A. Ad3an
Toozomoska u peoakmuposarue mexkcma: M. MyHup,

C. Hlakun-yp-Pexman, I1I. Yompa, X. Yompa

Hayunoe pyxosoocmeo: C. llakun-yp-Pexman, A.A. beiir
Vmeseporcoenue okonyamenvroii sepcuu. C. llakun-yp-Pexman,
A.A. beiir

Jintepatypa/References

1. Lespasio MJ, Piuzzi NS, Husni ME, Muschler GF, Guarino A,
Mont MA. Knee Osteoarthritis: A Primer. Perm J. 2017;21:16-183.
PMID: 29035179. PMCID: PMC5638628. https://doi.org/10.7812/
tpp/16-183

2. Allen KD, Thoma LM, Golightly YM. Epidemiology of osteoar-
thritis. Osteoarthritis Cartilage. 2022;30(2):184-195. PMID: 34534661.
PMCID: PMC10735233. https://doi.org/10.1016/j.joca.2021.04.020

3. Swain S, Sarmanova A, Mallen C, et al. Trends in incidence
and prevalence of osteoarthritis in the United Kingdom: findings



OpuruHanbHble ctatbi / Original articles

from the Clinical Practice Research Datalink (CPRD). Osteoarthri-
tis Cartilage. 2020;28(6):792-801. PMID: 32184134. https://doi.
org/10.1016/j.joca.2020.03.004

4. Giorgino R, Albano D, Fusco S, Peretti GM, Mangiavini L,
Messina C. Knee Osteoarthritis: Epidemiology, Pathogenesis, and
Mesenchymal Stem Cells: What Else Is New? An Update. Int J Mol
Sci. 2023;24(7):6405. PMID: 37047377. PMCID: PMC10094836.
https://doi.org/10.3390/ijms24076405

5. Binvignat M, Sokol H, Mariotti-Ferrandiz E, Berenbaum
F, Sellam J. Osteoarthritis and gut microbiome. Joint Bone Spine.
2021;88(5):105203. PMID: 33962035. https://doi.org/10.1016/j.
jbspin.2021.105203

6. Dainese P, Wyngaert KV, De Mits S, Wittoek R, Van Ginck-
el A, Calders P. Association between knee inflammation and knee
pain in patients with knee osteoarthritis: a systematic review. Os-
teoarthritis Cartilage. 2022;30(4):516-534. PMID: 34968719.
https://doi.org/10.1016/j.joca.2021.12.003

7. Sharma L, Song J, Felson DT, Cahue S, Shamiyeh E, Dun-
lop DD. The role of knee alignment in disease progression and
functional decline in knee osteoarthritis. JAMA. 2001;286(2):188-
195. PMID: 11448282. https://doi.org/10.1001/jama.286.2.188

8. Driban JB, Harkey MS, Barbe MF, et al. Risk factors and the
natural history of accelerated knee osteoarthritis: a narrative review.
BMC Musculoskelet Disord. 2020;21(1):332. PMID: 32471412. PM-
CID: PMC7260785. https://doi.org/10.1186/s12891-020-03367-2

9. Oo W.M., Hunter J., Intra-articular therapies for knee
osteoarthritis: current update. Curr Treat Options in Rheum.
2023;9(3):99-119. https://doi.org/10.1007/s40674-023-00207-x

10. Lépez-Bravo MD, Zamarron-Cassinello MD, Touche R,
Muiioz-Plata R, Cuenca-Martinez F, Ramos-Toro M. Psychological
Factors Associated with Functional Disability in Patients with Hip
and Knee Osteoarthritis. Behav Med. 2021;47(4):285-295. PMID:
32910744. https://doi.org/10.1080/08964289.2020.1813682

11. Nah S, Park SS, Choi S, Jang HD, Moon JE, Han S. As-
sociation between Chronic Knee Pain and Psychological Stress
in Those over 50 Years of Age: A Nationwide Cross-Sectional
Study Based on the Sixth Korea National Health and Nutrition
Examination Survey (KNHANES 2013-2015). Int J Environ Res
Public Health. 2021;18(18):9771. PMID: 34574694. PMCID:
PMC8467605. https://doi.org/10.3390/ijerph18189771

12. Silva MJ. Treating Anxiety-Based Cognitive Distortions
Pertaining to Somatic Perception for Better Chronic Pain Out-
comes: A Recommendation for Better Practice in the Present Day
and the Cyber Age of Medicine. J Clin Med. 2024;13(19):5923.
PMID: 39407983. PMCID: PMC11478175. https://doi.org/10.3390/
jem13195923

13. LiB,YangZ,LiY, ZhangJ, Li C, Lv N. Exploration beyond
osteoarthritis: the association and mechanism of its related comor-
bidities. Front Endocrinol (Lausanne). 2024;15:1352671. PMID:
38779455. PMCID: PMC11110169. https://doi.org/10.3389/fen-
do.2024.1352671

14. Wojcieszek A, Kurowska A, Majda A, Liszka H, Gadek
A. The Impact of Chronic Pain, Stiffness and Difficulties in
Performing Daily Activities on the Quality of Life of Older Pa-
tients with Knee Osteoarthritis. /nt J Environ Res Public Health.
2022;19(24):16815. PMID: 36554695. PMCID: PMC9779661.
https://doi.org/10.3390/ijerph192416815

15. Merry Del Val B, Shukla SR, Oduoye MO, Nsengiyumva M,
Tesfaye T, Glinkowski WM. Prevalence of mental health disorders in
knee osteoarthritis patients: a systematic review and meta-analysis. Ann
Med Surg (Lond). 2024;86(8):4705-4713. PMID: 39118762. PMCID:
PMCI11305717. https://doi.org/10.1097/ms9.0000000000002258

16. Sorkpor SK, Galle K, Teixeira AL, et al. The Rela-
tionship Between Plasma BDNF and Pain in Older Adults

With Knee Osteoarthritis. Biol Res Nurs. 2021;23(4):629-
636. PMID: 33910384. PMCID: PMC8726424. https://doi.
org/10.1177/10998004211012479

17. Xiong HY, Hendrix J, Schabrun S, et al. The Role of
the Brain-Derived Neurotrophic Factor in Chronic Pain: Links
to Central Sensitization and Neuroinflammation. Biomolecules.
2024;14(1):71. PMID: 38254671. PMCID: PMC10813479. https://
doi.org/10.3390/biom14010071

18. Gowler PRW, Li L, Woodhams SG, et al. Peripheral brain-
derived neurotrophic factor contributes to chronic osteoarthritis
joint pain. Pain. 2020;161(1):61-73. PMID: 31479064. https://doi.
org/10.1097/j.pain.0000000000001694

19. Cappoli N, Tabolacci E, Aceto P, Dello Russo
C. The emerging role of the BDNF-TrkB signaling path-
way in the modulation of pain perception. J Neuroimmunol.
2020;349:577406. PMID: 33002723. https://doi.org/10.1016/j.
jneuroim.2020.577406

20. Manukyan G, Gallo J, Mikulkova Z, et al. Phenotypic and
functional characterisation of synovial fluid-derived neutrophils in
knee osteoarthritis and knee infection. Osteoarthritis Cartilage.
2023;31(1):72-82. PMID: 36216277. https://doi.org/10.1016/].
joca.2022.09.011

21. Puts S, Njemini R, Bilterys T, et al. Linking Intra-Articular
Inflammatory Biomarkers with Peripheral and Central Sensitization
in Late-Stage Knee Osteoarthritis Pain: A Pilot Study. J Clin Med.
2024;13(17):5212. PMID: 39274424. PMCID: PMC11395782.
https://doi.org/10.3390/jcm13175212

22. Semenistaja S, Skuja S, Kadisa A, Groma V. Healthy
and Osteoarthritis-Affected Joints Facing the Cellular Cross-
talk. Int J Mol Sci. 2023;24(4):4120. PMID: 36835530. PMCID:
PM(C9964755. https://doi.org/10.3390/ijms24044120

23. Fu L, Zhang L, Zhang X, Chen L, Cai Q, Yang X. Roles
of oxygen level and hypoxia-inducible factor signaling path-
way in cartilage, bone and osteochondral tissue engineering.
Biomed Mater. 2021;16(2):022006. PMID: 33440367. https://doi.
org/10.1088/1748-605x/abdb73

24. Zhang, Z., Cheng D., Pan J., et al. Lubricating MXenzyme-
based hybrid hydrogel reverses oxidative damage to alleviate osteo-
arthritis. Chem Eng J. 2024;482:148815. https://doi.org/10.1016/j.
cej.2024.148815

25. Munteanu C., et al., Cellular and Molecular Homeostatic
Micro-environmental im-balances in Osteo-arthritis and Rheuma-
toid Arthritis. Balneo and PRM Res J. 2023;14(2):564.

26. Khan S., Islam S., Khan R et al. Evaluating the Impact of
Weight Bearing and Non-Weight Bearing Exercises on Pain and
Physical Function in Obese Knee Osteoarthritic Patients: A Ran-
domized Controlled Trial. Allied Medical Research Journal.
2023;1(2):27-37.

27. Jeevitha D., Kotteeswaran K. Compare the Effectiveness
of Weight Bearing Exercises and Plyometric Training Improve
Joint Position Sense in Osteoarthritis Knee Subjects. Indian Journal
of Physiotherapy & Occupational Therapy. 2024:18.

28. Bennell KL, Nelligan RK, Kimp AJ, et al. Comparison
of weight bearing functional exercise and non-weight bearing
quadriceps strengthening exercise on pain and function for peo-
ple with knee osteoarthritis and obesity: protocol for the TAR-
GET randomised controlled trial. BMC Musculoskelet Disord.
2019;20(1):291. PMID: 31208435. PMCID: PMC6580522. https://
doi.org/10.1186/s12891-019-2662-5

29. Norato O, Velez S, Lleshi A, et al. Elderly Hip Osteoar-
thritis: A Review of Short-Term Pain Relief Through Non-Weight-
Bearing Therapies. J Funct Morphol Kinesiol. 2025;10(2):124.
PMID: 40566421. PMCID: PMC12015921. https://doi.org/10.3390/
jfmk10020124

69



VIHHOBaLOHHas MegunumHa KybaHu. 2026;11(1):62-70 / Innovative Medicine of Kuban. 2026;11(1):62-70

30. Lawford BJ, Bennell KL, Allison K, Schwartz S, Hinman
RS. Challenges With Strengthening Exercises for Individuals With
Knee Osteoarthritis and Comorbid Obesity: A Qualitative Study
With Patients and Physical Therapists. Arthritis Care Res (Hoboken).
2022;74(1):113-125. PMID: 32886868. https://doi.org/10.1002/
acr.24439

31. Hall M, Dobson F, Van Ginckel A, et al. Comparative ef-
fectiveness of exercise programs for psychological well-being
in knee osteoarthritis: A systematic review and network meta-
analysis. Semin Arthritis Rheum. 2021;51(5):1023-1032. PMID:
34416624. https://doi.org/10.1016/j.semarthrit.2021.07.007

32. Ma X, Zhang H, Li G, et al. A clinical study based on bidi-
rectional Mendelian randomization: Correlation between generalized
anxiety disorder and weight-bearing joints osteoarthritis. Heliyon.
2024;10(12):¢32988. PMID: 39021945. PMCID: PMC11252706.
https://doi.org/10.1016/j.heliyon.2024.e32988

33. Puts S, Liberman K, Leysen L, et al. Exercise-induced ef-
fects on inflammatory markers and brain-derived neurotrophic factor
in patients with knee osteoarthritis. A systematic review with meta-
analysis. Exerc Immunol Rev. 2023;29:22-53. PMID: 37358362

34. Tudorachi NB, Totu EE, Fifere A, et al. The Implication
of Reactive Oxygen Species and Antioxidants in Knee Osteoar-
thritis. Antioxidants (Basel). 2021;10(6):985. PMID: 34205576.
PMCID: PMC8233827. https://doi.org/10.3390/antiox 10060985

Author credentials

Muzna Munir, Assistant Professor, Riphah International Uni-
versity (Lahore, Pakistan). https://orcid.org/0000-0001-9756-8812

Syed Shakil-ur-Rehman, PhD, Director of Allied Health Sci-
ences, Riphah International University (Lahore, Pakistan). https://
orcid.org/0000-0002-6682-9896

Atif Amin Baig, Associate Professor, Applied College, Uni-
versity of Tabuk. (Tabuk, Saudi Arabia). https://orcid.org/0000-
0001-5892-3674

70

Ahsan Afzal, Physiotherapist, Canterbury Christ Church Uni-
versity (Canterbury, UK). https://orcid.org/0009-0002-8980-1113

Shivani Chopra, Associate Professor, Department of Bio-
sciences, Saveetha School of Engineering, Saveetha Institute of
Medical and Technical Sciences. (Chennai, India). https:/orcid.
org/0000-0002-2871-086X

Hitesh Chopra, Associate Professor, Centre for Research Im-
pact and Outcome, Chitkara College of Pharmacy, Chitkara Uni-
versity (Rajpura, India). https://orcid.org/0000-0001-8867-7603

Conflict of interest: none declared.

CBepeHuna 06 aBTOpax

My3na MyHup, accucTeHT, MexXayHapOoAHbI YHHUBEPCUTET
Riphah (JIaxop, [Takucran). https://orcid.org/0000-0001-9756-8812

Cann Hlakmna-yp-Pexman, PhD, pyxoBomurens kadenpbr
CMEKHBIX MEIMLIUHCKHX HayK, MexIyHapOoIHbIi YHUBEPCUTET
Riphah (JIaxop, Ilakucran). https://orcid.org/0000-0002-6682-
9896

Atu¢ AmuH baiir, 101eHT, TpUKIaJHONW KoMK, YHUBEPCH-
ter Tabyka (Tabyk, CaynoBckast Apasusi). https://orcid.org/0000-
0001-5892-3674

Axcan Adzau, pusnorepanest, Yausepceutet Canterbury Christ
Church (Kenrep6epu, BemukoOpuranus). https://orcid.org/0009-
0002-8980-1113

IuBann Yonpa, nonent, kadenpa OHOIOrMYECKHX HayK,
WuxenepHas mkona Saveetha, MHCTUTYT MEITUIIMHCKUX M TEXHH-
yeckux Hayk Saveetha (Yennam, Wupwms). https://orcid.org/0000-
0002-2871-086X

Xuremr Yonpa, noueHt, LIeHTp OLeHKH BIUSHUS U pe3yJibTa-
TOB uccienoBanuii, @apmanesruyeckuii komwiemk Chitkara, Yuau-
Bepcuter Chitkara (Pamxmypa, Wuams). https://orcid.org/0000-
0001-8867-7603

Konguaukr uaTepecon
Asmopul 3aaenaom 06 omcymemsuu KOHGAUKMa unmepecos.



	Сравнительный эффект упражнений с осевой нагрузкой и без на психологическое благополучие, нейробиологические показатели и параметры клеточной оксигенации: путь к восстановлению
	Comparative Effect of Weight-Bearing and Non-Weight-Bearing Exercises on Psychological Well-Being, Neurobiological, and Cellular Oxygenation Outcomes: A Pathway to Recovery

