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INTRODUCTION: 
 
Total knee arthroplasty (TKA) is a popular surgical 
procedure with controversies over the best 
alignment philosophy for femoral and tibial 
components. Conventionally, neutral mechanical 
alignment is preferred, but recent studies suggest 
kinematic alignment or functional alignment(1). 
Over 700,000 knee arthroplasties (TKAs) are 
performed annually in the United States to alleviate 
pain and disability associated with knee 
osteoarthritis (OA) (2). The alignment of the femoral 
component during rotation is crucial for knee 
stability and patellofemoral kinematics. 
Malalignment can cause complications and ligament 
balancing, potentially leading to total knee 
arthroplasty failure(3). Patients with knee 
Osteoarthritis experience pain and function 
impairments, limiting their daily activities and work 
participation. Knee replacement surgery, known as 
total knee arthroplasty (TKA), is a common 
treatment to reduce pain and with 15% experiencing 
severe pain after 3-4 years 4. Metabolic disorders 
like obesity and diabetes are risk factors for 
developing knee Osteoarthritis, but their 
relationship to postoperative chronic pain is unclear. 
Increased systemic inflammation, characterized by 
high levels of proinflammatory cytokines, is 
associated with higher preoperative pain levels in 
patients with knee Osteoarthritis. This altered 
central pain processing may contribute to chronic 
pain development and maintenance. Understanding 
these factors and markers could improve surgery 
timing, patient expectations, and preoperative 
treatment decisions 5. 

C-reactive protein (CRP) and serum calcium are 
crucial for bone health and muscle contractions, but 
their benefits can also risk the patients. Genetically 
higher calcium levels may lower osteoarthritis risk 
but increase hypertension and coronary 
atherosclerosis. Vitamin D plays a role in immune 

processes. C reactive protein levels may be elevated 
in osteoarthritis patients, but evidence is conflicting, 
with some studies suggesting increased severity of 
symptoms and progression 6. Osteoarthritis is a 
prevalent joint disease in India, affecting 22%-39% 
of the population. It is more common in women and 
increases with age, causing mobility impairment and 
being the 10th leading cause of harmless burden 7. 

Quadriceps weakness during gait leads to decreased 
shock absorption and increased load, potentially 
causing Osteoarthritis changes in the medial and 
lateral compartments. This may impair quadriceps 
muscle contractions 8. 

Knee osteoarthritis is characterized by knee extensor 
weakness, leading to symptomatic and functional 
decline over time. Studies have investigated its 
association with disease progression 9. Quadriceps 
weakness is a risk factor for the initiation and 
progression in individuals with lower muscle 
strength compared to healthy adults of knee 
osteoarthritis 10. Quadriceps muscle strength is 
crucial for functional performance, such as 
stairclimbing, chair rise performance, walking 
speed, and implant survival. High muscle strength in 
the lower limbs is associated with lower mortality 
risk. Many total knee arthroplasty (TKA) patients 
want to regain their normal activity level or 
participate in athletic events 11. 

Quadriceps muscle strength loss correlates with pain 
intensity and functional disability, while higher 
strength individuals experience less pain and 
disability. Physical exercise and muscle 
strengthening are valuable in Osteoarthritis. Lower 
limb muscle weakness, particularly quadriceps 
muscle, causes pain and instability, contributing to 
disease progression. Strength loss correlates with 
pain intensity and functional disability. Physical 
exercise and muscle strengthening are beneficial in 
Osteoarthritis 12. 

Quadriceps strength training may reduce pain and 
improve physical function in people with knee 
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Osteoarthritis, but no evidence has identified 
underlying biomechanical mechanisms. It showing 
improved thigh muscle strength and symptomatic 
improvements, but no change in quadriceps muscle 
function or knee joint loads after strengthening. 
Quadriceps strength training is believed to enhance 
quadriceps force during locomotion, allowing the 
muscle and patellar tendon to more effectively 
unload the knee joint 10.  Neuromuscular Electrical 
Stimulation (NMES) has been used as an adjunct to 
conventional strengthening programs in patients 
post-total knee replacement, potentially increasing 
muscle strength more effectively than traditional 
methods.  Neuromuscular electrical stimulation 
effectiveness in strengthening quadriceps muscle in 
total knee replacement patient 13. Neuromuscular 
control changes before and after total knee 
arthroplasty (TKA) are reported, with many patient 
experiencing difficulty bearing their full body 
weight on their legs due to pain, poor activation, or 
muscle atrophy. It can take over two years to fully 
regain preoperative levels of quadriceps femoris 
muscle activation 14. Exercises like squats can 
increase lower limb muscle strength and activity, 
preventing injuries. Squat exercises improve leg, 
hip, and back strength and are a major exercise in 
sports performance and knee rehabilitation 
programs The Swiss ball to measure the depth of the 
General squat with both feet on the floor, with the 
Swiss ball placed between the wall and spine The 
study compares three squat exercises to identify 
which activate quadriceps femoris and hamstring 
muscles effectively, providing diverse information 
for rehabilitation programs and clinicians. It 
hypothesizes that Side squat exercises show highest 
muscle activity in quadriceps femoris, without 
significant differences in hamstring muscles 15. 

Vastus medialis 's role in knee osteoarthritis, along 
with other quadriceps components, Increased Vastus 
medialis size reduces knee pain and improves knee 
Osteoarthritis, while the ratio between Vastus 
lateralis and Vastus medialis cross-sectional area 

may influence Osteoarthritis progression. This study 
investigates the relationship between lower limb 
alignment and knee extensor muscle volume in knee 

Osteoarthritis 9. 
Rehabilitation, focusing on physiotherapy and 
exercise, is commonly promoted after total knee 
replacement, aiming to mobilize and achieve 
functional goals during hospital stay, and post-
discharge for re-training and improvement 16. 

Eccentric isokinetic training improves muscle 
strength and function, with cardiovascular tolerance 

advantages over concentric training. Eccentric 
muscle performance, especially quadriceps femoris, 
is essential for daily activities. Eccentric contraction 
training leads to greater muscular strength gains and 
lower energy costs. Isokinetic dynamometers can be 
adapted for impaired physical capacities 12. 
This study is needed to assess how strengthening the 
quadriceps can enhance functional outcomes, reduce 
postoperative complications, and improve overall 
quality of life in Total knee arthroplasty patients. By 
identifying the best exercise strategies and their 
effectiveness, rehabilitation programs can be 
optimized to ensure faster recovery and better long-
term joint function. The findings of this research can 
help healthcare professionals develop evidence-
based rehabilitation protocols that maximize 
mobility, stability, and patient satisfaction after 
Total knee arthroplasty. 
 
 
METHODS
  
A search of pubmed and other electronic database 
was conducted in January of 2026 using the mesh 
terms Strengthening, Post TKR, Quadriceps, 
Balance training and Quality of life. This study was 
performed according to the preferred reporting items 
for this study with PRISMA guidelines. A manual 
search was also performed in the reference list of 
included articles and previously published reviews, 
in order to find articles covered by the database 
search. Articles selected are screened based on 
inclusion and exclusion criteria and selected for 
critical appraisal were, Studies published between 
2011 to 2025, articles with full text, articles with 
aged above 50-85 years age, random controlled 
trials (RCTs), case study, comparative study and 
experimental study are considered, articles 
published in English language, articles examining 
effect of Neuromuscular electrical stimulation and 
articles including the quadriceps muscle 
strengthening for total knee arthroplasty were 

included in this study. Below 2011 articles were not 
taken for study, Pilot study was excluded, Articles 
without full text and Articles excluded that is not 

related to total knee arthroplasty.  
 
DATA EXTRACTION: 
  
 
 

Records identified from database 
searching (n=550) 

Records identified from 
other sources (n=50) 
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g 
on 
indi
vid
ual 
mus
cle 
co
mp
one
nts 
like 
vast
us 
late
rali
s, 
me
dial
is, 
and 
inte
rme
dius
. 
Tot
al 
Kne
e 
Art
hro
plas
ty.  

of 
quadric
eps 
muscle
s, and 
ratios 
of each 
muscle 
were 
analyze
d.  

ment 
angles 
and 
specif
ic 
muscl
e CSA 
values
.  

h 
cau
sali
ty 
bet
wee
n 
mu
scle 
loss 
and 
alig
nm
ent 
rem
ains 
unc
lear
. 

10. Paul 
DeV
ita, 
et.al 
2018 
RCT 

The 
effe
ct 
of 
qua
dric
eps 
stre
ngt
hen
ing 
on 
qua
dric
eps 
mus
cle 
forc
e, 
po
wer
, 
and 
wor
k 
and 
tibi

random
ized, 
controll
ed 
trial. In
terventi
on: 
Patient
s with 
knee 
osteoar
thritis 
were 
random
ly 
allocate
d to 
quadric
eps 
strengt
hening 
progra
m (3 
times 
weekly
) or no 
attentio

30 
patien
ts 
were 
rando
mized 
to 
receiv
e 
either 
traini
ng 
(n = 1
5) or 
no 
attenti
on 
(n = 1
5). At 
follo
w-up, 
there 
were 
no 
statist
ical 
differ

Qu
adri
cep
s 
stre
ngt
h 
trai
nin
g 
lea
ds 
to 
incr
eas
ed 
mu
scle 
stre
ngt
h 
and 
imp
rov
ed 
sy
mpt

o-
fem
oral 
co
mpr
essi
ve 
loa
ds 
duri
ng 
wal
kin
g in 
adu
lts 
wit
h 
kne
e 
oste
oart
hriti
s. 

n 
control 
group. 
Main 
outcom
e 
measur
es: 
Primar
y 
outcom
e was 
change 
from 
baselin
e in 
peak 
quadric
eps 
force 
during 
walkin
g at 
12 wee
ks. 
Second
ary 
outcom
es 
include
d 
quadric
eps 
power 
and 
work, 
knee 
compre
ssion 
forces 
during 
walkin
g 
estimat
ed with 
muscul
oskelet
al 
modelli
ng, 
muscle 
strengt
h and 
pain 
and 
functio
n. 
Outco
mes 
were 

ences 
betwe
en 
group
s for 
maxi
mum 
quadri
ceps 
force, 
quadri
ceps 
positi
ve 
power
, 
negati
ve 
work, 
and 
positi
ve 
work, 
and 
knee 
compr
essive 
force. 
Maxi
mum 
negati
ve 
quadri
ceps 
power 
in 
early 
stance 
was 
statist
ically 
signifi
cantly 
increa
sed 
36% 
in the 
traini
ng 
group 
comp
ared 
to the 
contro
l 
group 
which 
was 
most 
likely 

om
atic 
and 
fun
ctio
nal 
out
co
mes 
but 
doe
s 
not 
cha
nge 
qua
dric
eps 
or 
kne
e 
join
t 
bio
me
cha
nics 
duri
ng 
wal
kin
g. 
The 
bio
me
cha
nic
al 
me
cha
nis
m 
of 
imp
rov
ed 
hea
lth 
wit
h 
stre
ngt
h 
trai
nin
g in 
kne
e 
oste
oart



EFFECT OF QUADRICEPS STRENGTHENING IN POST TOTAL KNEE ARTHROPLASTY PATIENTS: 
CLINICAL EVIDENCE AND IMPLICATIONS FOR FUTURE RESEARCH 

 IJDDT Volume 16 Issue 76s 2026 Page: 1098 

measur
ed at 
baselin
e and 
12 wee
ks. 

partial
ly a 
respo
nse to 
faster 
walki
ng 
veloci
ty at 
follo
w-up. 
Muscl
e 
streng
th and 
patien
t 
report
ed 
pain 
and 
functi
on 
were 
impro
ved in 
the 
traini
ng 
group 
comp
ared 
to the 
contro
l 
group
. 

hrit
is 
pati
ents 
rem
ains 
unk
no
wn. 

11. Vigd
is s. 
husb
y, et 
.al 
2018  
RCT 
 

Ran
do
miz
ed 
con
troll
ed 
trial 
of 
ma
xim
al 
stre
ngt
h 
trai
nin
g 
vs. 
stan
dar
d 
reh

17 
subject
s in 
each 
group. 
The 
interve
ntion 
MST 
group 
receive
d 3 
training 
session 
per 
week 
for 8 
weeks 
includi
ng leg 
press 
and 
knee 

The 
MST 
group 
signifi
cantly 
increa
sed 
muscl
e 
streng
th in 
leg 
press 
and 
knee 
extens
ion, 
surpas
sing 
preop
erativ
e 
levels

Part
icip
ants 
wit
h 
MS
T 
sho
we
d 
sup
erio
r 
incr
eas
es 
in 
leg 
pre
ss 
and 
kne
e 

abil
itati
on 
foll
owi
ng 
tota
l 
kne
e 
arth
ropl
asty 

extensi
on. The 
SR 
group 
receive
d fast 
track 
treatme
nt by 
hospita
l. 
Study. 
Outco
me: 1-
RM leg 
press, 
1-RM 
knee 
extensi
on and 
6-
MWT. 

, and 
both 
group
s 
recov
ered 
to 
norma
tive 
levels 
at 12 
month
s 
(P≤0.
001) 
 

ext
ensi
on 
mu
scle 
stre
ngt
h 
co
mp
are
d to 
tho
se 
ma
nag
ed 
wit
h 
SR, 
mai
ntai
nin
g 
this 
diff
ere
nce 
at 
12-
mo
nth 
foll
ow-
up. 
 

12. Em
man
uel 
Cou
deyr
e, et. 
al 
2024 
RCT 

Ecc
entr
ic 
Mu
scle 
Stre
ngt
hen
ing 
Usi
ng 
Ma
xim
al 
Con
trac
tion
s Is 
Del
eter
ious 
in 
Kne
e 

The 
study 
reveals 
that 
eccentr
ic 
muscle 
strengt
hening 
using 
maxim
al 
contrac
tions is 
harmfu
l in 
knee 
osteoar
thritis. 
Particip
ants 
were 
the 
study 

The 
study 
comp
ared 
eccent
ric 
and 
conce
ntric 
indivi
duals, 
findin
g that 
eccent
ric 
indivi
duals 
showe
d 
more 
signifi
cant 
quadri
ceps 

Ecc
entr
ic 
trai
nin
g 
lea
ds 
to 
less 
qua
dri
cep
s 
stre
ngt
h 
im
pro
ve
me
nt 
and 
is 
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Ost
eoa
rthr
itis 

used 
isokine
tic 
muscle 
strengt
hening 
for OA 
knee 
pain, 
targeti
ng 
quadri
ceps 
and 
hamstr
ing 
muscle
s. 
Partici
pants 
were 
seated 
with 
hips 
and 
knees 
flexed 
at 110 
degree
s, with 
progre
ssive 
intensi
ty and 
maxim
um 
force 
develo
pment. 
The 
primar
y 
outco
me was 
concen
tric 
quadri
ceps 
peak 
torque 
at 
60°/s. 
Second
ary 
measu
res 
include
d 
hamstr
ing 

streng
th 
increa
se at 6 
weeks
, 
while 
conce
ntric 
indivi
duals 
experi
enced 
25% 
more 
major 
adver
se 
events
. The 
study 
meas
ured 
outco
mes 
at 
baseli
ne, 6 
weeks
, and 
6 
mont
hs, 
focusi
ng on 
chang
es in 
conce
ntric 
isokin
etic 
knee 
exten
sion 
peak 
torqu
e, 
hams
tring 
PT, 
walki
ng 
speed
s, 
pain. 

lin
ked 
to a 
hig
her 
ris
k of 
mu
scle 
inj
ury
, 
esp
ecia
lly 
to 
the 
ha
mst
ring 
mu
scle
s. 
Co
nce
ntri
c 
trai
nin
g is 
safe
r 
and 
mor
e 
ben
efic
ial 
for 
imp
rovi
ng 
mu
scle 
stre
ngt
h 
and 
fun
ctio
n. 
 

strengt
h, 
walkin
g speed 
(10 m 
and 
200 m), 
pain 
(VAS), 
and 
functio
nal 
status 
(WOM
AC 
index).  

13. Mon
agha
n, 
B., 
et. al 
2010  
RCT 

To 
eval
uate 
the 
effe
ctiv
ene
ss 
of 
surf
ace 
neu
rom
usc
ular 
elec
tric
al 
sti
mul
atio
n 
(N
ME
S) 
in 
imp
rovi
ng 
qua
dric
eps 
mus
cle 
stre
ngt
h 
bef
ore 
and 
afte
r 
tota
l 

A 
system
atic 
review 
of 
random
ized 
and 
controll
ed 
clinical 
trials 
was 
conduc
ted 
using 
multipl
e 
databas
es. Two 
studies 
were 
include
d. 
Measur
ements 
involve
d 
quadric
eps 
strengt
h, 
endura
nce, 
muscle 
activati
on, and 
functio
nal 
perfor
mance 
using 
validat
ed tools 

The 
findin
gs 
showe
d no 
signifi
cant 
impro
veme
nt in 
quadri
ceps 
streng
th or 
endur
ance 
betwe
en 
NME
S and 
contro
l 
group
s. 
Howe
ver, 
one 
study 
report
ed 
tempo
rary 
impro
veme
nt in 
muscl
e 
activa
tion at 
six 
weeks
, 
which 
was 

The 
evi
den
ce 
is 
ins
uffi
cie
nt 
and 
inc
onc
lusi
ve 
due 
to 
limi
ted 
stu
dies 
and 
hig
h 
risk 
of 
bias
, 
ma
kin
g it 
unc
lear 
wh
eth
er 
NM
ES 
is 
effe
ctiv
e 
for 
qua
dric
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kne
e 
repl
ace
me
nt 
sur
ger
y in 
pati
ents 
wit
h 
oste
oart
hriti
s. 

such as 
timed 
tests 
and 
isometr
ic 
torque 
assess
ment. 

not 
sustai
ned at 
twelv
e 
weeks
. 

eps 
stre
ngt
hen
ing. 

14 Kyo-
in 
Koo, 
et.al 
2020  
RCT 

Pro
spe
ctiv
e 
ran
do
miz
ed 
Con
trol 
trail 
und
erg
oin
g 
TK
A 
usin
g an 
end
-
effe
ctor 
gait 
rob
ot 
as a 
neu
rom
odu
lati
on 
ble
ndi
ng 
tool 
for 
dea
ffer
enta
tion
, 
wei

Out of 
20 
patients 
enrolle
d 6 
droppe
d out 9 
patients 
were 
allotted 
to 
EEGR 
group 
versus 
6 
patients 
n WF 
group  
Outco
mes-
cross 
section
al area 
of 
thigh, 
peak 
torque, 
motor 
neuron 
excitab
ility, 
EAL 
time 
use 
EMG 
quadric
eps and 
hamstri
ngs 

All 
patien
ts 
showe
d 
clear 
evoke
d 
respo
nses 
in 
one-
third 
of 20 
stimu
lation
s 
highe
r 
norm
alized 
peak 
torqu
e of 
knee 
flexor
s and 
impr
oved 
EMG 
activi
ty 
comp
ared 
to the 
walke
r 
group
. only, 
real-
time 
EMG 
activi

EE
GR
-
assi
sted 
reh
abil
itati
on 
imp
rov
ed 
bic
eps 
fem
oris 
and 
vas
tus 
me
dial
is 
stre
ngt
h 
afte
r 
unil
ater
al 
TK
A, 
but 
did 
not 
rest
ore 
mu
scul
ar 
vol
um
e or 

ght 
offl
oad
ing 
and 
ster
eot
ype
d 
mo
ve
me
nt. 

ties 
decre
ased 
durin
g 
rehab
ilitati
on.  
 
(p<0.
05) 
 

acti
vati
on. 
Fur
ther 
stu
dies 
are 
nee
ded  

15. Lee, 
J.-
H., 
et. al 
2022 
RCT 

Co
mp
are 
mus
cle 
acti
vati
on 
of 
the 
qua
dric
eps 
fem
oris 
and 
ha
mst
ring
s 
duri
ng 
thre
e 
squ
at 
exe
rcis
es
—
gen
eral 
squ
at 
(GS
), 
wal
l 
squ
at 
(W
S), 
and 
Spa
nish 
squ
at 

22 
particip
ants 
perfor
ming 
GS, 
WS, 
and SS 
in 
random 
order. 
Muscle 
activity 
was 
measur
ed 
using 
electro
myogra
phy 
(EMG) 
sensors 
placed 
on key 
thigh 
muscle
s. Data 
were 
normali
zed 
using 
maxim
al 
volunta
ry 
isometr
ic 
contrac
tions 
(MVIC
) and 
analyze
d using 
statistic
al tests 
like the 
Kruska

The 
Spani
sh 
squat 
showe
d 
signifi
cantly 
higher 
activa
tion in 
the 
rectus 
femor
is and 
vastus 
lateral
is 
comp
ared 
to GS 
and 
WS. 
Howe
ver, 
hamst
ring 
muscl
es 
showe
d no 
signifi
cant 
differ
ences 
across 
exerci
ses. 

The 
stu
dy 
con
clu
des 
that 
the 
Spa
nis
h 
squ
at is 
mor
e 
effe
ctiv
e 
for 
acti
vati
ng 
key 
qua
dric
eps 
mu
scle
s 
and 
can 
be 
use
ful 
in 
reh
abil
itati
on 
and 
stre
ngt
h 
trai
nin
g 
pro
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(SS
). It 
foc
use
d 
on 
ide
ntif
yin
g 
whi
ch 
exe
rcis
e 
mos
t 
effe
ctiv
ely 
incr
eas
es 
mus
cle 
acti
vity 
to 
sup
port 
kne
e 
stab
ility 
and 
inju
ry 
pre
ven
tion
. 

l–
Wallis 
H test. 

gra
ms 
to 
pre
ven
t 
kne
e 
inju
ries
. 

16. Artz, 
N., 
et. 
Al 
2015 
RCT 

To 
eval
uate 
the 
effe
ctiv
ene
ss 
of 
post
-
disc
har
ge 
phy
siot
her
apy 
exe

Resear
chers 
analyze
d 
random
ized 
controll
ed 
trials 
from 
multipl
e 
databas
es. 
Outco
mes 
measur
ed 
include

Physi
othera
py 
exerci
se 
showe
d 
short-
term 
impro
veme
nts in 
physi
cal 
functi
on 
and 
pain 
(3–4 

Phy
siot
her
apy 
exe
rcis
e 
pro
vid
es 
sho
rt-
ter
m 
ben
efit
s 
afte
r 

rcis
e in 
pati
ents 
wh
o 
und
erw
ent 
tota
l 
kne
e 
repl
ace
me
nt 
usin
g a 
syst
ema
tic 
revi
ew 
and 
met
a-
anal
ysis 
app
roa
ch. 

d pain, 
physica
l 
functio
n, knee 
range 
of 
motion, 
and 
walkin
g 
perfor
mance 
using 
standar
dized 
tools 
like 
WOM
AC and 
KOOS 
scales. 

month
s). 
Howe
ver, 
there 
were 
no 
signifi
cant 
differ
ences 
betwe
en 
home-
based 
and 
outpat
ient 
therap
y, and 
long-
term 
benefi
ts 
were 
limite
d. 

kne
e 
repl
ace
me
nt, 
but 
evi
den
ce 
for 
lon
g-
ter
m 
imp
rov
em
ent 
is 
wea
k, 
hig
hlig
htin
g 
the 
nee
d 
for 
mor
e 
rob
ust 
futu
re 
rese
arc
h. 

17. Alis
on 
K. 
Klik
a, 
MS, 
et. al 
2020 
RCT 

Neu
rom
usc
ular 
elec
tric
al 
sti
mul
atio
n 
use 
afte
r 
tota
l 
kne
e 
arth
ropl
asty 

The 
study 
outline
s the 
proced
ure for 
implem
enting 
Neuro
muscul
ar 
Electric
al 
Stimula
tion 
(NMES
) after 
Total 
Knee 
Arthro
plasty 

A 
study 
involv
ing 66 
patien
ts 
found 
that 
patien
ts 
using 
Neuro
musc
ular 
Electr
ical 
Stimu
lation 
(NME
S) 
experi

The 
stu
dy 
rev
eals 
that 
inc
orp
orat
ing 
a 
ho
me-
bas
ed 
app
lica
tio
n-
con
trol
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imp
rov
es 
earl
y 
retu
rn 
to 
fun
ctio
n 

(TKA). 
The 
study 
involve
d 
patient
s 
underg
oing 
standa
rd 
physic
al 
therap
y and 
Neuro
muscul
ar 
Electri
cal 
Stimul
ation 
(NME
S) to 
restore 
functio
n and 
strengt
h post-
surger
y. The 
NMES 
group 
receive
d 45 
minute
s of 
stimul
ation 
twice 
daily 
for 14 
days, 
targeti
ng 
fast-
twitch 
muscle 
Fibers 
for 
muscle 
power 
output.  

enced 
quadri
ceps 
streng
th 
gains 
at 3-, 
6-, 
and 
12-
weeks 
post-
surger
y. 
Posto
perati
ve 
outco
mes 
inclu
ded 
quad
riceps 
stren
gth, 
range 
of 
motio
n, 
restin
g 
pain, 
functi
onal 
timed 
up 
and 
go, 
stair 
climb 
test, 
knee 
injur
y and 
osteo
arthri
tis 
outco
me 
(KO
OS). 
(p<0.
003).  

led 
N
ME
S 
the
rap
y 
syst
em 
int
o 
sta
nda
rd 
car
e 
tre
at
me
nt 
sig
nifi
can
tly 
enh
anc
es 
qua
dric
eps 
stre
ngt
h 
and 
TU
G 
pos
t-
TK
A, 
faci
litat
ing 
qui
cke
r 
fun
ctio
nal 
rec
ove
ry. 
  

18. Asee
r PA, 
et.al 
2016  
RCT 

Eff
ecti
ven
ess 
of 
stru
ctur

Eighty 
subject
s, 
control 
group 
receive
s 

The 
experi
menta
l 
group 
showe
d 

The 
stru
ctur
ed 
exe
rcis
e 

ed 
exe
rcis
e 
pro
gra
m 
on 
the 
fun
ctio
nal 
out
co
mes 
in 
tota
l 
kne
e 
repl
ace
me
nt 

standar
d care 
and 
experi
mental 
group 
receive 
structur
ed 
exercis
e 
progra
m 
compri
sing 
range 
of 
motion, 
Staged 
quadric
eps 
training
, 
targetin
g the 
vastus 
mediali
s, early 
balance 
training
, and 
functio
nal. 
Outco
me: 6-
mwt, 
KOOS 
scale  

signifi
cantly 
lower 
pain 
severi
ty, 
knee 
joint 
extens
ion 
range, 
and 
hamst
ring 
streng
th 
comp
ared 
to the 
contro
l 
group
,  
(p<.0
001) 

pro
gra
m 
was 
effe
ctiv
e in 
imp
rovi
ng 
the 
pri
mar
y 
and 
sec
ond
ary 
out
co
mes 
foll
owi
ng 
pri
mar
y 
tota
l 
kne
e 
repl
ace
me
nt 

19. Fede
rico 
Pozz
i, 
et.al 
2020  
RCT 

ran
do
miz
ed 
con
troll
ed 
trial 
co
mp
aris
on 
of 
pro
gres
sive 
stre
ngt
hen
ing 
vs 
stan

165 
subject
s 
divided 
into 2 
groups 
underg
oing 
progres
sive 
rehabili
tation   
versus 
standar
d 
rehabili
tation 
with 
NMES 
with 88 
healthy 
control

Signif
icant 
differ
ences 
were 
obser
ved 
betwe
en 
group
s, 
with 
the 
contro
l 
group 
showi
ng 
better 
outco
mes. 
progr

pro
gre
ssiv
e 
stre
ngt
hen
ing 
reh
abil
itat
ion 
ma
y 
be 
mo
re 
effe
ctiv
e in 
rest
ori
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dar
d 
phy
sica
l 
ther
apy 
wit
h 
NM
ES 
 

s 
controll
ed 
clinical  
Outco
mes 
TUGT
EST 
,6MW, 
SCTK
OS-
ADL, 
MVC 
KNEE 
EXTE
NSOR 

essive 
stren
gthen
ing 
group 
partic
ipant
s 
achie
ved 
lower 
boun
d 
cutoff
s in 
knee 
exten
sion 
ROM
, 
quad
riceps 
stren
gth, 
and 
stair 
climb
ing 
time. 
(p 
<0.00
1) 
 

ng 
nor
mat
ive 
lev
els 
of 
fun
ctio
n 
afte
r 
(T
KA
) 
co
mp
are
d to 
stan
dar
d of 
care
. 
 

20. Tho
mas 
Lind
ing 
Jako
bsen
, et. 
al 
2019 
RCT 

Qua
dric
eps 
mus
cle 
acti
vity 
duri
ng 
co
mm
onl
y 
use
d 
stre
ngt
h 
trai
nin
g 
exe
rcis
es 
sho
rtly 
afte

24 
subject
s. Were 
include
d in the 
cross-
section
al 
observa
tional 
study. 
The 
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DISCUSSION: 
 
 Neuromuscular electrical stimulation (NMES) is a 
common treatment in total knee arthroplasty (TKA) 
rehabilitation to address quadriceps weakness post-
surgery. NMES enhances muscle recruitment and 
strength, preventing postoperative atrophy and 
enhancing functional recovery. It also reduces 
arthrogenic muscle inhibition, accelerates 
rehabilitation, and manages pain and swelling 1. 
Research suggests that NMES, applied early, 
enhances quadriceps strength more effectively than 
exercise alone. However, patient compliance is a 
limiting factor and optimal protocols are still being 
refined. Not all patients respond equally, and factors 
like preoperative strength and overall health 
influence outcomes 17.  

The progressive strengthening rehabilitation leads to 
better recovery and function 12 months post-TKA. 
Isokinetic leg-press training with vibration and 
functional physiotherapy significantly improves 
strength and function post-TKA. Most patients 
experience significant pain relief and functional 
improvement, but a small percentage require 
revision surgery or experience complications. 
Studies originate from the United States, Austria and 
Australia indicates that approximately 90% of 
patients report satisfaction following TKA, 
experiencing significant reductions in knee pain and 
enhancements in joint function. For instance, a 
reported that 92.2% of patients experienced 
improvement in knee pain one year after surgery, 
with a median absolute improvement of 41.7 points 
on the Knee injury and Osteoarthritis 18. 

A study in India found that a structured 
rehabilitation program that includes a postoperative 
phase focusing on pain management, early 
mobilization, walking and weight-bearing 
progression, and gait training. The next phase 
focuses on early strengthening and functional 
recovery, with goals of increasing knee flexion, 

quadriceps, and hamstring strength. The final phase 
aims to achieve full range of motion, improve 
strength for daily activities, and develop 
neuromuscular control and stability. Significantly 
improved pain relief, knee joint mobility, muscle 
strength, and functional outcomes in patients after 
Total Knee Arthroplasty (TKA).  

The study found significant improvements in pain 
severity, knee extension range, isometric quadriceps 
strength, six-minute walk test performance, and 
quality of life. Progressive strength training also led 
to better functional performance, but muscle 
weakness persisted even after 26 weeks. The success 
rate aligns with global findings, emphasizing the 
importance of post-TKA rehabilitation. While TKA 
has a high success rate, some patients may 
experience complications requiring revision surgery. 
The annual failure rate of total knee replacements is 
estimated between 0.5% and 1%. The success rate of 
rehabilitation after Total Knee Arthroplasty (TKA) 
is largely dependent on the type of rehabilitation. 
Progressive strengthening rehabilitation improves 
functional outcomes more than standard care, but 
many patients still struggle to reach normal levels of 
function 19. 
Quadriceps weakness is common due to surgical 
trauma, post-surgical pain, and loss of 
neuromuscular control. Quadriceps strengthening is 
crucial in post-total knee arthroplasty (TKA) 
rehabilitation due to its vital role in knee stability, 
function, and mobility. Weak quadriceps can lead to 
poor functional outcomes, gait abnormalities, and 
increased fall risk. Strengthening the quadriceps 
helps stabilize the knee joint, prevents quadriceps 
inhibition after surgery, and is essential for 
functional movements. Key quadriceps 
strengthening exercises include quadriceps sets, 
straight leg raises, and leg press exercises. 
Hamstrings dysfunction can lead to altered gait 
mechanics and increased reliance on the quadriceps 
for knee movement. Gluteal weakness can cause hip 
abductor weakness, affecting single-leg balance and 
increased fall risk. Calf muscles, such as the 
gastrocnemius and soleus, aid in ankle 
plantarflexion and knee stabilization 1. 
Evidence states that, the effects of high-intensity 
preoperative training on post-surgical recovery in 
total knee arthroplasty (TKA) patients. The results 
indicate that patients who underwent an 8-week 
preoperative training program had better muscle 
strength, range of motion, and functional 
performance after surgery compared to those who 
did not. Additionally, these patients experienced 
reduced pain and a shorter hospital stay. The 
findings suggest that prehabilitation with resistance 
training can enhance early post-operative recovery 4. 
Evidence states that, the impact of quadriceps-
strengthening exercises on knee biomechanics in 
individuals with knee osteoarthritis. While strength 
training significantly improved quadriceps strength, 
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reduced pain, and enhanced functional outcomes, it 
did not alter  
knee joint biomechanics during walking. The results 
suggest that the benefits of strength training in knee 
osteoarthritis patients stem from increased muscle 
capacity and pain reduction rather than changes in 
joint loading isotonic exercises resulted in greater 
quadriceps activation compared to isometric 
exercises like straight leg raises. These findings 
suggest that home-based rehabilitation using 
bodyweight and elastic band exercises can be 
effective in addressing muscle strength deficits after 
TKA 20. 
Evidence states that, simple strength training 
exercises, such as knee extensions with elastic 
bands, sit-to-stand movements, and one-legged 
squats, result in greater quadriceps muscle activation 
than machine-based exercises after total knee 
arthroplasty (TKA). This suggests that home-based 
exercises can be an effective alternative to machine 
workouts in early rehabilitation. The findings 
challenge the assumption that machine-based 
exercises provide superior muscle activation and 
support the use of simple, accessible exercises for 
patients recovering from TKA 21. 

Studies states that, he effects of eccentric muscle 
strengthening using maximal contractions in knee 
osteoarthritis (OA). The study found that eccentric 
training resulted in less quadriceps strength 
improvement compared to concentric training and 
was associated with a high risk of muscle injuries, 
particularly in the hamstrings. Due to the high rate 
of adverse events, the trial was prematurely 
terminated. These findings suggest that eccentric 
training with maximal contractions may not be 
suitable for OA rehabilitation, and alternative 
strengthening methods should be considered 12. 

The Vastus Medialis Oblique (VMO) is crucial for 
knee stability, patellar tracking, and functional 
recovery after Total Knee Arthroplasty (TKA). It 
prevents lateral displacement of the patella, ensuring 
smooth movement within the trochlear groove. Post-
surgery, weak or delayed VMO activation can lead 
to patellar malt racking, causing anterior knee pain 
and instability. VMO strength typically declines by 
post-TKA, with early activation correlated with 
better functional outcomes. Rehabilitation strategies 
like Neuromuscular Electrical Stimulation and End-
Effector Gait Robots can enhance VMO activation 
and restore quadriceps strength. Progressive 
strengthening programs focusing on closed-chain 
exercises, isometric contractions, and resistance 
training can improve knee stability and mobility. 
Effective post-TKA rehabilitation should emphasize 
VMO activation for optimal recovery, improved 
joint stability, and a higher quality of life for patients 
9. 
With this study, we bring forward that quadriceps 
muscle strengthening has a significant impact on 
improving functional mobility and post-surgical 

recovery in total knee arthroplasty (TKA) patients. 
Strengthening exercises enhance muscle activation, 
reduce post-operative pain, and improve knee 
stability, leading to better rehabilitation outcomes. 
This will make recovery more effective and 
beneficial, allowing patients to regain independence 
and improve their overall quality of life. 
 
 
 
 
CONCLUSION: 
 
The result of this study concludes that quadriceps 
muscle strengthening is a crucial component in the 
rehabilitation of patients following total knee 
arthroplasty (TKA). Strengthening exercises play a 
vital role in restoring knee function, reducing post-
operative pain, and improving overall mobility. By 
enhancing quadriceps activation, patients 
experience better knee stability, which contributes to 
increased independence and a higher quality of life 
after surgery. The Vastus Medialis Obliquus (VMO) 
is a key medial stabilizer in total knee arthroplasty 
(TKA), reducing the risk of patellar malt racking and 
anterior knee pain. Dysfunction can lead to poor 
post-operative outcomes. Targeted rehabilitation 
focusing on VMO strengthening is essential for 
restoring knee function and improving patient 
outcomes. Strengthening exercises and 
prehabilitation strategies can accelerate recovery 
and enhance mobility in the post-operative phase. 
Future studies can focus on the long-term effects of 
quadriceps strengthening on knee function, 
mobility, and pain management post-TKA. 
Development of patient-specific rehabilitation 
programs based on factors such as age, gender, 
preoperative muscle strength, and comorbidities. 
Comparison of Strengthening Methods: Large-scale 
clinical trials to compare different quadriceps 
strengthening techniques, including neuromuscular 
electrical stimulation and eccentric training. 
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