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Evaluation of the Success of Using a Manual Stretching Approach to    
Promote Knee Extension Following Total Knee Replacement 

ABSTRACT  

Background and Objectives: Total knee arthroplasty is an advanced surgical method for 
patients with severe knee disorders, including osteoarthritis and rheumatoid arthritis. 
Knee arthroplasty is effective in managing pain and restoring extension for better func-
tion. This study focuses on manual stretching techniques, following total knee arthroplas-
ty, to improve knee extension and the aim is to decrease back pain and improve the phys-
ical quality of life of patients by restoring maximum possible mobility. 

Methods: A quasi-experimental study (pretest-posttest) design was conducted to evalu-
ate the quality of life of 110 patients with an age range spanning from 40 to 75 years, who 
were recruited for the research between October 2024 and April 2025. The method for 
data collection was meticulous and multifaceted. Prior to the rehabilitation program, a 
thorough baseline assessment was carried out for each participant. This initial evaluation 
included precise measurement of the knee's extension range of motion using a standard 
goniometer and a quantitative assessment of pain intensity via the Visual Analogue Scale. 

Result: The analysis of the collected data revealed overwhelmingly positive and statistical-
ly significant results, affirming the intervention's efficacy. The primary outcome, knee ex-
tension range of motion, showed a remarkable improvement, with the cohort's average 
measurement increasing from 156.1 degrees pre-intervention to a near-full extension of 
172.2 degrees postintervention. This marked increase in joint mobility was strongly corre-
lated with a significant decrease in patient-reported pain levels. 

Conclusions: Manual stretches can be a significant technique for improving the rehabilita-
tion of knee extension following surgery. However, manual stretching on its own is not a 
panacea for every patient, especially those with advanced knee osteoarthritis, obesity, or 
knee flexion contractures, which potentially would result in severe knee stiffness. 
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Total knee arthroplasty (TKA) is an im-
portant surgery for knee-intended individ-
uals mainly having osteoarthritis or rheu-
matoid arthritis. postoperative rehabilita-
tion in manual stretching to gain the po-
tential improvement of knee extension and 
mobility after knee surgery [1]. In recent 
years, rehabilitation strategies have been 
investigated by researchers to improve 
postoperative results, and targeted manual 
stretching has been recommended [2]. TKA 
is accompanied by several obstacles and 
manual stretching techniques when pro-
vided in conjunction with other rehabilita-
tive measures have handily assisted pa-
tients in overcoming these obstacles [3]. 
Telerehabilitation has grown to be an alter-
native that is feasible for both preopera-
tive and postoperative therapy could have 
a significantly positive effect on the im-
provement of muscle strength, ranges of 
motion (ROM) and other functional out-
comes [4]. Though this study focuses on 
interventional strategies before surgery, 
that stands out with the effectiveness of 
manual therapy combined with exercises 
as opposed to using exercises alone in TKA 
patients [5]. The longitudinal results of the 
concentration on rehabilitation aspects 
demonstrate the positive impact of the tar-
geted rehabilitation strategies in much re-
search after lateral opening wedge distal 
femoral osteotomy and reported the indi-
vidual patient’s needs and included manual 
stretching to facilitate favorable results 
years after surgery [6]. The patient’s back-
ground and experiences with TKA before 
the surgery may also have an impact on 
the progress of the rehabilitation process. 
The complication rate requiring MUA after 
TKA in those patients has been found to be 
almost 14 times higher. This shows the im-
portance of providing individual rehabilita-
tion programs, which may include stretch-
ing to minimize complications [7].                                             

Consequently, the effectiveness of certain 
surgical techniques correlates to the pati-
ent’s rehab progress. Their observations 
make it evident that post-operative stretch 
exercises to facilitate biomechanical as-
pects in such cases should be part of the 
recovery [8]. Retaining the TKA functioning 
is another area where resistance exercises 
have been useful. After TKA, a meta-
analysis and systematic review of the evi-
dence on the role played by progressive 
resistance training in the early postoperati-
ve. Exercises such as knee extension may 
help improve overall function [9]. Stret-
ching soft tissues, such as muscles, ten-
dons, ligaments, ECM (scar tissue), as well 
as capsules, every 24 hours is necessary to 
allow therapy to be effective [10]. Never-
theless, constraints in public and private 
healthcare resources seldom permit physi-
otherapy sessions to do effective manual 
stretching daily [11]. As tissues adapt and 
undergo remodeling, resistance to stret-
ching diminishes, resulting in plastic defor-
mation. This employs the biomechanical 
principles of 'stress-relaxation' by the ap-
plication of progressively increasing conti-
nuous displacements, sometimes referred 
to as ‘static progressive stretch’ (SPS) [12].  

 

 

A total of 110 patients aged between 40 
and 75 years participated in this quasi-
experimental (pretest-posttest) study. Ba-
sed on the clinical assessments, the majori-
ty of the cases were diagnosed with osteo-
arthritis by the orthopedic surgeon. Most 
of subjects fell into the overweight catego-
ry based on body mass index (BMI) and 
proceeded to total knee arthroplasty sur-
gery. Participants were primarily recruited 
from Zheen International Hospital, CMC 
hospital, Par hospital and Hawler Teaching 
Hospital Informed consent was obtained 
from all participants,  
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per week) following the procedure; follow-
up was conducted. The goal of the study 
was briefly discussed during the first pa-
tient visit, and everyone's consent was ac-
quired. First, make a note of the patient's 
medical history. Second, use a goniometer 
to measure the range of motion in the 
knee joint to record the degree of exten-
sion. Next, ask the patient to complete the 
Baseline Assessment Questionnaire (QLD) 
and provide their visual analogue scale 
(VAS) pain score (0–10). These two meas-
urement points were used to see how the 
postoperative intervention affected the 
patients' pain, range of motion, and a de-
tailed functional assessment using a stand-
ardized questionnaire to evaluate the pa-
tient's capacity to perform Activities of Dai-
ly Living (ADL). Questionnaires were ap-
plied to gather data that included socio-
demographic characteristics of the patient, 
including age, medical history, occupation, 
chief complaint, residence, and their body 
mass index (BMI), operation type, religion. 
Daily activities for a better quality of life 
after total knee arthroplasty. The physical 
therapy program after the surgery started 
the day after TKA and was done every day. 
It included cold pack therapy and continu-
ous passive motion exercises. After the 
drain was removed and compression 
stockings were applied, cryotherapy and 
manual therapy were introduced as part of 
the patient’s physical therapy. On the sec-
ond day after surgery, they started to bear 
weight with the help of a walker. During 
the first and second weeks, the patients 
did knee ROM exercises, ankle pumping, 
straight leg raises, self-passive knee exten-
sion, balance training, and gait training 
while using a walker. Strength training, en-
durance exercise, and walking up and 
down stairs were added in the third week. 
The protocol of the postoperative rehabili-
tation program is described as each ses-
sion including warming-up, mobility,               

and no compensation was provided. The 
survey was hosted on Kobo Toolbox and 
conducted between (October 2024 and 
April 2025). The method for data collection 
was meticulous and multifaceted. Prior to 
the commencement of the rehabilitation 
program, a thorough baseline assessment 
was conducted for each participant. Inclu-
sion criteria included: Participants were 
generally aged between 40 and over 75 
years. (Most candidates are over 50 years 
old). Surgery Type: undergoing either par-
tial knee arthroplasty (PKA) or total knee 
arthroplasty (TKA). Medical Clearance: Per-
mission from a physician to engage in re-
habilitation. Functional Status: Capacity to 
engage in therapy and adhere to instruc-
tions. Patients who had bilateral or unilat-
eral TKA with OA and RA were included. 
Clinical outcomes: the main ones were 
pain, knee flexion and extension, knee mo-
tion range (ROM), effective management 
of comorbid conditions, normal vision and 
hearing, voluntary participation in the 
postoperative rehabilitation program with 
the surgeon's prior consent, no cognitive 
impairment, and good communication 
skills. Exclusion criteria: medical instability, 
such as an unstable cardiovascular status 
or uncontrolled hypertension and arrhyth-
mia. Inflammatory arthritis; a planned TKA 
revision; history of knee surgery within the 
last six months; neurological conditions, 
such as stroke and Parkinson's disease; and 
lower extremity neurological damage. Cog-
nitive Impairment: The inability to compre-
hend or adhere to rehabilitation guide-
lines. Three weeks following the TKA pro-
cedure, the postoperative telerehabilita-
tion intervention was carried out. As a re-
sult, tests were conducted twice. Baseline 
measurements were obtained on the first 
postoperative day, and post-intervention 
data were collected three weeks later. The 
frequency of the stretching intervention 
was held for three weeks (three sessions                  
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flexibility, strength, balance, and cool-
down exercises. Therapy protocol, Timing: 
Perform stretching after warming up the 
knee with light activity (e.g., walking, using 
a continuous passive motion device for 30 
minutes, and then having the patient to sit 
for gentle range-of-motion exercises such 
as knee flexion, putting a small bottle un-
derfoot to roll it actively about 30 to 50 
times; then ankle dorsiflexion 15-20 reps; 
hip flexion, 10-15 reps; and knee assistive 
extension, 10-15 reps). Positioning: Sit or 
lie down in a comfortable position with the 
leg supported. A common position is lying 
supine (on your back) with the heel 
propped on a rolled towel or a pillow to 
allow gravity to assist in extension during 
the rest of the day as much as possible. Re-
laxation: Ensure the patient is relaxed, es-
pecially the quadriceps and hamstrings, to 
avoid resistance during stretching. Tech-
niques for Manual Stretching; Passive Knee 
Extension Stretch, Position: Lie on your 
back with the heel propped on a ball 
(should be smooth between 18 and 21 cm) 
to allow gravity to assist in extension 
stretching. Intensity was applied Gently 
press down on the thigh just above the 
knee to the end range of motion without 
causing severe pain while allowing the 
knee to straighten. Hold for 30–60 seconds 
(3–5 reps at a time), gradually increasing 
the duration of stretching applied to the 
end range of motion. Formal ethical ap-
proval from the Ethical Committee of the 
Erbil Health and Medical Technical College 
at Erbil Polytechnic University on August 
10,2025, with the number of (25/079 HRE). 
The official approval was taken from the 
general directorate of health; all partici-
pants were informed about the purpose 
and procedures of the study, and oral in-
formed consent was obtained prior to par-
ticipation. 
 
 

 
 

Table1 shows the descriptive statistics for 
demographic characteristics. Most of the 
patients are aged between 65–74 years 
(48.2%), followed by those aged 55–64 
(29.1%), 75+ (15.4%), and 45–54 (7.3%), 
respectively, with a mean age of 67 years 
(SD ± 8.26), The majority were Muslim 
(88.2%) and housewives (56.4%), with oth-
ers being retired (31.8%) or employed 
(11.8%). The mean BMI was 29.25 (SD ± 
4.20), with 47.3% classified as overweight, 
38.2% as obese, and only 14.5% within a 
normal range. Common medical issues in-
cluded hypertension (70.9%), diabetes 
(28.4%), and thyroid problems (0.7%). The 
primary complaint was osteoarthritis 
(96.4%), with a small proportion (3.6%) 
suffering from rheumatoid arthritis. Re-
garding surgical treatment, 54.5% under-
went right total knee replacement and 
45.5% underwent left total knee replace-
ment.  
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RESULTS  

Table 1: Descriptive Statistics for demo-
graphic characteristics. 

Variable Category n (%) 

Age (years) 45–54 8 (7.3) 

 55–64 32 (29.1) 

 65–74 53 (48.2) 

 ≥ 75 17 (15.4) 

 Total 110 (100) 

 Mean ± SD 67 ± 8.26 

Medical issues Hypertension 78 (70.9) 

 Diabetes mellitus 31 (28.4) 

 Thyroid disorders 1 (0.7) 

Chief complaint Osteoarthritis 106 (96.4) 

 Rheumatoid arthritis 4 (3.6) 

Occupation Retired 35 (31.8) 

 Housewife 62 (56.4) 

 Employee 13 (11.8) 

BMI (kg) Normal 16 (14.5) 

 Overweight 52 (47.3) 

 Obese 42 (38.2) 
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the mean score after the physiotherapy 
intervention (M = 172.20) was notably 
higher than the mean score before the 
intervention (M = 156.10). This improve-
ment has a positive effect on the physio-
therapy sessions. 

 
a marked reduction in pain intensity or 
restriction during knee extension move-
ments. In this context, lower scores rep-
resent better outcomes, such as im-
proved joint mobility and reduced pain 
symptoms. These results underscore the 
effectiveness of the physiotherapy pro-
gram in alleviating pain and improving 
functional movement.  
 

 
improved after physiotherapy, with most 
patients reporting mild ADL (51.8%) and 
moderate ADL (41.8%). Fewer people had 
severe ADL (5.5%) and extreme ADL 
(0.9%). These results showed that physi-
cal therapy significantly lowered the ADL 
score. 

Table 2 presents the results indicating a 
statistically significant difference in the 
mean values before and after three weeks 
of physiotherapy treatment because its p-
values (<0.001) is less than the significant 
level of α=0.05, Specifically,  

 
 Table 3 shows the results indicating a sta-
tistically significant difference in the knee 
extension range of motion associated with 
pain after three weeks of physiotherapy 
because its p-values (<0.001) is less than 
the significant level of α=0.05, For exam-
ple, the mean pain-related score decreased 
substantially, from 3.46 before the inter-
vention to 1.53 afterward, reflecting  
 

 
In Table 4, the descriptive statistics of knee 
extension range of motion for the degree 
of difficulty in ADL prior to and following 
physical therapy are displayed. Prior to 
treatment, most patients had severe ADL 
(14.5%), moderate ADL (0.9%), and ex-
treme ADL (84.5%), while none had light or 
no ADL (0%). ADL scores significantly  
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Table 2: Comparison of Knee Extension Range of Motion before and After 3 Weeks of Physiotherapy. 

Variable Before physiotherapy (Mean ± SD) After 3 weeks (Mean ± SD) t-value p-value 

Knee extension range of 

motion (°) 

156.10 ± 7.11 172.20 ± 4.00 -27.04 <0.001 

Table 3: Comparison of Knee Extension Range of Motion Before and After 3 Weeks of Physiotherapy for 
Pain. 

Variable Before physiotherapy (Mean ± SD) After 3 weeks (Mean ± SD) t-value p-value 

Pain score 3.46 ± 0.30 1.53 ± 0.67 30.19 < 0.001 

Table 4.   Descriptive Statistics of Knee Extension Range of Motion for ADL Before and After Physiotherapy. 

Severity Level Before physiotherapy n (%) After physiotherapy n (%) 

Mild 0 (0) 57 (51.8) 
Moderate 1 (0.9) 46 (41.8) 
Severe 16 (14.5) 6 (5.5) 
Extreme 93 (84.5) 1 (0.9) 
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with severe pain: after therapy, (41.8%) 
improved to mild pain and 32.7% to mod-
erate, while only 9.1% still reported severe 
pain, and none remained in the extreme 
category. Similarly, patients with extreme 
pain before treatment showed progress, 
with 7.3% moving to mild, 5.5% to moder-
ate, and just 0.9% reporting severe pain 
afterward. Overall, the data suggests that 
physiotherapy helped reduce back pain for 
most participants, especially those with 
higher initial pain levels.  
 

 
 
 
noticeable improvement during physio-
therapy, with a large shift toward the 
sometimes (90%) and some of them be-
come rare. After receiving physical thera-
py, none of the patients reported constant 
(always) symptoms, and symptoms fre-
quently (often) decreased to 7.3%. 

44 

Table 5 shows the changes in back pain 
levels before and after physiotherapy. The 
data indicates that physiotherapy was 
mainly provided to individuals who expe-
rienced moderate to extreme levels of 
back pain, as there were no cases report-
ed in the no or mild pain categories be-
fore treatment. Among those who initially 
had moderate pain, a small number 
showed improvement (0.9%) shifted to 
mild pain, and another (0.9%) remained at 
the same level. The most significant 
change was seen in patients who started  

 
 
 
Figure 1 illustrates how physical therapy 
successfully decreased the severity of 
symptoms while enhancing knee function 
and mobility. Prior to receiving treatment, 
most patients reported experiencing knee 
pain often (89.1%), always (7.3%), and oc-
casionally (3.6%). However, there is a  
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Table 5: Comparison between back pain Before and After Physiotherapy. 

Back Pain Before Non n (%) Mild n (%) Moderate n (%) Severe n (%) 

Moderate   1(0.9) 1 (0.9)   

Severe 1 (0.9) 46 (41.8) 36 (32.7) 10 (9.1) 
Extreme   8 (7.3) 6 (5.5) 1 (0.9) 

Figure 1. Percentage of Knee Extension Range of Motion for Symptoms Before and After Physiotherapy. 
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Analog Scale (VAS) for pain and goniome-
try for ROM, facilitated direct comparisons 
with prior investigations, including those 
by [9] and [14]. Nonetheless, discrepancies 
in results across studies may also reflect 
differences in assessor expertise, the in-
tensity or frequency of stretching interven-
tions, and the overall duration of rehabili-
tation programs. The demographic analysis 
showed that based on evidence involving 
110 patients grouped between ages (45 -
up to 75), respectively, with a mean age of 
67 years, the majority were Muslim (88 
percent). Most of them were housewife 
(56.4%), with others (31.8%) being retired 
and (11%8) employed. It remains unclear 
which rehabilitation program should be 
offered to patients who have undergone 
TKA or what specific attributes of programs 
are most effective in achieving optimal pa-
tient outcomes. Studies had moderate risk 
of bias at best, largely due to the challenge 
of blinding of rehabilitation interventions. 
Although there was no discernible differ-
ence in the revision rate or mortality rate 
between the ages of 70 and 80, this sys-
tematic review demonstrates that the pa-
tient-reported outcome measurement 
(PROM) was good when TKA was per-
formed on patients between those ages of 
70 and 80. However, mortality following 
TKA tended to rise with age.  Consequent-
ly, it may be suggested that the best time 
to have TKA is in the early 70s[15]. In knee 
OA, pain is the primary symptom and a 
major factor in determining knee flexion 
and extension. As a result, it is now one of 
the primary issues that TKA must resolve. 
This study also revealed that OA patients 
who had never exercised believed it would 
harm their joints. Preoperative rehabilita-
tion, on the other hand, can help them 
manage their anxiety, identify coping 
mechanisms for their discomfort, and con-
tinue exercising following surgery to en-
hance their overall quality of life [16].                              

 
 

This study aimed to evaluate the effective-
ness of stretching and strengthening exer-
cises in the management of knee exten-
sion after total knee arthroplasty. The 
findings revealed that manual stretching 
exercises demonstrated greater improve-
ments in both pain reduction and activities 
of daily living (ADL) compared to stretch-
ing and strengthening exercises. The re-
sults of this study show that, when com-
pared to combined stretching and 
strengthening exercises, manual stretching 
exercises resulted in larger gains in pain 
reduction and activities of daily living 
(ADL). These findings are in line with those 
of [9]. Several limitations. Variations in 
manual extension and stretching may have 
influenced outcomes. The short follow-up 
period limits assessment of long-term 
effects. Differences between unilateral 
and bilateral procedures, and variations in 
pain tolerance, may have affected patient 
performance. Future studies with longer 
follow-up and standardized protocols are 
needed. The relatively short-to-medium 
follow-up duration and limited sample size 
may constrain the generalizability of the 
results. However, these findings show are-
as where postoperative treatment has to 
be improved and offer insightful infor-
mation about functional recovery[13] 
“which found that flexibility-oriented ther-
apies greatly improved pain alleviation, 
joint mobility, and functional performance 
when included in postoperative knee reha-
bilitation. For pain assessment, we used 
the Visual Analog Scale (VAS) while meas-
uring knee Range of motion measured by 
using (Goniometer). Variations in pain and 
range of motion (ROM) outcomes report-
ed across different studies may be partly 
attributable to methodological differences. 
In the current study, the use of standard-
ized assessment tools, namely the Visual                                    
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severe pain for a long duration which was 
diagnosed by the orthopedic specialist as 
osteoarthritis, with a small proportion 
(3.6%) suffering from rheumatoid arthritis. 
Regarding surgical treatment, 54.5% un-
derwent right total knee replacement and 
45.5% underwent left total knee replace-
ment, most of them female. Revision pro-
cedures have been more common in the 
USA over the past few decades because of 
an increase in the percentage of obese pa-
tients following primary TKA. However, 
this hasn't been the case in Sweden, where 
during the past ten years, the percentage 
of patients with a BMI of ≥35 who get a 
knee arthroplasty has somewhat declined 
(9.3%, 2019). [20] According to findings 
indicating a statistically significant differ-
ence in knee extension range of motion, 
the mean values before and after three 
weeks of physiotherapy treatment be-
cause its p-values (0.000) are less than the 
significant level of α=0.05, Specifically, the 
mean score after the physiotherapy inter-
vention (M = 172.200) was notably higher 
than the mean score before the interven-
tion (M = 156.100). This improvement sug-
gests a positive effect of the physiotherapy 
sessions in restoring normal extension 
range post-operation rehabilitation. Stand-
ard and modified rehabilitation programs 
were compared for active knee extension 
and flexion range of motion. 

 
 

Incorporating manual stretching, encom-
passing both passive and active-assisted 
techniques with low-load stretching, 
proves to be a highly effective strategy for 
promoting knee extension following total 
knee arthroplasty (TKA). This comprehen-
sive approach directly targets the elonga-
tion of shortened soft tissues, which is 
critical for restoring optimal joint mechan-
ics. By enhancing joint alignment, patients 
achieved a more normal gait cycle,                             

In this meta-analysis, pain was the main 
outcome. This study found that preopera-
tive rehabilitation did not increase postop-
erative pain after total knee arthroplasty 
(TKA) in terms of the VAS scores at the 6th 
or 12th week postoperatively, which was 
in line with previous research [17]. The 
majority of researches on mortality were 
consistent, indicating that the risk of death 
increases with the patient's age at the 
time of TKA. The primary conclusions of 
this systematic analysis are that, in com-
parison to younger [16] patients (less than 
80 years old), older patients (≥ 80 years 
old) undergoing total knee arthroplasty 
(TKA) had greater rates of surgical and 
medical problems, as well as higher mor-
tality. Therefore, these results disprove 
the theory that the results of TKA for older 
patients are comparable to those for 
younger individuals. While there are con-
flicting results for PROs, the literature also 
suggests higher LoS for elderly individuals. 
While some research indicated worse 
PROs in older patients and fewer studies 
revealed greater PROs for older patients, 
most studies found no change in PROs be-
tween the two age groups. It is important 
to note that three studies found con-
flicting patterns for certain PRO [18, 19]. 
Most research consistently indicates that 
younger patients undergoing TKA have a 
higher likelihood of requiring revision sur-
gery over their lifetime, with many studies 
using 65 or 70 years of age as the refer-
ence standard for comparison of revision 
rates. Therefore, there was consensus that 
the revision rate tends to increase in 
younger patients, but there is no signifi-
cant difference in patients > 70 years of 
age. The results, according to body mass 
index (BMI) classified as overweight 47%, 
38.2% as obese, and only 14% within a 
normal range. Common medical issues in-
cluded hypertension 70% and diabetes 
(28.4%). The primary complaint was                     
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