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Background: Patellofemoral pain syndrome (PFPS) is a knee disorder characterised 
by pain behind or surrounding the patella that predominantly affects adolescents.

Objectives: This study aimed to evaluate the impact of laser acupuncture (LA) 
on pain, range of motion (ROM), and function in patients diagnosed with PFPS.

Materials and methods: Sixty participants, predominantly young women aged 
18–25 years, were randomly distributed into two equal groups: Group A (LA 
group), which received laser acupuncture (LA) applied to six knee acupoints at 
4 J for 80 s/point, in conjunction with an exercise programme; and Group B 
(Sham LA group), which received LA with the device deactivated, along with 
an exercise programme including stretching and strengthening exercises. Both 
groups underwent the intervention twice a week for 4 weeks. Pain, knee range 
of motion (ROM), and function were evaluated at baseline and post-treatment 
using the visual analogue scale (VAS), goniometer, and Kujala score, respectively.

Results: No significant differences were observed in the VAS, ROM, and Kujala 
scores for knee flexion and extension between the two groups before treatment 
(p > 0.05). However, Group A showed a significant reduction in VAS scores 
(p < 0.001) and a significant improvement in the Kujala score and ROM for knee 
flexion and extension (p < 0.001) compared with Group B.

Conclusion: Four-week LA intervention combined with an exercise programme 
demonstrated greater improvements in pain, knee ROM, and functional ability 
than the exercise programme alone. However, the results cannot be generalised, 
as the sample was mostly composed of young women aged 18 to 25 years.

Clinical trial registration: ClinicalTrials.gov, identifier NCT06610981.
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Introduction

Patellofemoral pain syndrome (PFPS) is one of the most common 
types of knee discomfort. The primary symptom is usually anterior 
knee pain, which increases when ascending or descending stairs, 
bending the knee, jumping, or sitting in a knee-bending position for 
an extended period (1). PFPS is commonly observed in adolescents 
and young adults, with a prevalence rate that is twice as high in 
women as in men. The prevalence of PFPS in the general population 
is 22.7, and 28.9% in teenagers (2). Pain worsens with knee joint 
movement, limiting daily activities such as climbing stairs and 
kneeling (3).

To better understand the underlying causes of PFPS, it is 
important to consider known risk factors. These include tightness in 
the hamstring, gastrocnemius, and iliotibial bands, as well as muscle 
imbalances identified in functional tests, particularly involving the 
quadriceps, vastus medialis obliquus (VMO), hamstring, and hip 
muscles. Additionally, increased quadriceps (Q) angle and patellar 
displacement are contributing factors (4, 5). An unbalanced muscular 
pull on the patella or VMO weakness may be  the reason for 
inappropriate patellar positioning, resulting in excessive lateral 
movement of the patella (6).

Various conservative treatment approaches have been employed 
to manage PFPS, including physiotherapy, chiropractic therapy, and 
traditional Chinese medicine (7). Several studies have shown that 
strengthening both the hip abductor and quadriceps muscles results 
in greater pain relief and an enhancement of knee function compared 
with limited training of the quadriceps muscles, which would reduce 
the force exerted on the patellofemoral joint (6, 8). Other conservative 
methods include knee braces, patellar banding, electrophysical 
modalities (such as neuromuscular electrical stimulation, biofeedback, 
transcutaneous electrical nerve stimulation (TENS), thermotherapy, 
and ultrasound), strengthening exercises for the gluteal muscles, 
hamstring, and tibialis anterior, stretching exercises for the lateral 
retinaculum and iliotibial band, changing activities, and wearing 
suitable shoes (9).

Among the emerging treatment modalities, low-level laser therapy 
(LLLT) has attracted attention for its reparative properties and 
non-thermal effects on human cartilage using a monochromatic light 
source that does not generate heat. Additionally, it exhibits pain-
relieving effects; however, the underlying mechanisms remain unclear. 
Hypothesised explanations include enhanced mitochondrial 
adenosine triphosphate (ATP) production and tissue oxygenation, 
improved release of neurotransmitters associated with pain regulation 
(such as serotonin), and the anti-inflammatory properties of the laser 
(10, 11).

Laser acupuncture (LA) is a non-invasive technique that uses laser 
energy to activate acupuncture points and has the benefits of 
traditional acupuncture, such as decreasing pain, swelling, and 
inflammation (12), enhancing local metabolism (13), improving 
blood circulation in the affected areas, accelerating tissue regeneration, 
and reducing muscle tension around the knee joint (14). It stimulates 
the pituitary gland to release endorphins that relieve pain and improve 

knee range of motion (ROM), thus improving overall knee function 
and allowing patients to return to their normal activities more 
quickly (15).

Although the benefits of LA have been explored in several 
musculoskeletal disorders, such as knee osteoarthritis (10), rheumatoid 
arthritis (16), temporomandibular disorders (17), and lower back pain 
(18), no previous studies have evaluated the impact of LLLT on 
acupoints in pain management, knee ROM, and function in patients 
with PFPS. The scientific contribution of this study lies in its potential 
to establish LA as a safe, non-pharmacological, and minimally invasive 
treatment option that can alleviate pain, enhance knee ROM, and 
improve the function of patients with PFPS. By integrating two 
evidence-supported modalities (LLLT and acupuncture point 
stimulation), this study explored a synergistic intervention that may 
decrease reliance on non-steroidal anti-inflammatory drugs (NSAIDs) 
and invasive procedures, thereby broadening the spectrum of 
conservative management strategies for PFPS. This study not only 
addresses a current gap in the literature but also has the potential to 
establish foundational protocols for future applications in physical 
therapy and rehabilitation. It offers clinicians a novel tool for 
enhancing outcomes in patients with PFPS. Therefore, the aim of the 
present study was to examine the effects of LA on pain alleviation and 
improvements in knee ROM and function in patients with PFPS.

Materials and methods

Study design

The current study was a prospective, randomised, double-blind, 
sham-controlled trial conducted at the Physical Therapy Laboratory, 
College of Applied Medical Sciences, Jouf University, from October 
2024 to May 2025. All study procedures were carried out after obtaining 
approval from the Institutional Review Board of the Hail Health Cluster, 
KSA (IRB log no. 2024–82). This study was registered at ClinicalTrials.
gov (NCT06610981). Before beginning the study, all study details were 
explained to the participants, and they were asked to sign a written 
informed consent form. This study adhered to the CONSORT standards.

Subjects

Sixty participants were selected for inclusion in the study based on 
the following criteria: individuals of both genders aged 18–25 years. 
Participants diagnosed with PFPS according to the International 
Classification of Diseases (ICD), specifically using the M22.2 × 9 code, 
who demonstrated positive functional test results and normal knee 
radiographs, were included (19). Participants with positive functional 
tests performed by the physician, including manual compression of the 
patella over the femur during rest or isometric quadriceps contraction, 
patella palpation, isometric quadriceps contraction against resistance, 
squatting with both legs, kneeling, and climbing stairs, were included. 
A pain score of >3 cm on the visual analogue scale (VAS), located at 
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the anterior, retro-patellar, or peri-patellar aspects of the knee, which 
was exacerbated by repetitive activities and alleviated by rest for at least 
3 months, was also an inclusion criterion. Participants with normal 
knee joint radiographs in all dimensions (patellar view, A-P, and 
lateral) and who were able to follow the treatment guidelines were 
included. The exclusion criteria included participants with BMI ≥ 30, 
physiotherapy, chiropractic treatment, or massage therapy in the last 
12 months; injection in the knee joint in the last 3 months; other knee 
disorders, such as osteoarthritis, previous knee surgery, meniscal 
injury, recent knee trauma, joint effusion, patellar subluxation/
dislocation, intra-articular derangement, patellar tendonitis, joint 
deformity, or bursitis; pregnancy, pacemaker insertion, photosensitivity, 
and receiving NSAIDs in the previous 4 weeks; history of malignancy, 
infection, psychiatric disorder, intellectual disability, autoimmune 
diseases, neurologic dysfunction that might affect walking; and history 
of chronic diseases, such as diabetes mellitus and uncontrolled 
hypertension. The participants were randomly assigned to two groups: 
Group A (LA group) received LA in combination with a traditional 
physical therapy programme twice a week for 4 weeks, while Group B 
(Sham LA group) underwent LA with the device deactivated, alongside 
a traditional physical therapy programme twice a week for the same 
period. The measurements were carried out at baseline and at 4 weeks 
following the treatment programme for group A and group B.

Sample size

The sample size was calculated using G*Power software (version 
3.1.9.2; Heinrich-Heine-Universität, Düsseldorf, Germany) according 
to the changes in the primary outcome (pain score assessed using 
VAS). The effect size for the LA and sham LA groups was estimated 
based on the means and standard deviation within groups, as reported 
by Nouri et al. (20), who used a similar intervention (laser therapy) 
for PFPS, ensuring that the assumed variability reflected the clinically 
relevant data. An effect size of 0.72 was applied at 80% power to detect 
effect sizes with α = 5%. According to these assumptions, the estimated 
sample size for the t-test was 25 participants per group (50 participants 
in total). The dropout rate was calculated as 20% to ensure that the 
final number of participants completing the study was sufficient to 
maintain adequate statistical power. The final sample comprised 60 
participants, with 30 individuals allocated to each group.

Randomisation

Using a computer-based tool at http://www.randomization.com/, 
block randomisation was carried out by an independent researcher 
not included in the examination or treatment processes. To avoid bias 
and differences between the groups, 60 participants who fulfilled the 
inclusion criteria were randomly assigned to either group A (LA 
group) or group B (Sham LA group) in a 1:1 ratio (30 participants in 
each group), and the randomisation depended on blocks of four.

Blinding

Neither the participants nor the examiner were aware of whether 
the LA or sham LA group was being administered; only the independent 

researcher possessed the identifying code to detect which therapy was 
being utilised. Participant blindness was encouraged by using the same 
laser instrument with invisible laser radiation without heat or sound for 
both groups at the same time and location. The statistician was blinded 
to the treatment assignments until analyses were completed.

Following the last therapy session, a structured post-intervention 
questionnaire was administered to assess the efficacy of the participant 
blinding. Participants were asked if they thought they had received 
active or sham laser therapy, and their responses were categorised as 
“correct,” “incorrect,” or “unsure.” Their responses were qualitatively 
analysed to determine whether participants could accurately identify 
their group assignment or whether their expectations regarding the 
treatment or procedural signals influenced them.

Procedures

Before participating in the study, the participants underwent an 
initial interview, followed by an orthopaedic knee examination. This 
process aimed to identify any abnormalities, such as congenital 
deformities including genu valgum, genu varum, or knee dislocation, 
through physical examination and radiographic assessment. 
Additionally, neurological impairments that could potentially affect 
study outcomes, such as hypoesthesia, paraesthesia, or neuropathic 
pain, were evaluated using a comprehensive neurological examination, 
including sensory, motor, reflex, and neurodynamic tests (21). 
Additionally, the stability of the knee ligaments was assessed using 
stress tests as described by Konin et al. (22).

Intervention

Following the completion of the baseline measurements, the third 
author opened sealed envelopes containing the participants’ group 
assignments and administered the treatment accordingly. All participants 
underwent two familiarisation sessions to review the prescribed training 
and to receive instructions on proper exercise techniques. Subsequently, 
the participants were randomly assigned to the LA or Sham LA groups.

Traditional physical therapy programme

Participants in the LA and Sham LA groups underwent a traditional 
physical therapy programme. The physical therapy programme 
included strengthening exercises, such as isometric quadriceps 
exercises, isometric hip adduction, straight leg raising (upward and 
laterally), squatting to 30° knee flexion, and stretching exercises for the 
hamstring, iliotibial band, and gastrocnemius (23, 24), as detailed in 
Supplementary material 1. The same physiotherapist performed the 
exercises on all participants. The exercises were performed in three sets 
of 10 repetitions per day, with a 2-min break between sets, for a total of 
20–30 min throughout the course of the treatment (25).

Laser acupuncture

The room was maintained at a constant temperature of 20°C 
throughout the treatment period. The participants and the 
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researcher wore eye goggles to protect against laser radiation, which 
helped the participants to be masked from the intervention. The 
participants were instructed to maintain a supine position with an 
extended knee (resting position of the patellofemoral joint), and the 
acupuncture points were selected and sterilised using an alcohol-
based swab (25). LA was performed using a low-level diode laser 
pen (peak power, 100 W; pulse duration, 150 ns; wavelength, 
905 nm; power output, 100 mW; and pulsed wave; Endolaser-442, 
Enraf Nonius, Rotterdam, The Netherlands). The laser pen, with 
invisible laser radiation, was positioned in a perpendicular direction 
over six points (ST34, ST 35, GB34, EX-LE4, SP9, and SP10), which 
were detected based on previous studies (15, 26) (Table 1). Each 
point was supplied with 4 J for 80 s, with a total of 24 J per session 
(27). Each LA treatment was performed by a skilled physiotherapist 
with >7 years of experience and training. In group A (LA group), 
the laser device was turned on for 8 min; in group B (Sham LA 
group), the laser device was turned off and applied to the acupoints 
for the same period. The treatment was repeated twice weekly for 
4 weeks.

Outcome measures

Instructions were provided to the participants on how to complete 
the VAS and KUJALA questionnaires, examinations were conducted, 
and preliminary data, such as age, height, weight, body mass index 
(BMI), and duration of symptoms, were gathered. A dominant painful 
knee was selected if the participants had symptoms in both knees or 
if the symptoms were the same on both sides. The primary outcome 
measure was pain intensity, which was assessed using the VAS score. 
The secondary outcome measures included the ROM of knee flexion 
and extension measured using a universal goniometer and the 
function of the knee joint evaluated using the KUJALA scale. All 
outcome measures were recorded at the beginning of the study and 
after 4 weeks.

Primary outcome measure

Pain assessment
Pain intensity was assessed using the VAS, a 10 cm horizontal line, 

where 0 cm represents the worst possible pain. Participants were asked 
to mark their current pain levels on the line. The VAS score was 
recorded at baseline and 4 weeks after the intervention. VAS is widely 
used in clinics and research because it has been demonstrated to be a 
valid and reliable method for evaluating pain (28).

Secondary outcome measures

Knee flexion and extension ROM
Knee flexion and extension ROM were measured using a universal 

goniometer, which is a valid and reliable instrument that demonstrates 
excellent inter-rater reliability [intraclass correlation coefficient 
(ICC) = 0.996]. The participants lay prone with their knee in extension 
to measure passive knee flexion and were instructed to move the heel 
of the affected leg towards the buttock as closely as possible while 
maintaining contact with the other foot on the bed. The fulcrum of 
the goniometer was aligned with the femoral lateral epicondyle of the 
affected knee, with the stationary arm oriented towards the greater 
trochanter and the moving arm directed towards the lateral malleolus. 
A ROM of 135° was considered normal for knee flexion (29).

To measure extension ROM, the participants were instructed to 
lie in a supine position, and the hip and knee of the affected limb were 
flexed to 90°, with the foot in a comfortable position. Two straps 
secured a wooden box to the bed, a third held the thigh of the 
participant with the box, and a fourth was placed around the thigh of 
the opposite limb to reduce hip flexion during the measurement. The 
universal goniometer was used for measurement of knee extension 
angle, which has a high inter-rater reliability (ICC = 0.996) (30). The 
fulcrum of the universal goniometer was then applied to the lateral 
epicondyle of the distal femur, with the stationary arm directed 
towards the greater trochanter, while the moving arm was directed 
towards the lateral malleolus. Subsequently, the first evaluator 
passively and gradually moved the knee in extension, whereas the 
second evaluator confirmed that no substitutions had occurred. 
During the examination, the participants were asked to relax, 
particularly with their knee in the extended position, and to identify 
the point at which they noticed the beginning of tension in the knee 
flexors, which was detected as the end of the range. After reaching this 
position, the participant maintained it for 5 s to enable measurement 
of the knee extension angle. Full knee extension was determined to 
be 0° and was used to detect the restriction of knee extension.

Three measurements were taken for knee flexion and extension 
ROM for each movement, with a 1-min rest in between, and the 
average was used for analysis. To ensure reliable data, all measurements 
were recorded at baseline and after 4 weeks of intervention using the 
same goniometer by the same individual (30, 31).

Knee function
The anterior knee pain (Kujala) score is used to assess knee 

function in individuals with PFPS. This grading system assigns values 
ranging from 100, indicating normal knee function without pain, to 

TABLE 1 Location of acupuncture points used in the current study.

Acupuncture point Location

ST34 (Liangqiu) Located at the top of the patella’s laterosuperior margin.

ST 35 (Dubi) Suited in the groove of the lateral aspect of patella as well as the patellar ligament.

GB34 Suited in the groove inferior and anterior to the fibular head on the lateral surface of the leg

EX-LE4 Found in the depression medial to the patellar ligament when the knee is flexed.

SP9 (Yinlingquan) Found at the medial aspect of the knee on the sural nerve, that is related to pain in the knee joint.

SP 10 (Xuehai)
Suited medially in the thigh, with knee flexion, 2 cun over the patella’s mediosuperior margin, medially on the bulk of the 

quadriceps muscle.
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0, indicating severe knee pain and dysfunction. Haddad et al. (32) 
examined the validity and reliability of the Arabic version of the 
Kujala scale.

Adverse events and safety monitoring
The safety of LA was closely monitored throughout the study to 

ensure the wellbeing of the participants and assess any potential 
adverse effects. The side effects of laser therapy were evaluated based 
on a combination of self-reported symptoms, clinical observations, 
and medical history, including headaches, burns, temporary dizziness, 
skin erythema, and fatigue (33). Before enrolment, the participants 
were informed about possible adverse effects and asked to notify the 
research staff immediately if they experienced any abnormal 
symptoms. The type, intensity, onset, and duration of any reported 
symptoms were recorded using standardised adverse event reporting 
forms. The forms were routinely evaluated by a primary investigator. 
All participants were evaluated for indications of discomfort or 
negative reactions both before and after each session, as part of the 
safety monitoring routine. Vital signs were monitored regularly to 
ascertain physiological stability.

As a stopping rule, any participant who experienced a serious or 
ongoing adverse event based on the professional judgement of the 
study clinician was temporarily withdrawn from the intervention until 
the necessary evaluation was completed. Participants were excluded 
from the trial if the adverse events were found to be substantial and 
associated with the intervention.

Statistical analysis

Statistical analyses were performed using the SPSS software 
(version 25.0; IMB Corp., Armonk, NY, United  States). An 
independent t-test was used to compare the characteristics of the 
participants across different groups. The chi-square test was used to 
assess the distribution of the most affected side and sex between the 
groups. The Shapiro–Wilk test was used to confirm the normality of 
the data distribution. Levene’s test for homogeneity of variance was 
used to evaluate the group homogeneity. The effects on the VAS, 
Kujala score, and knee flexion and extension ROM were compared 
between and within groups using a mixed-design MANOVA. To 
ensure multiple comparisons, post-hoc analyses were conducted using 
the Bonferroni correction. The significance level for all statistical tests 
was set at p ≤ 0.05.

Results

Demographic and subject characteristics

A total of 60 participants completed the study. Figure 1 presents a 
flowchart detailing the selection process for participants in the current 
study. Initially, 80 individuals were selected, but 20 were excluded. Of 
these, nine did not meet the inclusion criteria and 11 declined to 
participate. The remaining 60 participants were randomly allocated to 
the LA and Sham LA groups, with 30 participants per group. All 
participants completed the intervention and were included in the 
statistical analyses.

The characteristics of all the participants in both groups are 
presented in Table 2. There were no significant differences between the 
two groups in terms of age, weight, height, BMI, duration of 
symptoms, and gender, indicating successful randomisation between 
the two groups (p > 0.05).

Effect of treatment on VAS, Kujala score, 
flexion, and extension ROM

The interaction between the treatment and time was statistically 
significant (F = 99.17, p = 0.001, η2 = 0.88), indicating that the 
treatment effect varied over time. Additionally, the main effect of time 
was significant (F = 326.76, p = 0.001, η2 = 0.96), demonstrating that 
outcomes changed significantly over time across all groups. The main 
effect of treatment (F = 12.16, p = 0.001, η2 = 0.47) revealed significant 
differences between the groups. Consequently, the η2 values observed 
in this study exceeded 0.14, indicating large effect sizes and suggesting 
that both time and treatment had a substantial impact on pain, knee 
ROM, and function in patients with PFPS.

Within-group comparisons showed that the VAS score 
significantly decreased and the Kujala score significantly increased in 
groups A and B post-treatment compared with pre-treatment 
(p > 0.001) (Table 3). A significant increase was found in the knee 
ROM for flexion and extension in groups A and B compared to the 
pre-treatment values (p > 0.001) (Table 4).

However, no significant differences were observed between the 
groups before treatment (p > 0.05). Post-treatment analysis indicated 
a significant reduction in the VAS (ES = 2.56) and a notable increase 
in the Kujala score (ES = 1.20), flexion ROM (ES = 1.67), and 
extension ROM (ES = 2) in Group A compared to those in Group B 
(p < 0.001). Consequently, all observed effect sizes in this study 
exceeded 0.8, signifying large treatment effects for all the variables 
(Tables 3, 4).

Blinding effectiveness

To evaluate the blinding effectiveness of the participants, the 
Bang’s Blinding Index (BI) was calculated for the LA and Sham LA 
groups. In the LA group (n = 30), six participants successfully guessed 
the group to which they were allocated, 13 provided an inaccurate 
estimate, and 11 were uncertain, obtaining a BI of −0.184. The Sham 
LA group (n = 30) had a BI of −0.25, with five participants accurately 
predicting their allocation, 15 making a wrong guess, and 10 being 
unsure. These results indicate that the participants were more likely to 
guess incorrectly than correctly, as the BI values were negative and 
close to 0, suggesting that blinding was effective in both groups.

Adverse effects

However, no major adverse effects were observed throughout the 
study, and no participants were permanently excluded. Following the 
first session, three participants in the LA group experienced mild and 
temporary adverse effects, such as skin redness with a 2-mm diameter 
at the laser radiation location. Erythema disappeared after a few hours 
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and did not require treatment. No additional side effects were 
observed after the treatment.

Discussion

Patellofemoral pain syndrome frequently occurs in a wider 
community, particularly in young active adults and adolescents, 
although it is most common in women. Owing to its high incidence 
(15–45%) and long-lasting complaints, it places significant financial 
pressure on healthcare systems (34, 35). This study investigated the 
efficacy of laser acupuncture combined with an exercise programme 
on pain, ROM for knee flexion and extension, and function in patients 
with patellofemoral pain syndrome (PFPS).

The laser dosage applied in this study was determined in 
accordance with the World Association for Laser Therapy (WALT) 
guidelines, which recommend a laser dose of ≥1 J for each 
treatment point on the knee joint line or synovium, utilising a 

mean power of 5–500 mW and a wavelength of 905 nm (36). 
Furthermore, the therapeutic reference for joint treatment is 
specified as 3–8 J per acupoint, based on recommendations for 
Low-Level Laser Therapy (LLLT) practice (37). These acupoints 
were selected because of their efficacy in enhancing blood 
circulation; tonifying Qi; relaxing muscles and tendons; eliminating 
harmful wastes; removing dampness; regulating channels; 
alleviating tightness, weakness, or paralysis of the lower limb 
muscles; relieving knee joint pain; increasing blood supply around 
the knee; reducing swelling and soreness; and improving joint 
mobility (38). In traditional Chinese medicine, these points are 
most frequently used to treat knee disorders (10).

Following the intervention, both the LA and sham LA groups 
showed significant improvements in pain, ROM, and function within 
their respective groups; however, the LA group demonstrated 
significantly better outcomes than the sham LA group (p < 0.001). 
These findings indicate that the addition of laser acupuncture provides 
additional benefits to patients with PFPS.

FIGURE 1

Flowchart of the laser acupuncture clinical study of patellofemoral pain syndrome.
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These results exceeded the minimal clinically important difference 
(MCID) for the Visual Analogue Scale (VAS), which was 2 cm for 
individuals with patellofemoral pain syndrome (PFPS) (39). The 
MCID denotes the smallest change in the outcome of any intervention 
perceived by patients to be beneficial, thereby justifying a modification 
in patient management (40). These findings suggest that local 
anaesthetics (LA) result in a significant clinical improvement in the 
pain threshold, thereby supporting their efficacy in reducing pain in 
a clinically meaningful manner.

The pain-relieving effects of LA may be attributed to LA’s capacity 
to interfere with afferent signals to the central nervous system (fibres 
C and A) due to increased activity of the Na+-K+pump, which 
subsequently elevates pain intensity and reduces joint pain and muscle 
spasms. Additionally, LA enhances the regeneration of β-endorphins, 

which are neurotransmitters involved in pain modulation, within the 
synovial membrane, along with protein production (31). Furthermore, 
LA exhibits anti-inflammatory effects that mitigate pain by reducing 
the levels of metalloproteinase 3, pro-inflammatory cytokines IL-6, 
IL-1b, prostaglandin E2, tumour necrosis factor α, and other enzymes 
(11). It also increases collagen II, growth factor beta, and aggrecan 
levels, thereby promoting cartilage regeneration and elevating serum 
levels of nitric oxide, leading to vasodilation and improved blood 
circulation in the knee joint (33).

Consistent with our results, several studies have reported 
significant improvements in VAS scores after LA administration 
in patients with KOA (10, 27, 41–46). A significant improvement 
was recorded in the VAS scores in the LA group compared with 
the placebo group after LA was applied to the knee acupoints 

TABLE 2 Subject characteristics.

Variables Group A Group B MD t-value p-value

Mean ± SD Mean ± SD

Age (years) 21.43 ± 1.85 20.83 ± 1.74 0.60 1.29 0.20

Weight (kg) 64.00 ± 6.69 63.73 ± 7.00 0.27 0.15 0.88

Height (cm) 165.33 ± 5.76 164.80 ± 4.51 0.53 0.39 0.69

BMI (kg/m2) 23.42 ± 2.08 23.37 ± 2.11 0.05 0.09 0.92

Duration of symptoms 

(months)
13.07 ± 6.21 12.73 ± 5.35 0.34 0.22 0.83

Sex, n (%)

  Females 21 (70%) 20 (67%)
χ2 = 0.08 0.78

  Males 9 (30%) 10 (33%)

Affected side, n (%)

  Right 15 (50%) 16 (53%)

  Left 11 (37%) 9 (30%) χ2 = 0.34 0.84

  Bilateral 4 (13%) 5 (17%)

SD, standard deviation; MD, mean difference; χ2, Chi-squared value; p-value, level of significance.

TABLE 3 Mean VAS and Kujala scores pre- and post-treatment of groups A and B.

Variables Group A Group B MD (95% CI) p value ES

Mean ±SD Mean ±SD

VAS

Pre treatment 6.60 ± 1.85 6.40 ± 1.73 0.2 (−0.73: 1.13) 0.67

Post treatment 1.53 ± 1.14 5.27 ± 1.72 −3.74 (−4.49: −2.98) 0.001 2.56

MD (95% CI) 5.07 (4.69: 5.44) 1.13 (0.76: 1.51)

% of change 76.82 17.66

p = 0.001 p = 0.001

Kujala score

Pre treatment 69.80 ± 8.66 69.27 ± 9.83 0.53 (−4.25: 5.32) 0.82

Post treatment 89.13 ± 7.81 78.10 ± 10.37 11.03 (6.29: 15.78) 0.001 1.20

MD (95% CI) −19.33 (−21.44: −17.22) −8.83 (−10.94: −6.72)

% of change 27.69 12.75

p = 0.001 p = 0.001

SD, Standard deviation; MD, Mean difference; CI, Confidence interval; p-value, Level of significance; ES, Effect size.
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(ST35, ST36, GB34, SP9, SP10, and EX-LE-4). This result is 
supported by the elevation of endogenous opioid and anti-
inflammatory cytokine levels (10, 27, 44–46). Short-term 
application of LA to acupuncture points (EX-LE4, EX-LE5, ST 35, 
ST 36, GB 34, SP 9, and SP 10) in association with quadriceps 
strengthening and stretching exercises significantly relieved the 
pain. These findings support the use of LA as a valuable 
supplemental treatment for the knee joint, and potentially for 
various joints (41–43).

However, contrasting results have been reported in the 
literature. One study reported a non-significant effect on pain and 
function in patients with KOA (47). This contradiction may 
be  attributed to the shorter duration of application (2 weeks), 
lower dose (0.48 J), and low power density (10 mW/cm2), which 
may have been insufficient to stimulate the acupuncture point 
through the activation of mast cell degranulation (27). 
Additionally, the application of LA is limited to a single 
acupuncture point (SP 9).

In terms of ROM, LA caused a significant improvement in 
knee ROM (p < 0.001) in the study group compared with the sham 
group after 4 weeks. Unfortunately, no previous study has detected 
the MCID for knee ROM in patients with PFPS. However, the 
MCID for knee flexion in patients with KOA was 3.8°–6.4° (48) 
and 7°–8° for knee flexion and extension ROM in stroke patients 
(49), and the results of the present study were higher than the 
MCID for these studies. This indicates that LA surpasses the 
minimum threshold for clinically significant enhancement of knee 
range of motion (ROM). This suggests that the change is not only 
statistically significant but also represents a clinical improvement 
in joint mobility that patients can perceive in daily activities, such 
as climbing stairs and walking. It has been reported that LLLT 
increases knee ROM by improving collagen synthesis by enhancing 
the amount of hydroxyproline throughout the build-up of ascorbic 
acid in fibroblasts. Furthermore, LLLT improves the number of 
fibroblasts and epithelial cells by promoting blood circulation and 
oxygenation, which are necessary for enhancing the cellular 

activities required for tissue healing (50, 51). This stimulation 
helps to restore normal joint function and flexibility (52). The 
analgesic effect of LLLT enhances participation in physical therapy 
exercises, which can further improve ROM (53). The 
photobiomodulatory effects of laser light stimulate mitochondrial 
activity, leading to increased adenosine triphosphate (ATP) 
production. This increase in energy supports the cellular functions 
necessary for healing and regeneration, which play roles in 
improving joint mobility (54).

Consistent with previous studies, the study found a significant 
increase in knee ROM after LA in patients with KOA (44, 52, 55). A 
significant improvement in knee flexion ROM was recorded after the 
application of LA on acupoints (ST 36, ST 35, GB 34, Sp 9, Sp 10, Sp 6, 
and liv3) (44), after combining LA on knee acupoints with knee 
exercises (55), and after the addition of LLL therapy to an intensive 
functional rehabilitation programme in patients with knee 
replacement (52).

Regarding knee function, the current study showed that LA 
had a significant effect on enhancing knee function in the LA 
group when compared with the sham group (p < 0.001), which was 
greater than the MCID for the Kujala scale (10 points) in patients 
with PFPS (39). The findings suggest that LA’s impact is both 
statistically significant and clinically important, as participants are 
expected to see noticeable and beneficial improvements in overall 
knee function, confirming LA as a viable therapeutic option. LA 
enhances function by improving collagen production and 
biostimulation, and accelerating the healing process by up to 40% 
by reinforcing fibrous tissue and collagen production (56). LA 
maintains muscle performance by promoting the growth and 
replication of myosatellite cells and improving angiogenesis 
and myotube synthesis by boosting muscle fibre regeneration and 
mitochondrial density (57). Additionally, exercise performance 
was enhanced by the analgesia provided by the LA, and this 
combination led to greater muscle function. Furthermore, this 
enhancement might be related to LA’s capacity of LA to produce 
effects similar to those of acupuncture needles at the skin level 

TABLE 4 Mean flexion and extension ROM pre- and post-treatment of groups A and B.

ROM (degrees) Group A Group B MD (95% CI) p value ES

Mean ± SD Mean ± SD

Flexion

Pre treatment 115.60 ± 7.41 114.43 ± 10.04 1.17 (−3.39: 5.73) 0.61

Post treatment 133.03 ± 4.32 120.10 ± 10.05 12.93 (8.94: 16.93) 0.001 1.67

MD (95% CI) −17.43 (−19.09: −15.78) −5.67 (−7.32: −4.01)

% of change 15.08 4.95

p = 0.001 p = 0.001

Extension

Pre treatment 37.10 ± 12.17 36.77 ± 9.21 0.33 (−5.24: 5.91) 0.91

Post treatment 13.77 ± 7.45 30.53 ± 9.22
−16.76 (−21.10: 

−12.43)
0.001 2

MD (95% CI) 23.33 (21.06: 25.61) 6.24 (3.96: 8.51)

% of change 62.88 16.97

p = 0.001 p = 0.001

SD, Standard deviation; MD, Mean difference; CI, Confidence interval; p-value, Level of significance; ES, Effect size.
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through an inhibitory mechanism throughout the neural 
blockade (58).

In line with the findings of the current study, previous studies have 
reported improved knee function after LA in patients with KOA (10, 
27, 42–45, 55, 58–60). LA was reported to be beneficial in enhancing 
functional ability when applied to acupuncture points (ST35, SP9, 
SP10, ST36, GB34, and EX-LE 4) (10, 27, 44, 58, 60), as well as 
reducing stiffness early after total knee replacement in the first three 
postoperative days (55). Additionally, the application of LA at 
acupuncture points (ST34, GB34, ST35, EX-LE4, SP10, and SP9) with 
stretching and strengthening exercises enhanced the functional state. 
Therefore, LA may be suggested in intervention guidelines (42, 43, 
45). Moreover, LA was superior in improving functional ability and 
alleviating morning stiffness compared with acupuncture therapy 
alone. Thus, LA results in better clinical outcomes in terms of physical 
function scores (59).

Interestingly, a non-significant effect of high-intensity laser 
therapy on pain and function was reported in patients with 
KOA. This might be explained by the different types of lasers used 
in this study and different application techniques (61).

The enhancements shown in the sham LA group may be related 
to various factors, such as the impact of the sham, and all 
participants in both groups performed exercises frequently and 
were better informed about their medical state. Participants with 
PFPS responded well to the exercise programme, which is 
consistent with the literature (20). Training of the hip abductor and 
quadriceps muscles decreased the force in the patellofemoral joint, 
decreased pain intensity, and improved functional ability because 
of increased coordination of the lower extremity muscles, which is 
in accordance with other studies (8, 62). Additionally, sensory 
adaptation is a key mechanism that influences the effect of 
stretching on ROM. Thus, stretching exercises to improve knee 
ROM and functional status should be part of any successful training 
programme (63).

Strengths and limitations

One of the strengths of this study is its randomised, double-
blind, and sham-controlled design, which minimises bias and 
enhances the internal validity of the findings. The use of a 
standardised exercise programme in both groups allowed for a clear 
evaluation of the additional benefits of LA. Furthermore, the 
inclusion of objective outcome measures (VAS, goniometer, and 
Kujala scores) strengthens the reliability of the results. However, 
this study has several limitations. The sample was predominantly 
composed of 18–25 year old women, and they were selected from 
only one centre, which limits the generalisability of the findings to 
other populations, such as men or different age groups. Future 
research should include a more diverse participant pool to assess 
the efficacy of LA in a broader demographic population. 
Additionally, the relatively short 4-week intervention period may 
not be sufficient to observe long-term effects. Future studies should 
investigate the long-term benefits of LA in PFPS. The study also did 
not include a follow-up period to assess the sustained effects 
of interventions.

Although the diagnosis in this study was based on radiographic 
imaging and clinical assessment, the lack of sonographic or MRI 

confirmation could have lowered the diagnostic specificity. In the 
absence of comprehensive imaging, minor structural anomalies or 
differential diagnoses can go unnoticed, which could compromise the 
precision of participant selection and treatment effect interpretation. 
Therefore, future studies should include sonographic or MRI 
examinations to improve the diagnostic accuracy and fortify the 
reliability of clinical evaluations. Moreover, further research is 
recommended to examine how incorporating LA into tele-
rehabilitation models or digital health platforms could increase 
access, enhance adherence, and provide individualised care for 
patients with PFPS living in rural or underserved areas.

Conclusion

Laser acupuncture applied to knee acupoints significantly reduced 
pain, improved knee ROM (flexion and extension), and enhanced 
knee function in patients with PFPS. Clinically, LA provides a 
non-invasive and safe method to significantly induce pain relief and 
restore knee function and mobility, which can encourage more 
patients to participate in rehabilitation programmes. Combining LA 
with stretching and strengthening exercises can accelerate recovery 
and reduce reliance on medication. However, further research with 
diverse populations and longer follow-up periods is warranted to 
confirm these findings and to explore the long-term efficacy of this 
combined approach.
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