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Abstract 

Introduction: Post-pandemic syndrome has lasting functional and psychological consequences, especially for the 
elderly. This timeline requires a quick search for procedures that will enable us to implement safe and non-invasive thera-
peutic instruments as prophylactic or adjuvant therapies for post-COVID-19 consequences. Photobiomodulation (PBM) 
may decrease inflammation and improve leg circulation. So, this study aims to assess the impact of PBM on post-CO-
VID-19 functional capacity and fatigability.

Material and methods: Two groups of 100 elders with a positive COVID-19 history were established. The PBM gro-
up got photobiomodulation on both lower calf muscles for four weeks (diode laser, Continuous output, stationary in skin 
contact mode, 100mW, 808 nm, beam spot area of 0.0314 cm2, 127.39 J/cm2/point, 40 s). The control group got placebo 
PBM for four weeks. Both groups’ exhaustion was measured using the FSS. Functional ability was evaluated using the 
KATZ score before and after the trial.

Results: After four weeks of PBM, there was a substantial suppression in the FSS level from 4.57 ± 0.26 to 3.97 ± 0.23 
and the KATZ score was significantly elevated from 2.98 ± 0.79 to 3.94 ± 0.77, P value for both was <0.05. In addition, 
the placebo intervention improved the FSS level and KATZ score to an acceptable level.

Conclusions: PBM enhanced functional capacities as evaluated by the KATZ score and fatigability perception as 
measured by the FSS scale in post-COVID-19 older people. Also, placebo intervention had a considerable effect on the 
elderly, with an 8.1 percent improvement in fatigue perception and a 19.1 percent improvement in functional ability eva-
luation.
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Introduction

COVID-19 is a new infectious disease whose course 
ranges from asymptomatic to one characterized by se-
vere pneumonia in combination with severe acute res-
piratory syndrome (SARS), which can lead to death [1]. 

Although post-COVID-19 syndrome affects the major-
ity of those who have apparently recovered from COV-
ID-19 regardless of disease severity, age, or hospitaliza-
tion status, it remains not fully understood. The most 
common symptom reported in most studies is exhaus-
tion and difficulty breathing, which can last for months 
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after acute COVID-19 [2]. In addition, COVID-19 sur-
vivors may still experience COVID-19-like symptoms. 
They may develop respiratory problems, unexplained 
fatigue, and a  reduction in their ability to complete 
functional tasks for up to six months post-COVID-19, 
which in turn leads to a decreased quality of life [3,4]. 

Because of their difficulty coping with physical 
and emotional stressors, older people are regarded as 
a  high-risk subset of the overall population. Getting 
old is physiologically allied with cognitive debility 
and a  compromised stress response [5]. Rehabilita-
tion of patients displaying post-COVID-19 is needed 
to reduce disabilities, regain functional objectivity, 
and enhance the capability to accomplish Activities of 
Daily Living (ADL). The key aims when treating post-
COVID-19 include increasing functional capability, 
improving the quality of life, smoothing the societal 
restoration post-hospitalization, and reducing exhaus-
tion, dyspnea, anosmia and anxiety. Consequently, 
initial rehabilitation accomplishments should be attain-
able by patients following discharge from hospitals, 
with the aim of minimizing any negative consequences 
of COVID-19 [6]. 

Recent progress in understanding COVID-19 indi-
cates that it manifests as a general infection that con-
siderably disturbs the hematopoietic system and hae-
mostasis, both of which are influenced by the light 
environment, particularly in the visible and infrared 
radiation spectrum [7]. Photobiomodulation (PBM), 
which is also known as low-level laser therapy (LLLT), 
can encourage cell proliferation. It is a  non-invasive 
therapy that relieves pain and reduces inflammation 
while also speeding up tissue healing. PBM has been 
used in the treatment of numerous diseases and condi-
tions, such as diabetes, brain injury, spinal cord impair-
ment, skin problems and oral conditions [8]. 

Light induces photochemical responses in biologi-
cal structures. After being absorbed by photoreceptors, 
light beams are converted into electrical signals and 
transmitted to the visual processing areas of the brain. 
One form of phototherapy that has been found to ben-
eficial is PBM [9]. PBM therapy has been proposed as 
a harmless, non-invasive, side-effect-free intervention, 
particularly suited to at-risk groups. However, studies 
are needed to determine its effectiveness in prevent-
ing COVID-19 infection and disease; the procedure 
may not only benefit the elderly and chronically ill, 
but could represent a  low-risk, low-cost intervention 
for the prevention and management of a variety of dis-
orders [10]. 

The current wave of post-pandemic syndrome expe-
rienced by those who have survived COVID-19 is char-
acterised by ongoing unfavourable functional and psy-
chological consequences, particularly for the elderly. 

As such, there is a need for new approaches for imple-
menting harmless and non-invasive therapeutic instru-
ments for preventative or even adjuvant treatments in 
the management of post-COVID-19 syndrome. Some 
research suggests that photobiomodulation treatment 
(PBMT) can reduce inflammation and enhance lower 
leg circulation. As a  result, the current investigation 
aimed to determine the effect of PBMT (infrared low-
level laser therapy) on functional capacity and fatiga-
bility in seniors with post-COVID-19 syndrome.

Material and methods 

Participants
A  randomized, double-blind, placebo-controlled 

study was organised. The study took place between 
November 2020 and March 2021, and it was listed on 
clinicaltrials.gov with the number NCT04676074. The 
goal and potential dangers of the study were explained 
to all patients. All participants signed a consent form, 
indicating their willingness to take part in the study. 
The Ethical Committee of Cairo University’s Facul-
ty of Physical Therapy has given their approval (No: 
P.T.REC/012/003314).

A  hundred elderly people, both sexes, were re-
cruited from Kasr Al-Ainy Hospital, Cairo University. 
Their age ranged from 60 to 70 years old, and their BMI 
was 30 to 35 kg/m2. All had a past history of positive 
COVID-19, confirmed by positive PCR, and reported 
suffering from general fatigability and a  decrease in 
functional capacity while performing their routine ac-
tivities of daily living. The exclusion criteria comprised 
uncontrolled diabetes, uncontrolled hypertension, class 
2, 3, and morbid obesity, fibromyalgia, mental illness, 
a previous injury to the plantar flexor muscle, and any 
skin problem or photo-hypersensitivity. A flow chart of 
the selection procedure is given in Figure 1.

Procedure
The participants were assigned to receive active or 

placebo PBMT in the first session based on drawing lots 
(A or B). A random table of numbers (1–100) indicating 
group A or B was created using Microsoft Excel 2010. 
Researcher (1) received the allocation number and pre-
pared the probe and PBMT. Another blind researcher 
(2) gave researcher (1) the prepared laser. The randomi-
zation researcher (1) was told not to tell the subjects or 
the laser researcher (2) what treatment they received. 
Researcher (2) left the lab while researcher (1) adjusted 
the laser treatment, thus blinding the researcher who 
administered the laser. A blind solder was also present 
on the laser probe. All participants, the laser researcher, 
and the data analyst were blind to the treatments.
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Outcome measures
Fatigability

In this study, fatigue and exhaustion were evaluated 
using the Fatigue Severity Scale (FSS). The FSS meas-
ures exhaustion in a single dimension using nine ques-
tions in a  single scale. Each FSS question comprises 
a statement that is scored on a seven-point scale from 1 
(strongly disagree) to 7 (strongly agree) [11]. 

Function
The Katz Index of Independence in Tasks of Eve-

ryday Living, often known as the Katz ADL (KATZ), 
is used to assess functional status, reflected in the abil-
ity to performed daily activities independently. Bath-
ing, dressing, toileting, transferring, continence, and 
feeding are all rated as adequate by the Index. Indi-
viduality in each of the six functions is assessed as 
yes or no. A  score of 6 means that all functions are 
normal, a  score of 4 indicates moderate impairment, 
and a  score of 2 or less indicates significant impair-
ment [12]. 

Intervention 
A PBM laser was used at one medial and one lateral 

sites of the calf muscles of both lower limbs [13] (di-
ode laser, continuous output, stationary in skin contact 
mode, 100 mW, 808 nm, beam spot area of 0.0314 cm2, 
127.39 J/cm2/point, 40 s) [14] three times per week for 
four weeks. During application, the patients remained 
prone, their feet out of the plinth, performing a circu-
latory exercise consisting of dorsiflexion and plantar 
flexion: two minute intervals of working out were inter-
spersed with one minute rests for 10-minutes for each 
foot separately. 

The control group received the placebo PBM at the 
same medial and lateral sites of the calf muscles of both 
lower limbs, (diode laser, continuous output, stationary 
in skin contact mode, 0 mW, 808 nm, beam spot area 
of 0.0314 cm2, 0 J/cm2/point, 40 s), three sessions per 
week for four weeks. Like the other group, the patients 
remained prone during treatment, their feet removed 
from the plinth, performing circulatory exercise con-
sisting of dorsiflexion and plantar flexion: two minute 

Fig. 1.  Study flow chart
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intervals were interspersed with one minute rests, for 
10 minutes for each foot. 

In all cases, the laser was delivered using a punctu-
al, contact approach at the two locations on the muscu-
lar belly of the calf muscle. During application, at each 
spot, the laser probe was kept still at a 90-degree angle 
to the skin surface with light pressure. All safety meas-
ures regarding the participants and the researchers were 
taken into consideration.

Statistical analysis
Statistical analyses were performed using SPSS ver-

sion 22. Age and BMI (mean and standard deviation) 
were compared using an unpaired T-test. Significant 
within-group changes in FSS and KATZ scores, i.e. 
before and after intervention, were analyzed with the 
Wilcoxon Signed Ranks Test, while inter-group differ-
ences, i.e. before and after treatment, were analyzed 
using the Independent Samples Mann-Whitney U test. 
P < 0.05 was considered statistically significant.

Results

In total, 100 seniors were enrolled and divided in-
to two equal groups at random. No significant differ-
ence in age or BMI was noted between the two groups 
(p < 0.05), as shown in Table 1.

Regarding fatigability assessment, significant differ-
ences were detected between pre- and post-intervention 
FSS and KATZ scores in the PBM group, with P-val-
ues of (<0.05), with respective percentage changes of 
13.13% and 32.2% (Tab. 2).

In the placebo group, significant differences were 
also found between the pre and post-treatment scores 
for FSS and KATZ (p < 0.05), with their respective per-
centage changes being 8.1% and 19.1% (Tab. 3).

No significant inter-group differences (i.e. between 
the PBM and placebo groups) were found for the pre-
intervention FSS and KATZ scores (respective P-values 
being 0.298 and 0.712). However, a significant differ-
ence in FSS was noted between the two groups after 

Pre-treatment
Mean ± SD

Post-treatment
Mean ± SD p % of change

FSS 4.62 ± 0.25 4.25 ± 0.26 p < 0.05* 8.1%

KATZ score 3.04 ± 0.86 3.62 ± 0.86 p < 0.05* 19.1 %

FSS – Fatigue Severity Scale, KATZ – Katz Index of Independence in Tasks of Everyday Living, *p < 0.05 is statistically significant, 
SD – standard deviation.

Tab. 3.  A comparison of the pre – and post-treatment FSS and KATZ scores for the placebo group

Pre-treatment
Mean ± SD

Post-treatment
Mean ± SD p % of change

FSS 4.57 ± 0.26 3.97 ± 0.23 p < 0.05* 13.13%

KATZ score 2.98 ± 0.79 3.94 ± 0.77 p < 0.05* 32.2 %

FSS – Fatigue Severity Scale, KATZ – Katz Index of Independence in Tasks of Everyday Living, *p < 0.05 is statistically significant, 
SD – standard deviation.

Tab. 2.  A comparison of the mean FSS and KATZ scores before and after treatment in the study group

Items
PBM group Placebo group Comparison

Mean ± SD Mean ± SD t-value P-value

Age (years) 63.48 ± 2.82 63.62 ± 2.87 0.246 0.807

BMI (kg/m2) 27.27 ± 1.25 27.44 ± 1.33 0.668 0.506

P – probability, SD – standard deviation.

Tab. 1.  Demographic data and physical characteristics of patients in both groups
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treatment (p < 0.05; Tab. 4), with the percentage chang-
es being 13.13% in the study group and 8.1% in the 
control group (Tab. 2, Tab. 3).

Discussion

The main aim of this investigation was to compare 
the effect of PBM treatment versus placebo on fatiga-
bility and functional status in elderly patients who had 
recently recovered from COVID-19, and to identify po-
tential gaps and novel trends in research. Our findings 
suggest that PBM can help seniors with post-COVID-
19 syndrome because it is linked to immune system 
regulation, inflammation reduction, better circulation, 
and other health-restoring activities.

The impact of laser treatment is determined by the 
quantity of laser energy per cm2 determines. The mini-
mal therapeutic dose for a bio-stimulant impact is 0.01 
J/cm2 for red and infrared lasers and 0.001 J/cm2 for 
blue, ultraviolet, and green lasers. When employed in 
settings that need suppression, such as lowering the in-
flammatory response to avoid or minimize the flood of 
pro-inflammatory cytokines, dosages greater than 10 J/
cm2 have been found to elicit inhibitory effects [15].

Phototherapy has been used to treat illnesses since 
Ancient Greece, when the sick were exposed to the sun 
to treat their maladies, a treatment known as heliother-
apy. During the 1918 Spanish flu crisis, phototherapy 
was verified to be a  valuable ally in the treatment of 
the epidemic, and was cited as one of the most impor-
tant contributors to lowering mortality. Several studies 
have been carried out since then to better understand 
the positive benefits of light, particularly blue, violet, 
red, and infrared light [16].

Although most attention given to COVID-19 con-
cerns the acute signs and symptoms of the disease and 
patient recovery, many survivors continue to experi-
ence physical, mental and emotional effects after the 
typical symptoms have passed. The most persistent 
and devastating symptoms are fatigue and a decreased 

ability to perform functional activities [11]. Our find-
ings demonstrate that while both PBM and placebo 
sessions produce a  significant improvement in the 
functional capacity and fatigability level in post-
COVID-19 elderly people, a greater improvement was 
observed for PBM. 

A previous study on the special effects of PBM on 
fatigue level and performance in thirty older women 
found that applying PBM to the rectus femoris muscle 
revealed an improvement in peripheral muscle fatigue, 
determined by surface electromyography (EMG) and 
blood lactate analysis. PBM was found to reduce mus-
cular fatigue by dramatically increasing the electromyo-
graphic fatigue index and significantly lowering lactate 
concentrations. Despite this, there was no indication 
that PBM might aggregate muscle function, as revealed 
by an isokinetic dynamometer. hence, it was possible 
to determine that PBM was helpful in reducing fatigue 
points. However, no evidence indicated that PBM may 
have an effect on muscle performance [12]. 

A recent study found that two weeks of light-emitting 
diode PBM therapy is effective in reducing non-specific 
low back pain and fatigue in working nurses [13], and 
phototherapy has been shown to improve pain, quality 
of life, and sleep disorders in people with fibromyalgia 
[14]. A  review of 27 articles published between 2008 
and 2017 showed that low-level laser therapy could be 
used to improve performance and make people feel less 
tired after hard exercise [15]. Applying PBM six hours 
before and immediately before an isokinetic exercise 
procedure  on eighteen physically active men resulted 
in the same total effort being produced but with lower 
fatigue, which may enable the performance of further 
exercise sets [16]. 

When applied to the lower limb muscles as a single 
therapy for eight weeks, PBM was found to improve 
functional ability and lower limb muscular strength. It 
also appears to alter pain awareness and improve sev-
eral aspects of quality of life in chronic kidney failure 
patients without having a substantial effect on fatigue 
perception [17]. 

PBM group Placebo group Between groups

Pre-treatment
Mean ± SD

Post-treatment
Mean ± SD

Pre-treatment
Mean ± SD

Post-treatment
Mean ± SD Pre-treatment Post-

treatment

FSS 4.57 ± 0.26 3.97 ± 0.23 4.62 ± 0.25 4.25 ± 0.26 p = 0.298 p < 0.05*

KATZ score 2.98 ± 0.79 3.94 ± 0.77 3.04 ± 0.86 3.62 ± 0.86 p = 0.712 p = 0.071

Tab. 4.  Comparison between groups regarding in pre – and post-treatment mean FSS and KATZ scores

FSS – Fatigue Severity Scale, KATZ – Katz Index of Independence in Tasks of Everyday Living, *p < 0.05 is statistically significant, 
SD – standard deviation.
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Another study found that PBM has no clear effect 
on resistance training among postmenopausal women. 
Its findings suggest that while resistance training can 
enhance muscle power and functional performance in 
post-menopausal women, it notes that PBM does not 
appear to support further changes to the outcomes 
measured [18]. 

A recent study, performed in 2021, found that low-
level laser therapy may increase the range of muscle 
signal and fiber enrollment, as well as the strength of 
signal transmission on spastic muscle fibers; the authors 
propose that more research is needed to understand how 
exhausted fibers behave in spastic individuals. PBM 
was also found to potentially diminish pain and fatigue, 
which may signify a  novel therapeutic procedure for 
neurological patients [19]. 

In a group of 40 cancer survivors, mean age of 47.3 
years, placebo intervention resulted in changes in can-
cer-related fatigue (CRF), exercise regularity, temper, 
and quality of life. Hence, it appears that even using 
placebos will improve dopaminergic systems, as also 
found in the present study. These findings have impor-
tant implications for the use of placebo interventions in 
managing cancer symptoms [20]. 

A  combination of ceramic biomaterials and PBM 
increased bone repair and regeneration in experimental 
models of bone lesions in 16 investigations employing 
animal models [21]. In addition, PBM therapy at a dose 
of 4 J/cm2 improved the overall healing dynamics of 
diabetes-induced neuropathic wounds in Wistar rats 
[22]. Furthermore, when used between two rounds of 
different types of exercise and sports, PBMT can reduce 
skeletal muscle exhaustion, as measured by the fatigue 
index, speed up recovery after exercise, and improve 
physical performance [23].

The results of ongoing clinical trials on may provide 
an insight into the effectiveness of PBMT in improv-
ing breathing, inflammation, blood clotting and various 
morbidity-mortality parameters in patients.

Conclusions

The use of low-level laser PBM therapy in the eld-
erly following COVID-19 appears to increase function-
al performance, ADL activities and fatigue perception, 
thus influencing the various physical, psychological, 
and mental components. To independently verify this 
method, clinical trials and research with larger and 
more varied sample groups are required, both in terms 
of prevention and therapy support. Previous research 
has shown that PBM is helpful in lowering inflamma-
tion, boosting immunity, and increasing peripheral and 

central blood flow, making it a  prospective treatment 
for unfavorable post-COVID-19 health outcomes.
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