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Abstract

Background:  Abnormalities in the healing process 
contribute to atypical scar formation, leading to 
consequences such as hypertrophic scars or ke-
loids, pain, sensory disturbances, contractures, 
and other functional disorders. Additionally, the 
unsightly appearance of a scar can significant-
ly impact the patient's mental health and overall 
quality of life. Various treatments exist to mitigate 
scarring and influence its integration, with com-
bination therapies proving to be the most effective 
in addressing these multifaceted issues.

Aims: This paper aims to present a case study 
involving a patient with a post-traumatic hand 
scar who sought treatment at the Clinical Unit of 
Physiotherapy in the Clinical Mental Health Hos-
pital in Rybnik, Poland.

Case Report: The study involved a 47-year-old man 
who experienced a work-related hand injury in 
August 2022. Over a span of six months, he under-
went physical therapy modalities, hand exercises, 
and other therapeutic interventions three to five 

times a week. To assess the effectiveness of the in-
terventions, measurements of the flexor muscles 
of the forearm were taken using a hand dynamom-
eter before and after the therapeutic sessions. No-
table improvements in wound healing, scar reduc-
tion, and muscle strength were observed following 
a series of treatments and exercises. 

Summary: This case report underscores the ef-
fectiveness of complex wound care combined 
with physical therapy treatments in influencing 
scar formation. Nevertheless, further clinical tri-
als are warranted to validate the efficacy of the 
proposed physiotherapeutic methods.
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Introduction

Numerous factors can impede proper wound 
healing [1]. Consequences of impaired healing 
may manifest as hypertrophic scars or keloids, 
chronic pain, sensory disturbances, contractures, 
and functional disorders. Emerging research also 
indicates that psychological stress can adversely 
impact both wound healing and scar formation, 
both directly and indirectly [2]. It has been es-
tablished that the risk of developing depressive 
disorders increases if a scar results in persistent 
discomfort and significant restrictions on mobil-
ity [3]. Beyond affecting everyday function and 
attractiveness, scar reduction plays a pivotal role 
in influencing psychological comfort, self-accept-
ance, and self-confidence. Optimal scar manage-
ment is equally essential from a psychiatric per-
spective [4,5]. 

Comprehensive scar management encompasses 
both surgical and conservative methods. Con-
servative approaches include pharmacotherapy, 
physiotherapy (encompassing physical therapy, 
exercises, massage, and specialized physiother-
apeutic methods), as well as procedures in med-
ical cosmetology and aesthetic medicine (such 
as ablative fractional laser, platelet-rich plasma 
injections, fractional radio frequency micro-nee-
dling, micro-needling, chemical peels, microder-
mabrasion, and others) [6-9]. Notably, combined 
therapies have proven to be the most effective in 
achieving optimal outcomes [10].

A recent and innovative development in wound 
care technology encompasses nanotherapeu-
tics, stem cell therapy, bioengineered skin grafts, 
3D-bioprinted skin, extracellular matrix-based 
approaches, and cold plasma treatment therapy 
[11]. Physiotherapeutic wound and scar manage-
ment primarily center around conservative mo-
dalities. 

These treatments can be categorized into man-
ual therapy and specialized physiotherapeutic 
methods, as well as physical modalities such as 
mechanotherapy, electrical therapy, electromag-

netic fields, light therapy, and their various com-
binations [12-15]. There is preliminary evidence 
suggesting that dry needling may also contribute 
to wound healing and impact scar appearance 
[10,16,17].

Aims

This study aimed to outline the therapeutic ap-
proach employed for a patient with a post-trau-
matic hand scar seeking treatment at the Clini-
cal Unit of Physiotherapy in the Clinical Mental 
Health Hospital in Rybnik, Poland. The primary 
objective of physiotherapy was to maximize hand 
function and enhance the appearance of the scar. 
Specifically, the initial goal was to mobilize and 
restore flexibility, achieving complete palmar 
flexion, and regaining optimal muscle strength, 
with a focus on the forearm flexor group, within 
the initial two months. Subsequently, the therapy 
shifted towards improving superficial sensation 
and promoting blood circulation in both the scar 
and the surrounding tissues.

Case report 

A 47-year-old male patient experienced a work-re-
lated accident on August 30, 2022. The wound re-
sulted from a crush injury and laceration to the 
right hand, specifically involving a pullout and 
damage to the extensor staple of the right pha-
lanx of the second finger, along with a subcon-
dylar open fracture of the fifth metacarpal bone 
(Fig. 1). Upon examination, significant swelling was 
evident, necessitating wound debridement. The 
wound underwent surgical treatment, involving 
the suturing of the stump of the extensor proper 
with the common extensor of the fingers. Addi-
tionally, stabilization of the fracture of the V met-
acarpal bone was achieved using two Kirschner 
wires. The surgical procedure took place during 
the night of August 30-31, 2022, and the patient 
was subsequently referred for further outpatient 
treatment (Fig. 2).
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Figure 1. Post-traumatic hand condition.

Figure 2. Hand condition after surgery. Figure 3. Hand condition before debridement.

The patient was readmitted to the hospital unit 
on September 3, 2022, suspecting an infection in 
the surgically treated tissues following the recon-
struction of the right hand (Fig. 3-4). Intravenous 

antibiotic therapy was initiated, and the patient 
was subsequently referred for further outpatient 
treatment (Fig. 5-6).
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Figure 4. Hand condition before debridement. Figure 5. Hand condition after debridement.

Figure 6. Hand condition after stitches removal.
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Upon admission to the Clinical Unit of Physiother-
apy on December 20, 2022, the patient reported 
significant flexion restriction, evident hand dys-
function, and impaired scar healing. The patient 
had no history of chronic diseases but had been 
diagnosed with and treated for vitamin D3 defi-
ciency (18 ng/ml) on November 18, 2022, and had 
an ongoing nicotine addiction. Physical therapy 
treatments were administered from December 21, 
2022, to July 15, 2023, with a one-month break in 
May. The detailed treatment methodology is out-
lined in Table 1. 

Before the intervention, the scar exhibited mat-
uration, characterized by convex hypertrophic 
features in the proximal and central regions and 
atrophic features in the distal areas. Post-inflam-
matory/traumatic discoloration was evident, ac-
companied by persistent edema within the palms 
of the hand (Fig. 7). The patient's skin was dry 
and scaly. Palpation assessment revealed heter-
ogeneity in the scar's course. While some parts 
maintained satisfactory mobility, other sections 
showed complete immobilization of the soft tis-
sues. Numerous subcutaneous adhesions with-
in the soft tissues contributed to a significant 
limitation of palmar flexion and weakened mus-
cle strength. A noticeable discrepancy in muscle 
strength was observed in the flexor muscles of 
the forearm, resulting in a -6 kg difference in grip 
strength between the healthy and injured limbs 
(45.7 kg and 38.4 kg, respectively), as measured in 
a hand grip test using a hand dynamometer. 

During the initial 1-2 months, the therapeutic ap-
proach involved manual lymphatic drainage and 
lymphatic taping of the upper limb (Fig. 8). The pa-
tient received comprehensive instructions for skin 
and scar care to be continued at home. To aug-
ment the impact of manual therapy, physical ther-
apy modalities were introduced. These included 
phonophoresis treatments using Contractubex® 
gel, biostimulation laser therapy (Low-Level Laser 
Therapy; LLLT; 660 nm, 500 mW, 12-15 J/cm2), and 

low-frequency magnetic field therapy (MT; 5 mT, 
20 Hz, 40-45 min.). These treatments were con-
ducted in series, with 20 sessions each for phono-
phoresis and laser therapy, and 15 sessions for the 
low-frequency magnetic field. Notably, the inter-
ventions resulted in an increased range of motion 
(ROM) and reduced swelling. Subsequent to this 
phase, mobilizations with movement were incor-
porated, and the patient was advised to perform 
hand exercises independently at home, 3-4 times 
a week for 25 minutes each. These exercises in-
volved eccentric work of the wrist and finger ex-
tensors, utilizing a 3.5 kg weight held in the hand. 
Kinesiotaping applications were also integrated 
into the therapy (Fig. 9).

Figure 7. Hand condition on the day of admission.
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Table 1. Detailed treatment methodology based on the literature [10, 12-18].

Month 1 Month 2 Month 3 Month 4 Month 5-6

Manual lymphatic 
drainage – 20 treat-

ments in a series

Mobilizations with 
movement, fascial 

and manual therapy 
- 2 times a week for 
approx. 45 minutes

Fascial and manual 
therapy - 2 times a 
week for approx. 45 

minutes

 1-month break  
from treatments

Fascial and manual 
therapy - 2 times a 
week for approx. 45 

minutes

Lymphatic taping – 1 
application for 3-5 

days

Kinesiotaping– 1 
application for 3-5 

days

Lymphatic taping 
and cross-taping

Dry needling – once 
a week

Phonophoresis with 
Contractubex® gel 
– 20 treatments in a 

series5

Phonophoresis 
withwith direct cu-
rrent (0.1 mA/cm2), 

with Contractubex® 
gel– 20 treatments in 

a series5

NMES, 5 times a 
week, once a day for 
20 minutes in series 

of 20 each3

HVES4

LLLT – 20 treat-
ments in a series1

LLLT – 20 treat-
ments in a series1

LLLT – 15 treatments 
in a series1

US5

MF – 15 treatments 
in a series2

MF – 15 treatments 
in a series2

MF – 15 treatments 
in a series2

Kinesiotaping– 1 
application for 3-5 

days

Hand exercises at 
home, 3-4 times a 
week, 25 minutes 

each, scar mobility 
exercises and proper 

skin treatment

Hand exercises at 
home, 3-4 times a 
week, 25 minutes 

each, 3.5 kg weight

Hand exercises at 
home, 3-4 times a 
week, 25 minutes 

each, 3.5 kg weight

Fine motor skills 
exercises and eccen-
tric and concentric 

exercises of the wrist 
extensors, 3-4 times 
a week for 25 minu-
tes each, indepen-

dently at home

Active exercises with 
virtual reality-based 
feedback (Microso-
ft Kinect® device 

with VAST. Rehab® 
software), 2 times a 
week for 25 minutes

Legend: (1) Low-Level Laser Therapy (LLLT) methodology: The laser probe, utilizing a wavelength of 660 nm with a 
continuous emission of 500 mW, was applied to the scar. The probe was positioned perpendicular to the skin and 
in direct contact with it, delivering a dose of 12-15 J/cm2. Each probe application lasted for 30 seconds. (2) Magnetic 
Field (MF) methodology: The induction level was set at 5 mT, with a frequency of 20 Hz during the application on the 
scar. The treatment duration was 40-45 minutes. (3) Neuromuscular Electrical Stimulation (NMES) methodology: 
Electrodes were strategically placed at the beginning and end of the forearm muscle bellies for application in the fo-
rearm area. The alternating current had a frequency of 2500 Hz, modulated in a rectangular shape to modules with 
a frequency of 40 Hz. The duration of the muscle contraction modules was 2 seconds, with a break between modules 
(muscle relaxation) lasting 4 seconds. The total treatment duration was 20 minutes. (4) High Voltage Electrical Sti-
mulation (HVES) methodology: The treatment electrode (cathode) was applied to the scar using sterile gauze pads. 
Twin-peaked monophasic pulses were administered with a total duration of 100 μs, a frequency of 100 Hz, and a 
voltage exceeding 100 V. The amperage (intensity) was set at the sensory level, and the treatment lasted 45-60 mi-
nutes. (5) Ultrasound (US) methodology: The ultrasound probe, operating at a frequency of 3 MHz, was applied to the 
scar on the back of the hand. The spatial average temporal peak was 0.5 W/cm2, with a duty cycle of 50%. The spatial 
average temporal average was 0.25 W/cm2, and each application covered 40 seconds per 1 cm2. The total treatment 
time approximated 20 minutes.
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Figure 8. Lymphatic Kinesiotaping application.

Figure 9. Kinesiotaping application on the scar.
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Over the subsequent 3-4 months, the therapeutic 
approach continued with fascial and manual ther-
apies. Despite having achieved a full range of pal-
mar flexion, residual adhesions in the soft tissues 
and a decrease in hand tightness persisted. An 
electromyography (EMG) evaluation conducted 
on May 26, 2023, identified sensory-motor neu-
ropathy of the median nerves. Consequently, neu-
romuscular electrical nerve stimulation (NMES) 
was integrated into the therapy plan, targeting 
the flexor muscles of the forearm. NMES involved 
the use of alternating current with a frequency of 
2500 Hz, modulated into rectangular modules at 
40 Hz. Each module comprised a 2-second mus-
cle contraction followed by a 2-second break for 
muscle relaxation. This NMES approach, often 
referred to as Russian electrostimulation or Kotz 
electrical stimulation, utilized carbon rubber 
electrodes (6x8 cm; 48 cm2) placed on wet gauze 
pads along the muscle fibers' course at the begin-
ning and end of the muscle belly. NMES sessions 
were conducted five times a week, once a day, 
for 20 minutes in series of 20 each. Cross-taping 
(Fig. 10) and lymphatic-taping applications were 
also included. At the end of the fourth month of 

therapy, nearly a full ROM of palmar flexion was 
achieved. A retest of the strength of the flexor 
muscles of the forearm using a hand dynamome-
ter showed a difference in compression strength 
between the healthy and injured hand of -4 kg 
(44.9 kg and 40.7 kg, respectively). Additionally, 
improvements were noted in the skin condition 
and visual appearance of the scar, with a reduc-
tion in the hypertrophic part of the scar in the 
proximal and middle regions.

After the initial 4 months of therapy, a planned 
one-month break from the aforementioned treat-
ments was implemented. During this period, the 
patient received a recommendation to persist 
with fine motor skills exercises, as well as eccen-
tric and concentric exercises of the wrist exten-
sors independently at home, 3-4 times a week for 
25 minutes each. In the subsequent 5-6 months 
of therapy, the focus shifted towards enhancing 
blood supply to the scar and surrounding tis-
sues, improving superficial sensation, and fur-
ther increasing muscle strength. To achieve these 
goals, the treatment plan incorporated manual 
scar therapy, dry needling treatment (Fig. 11), ca-
thodal high voltage electrical stimulation (HVES), 

Figure 10. Cross-tape application.
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and sonotherapy. These treatments were admin-
istered 2-3 times a week, with dry needling per-
formed once a week, resulting in a total of 3 treat-
ments per week on an alternating basis. 

Sonotherapy was conducted using ultrasound 
(US) with a frequency of 3 MHz. Intermittent US 
emission with a duty cycle of 50% was applied, 
utilizing an average spatial average temporal peak 
(SATP) power of 0.5 W/cm2. With a 50% duty cycle, 
this resulted in an average spatial average tempo-
ral average (SATA) power of 0.25 W/cm2. These US 
parameters were chosen to avoid thermal effects. 
The treatments utilized an ultrasonic head with 
transmitting surfaces of 3 and 5 cm2. The duration 
of the treatment was 40 seconds/cm2 of the soni-
cated surface, equivalent to 40 seconds per treat-
ment area corresponding to the surface of the 
US head. As the treatment field was larger than 
the surface of the US head, the head was moved 
on and around the scar, leading to a total treat-
ment duration of approximately 20 minutes. The 
US head was applied 5-6 times to the treatment 
site, and the treatments were performed once a 
day, five days a week, for two weeks, totaling 20 
procedures.

High Voltage Electrical Stimulation (HVES) utilized 
carbon rubber electrodes (6x8 cm; 48 cm2) placed 
on sterile gauze soaked in saline. The therapeutic 
electrode (cathode) was positioned on the scar's 
surface, while the electrode averting the electri-
cal circuit was fixed in the shoulder area, over the 
biceps muscle of the arm. Dual monophasic pulses 
were administered, with a total duration of 100 μs 
and a frequency of 100 Hz. The current flowed at a 
voltage > 100 V and was adjusted to produce minor 
sensory impressions. The duration of HVES varied 
from 45 to 60 minutes (gradually increased in a 
series of treatments). Treatments were performed 
once a day, five days a week, for two weeks, total-
ing 20 HVES procedures.

During the 5th and 6th months, Neuromuscular 
Electrical Stimulation (NMES) was discontinued, 
and active exercises with virtual reality-based 
feedback, using the Microsoft Kinect® device 
with VAST.Rehab® software (Fig. 12), were intro-
duced. These exercises occurred twice a week, 
lasting 25 minutes each. The hypertrophic part of 
the scar in the proximal and middle regions saw 
a significant reduction, accompanied by improved 
skin appearance (Fig. 13-14).

Figure 11. Dry needling of the scar.
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Figure 12. Virtual reality (VR) based exercises.

Figure 13. Hand condition after 5 months of therapy. Figure 14. Hand condition after 6 months of therapy.
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Figure 15. Hand condition at the end of therapy.

Physiotherapy was successfully concluded in 
the 6th month after admission, resulting in a re-
markable enhancement in hand function and an 
improved appearance of the scar (Fig. 15). The 
scar exhibited a flatter, brighter, and more flexi-
ble profile. Fine mobility along the scar's course 
was restored, with only a few subcutaneous adhe-
sions within the soft tissues. The skin surround-
ing the scar became more hydrated and elastic, 
visibly reducing post-traumatic and post-inflam-
matory discoloration. Additionally, the strength 
of the forearm muscle normalized. In a hand grip 
test, the difference in grip strength between the 
healthy and injured limb was -2.6 kg (44.3 kg and 
41.7 kg, respectively). The patient was advised to 
continue therapy further to enhance the scar's 
appearance, with a recommendation to explore 
aesthetic medicine clinics. If deemed necessary, 
treatments purely focusing on skin remodeling 
and scar color could be pursued. Common ther-
apies in this domain include ablative fractional 
laser or bromide-copper laser therapies, plate-

let-rich plasma injections, fractional microneedle 
RF treatments, chemical peels, and their various 
combinations. 

The patient exhibited good tolerance and re-
sponded positively to the provided treatment. 
Both the appearance of the scar and hand func-
tion showed significant improvement. No adverse 
symptoms were observed following dry needling 
and physical treatments. Furthermore, there were 
no reported allergic reactions to the acrylic adhe-
sive, and no instances of skin irritation were ob-
served after patching.

Discussion

Guidelines and recommendations for managing 
chronic wounds are extensive, encompassing pa-
tient compliance with doctor's advice, infection 
prevention, proper wound care, and intermittent 
pneumatic compression treatments [19, 20]. Ap-
propriately selected physical therapy modalities 
play a crucial role in supporting the wound heal-
ing process across all phases [15]. Physiothera-
peutic treatments can be primarily categorized 
into therapeutic procedures for chronic wounds 
and scars [15]. 

In the systematic review with meta-analysis con-
ducted by Deflorin et al. [12], the objective was to 
determine the effects of physical treatments on 
scar pain, pigmentation, pliability, pruritus, scar 
thickening, and surface area in adults with vari-
ous types of scars. The analysis included 13 stud-
ies on burn scars, 5 studies on post-surgical scars, 
and 1 study covering all kinds of hypertrophic and 
keloid scars. Intervention methods were catego-
rized into mechanotherapy (massage and extra-
corporeal shockwave therapy – ESWT), occlusion 
and hydration therapy (silicone application, mois-
turizing cream, etc.), and light therapy (pulsed 
dye laser – PDL, and high-intensity light therapy 
– HILT). Particularly notable is the use of ESWT, 
which, according to recent studies, enhances the 
range of movement and scar tissue remodeling 
[21]. This meta-analysis [12] indicates that phys-
ical scar management has a significant positive 
effect on pain (ESWT, massage, as well as HILT, 
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p = 0.012), pigmentation and pliability (PDL and 
silicone gel, p = 0.010), pruritus and surface area 
(PDL and CO2 laser, p = 0.010), and scar thickness 
(massage, p = 0.022) compared to the control or 
no treatment. In our study, massage, low-level la-
ser therapy, and moisturizing treatments (proper 
home care) also resulted in improvements in scar 
thickness and hand function.   

In another study conducted by Freitas et al. [22], 17 
volunteers were randomly assigned to an experi-
mental group (EG; n=9) and a placebo group (PG; 
n=8). The volunteers were stratified by the age of 
their scars into four groups: Group 1: < 6 months 
(17.6%), Group 2: 6–12 months (17.6%), Group 3: 
12–24 months (29.4%), and Group 4: >24 months 
(35.6%). 58.8% of the scars were located on the 
trunk, and 41.2% were on extremities. The pa-
rameters for low-level laser therapy (LLLT) were 
as follows: a laser probe without contact with the 
skin (approximately 1 cm from the skin surface), 
perpendicular to the skin throughout the scar, 
and with a punctual application maintaining a 
distance of 1 mm between each point. The wave-
length was 808 nm with continuous emission of 
500 mW, and the dose was 4 J/cm2. The treatment 
time consisted of 4 seconds per probe application. 
Fifteen sessions were conducted for both groups 
three times a week, with the laser device switched 
off in the PG. After 5 weeks of LLLT treatment, the 
EG exhibited a significant improvement in mac-
roscopic scar appearance (p = 0.003) and a ten-
dency to decrease scar thickness. In our study, we 
also observed a reduction in scar thickness, albeit 
using a different wavelength (660 nm), a contact 
probe method, and a different dose (12-15 J/cm2). 
Additionally, we performed a greater number of 
treatments to achieve satisfactory results.

In another scoping review conducted by Scott et 
al. [23], the objective was to assess the effective-
ness of massage as an intervention in the treat-
ment of postoperative scars. Various clinical data-
bases (Medline, EMBASE, CINAHL, AMED, Scopus, 
ProQuest Dissertations & Theses Global, and the 
Joanna Briggs Institute) were searched, resulting in 

the inclusion of 25 studies in the review. Only two 
papers, involving 92 participants, specifically ad-
dressed hand or wrist scars with scar massage per-
formed alongside standard conjunctive therapies. 

While all studies reported favorable outcomes for 
scar massage, there were notable differences in 
research methods, outcome measures, and inter-
vention protocols. Intervention protocols ranged 
from a single session to three treatments daily for 
6 months. The overall findings of the scoping re-
view suggest that scar massage may be beneficial 
in increasing ROM and improving scar appear-
ance; however, further studies are deemed nec-
essary. In our study, we conducted both manual 
lymphatic drainage and scar massage with mus-
culofascial manual therapy, twice a week for ap-
proximately 45 minutes each day over a 6-month 
period. Despite Polish and global guidelines men-
tioning compression therapy and intermittent 
pneumatic compression treatments [19, 20], there 
is insufficient scientific evidence for their effec-
tiveness in cutaneous linear hand scars. The au-
thors of this case report believe that combined 
therapies will prove to be the most effective ap-
proach.

Limitations of the study

The case study has some potential limitations. To 
ascertain the effectiveness of the proposed phys-
iotherapeutic methods, further studies on a larg-
er cohort of patients are essential. The impact of 
reducing vitamin D deficiency on wound healing 
was not determined in this study. Additionally, 
we did not ascertain which specific physiother-
apeutic method played a crucial role in stimulat-
ing healing, although we observed accelerated 
improvement in scar appearance following HVES 
stimulation and dry needling. ROM was not meas-
ured with a goniometer, and while the patient ex-
pressed satisfaction with the obtained results, the 
study did not measure improvements in patient 
satisfaction or quality of life. Utilizing a simple 
tool to assess these areas in future studies would 
provide valuable insights.
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Summary 

The aim was to achieve the highest possible im-
provement in hand function, focusing particular-
ly on achieving full palmar flexion and enhanced 
muscle strength, along with improving the ap-
pearance of the scar. The implementation of phys-
ical therapy modalities, hand exercises, and other 
therapies conducted three to five times a week 
over a 6-month period resulted in significant im-
provements in the patient's physical, psycholog-
ical, and overall comfort. It is important to note 

that despite the availability of numerous thera-
peutic tools and methods, complete scar removal 
was not attainable. It is crucial to recognize that 
the recommendations and outcomes presented 
are specific to this study and are based solely on 
the methodology employed here. Therefore, fur-
ther clinical trials are imperative to validate the 
effectiveness of the proposed physiotherapeutic 
methods.

References

1.	 Wilkinson HN, Hardman MJ. Wound healing: cellu-
lar mechanisms and pathological outcomes. Open 
Biol. 2020; 10 (9): 200223. 

2.	 Gouin JP, Kiecolt-Glaser JK. The impact of psy-
chological stress on wound healing: methods and 
mechanisms. Immunol Allergy Clin North Am. 2011; 
31 (1): 81–93.

3.	 Madejska M, Korban P. Postępowanie fizjoterapeu-
tyczne w leczeniu blizn. KosmetolEstet. 2013; 4 (2): 
281–284. 

4.	 Fishbain DA, Cutler R, Rosomoff HL, Rosomoff RS. 
Chronic pain-associated depression: antecedent or 
consequence of chronic pain? A review. Clin J Pain. 
1997; 13 (2): 116–137.

5.	 Przewłocka-Gągała M. Contemporary model of 
dealing with scars in cosmetology and aesthetic 
medicine. AesthCosmetolMed 2021; 10 (1): 39–47

6.	 Choi C, Mukovozov I, Jazdarehee A, et al. Manage-
ment of hypertrophic scars in adults: A systematic 
review and meta-analysis. Australas J Dermatol. 
2022; 63 (2): 172–189. 

7.	 Ebrahimi Z, Alimohamadi Y, Janani M, Hejazi P, 
Kamali M, Goodarzi A. Platelet-rich plasma in the 
treatment of scars, to suggest or not to suggest? A 
systematic review and meta-analysis. J Tissue Eng 
Regen Med. 2022; 16 (10): 875–899.

8.	 Fabbrocini G, Marasca C, Ammad S, et al. Assess-
ment of the Combined Efficacy of Needling and the 
Use of Silicone Gel in the Treatment of C-Section 
and Other Surgical Hypertrophic Scars and Ke-
loids. Adv Skin Wound Care. 2016; 29 (9): 408–411.

9.	 Leszczynski R, da Silva CA, Pinto ACPN, Kuczynski 
U, da Silva EM. Laser therapy for treating hyper-
trophic and keloid scars. Cochrane Database Syst 
Rev. 2022; 26; 9 (9): CD011642. 

10.	Lubczyńska A, Garncarczyk A, Wcisło-Dziadec-
ka D. Effectiveness of various methods of manual 
scar therapy. Skin Res. Technol. 2023; 29 (3): e13272: 
1-–12.

11.	 Kolimi P, Narala S, Nyavanandi D, Youssef AAA, 
Dudhipala N. Innovative Treatment Strategies to 
Accelerate Wound Healing: Trajectory and Recent 
Advancements. Cells. 2022; 11 (15): 2439.

12.	Deflorin C, Hohenauer E, Stoop R, van Daele U, Cli-
jsen R, Taeymans J. Physical Management of Scar 
Tissue: A Systematic Review and Meta-Analysis. J 
Altern Complement Med. 2020; 26 (10): 854–865. 

13.	Polak A, Franek A, Taradaj J. High-Voltage Pulsed 
Current Electrical Stimulation in Wound Treat-
ment. Adv Wound Care (New Rochelle). 2014; 1; 3 (2): 
104–117. 



68

Physiotherapy Review  |  Volume XXVIII Issue 1/2024

14.	 Szołtys-Brzezowska B, Bańkowska A, Piejko L, et al. 
Electrical Stimulation in the Treatment of Pressure 
Injuries: A Systematic Review of Clinical Trials. Adv 
Skin Wound Care. 2023; 36 (6): 292–302. 

15.	 Fernández-Guarino M, Bacci S, Pérez González LA, 
Bermejo-Martínez M, Cecilia-Matilla A, Hernán-
dez-Bule ML. The Role of Physical Therapies in 
Wound Healing and Assisted Scarring. Int J Mol Sci. 
2023; 24 (8): 7487. 

16.	Bahramian M, Dabbaghipour N, Aria A, Sajadi 
Moghadam Fard Tehrani B, Dommerholt J. Efficacy 
of Dry Needling in Treating Scars following Total 
Hip Arthroplasty: A Case Report. Med J Islam Repub 
Iran. 2022; 36: 156.

17.	 Rozenfeld E, Sapoznikov Sebakhutu E, Krieger Y, 
Kalichman L. Dry needling for scar treatment. Acu-
punct Med. 2020; 38 (6): 435–439. 

18.	Dorf E, Blue C, Smith BP, Koman LA. Therapy after 
injury to the hand. J Am Acad Orthop Surg. 2010; 18 
(8): 464–473.

19.	Alam W, Hasson J, Reed M. Clinical approach to 
chronic wound management in older adults. J Am 
Geriatr Soc. 2021; 69 (8): 2327–2334.

20.	Szewczyk M, Kózka M, Cierzniakowska K, et al. 
Prophylaxis of the pressure ulcers – recommen-
dations of the Polish Wound Management Associ-
ation. Part I. Leczenie Ran. 2020: 113–146. 

21.	Saggini R, Saggini A, Spagnoli AM, et al. Extracor-
poreal Shock Wave Therapy: An Emerging Treat-
ment Modality for Retracting Scars of the Hands. 
Ultrasound Med Biol. 2016; 42 (1): 185–195. 

22.	Freitas CP, Melo C, Alexandrino AM, Noites A. Ef-
ficacy of low-level laser therapy on scar tissue. J 
Cosmet Laser Ther. 2013; 15 (3): 171–176.

23.	Scott HC, Stockdale C, Robinson A, Robinson LS, 
Brown T. Is massage an effective intervention in the 
management of post-operative scarring? A scoping 
review. J Hand Ther. 2022; 35 (2): 186–199. 


