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ABSTRACT

Background: Non-invasive skin tightening procedures have become increasingly popular for the management of age-
related skin laxity because they provide aesthetic improvement with minimal downtime and reduced procedural risk.
Objective: To evaluate the efficacy and safety of combined non-invasive skin tightening procedures and identify factors
associated with successful treatment outcomes. Methods: This retrospective observational study was conducted at Burn
and plastic surgery center Hayatabad from April 2024 to April 2025 and included 190 patients who underwent non-invasive
skin tightening using single or combination treatment modalities. Results: The mean age of patients was 46.7 + 9.8 years,
and 142 (74.7%) were female. Combination therapy was performed in 89 (46.8%) patients, while 101 (53.2%) received
single-modality treatment. Significant improvements were observed in GAIS (1.4 £ 0.5 to 3.8 £ 0.7), WSRS (3.6 £ 0.7 to
2.1 + 0.6), skin elasticity (42.5 + 8.4 to 61.8 + 9.6), physician global assessment (2.1 = 0.6 to 4.0 + 0.7), and patient
satisfaction (54.6 £ 13.2% to 86.4 £ 10.5%) (all p<0.001). Overall successful treatment was achieved in 151 (79.5%)
patients. Conclusion: Combined non-invasive dermatologic and minimally invasive skin tightening modalities provide
significant aesthetic improvement with excellent safety and high patient satisfaction. Younger age, lower body mass index,
absence of smoking, milder skin laxity, and combination therapy are associated with superior treatment outcomes....
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INTRODUCTION

The sagging skin is a frequent consequence of intrinsic
ageing and environmental factors, which have a profound
impact on the appearance of the facial skin, body contour,
and self-confidence. Over time, the collagen and elastin
fibers break down, causing the skin to sag and wrinkle; the
skin's structural integrity is lost, the subcutaneous fat is
redistributed, and the fascial integrity weakens. As life
expectancy continues to rise and there is an improved focus
on skin aesthetics, there has been a significant rise in
demand for minimally invasive skin rejuvenation
procedures in recent years [2]. Although traditional surgical
facelift procedures are still the most effective method of
addressing advanced skin laxity, surgery has been known to
be more expensive, longer to recover from, can result in
scarring, and has risks associated with it. As a result,

numerous patients with mild to moderate skin laxity are
looking for non-invasive solutions that offer a worthy
cosmetic benefit with minimal downtime and complications
[4].

There are several non-invasive skin tightening procedures
based on the principle of controlled thermal stimulation of
collagen in the dermis or superficial musculoaponeurotic
system (SMAS) which results in neocollagenesis,
remodeling of elastin, and contraction of the tissue [5]. The
modalities used most often are radiofrequency (RF),
microfocused ultrasound (MFU), high-intensity focused
ultrasound (HIFU), fractional lasers, infrared light therapy,
and combined energy-based platforms [6]. These methods
trigger over a period of months to remodel the collagen over
time to enhance firmness, elasticity, and contour of the skin.
Of these modalities, radiofrequency technologies have
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become very popular due to their ability to deliver uniform
thermal energy to the dermis while maintaining the
epidermis [7]. Similarly, HIFU is now an accepted method
of facial lifting as the deeper layers such as the SMAS are
targeted with focused ultrasound energy to provide a lifting
effect similar to SMAS lift surgery in certain patients [8]. In
addition, fractionated laser resurfacing can also help
enhance the texture, pigmentation, and fine lines of skin
because of its ability to cause controlled damage and
regeneration of collagen [9].

In recent years, the approach to aesthetics has become more
multimodal with the aim of not relying on a single
technology. Surgical or energy-based skin tightening
procedures may be combined with dermatologic procedures
like PRP therapy, microneedling, fractional laser
resurfacing, chemical peeling and injectable biostimulatory
agents to offer synergistic benefits to skin quality, elasticity
and facial contour [10]. These combination treatments aim
at several mechanisms of skin ageing and improve the
efficacy of the treatment, with a good safety profile. Even
getting a good match of patient is a very important factor in
a successful skin tightening. Other factors, such as age, skin
laxity, BMI, smoking, UV exposure, collagen quality,
Fitzpatrick skin type, previous cosmetic treatments, and
expectations for treatment are key determinants of
treatment efficacy [11]. In people with mild to moderate
skin redundancy, non-invasive techniques may provide
more satisfactory results, while in people with more severe
skin redundancy, it may still be necessary to have skin
removed by surgery [12]. Some of the most commonly used
validated clinical outcomes measures for non-invasive skin
tightening include physician global aesthetic improvement
scales, patient satisfaction questionnaires, skin elasticity
measures, wrinkle severity scoring, photographic analysis
and quality-of-life measures [13]. The majority of studies
have shown a marked increase in firmness, contour,
reduction of wrinkles and patient satisfaction with relatively
low complication rates [14]. Common side effects of the
procedure are mild discomfort, temporary numbness,
erythema, and edema, and serious side effects are very rare
if the procedure is performed correctly [15]. While the
combined dermatologic/surgical strategies have become
increasingly popular, there is significant disagreement and
variation in treatment protocols, device parameters, patient
selection criteria, and outcome assessment for combined
therapies. Therefore, additional clinical studies are needed
to assess the efficacy and safety of combination therapies in
various patient populations and indications for aesthetics
[16].

Objective

To evaluate the efficacy and safety of combined non-
invasive skin tightening procedures and identify factors
associated with successful treatment outcomes.

METHODOLOGY

This retrospective observational study was conducted at
Burn and plastic surgery center Hayatabad from April 2024
to April 2025 and included 190 patients who underwent

non-invasive skin tightening procedures using dermatologic
modalities alone or in combination with minimally invasive
surgical techniques. The study aimed to assess the
effectiveness, safety, satisfaction, and clinical results of
combination skin tightening treatment. Patients were
enrolled if they were 30 years or older, had mild-to-
moderate skin laxity in the face and/or neck area, and had
undergone non-invasive skin tightening procedures, and
had at least 6 months of follow-up. Patients who met the
inclusion criteria were completely clinically evaluated
before the treatment and included in a standardized
photographic documentation and had follow-up after the
treatment. Patients with severe skin laxity that necessitated
conventional facelift surgery, active infection of skin,
autoimmune connective tissue disorders, uncontrolled
diabetes mellitus, coagulation disorders, pregnancy, history
of skin malignancy, cosmetic surgery within six months,
incomplete medical records, or inadequate follow-up were
excluded.

Data Collection

After approval by the Institutional Ethical Review
Committee, patient information was extracted from the
electronic medical record, procedural notes, clinical photos
and follow-up evaluations with a standardised data
collection form. Demographic and clinical characteristics
mentioned were age, sex, body mass index, smoking,
Fitzpatrick skin type, duration of skin laxity, anatomical
treatment area, aesthetic surgeries performed, diabetes
mellitus and hypertension, and degree of skin laxity as
measured by the Facial Laxity Rating Scale. Treatment-
related variables were included such as the type of treatment
(radiofrequency, high-frequency focused ultrasound,
microfocused ultrasound, fractional laser, microneedling
radiofrequency, platelet-rich plasma, or a combination of
treatments), number of treatments, intervals between
treatments, duration of the treatment, adjunctive minimally
invasive surgical procedures (if any), anesthesia used, and
peri-procedural complications. The Global Aesthetic
Improvement Scale (GAIS), skin elasticity, Wrinkle
Severity Rating Scale (WSRS), standardized photographic
comparison, patient satisfaction score, and physician global
assessment were used to assess clinical outcomes prior to
treatment and at 6-month follow-up. The main outcome
measure was successful treatment which included
moderate-to-excellent improvement on the Global
Aesthetic Improvement Scale, at least 80% patient
satisfaction, and objective improvements in skin laxity
without the need for further corrective procedures.
Secondary endpoints were the improvement of wrinkle
severity, skin elasticity, facial contour, quality of life,
recovery time, adverse events from the procedure, re-
procedure rate, and patient satisfaction.

Statistical Analysis

SPSS version 26.0 was used for data analysis. The
continuous variables were reported as mean = SD, and
categorical variables were reported as numbers and
percentages. Paired t-tests were used to compare pre- and
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post-treatment clinical scores. Treatment responders and
treatment non-responders were compared by independent t-
test or Mann— Whitney U test for continuous variables, and
by Chi-square for categorical variables. Variables that were
significant on univariate analysis were included in a
multivariate logistic regression model to determine
independent factors associated with successful skin
tightening results. Odds ratios (ORs) with 95% confidence
intervals (CIs) were computed and p-values of < 0.05 were
viewed as significant.

RESULTS

The mean age of patients was 46.7 + 9.8 years, with females
forming the majority (142, 74.7%). Mean BMI was 27.4 +
4.2 kg/m? Facial skin laxity was more common (126,
66.3%) than neck laxity (64, 33.7%). Moderate laxity was
present in 108 (56.8%) patients, while mild laxity was seen
in 82 (43.2%). Baseline GAIS and WSRS scores were 1.4
+ 0.5 and 3.6 = 0.7, showing low initial aesthetic
improvement and moderate wrinkle severity.

Table 1: Baseline Demographic and Clinical
Characteristics of Patients Undergoing Skin Tightening
Procedures (N =190)

Variable n (%) / Mean £ SD
Age (years) 46.7+9.8
Female 142 (74.7)
Male 48 (25.3)
Body mass index (kg/m?) 27.4+4.2
Smokers 38 (20.0)
Fitzpatrick skin type TI-III 112 (58.9)
Fitzpatrick skin type IV-V 78 (41.1)
Facial skin laxity 126 (66.3)
Neck skin laxity 64 (33.7)
Mild laxity 82 (43.2)
Moderate laxity 108 (56.8)
Previous cosmetic procedure 49 (25.8)
Baseline GAIS score 1.4£0.5
Baseline WSRS score 3.6+£0.7

Single-modality treatment was used in 101 (53.2%)
patients, while 89 (46.8%) received combination therapy.
Radiofrequency was the most common modality (54,
28.4%), followed by HIFU (42, 22.1%), fractional laser
resurfacing (31, 16.3%), microneedling radiofrequency (28,
14.7%), and PRP-assisted treatment (21, 11.1%). Patients

Combination therapy 89 (46.8)
Single modality treatment 101 (53.2)
Number of sessions 32+ 1.1
Treatment interval (weeks) 4.6+1.3
Procedure duration (minutes) 54.8 +16.7
Topical/local anesthesia used 156 (82.1)

At six months, skin tightening outcomes improved
significantly. GAIS increased from 1.4 + 0.5 to 3.8 £ 0.7,
WSRS decreased from 3.6 + 0.7 to 2.1 + 0.6, and skin
elasticity improved from 42.5 + 8.4 to 61.8 + 9.6, all with
p<0.001. Patient satisfaction also rose from 54.6 = 13.2%
to 86.4 = 10.5%, and successful treatment response was
achieved in 151 (79.5%) patients.

Table 3: Clinical Outcomes Before and Six Months After
Treatment
Variable
GAIS
score
WSRS
score

Skin
elasticity
score
Physician
global
assessment
Patient
satisfaction
score (%)
Successful | —
treatment
response

Six Months
3.8+0.7

Baseline
1.4+0.5

p-value
<0.001

3.6+£0.7 2.1£0.6 <0.001

425+84 61.8+9.6 <0.001

2.1£0.6 4.0+£0.7 <0.001

546+132 | 86.4+10.5 | <0.001

151 (79.5) | —

Responders were younger than non-responders (44.9 + 8.7
vs. 53.6 + 10.2 years; p<0.001) and had lower BMI (26.8 +
3.9 vs. 29.7 + 4.6 kg/m? p<0.001). Smoking, moderate
laxity, previous cosmetic procedures, and adverse events
were more frequent among non-responders. Combination
therapy was more common among responders (53.0% vs.
23.1%; p=0.001), and satisfaction was much higher in
responders (90.8 £ 7.4% vs. 69.3 + 8.6%).

Table 4: Comparison Between Responders and Non-
Responders to Skin Tightening Treatment

received an average of 3.2 + 1.1 sessions, with a mean Variable Responders | Non- p-
treatment interval of 4.6 = 1.3 weeks. (n=151) Responders | value
(n=39)
Table 2: Treatment Modalities and Procedural Age (years), | 44.9+8.7 53.6+10.2 <0.001
Characteristics Mean + SD
Variable n (%) / Mean =+ Body mass | 26.8£3.9 29.7+4.6 <0.001
SD index (kg/m?),
Radiofrequency-based treatment 54 (28.4) Mean + SD
High-intensity focused ultrasound | 42 (22.1) Smokers, n | 22 (14.6) 16 (41.0) <0.001
Fractional laser resurfacing 31(16.3) (%)
Microneedling radiofrequency 28 (14.7) Moderate 78 (51.7) 30 (76.9) 0.005
PRP-assisted treatment 21 (11.1) laxity, n (%)

1JDDT, Volume x Issue 70s, 2026

Page: 424



Advancements In Non-Invasive Skin Tightening Procedures: Combining Dermatologic And Surgical

Modalities
Combination | 80 (53.0) 9(23.1) 0.001 and overall satisfaction increase significantly after
therapy, n (%) radiofrequency, ultrasound-based or combined rejuvenation
Previous 34 (22.5) 15 (38.5) 0.041 treatments. Several important predictors of treatment
cosmetic efficacy were found in a comparison between responders
procedure, n and non-responders. Responders were significantly
(%) younger (44.9 + 8.7 vs. 53.6 £ 10.2 years), had lower BMI
Patient 90.8+7.4 69.3+£8.6 <0.001 (26.8 + 3.9 vs. 29.7 £+ 4.6 kg/m?), and were less likely to
satisfaction smoke. Non-responders were more likely to have moderate
score (%), skin laxity, previous cosmetic procedures and adverse
Mean + SD events. Responders were significantly more likely to
Adverse 19 (12.6) 11 (28.2) 0.019 receive combination therapy (53.0% vs. 23.1%) and were
events, n (%) much more satisfied with the treatment (90.8 + 7.4% vs.

DISCUSSION

The non-invasive skin tightening procedures were found to
be effective in 190 patients and both dermatologic and
combined procedures significantly improved skin laxity,
wrinkle severity, skin elasticity and patient satisfaction in
this patient group. A total of 79.5% of patients had
successful treatment results and favorable results were
associated with younger age, lower BMI, combination
therapy and lesser skin laxity. The results are in line with
the increased importance of multimodal non-invasive
aesthetic procedures as alternatives to surgical procedures
for patients looking for anti-aging without surgery. The
average age of the study population was 46.7 + 9.8 years
and 74.7% of participants were females, which is indicative
of the higher market requirements for esthetic procedures in
females. The mean BMI was 27.4 + 4.2 kg/m? with more
facial skin laxity than neck skin laxity. There was moderate
skin laxity in more than 50% of the patients, and a
significant amount of aesthetic concern was seen prior to
treatment in both the GAIS and WSRS scores. Previous
studies have also shown that middle-aged women make up
the bulk of people who undergo non-invasive skin
tightening treatments, and that there are more women than
men seeking treatments for facial aging, particularly for
moderate skin laxity [17]. When it came to treatment
modalities, radiofrequency was the most widely used
treatment, followed by high-intensity focused ultrasound,
fractional laser resurfacing, microneedling radiofrequency,
and PRP-assisted therapy. Almost 50% of the patients
received combination therapy, and the rest received a single
therapy modality. Patients needed a mean number of 3.2 +
1.1 treatment sessions spaced by a mean of 4.6 + 1.3 weeks
apart. Previous research has also shown that more and more
energy-based devices and combination protocols are being
used as they aim to affect several layers of skin ageing and
thus produce more rejuvenation than a single-modality
treatment. After 6 months, there was significant clinical
improvement. The Mean GAIS improved from 1.4 £ 0.5 to
3.8 £ 0.7 and WSRS decreased from 3.6 = 0.7 to 2.1 £ 0.6,
showing a significant decrease in wrinkle severity in Mean
GAIS. The elasticity of the skin rose from 42.5 + 8.4 to 61.8
+ 9.6, the physician global assessment improved
significantly and patient satisfaction levels jumped from
54.6+ 13.2% to 86.4 4+ 10.5%. 79.5% of patients had overall
treatment success. Other studies have also shown that
wrinkle reduction, skin firmness, elasticity, facial contour

69.3 + 8.6%). These results are consistent with previous
studies, which have found that patients with younger age,
better skin quality, lower BMI, and less advanced tissue
laxity tend to have better collagen remodeling and clinical
results after non-invasive skin tightening treatments [19].
It's likely that the benefits of combination therapy are the
synergy of the different treatments. Radiofrequency induces
collagen contraction in the skin's dermis layer, ultrasound
penetrates deeper into the fascial layers, fractional laser
resurfacing and PRP act on the epidermal layer to enhance
the quality of the skin and collagen regeneration. Previous
studies have also shown that sequential application of
several modalities results in enhanced skin tightening,
texture, elasticity, and wrinkle reduction than single
modality, without significantly increasing the rates of
complications. Treatment response was also affected by
BMI. Clinical improvement was significantly greater
among patients with lower BMI as compared to overweight
patients, while treatment success was comparatively lower
among overweight patients. An increase in subcutaneous
adiposity can decrease the penetration of energy, and can
also play a role in maintaining skin laxity even after
collagen remodeling. Other studies have also shown obesity
as a predictor of lower success rates after non-invasive
facial rejuvenation treatments, and the importance of
weight optimization prior to cosmetic treatment [20].

Limitations

This study has several limitations. First, the retrospective
design may have introduced selection and information bias
because the analysis relied on previously documented
clinical records and photographic assessments. Second, the
study was conducted at a single center with a sample size of
190 patients, which may limit the generalizability of the
findings. Considerable heterogeneity existed in treatment
protocols, including differences in energy-based devices,
treatment parameters, number of sessions, and combination
techniques, which may have influenced treatment
outcomes. Objective assessment of collagen remodeling
using histological analysis or advanced imaging modalities
was not performed, and most outcome measures relied on
clinical scoring systems and patient-reported satisfaction.

CONCLUSION

Non-invasive skin tightening procedures provide effective
and safe treatment for mild-to-moderate skin laxity,
resulting in significant improvements in skin firmness,
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wrinkle severity, skin elasticity, aesthetic appearance, and
patient satisfaction. Combination treatment strategies
incorporating multiple dermatologic and minimally
invasive modalities demonstrated superior clinical
outcomes compared with single-modality therapy. Younger
age, lower body mass index, absence of smoking, milder
skin laxity, and use of combination therapy were associated
with better treatment response. These findings support
individualized multimodal treatment approaches as an
effective alternative to conventional surgical skin tightening
in appropriately selected patients while maintaining a
favorable safety profile and minimal recovery time.
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