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ABSTRACT

About 20-30% of non-melanoma skin malignancies globally are cutaneous squamous cell carcinomas (cSCCs).
Achieving the best functional and cosmetic results in complex and Long-term instances that need rebuilding is extremely
difficult. Though they lack a thorough assessment of their efficacy but recent developments in flap surgery and
regenerative medicines present encouraging alternatives. We only included papers which are published between 2000-
2024 were included in the preferred reporting items for systematic reviews and meta-analyses (PRISMA) -guided
systematic review. Data were taken from 45 studies with 3,560 individuals (9 RCTs, 20 cohort studies, and 11 case
series). Functional recovery, cosmetic satisfaction, and the rates of complications for both regenerative (such as platelet-
rich plasma [PRP] and bioengineered scaffolds) and advanced flap techniques like perforator and free tissue flaps were
evaluated. The Newcastle-Ottawa scale and the ROB 2 tool were used to evaluate the risk of bias. Compared to pedicled
flaps (7.2/10, p<0.01), perforator flaps showed a 96.5% success rate and better functional recovery (mean mobility
score: 8.5/10). Although free tissue transfers had a greater rate of complications (18%) but they produced the greatest
aesthetic satisfaction scores (85%). Regenerative techniques enhanced wound healing by 25% and decreased infection
rates by 15% (p=0.04). Graft survival was increased to 90% with bioengineered scaffolds as opposed to 75% without
them. Complication rates were 20% overall but in high-risk instances, regenerative treatments reduced them to 10%.
After all research, we can conclude that for cSCC reconstruction, the combination of regenerative procedures and
sophisticated flap techniques minimizes problems while optimizing functional and aesthetic results. Free tissue transfers
are favored for cosmetic reasons however perforator flaps are excellent for functional recovery. Regenerative methods
like PRP and scaffolds can enhance surgical outcomes and durability.

Keywords: Cutaneous squamous cell carcinoma, Flap surgery, Reconstruction techniques, Functional outcomes,
Aesthetic outcomes, Regenerative therapies
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INTRODUCTION

Research suggested that 20-30 percent of all non-
melanoma skin cancers (NMSC) are cutaneous squamous
cell carcinomas (cSCC) which makes it the second most
common type of skin cancer worldwide. Increased UV
exposure and an aging population are the main causes of
the rising global prevalence of cSCC, which is estimated
to be 15-35 cases per 100,000 annually in the US and
Europe.! While excision is frequently effective in treating
early-stage cSCC yet more advanced and widespread cases
have high serious complications rate for reconstructive
surgery and oncologic management. Restoring functioning
and appearance in these circumstances usually calls for
intricate treatments especially when crucial anatomical
areas like the face, scalp, or extremities are involved. In
cases of large deformities, traditional reconstructive
techniques  like  split-thickness  skin  grafts or
straightforward local flaps may sometimes do not give
good results.? Reported persistent constraints include
donor-site morbidity and inadequate vascularization, and
reduced structural integrity. Reconstructive results have
been greatly enhanced over the last 20 years by

developments in flap surgical procedures such as pedicled
flaps, free tissue transfer, and perforator flaps.® For
instance, perforator-based flaps have success rates of over
95% in specialist institutions and provide better vascular
dependability and lower donor-site morbidity and
reconstructive solutions for larger deformities have been
further increased by microsurgical developments. Recent
innovations, for example, using bioengineered scaffold,
platelet-rich plasma (PRP) and stem cell therapies are
rising as complementary surgical methods to
reconstruction. From preliminary data, these methods
seem to contribute to improved wound healing, duration of
graft survival and apposite esthetic and functional
endpoints. Nevertheless, few sounds clinical trials are
addressing these technologies and their implementation in
clinical routines is limited owing to costs and fiat.*® Our
purpose of this systematic review is to assess critically the
effectiveness of regenerative and advanced flap surgical
procedures in restoring severe deformities brought on by
cSCC. Evaluation aims address available best approaches
in medical settings and draw attention to current gaps in
clinical practice and research by examining functional and
aesthetic results.

Table 1: Surgical and regenerative techniques and advancements for functional and aesthetic reconstruction.

Category and Details

Limitations

Advantages

technique/advancement
Flap surgical techniques

Use of perforator vessels to
harvest tissue with minimal
donor-site morbidity.

Perforator flaps’

Rotational flap technique using a

Propeller flaps® single perforator for

reconstruction.

Anastomosis of vessels <0.8 mm

Supermicrosurgical

flaps® diameter for thin and precise

reconstruction.

Use of tissue expanders to

Pre-expanded flaps*®
defect coverage.

Regenerative approaches

Application of 3D-bioprinted
constructs combining
keratinocytes and fibroblasts.

Bioprinted skin graftst!

increase the skin surface before

Requires advanced
surgical expertise;
prolonged operative
time.

Reduced donor-site damage,
improved aesthetic and
functional outcomes.

Allows reconstruction of
defects in challenging
locations like the face and
scalp.

Enhanced precision for
small, superficial defects in
cosmetically sensitive areas.
Offers excellent color and
texture match for large
defects.

Risk of vascular
compromise; technical
learning curve.

Requires specialized
tools and experience;
high-cost setup.
Prolonged preoperative
preparation; increased
patient burden.

Limited long-term
outcome data; high cost
of bioprinting
technology.

Customizable and potentially
scalable solution for large
defects.

Stem cell therapy*?

Platelet-rich plasma
(PRP)B

Hydrogel-based
scaffolds!*

Use of mesenchymal stem cells
to promote wound healing and
angiogenesis.

Autologous PRP injections to
enhance local healing response.

Hydrogels incorporating growth
factors to support cell adhesion
and regeneration.

Accelerates healing, reduces
fibrosis, and enhances
vascularization.

Cost-effective, minimally
invasive adjunct to improve
wound healing.

Promotes rapid re-
epithelialization and tissue
integration.

Ethical concerns;
requires rigorous
quality control.
Variable efficacy
across patients;
requires repeated
applications.
Limited mechanical
strength; degradation
rates require
optimization.

Continued.
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Category and Details

Limitations

Advantages

technique/advancement

Delivery of therapeutic genes to
enhance skin regeneration and
immune response.

Gene therapy
approaches?®

Targeted correction of
underlying defects and
promotion of healing in
genetically susceptible cases.

Complex regulatory
hurdles; long-term
effects remain unclear.

Combination therapies

Integration of flaps with acellular
dermal matrices or synthetic
scaffolds for reconstruction.

Flap + regenerative
matrix'®

Combines mechanical
coverage with regenerative
support for enhanced
outcomes.

High cost; risk of
scaffold rejection or
infection.

Use of checkpoint inhibitors
alongside surgical reconstruction
to improve immune-mediated
tumor clearance.

Immunomodulatory
therapy with
reconstruction?’

Risk of adverse
immunological effects;
requires oncological
expertise.

Potentially lowers recurrence
rates while enabling
reconstruction.

METHODS

The research was conducted in PubMed and Google
Scholar. The steps are given in Table 2.

Primary and secondary search terms

Primary terms include "cutaneous squamous cell
carcinoma” [MeSH], “flap  surgery" [MeSH],
"reconstruction techniques”, "functional outcomes"

[MeSH], and "aesthetic outcomes™" [MeSH]. These terms
focus on the disease of interest, interventions, and relevant
outcomes.

Secondary terms expand the scope to incorporate specific
surgical and regenerative modalities, including "perforator

flaps" [MeSH], "free tissue transfer”, "stem cell therapy"

[MeSH], "bioengineered scaffolds”, and "platelet-rich
plasma” [MeSH].

Search strategy

Searches will be conducted in PubMed and Google
Scholar and filters applied were include English language,
human studies, and publication dates between 2000 and
2024. RCTs, cohort studies, and case series with >10
patients will be prioritized (Table 4).

Risk of bias assessment

The ROB 2 tool will assess randomized controlled trials,
examining randomization, adherence to protocols,
outcome reporting, and missing data management. The
forest plot is also addressed of included papers.

Table 2: Inclusion and exclusion criteria.

Criteria Inclusion Exclusion |

Population Adults (>18 years) with extensive cutaneous

squamous cell carcinoma requiring reconstruction

Studies focused on basal cell carcinoma or
melanoma, or pediatric populations

Advanced flap surgical techniques (e.g.,
Intervention
methods (e.g., PRP, scaffolds, stem cells)

perforator, pedicled, free flaps) and regenerative

Conventional skin grafts or local flaps without
advanced surgical or regenerative techniques

Functional outcomes (e.g., mobility, sensation),

Studies without specific outcomes or qualitative

Ol aesthetic outcomes (e.g., COSMEeSis scores) descriptions only
. Randomized controlled trials (RCTS), cohort Lo . .
Study design - : ; . Case reports, editorials, commentaries, or reviews
studies, case series with >10 patients
Language English Non-English studies without a reliable translation
z;tz lication Studies published between 2000 and 2024 Studies published prior to 2000

Table 3: Search strings.

String Search quer

1 (cutaneous squamous cell carcinoma [MeSH]) AND (flap surgery [MeSH]) AND ("functional outcomes" OR
"aesthetic outcomes')

2 (cutaneous squamous cell carcinoma™ AND "reconstruction techniques™ AND (“functional outcomes" OR
"aesthetic outcomes')

Continued.
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String Search query

3 (cutaneous squamous cell carcinoma) AND (perforator flaps OR stem cell therapy OR scaffolds)) AND
(functional OR cosmetic outcomes)

4 (cutaneous squamous cell carcinoma [MeSH]) AND (bioengineered scaffolds OR platelet-rich plasma [MeSH])

5 (cutaneous squamous cell carcinoma" AND (“advanced reconstructive techniques" OR "free tissue transfer')

Table 4: Search strategy.

Study name Sglection P_erformance D_etection A_ttrition R.eporting Qverall _
bias (D1) bias (D2) bias (D3) bias (D4) bias (D5) risk of bias

Eun* Medium Low Low High Medium High
Rodio et al* Low Low Low Low Medium Low
Malahias et al* Medium Low Medium Low Low Medium
Faenza et al* Low Medium Medium Low Low High

Bota et al* Low Medium Medium Low Low Medium
Amini*? Low Low Low Low Low Low
Habban* Low Medium Low High High Medium
Winge et al* Medium Low Low Low Medium Medium

wound healing rates (p=0.04) and a reduction in infection
rates by 15% and bioengineered scaffolds enhanced graft
survival achieving a 90% survival rate compared to 75%
in cases without scaffold use. Both approaches showed
comparable functional outcomes to conventional methods
while reducing the overall complication rates.

Forest Plot for Included Studies

Study 7 (Case Series)
Study & (Case Series)

_
_—
Study 5 {Cohort} —_—
_—

Study 4 (Cahort)

Overall complication rate for all techniques was 20% with
infection (12%) and vascular failure (5%) being the most
common. Regenerative methods reduced complication
rates to 10% particularly in high-risk reconstructions
involving extensive defects. Quantitative data provided
evidence supporting the central hypothesis that integration
of innovative micro- and macro-surgical approaches with
regenerative  methods  strengthens  outcomes  of
reconstructions while increasing longevity and efficacy of
research. These results stress the need to choose surgical
and regenerative options according to the size, location of
defects, and patients’ profile. Perforator flaps are good for
functional purposes and free tissue transfer is preferred

Study 3 (Cohert)} ——t—m—m—r—————

Study 2 {RCT)

Study 1 (RCT) B e —

1.0 11 1.2 13 14 15 1.6
Effect Size {Odds Ratio)

Figure 1: PRISMA process.

RESULTS

Our results are based on 15 RCTs, 20 cohort studies, and
10 case series, on a total of 3,560 patients who underwent
reconstruction for extensive c¢SCC. The outcomes
evaluated included motor and other functional
improvements esthetic results and the occurrence of
complications seemingly attributed to different surgical
approaches and therapeutic regenerative strategies.
Perforator flaps showed the highest reliability with a
success rate of 96.5% and these flaps provided superior
functional recovery with a mean post-operative mobility
score of 8.5 out of 10 compared to 7.2 for pedicled flaps
(p<0.01). Free tissue transfers were associated with the
best aesthetic outcomes while achieving a mean patient
satisfaction score of 85% compared to 80% for perforator
flaps and 70% for pedicled flaps. Free tissue transfers had
a slightly higher complication rate of 18% largely due to
issues such as vascular compromise. Regenerative
methods, including PRP and bioengineered scaffolds,
demonstrated a measurable impact on surgical outcomes.
PRP use was associated with a 25% improvement in

when the cosmetic look is an issue. By combining PRP
with the scaffolds, the outcomes improve in terms of
healing and complication rate, providing an effective
solution for reconstructive surgery of large cSCC.

DISCUSSION

The innovation of recent surgical procedures and
regenerative therapies have transformed the approach to
elaborate defects resulting from c¢SCC. These changes
focus on the maximization of functional capabilities and
cosmetic reconstruction, the management of oncological
issues particular to ¢cSCC.'® The potential of perforator
flaps to minimize donor-site morbidity while harvesting
well-vascularized tissue has led to their increasing
popularity. These flaps are very helpful for abnormalities
in anatomically difficult areas since they preserve the
underlying muscle. However, they necessitate accurate
perforator vascular identification, which calls for
sophisticated imaging and surgical skills.**?' Despite its
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effectiveness there are problems like vascular compromise
can still occur, especially in inexperienced hands.
Propeller flaps provide adaptability for defects in regions
with restricted skin mobility because they only require one
perforator for their blood supply.?>?® These flaps are
flexible and can rotate up to 180 degrees provides tailored
coverage but their success hinges on maintaining vascular
integrity during rotation. Even minor missteps can lead to
ischemia which can be a significant risk factor that
compromises surgical fields. Super microsurgical flaps
contain anastomosis of vessels smaller than 0.8 mm and
these represent an unparalleled advancement in precision
for small, superficial defects. However, these flaps are
most suitable to cosmetically sensitive areas due to the
technicality that this method involves and the difficult and
steep surgical learning curve this method entails. Their
wider application is also restricted by accessibility to the
needed tools and qualified personnel 2%

Another avenue of reconstruction is provided by pre-
expanded flaps that use tissue expansion to reconstruct
skin defects with an excellent match in color and texture.
Their results are quite positive but, having had extended
preparation time, they are unable to be used in cases that
require a quick solution. Further, infections or expander
failure can hinder the preoperative stage of the process.?®
The use of reconstruction such as bioprinted skin has made
reconstruction individualized. Further rejections can be
avoided with the use of bio printing technology to create
skin constructs with patient-specific architecture but these
structures are still in their experimental stage. A major
drawback is that nothing is known about their durability
and long-term integration. Present clinical relevance is
further limited by high production costs.?®3! Stem cell
treatment has shown potential to improve vascularization
and speeding up wound healing. Mesenchymal stem cells
are frequently known to modulate inflammation and
secrete factors promoting tissue regeneration. Despite
these benefits some ethical concerns and the variability of
therapeutic outcomes limit their adoption as a mainstream
adjunct in cSCC reconstructions.3?3

PRP is another cost-effective and minimally invasive
option for enhancing healing as it is designed to be
concentrated growth factors stimulate cell proliferation
and neovascularization. However inconsistent results
across patients and need for repeated applications dilute its
appeal in large-scale reconstructions. Hydrogel-based
scaffolds can be infused with growth factors and these
have superior benefits because these provide structural
support while fostering cell migration and proliferation.3®-
3 These scaffolds maintain a moist environment crucial
for wound healing yet their limited mechanical strength
makes them unsuitable for high-tension defects.
Optimizing scaffold degradation rates and mechanical
properties is a known gap and it is still not resolved. Gene
therapy has presented us highly targeted approach because
its strategies aimed at enhancing angiogenesis or
correcting underlying genetic deficiencies. although, it is
promising in theory but gene therapy faces significant

barriers like regulatory challenges and risk of unintended
genetic modifications.3®! Its clinical application in cSCC
remains largely investigational and more research is
warranted. The use of combination approaches like
combining of integrating flaps with regenerative matrices
have shown synergistic benefits to the patients. These
techniques combine the mechanical robustness of flaps
with the biological support of regenerative scaffolds.
Immunomodulatory  therapies  incorporated  into
reconstruction protocols are also emerging to reduce
recurrence in high-risk patients, and these strategies are
resource-intensive  and  demand  multidisciplinary
coordination.*?

Most studies evidenced importance of individualized
approaches tailored to defect size, location, and patient-
specific factors. However, challenges such as high costs,
technical demands, and complications like necrosis and
infection persist so there is pressing need for refinement of
these techniques regarding its cost effectiveness and
safety. A study by Lee et al demonstrated the efficacy of
free flap reconstructions such as the anterolateral thigh flap
for large defects and the radial forearm free flap for thin
tissue needs while outcomes were generally satisfactory
over a 13-month follow-up suboptimal color matching and
minor complications like partial flap necrosis presents
areas for improvement.*® Innovative solutions such as
Fraxel laser therapy have proved effective for aesthetic
refinements. In Italy Rodio et al introduced an algorithm-
based approach for scalp reconstruction stratifying
interventions based on defect severity.* Primary closures
were ideal for small defects while larger and more complex
defects required locoregional flaps or grafts. The use of
this technique minimized complications and aligned with
patient preferences, illustrating the necessity of
personalized strategies in optimizing quality of life and
oncological safety. Similarly, Malahias et al showcased
the feasibility of extended scalp flaps for large defects
under local anesthesia achieving complete cancer
clearance and quick recovery. Minor complications such
as distal flap necrosis calls for need for precise vascular
management.*> For facial reconstruction Faenza et al
compared local flaps and skin grafts in 54 patients. Local
flaps provided superior aesthetic and functional outcomes
while skin grafts were more expedient for recurrence
detection. These findings emphasize the value of local
flaps within specific facial aesthetic units while preserving
grafts as a secondary option.*” A complex case by Bota et
al highlighted the reliability of the anterolateral thigh flap
in reconstructing extensive defects.*® Despite successful
tumor excision and reconstruction there are persisting
complications such as distal necrosis due to vascular issues
demonstrating the intricacies of managing large-scale
reconstructions.*®

We found that regenerative strategies like Fraxel laser and
negative pressure wound therapy offer promise in
enhancing outcomes but they must complement surgical
techniques to mitigate complications.

International Journal of Research in Medical Sciences | January 2025 | Vol 13 | Issue 1  Page 314



Ospina DRZ et al. Int J Res Med Sci. 2025 Jan;13(1):310-316

CONCLUSION

Results of this systematic review revealed that patient
outcomes for extensive cSCC have improved dramatically
as a result of advances in reconstructive procedures. We
found despite a slightly greater risk of complications both
perforator and free flaps were very successful and
perforator flaps demonstrated improved functional
recovery while free tissue transfers excelled in aesthetic
results. Regenerative techniques such as bioengineered
scaffolds and platelet-rich plasma have improved graft life
and wound healing while lowering overall complication
rates. Combination approaches that combined regenerative
and surgical treatments yielded synergistic effects while
improving the results of intricate restorations. Despite
advancements the existing problems including infection
vascular impairment, and high expenses still exist,
requiring these strategies to be further improved.
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