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ABSTRACT

Background: The Modified Buried Vertical Mattress Suture (MBVMS) has demonstrated potential in mitigating postoperative
incision scar hyperplasia. This study aimed to retrospectively evaluate the efficacy of combining MBVMS with tension-reducing
tape in minimizing scar formation following forearm tattoo resection.

Methods: A total of 46 patients undergoing forearm tattoo resection or partial resection were included. Participants were strati-
fied into two cohorts: a control group (n = 17) receiving traditional intradermal sutures and a research group (n =29) treated with
MBVMS combined with tension-reducing tape. Scar width was measured at predefined intervals (3, 6, and 12 months postop-
eratively). Scar hyperplasia was assessed using the Observer Scar Assessment Scale (OSAS) and Patient Scar Assessment Scale
(PSAS).

Results: Both groups exhibited initial scar widening between 3 and 6 months postoperatively, followed by gradual narrowing
from 6 to 12months. However, the research group demonstrated significantly reduced scar width at all time points compared to
the control group (p <0.05). Similarly, OSAS and PSAS scores were consistently lower in the research group (p <0.05), indicating
superior cosmetic and patient-reported outcomes.

Conclusion: These findings suggest that MBVMS combined with tension-reducing tape effectively reduces scar hyperplasia in
forearm tattoo resection, offering a promising approach for improving postoperative aesthetic outcomes.

1 | Introduction led to increased interest in tattoos, paralleled by a rising demand
for tattoo removal [2].

Tattoos are prevalent in approximately 10%-30% of the global

population, with prevalence rates influenced by age, ethnicity, Current tattoo removal modalities—including chemical etch-

and demographic factors [1]. In China, an estimated 12.2% of ing, laser ablation, dermabrasion, and surgical excision—are

individuals have tattoos, and growing cultural acceptance has selected based on tattoo depth, size, location, and patient
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preference [3-5]. However, due to side effects such as incomplete
removal, scarring, and pigmentation, none of these treatments
have satisfactory cosmetic results.

It has been generally accepted that the applied suture technique
is an important factor affecting wound healing and scar ap-
pearance [6]. The ideal suture technique requires reducing the
mechanical tension of the wound, providing precise valgus and
proximity to the edge of the wound, allowing the wound to be
easily cared for, and not leaving traces on the skin from the su-
ture material [7, 8].

Building on these principles, Shu et al. [9] introduced the
Modified Buried Vertical Mattress Suture (MBVMS), which
incorporates wedge-shaped excision (WE) and heart-shaped
suture (HS) to mitigate postoperative scar hyperplasia. This
technique diverges from traditional subcutaneous suturing by
emphasizing tension redistribution and anatomical alignment
(6,9, 10].

This study retrospectively analyzed and evaluated the applica-
tion of MBVMS combined with tension-reducing tape in fore-
arm tattoo resection, aiming to provide reference and guidance
for reducing scar hyperplasia after tattoo resection.

2 | Data and Methods
2.1 | Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) voluntary surgical treat-
ment; (2) aged >18years; and (3) had complete medical records
(pre-/postoperative photographs, detailed suture technique doc-
umentation, and tape compliance records) with a minimum of
12-month follow-up for scar assessment. Exclusion criteria were
as follows: (1) predisposition to pathological scarring (personal/
family history of keloids or prior abnormal scarring in the surgi-
cal area); (2) systemic conditions impairing wound healing (un-
controlled diabetes, scleroderma, chronic renal insufficiency,
etc.); (3) postoperative use of corticosteroids or anti-scarring
agents (e.g., silicone gels); (4) concurrent scar-modifying inter-
ventions (laser therapy and intralesional injections); and (5) in-
complete follow-up.

2.2 | Patients

This retrospective cohort study enrolled 46 patients undergoing
forearm tattoo resection at Xi'an Central Hospital (September
2018-December 2023), stratified into two groups: 17 controls
receiving traditional intradermal sutures (pre-December 2020;
7 males, 10 females) and 29 cases treated with modified bur-
ied vertical mattress suture (MBVMS) combined with tension-
reducing tape (post-December 2020; 11 males, 18 females).

Baseline demographics and surgical variables were balanced be-
tween groups: mean age (control: 31.12 & 8.41 years vs. research:
34.61+9.19years; t=1.282, p=0.207), incision length (control:
8.89+3.85cm vs. research: 11.34+4.65cm; t=1.842, p=0.072),
and proportion of high-tension zone incisions (control: 16.67% vs.
research: 17.24%; y*=0.355, p=0.551). High-tension zones were

defined as regions overlying dynamic structures (e.g., flexor ten-
don sheaths) or crossing wrist creases. All patients underwent
preoperative screening for keloid predisposition (personal/fam-
ily history, physical examination), with none meeting exclusion
criteria. Gender distribution (t=0.047, p=0.828) showed no in-
tergroup differences. This equipoise in baseline characteristics
minimizes confounding and supports the comparative validity
of the MBVMS technique's efficacy.

2.3 | Operative Technique

2.3.1 | Incision Characteristics

Tattoo resection was performed along the peripheral margins of
the tattoo design, typically adopting a spindle-shaped excision
pattern. For extensive tattoos requiring partial resection, this
approach was determined through preoperative patient con-
sultation to prioritize aesthetic and functional outcomes. In the
research group, the surgical blade tilted inward to the center of
the spindle and the skin at an angle of 60°, forming an oblique
incision so that the cross-section of the skin defect area after tat-
too resection was trapezoidal.

2.3.2 | Suture Methods

In the control group, after the wound is fully stanched, it is bet-
ter to remove the part of fat in the incision area according to the
amount of fat between the deep and shallow fascia of each pa-
tient because the accumulation of fat after suture will increase
the volume of the incision and increase the mechanical tension.
According to the need, 2.0-5.0 cm was dissociated from the deep
fascia layer to both sides of the incision. The wounds were su-
tured layer by layer with PDS-113-0 and PDS-II4-0 sutures from
deep to shallow. No tension reduction in the dermis character-
izes the suture. Finally, the 6-0 nylon line was used to align the
epidermis.

In the research group, the wound was fully stanched, and the
adipose tissue near the incision was appropriately trimmed, and
2.0-4.0cm was dissociated from the deep fascia layer to both
sides of the incision as needed. The tension-reducing suture be-
tween the deep fascia and the deep dermis was performed using
the MBVMS method. From the deepfascia to the shallow fas-
cia to the deep dermis, PDS-113-0 suture was used. Technical
method: (1) Deep fascia, superficial fascia, and deep dermis tis-
sue: The first needle was inserted from the wound base to the
direction of the incision and then rotated upward. The distance
between the deep fascia and the superficial fascia was adjusted
according to the thickness of the fat layer. The needle was re-
moved from the dermis and superficial fascia 2-5mm from the
incision. Before the needle was removed, the suture was passed
through the dermis. The length of the penetration was deter-
mined according to the actual thickness of the dermis, generally
2-5mm. (2) The second needle was sutured to the opposite side
of the wound edge. The method was carried out according to the
principle of mirror image. The knot was tied to the deep surface
of the superficial fascia so that the course of the suture was al-
most a “heart” shape. The whole wound skin accumulated to the
middle of the incision, protruding the body surface by 3-6 mm;
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the appearance of the incision edge was slightly valgus, and the
skin edge was well aligned. (3) PDS-I15-0 was used again on the
skin 2-4mm close to the edge of the incision, and the MBVMS
method was repeated once to reduce the tension again, and the
skin margin was tightly closed. (4) After the skin of the wound
edge was aligned, the subcutaneous hemorrhage was squeezed
out, the incision and its surrounding skin were wiped clean with
normal saline, and the dry gauze was dried. First, a long, com-
plete tension-reducing tape was applied to the incision, and then
short tape was applied longitudinally to maintain a tension-free
closure.

2.3.3 | Postoperative Incision Care

In general, the dressing was changed on the 2nd, 5th, and 7th
day after the operation. The wound was scrubbed twice with
a 1% iodophor cotton ball, washed with a normal saline cotton
ball, dried with dry gauze, and bandaged with a sterile dress-
ing. The sutures were removed 10days after the operation in
the control group. The patients in the research group were re-
placed with tension-reducing tape once 2-5days after the oper-
ation. Later, applying tension-reducing tape was continued for
6-12months. No patients in either group received postoperative
laser therapy or topical anti-scarring medications (e.g., silicone
gels, corticosteroids, or onion extract preparations).

For patients undergoing staged resection of extensive tattoos,
the secondary procedure may be scheduled as early as 6 months
postoperatively, following confirmed stabilization of tissue re-
modeling. During the secondary resection, hypertrophic scar
tissue from the initial surgery was excised concurrently, pro-
vided the patient exhibited adequate wound healing capacity
and expressed a preference for further aesthetic refinement.

2.3.4 | Evaluation Indicators

Patients in both groups underwent standardized follow-up as-
sessments at 6 and 12months postoperatively. Scar evaluation
was conducted using the validated Patient and Observer Scar
Assessment Scale (POSAS) 2.0, which comprises two distinct
components: the Observer Scar Assessment Scale (OSAS) and
the Patient Scar Assessment Scale (PSAS). For both scales, each
of the six items is independently scored on a 10-point Likert
scale (1 =closest to normal skin, 10 =worst possible symptom/
feature), and the total score is calculated as the sum of all six
item scores. The PSAS evaluates patient-reported symptoms, in-
cluding pain, itching, color mismatch, stiffness, perceived thick-
ness, and irregularity, while the OSAS assesses clinician-graded
parameters: vascularity, pigmentation, objective thickness, sur-
face relief, pliability, and surface area. Thus, the total score for
each scale (OSAS and PSAS) ranges from 6 to 60 points, with
higher scores indicating poorer scar quality. In this study, both
total scores and individual item scores were recorded to allow
comprehensive analysis; however, primary outcome compari-
sons focused on the aggregated total scores to reflect overall scar
severity, consistent with POSAS validation protocols [6, 11-13].
To address limitations of the POSAS in quantifying scar width,
the maximal scar width was measured using digital calipers
(Mitutoyo, Kawasaki, Japan) under standardized lighting.

Postoperative complications, including wound dehiscence, he-
matoma, infection, and suture reactivity, were documented.

2.4 | Statistical Analyses

SPSS 22.0 statistical software was used to analyze the data. The
measurement data conforming to the normal distribution were
expressed as meanztstandard deviation (x+£s). The indepen-
dent sample t-test, paired sample t-test, and two-factor repeated
measurement analysis of variance were used to compare groups.
Those that did not conform to the normal distribution were ex-
pressed by median and quartile, and the Mann-Whitney U test
was used to compare groups. The count data were expressed as
arate (%) and analyzed by chi-square (x?) test. p<0.05 indicated
that the difference was statistically significant.

3 | Results

In the control group, 7 patients (41.18%) underwent complete
tattoo resection, while 10 (58.82%) underwent partial resection
due to the large tattoo size. In the research group, 14 patients
(48.28%) underwent complete resection, and 15 (51.72%) under-
went partial resection for the same reason. No infections or su-
ture rejection occurred during follow-up. In the control group,
one patient developed an 8mm incision dehiscence 10days
postoperatively due to strenuous activity, which healed after
secondary suturing following debridement. Another patient de-
veloped a tension blister at the incision margin, which resolved
after puncturing and dressing changes. In the research group,
three patients experienced mild dermal pigmentation near the
incision edge.

3.1 | Comparison of OSAS Scores at 3, 6,
and 12Months After Operation

The OSAS scores at different time points are detailed in Table 1.
Mauchly's test indicated a violation of the sphericity assump-
tion (p=0.001 <0.05). Given an epsilon (¢) of 0.671 (<0.75), the
Greenhouse-Geisser correction was applied for repeated mea-
sures ANOVA. The analysis revealed a significant main effect of
intervention (F=8.367, p=0.006) and a significant interaction
between intervention and time (F=3.875, p=0.042). Differences
across time points were also statistically significant (F=147.694,
p<0.001). As shown in Figure 1, OSAS scores increased from
3 to 6months postoperatively, with a smaller increase in the
research group. From 6 to 12months, scores declined, with a
smaller decrease observed in the research group compared to
the control group.

3.2 | Comparison of PSAS Scores at 3, 6,
and 12 Months After Operation

The PSAS scores at different time points are detailed in Table 1.
Mauchly's test confirmed that the data met the sphericity as-
sumption (p=0.053>0.05). Repeated measures ANOVA re-
vealed a significant main effect of intervention (F=9.358,
p=0.004) and a significant interaction between intervention and
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TABLE1 | Comparison of OSAS scores, PSAS scores and scar width (mm) between the two groups at different times.
3-month follow-up  6-month follow-up  12-month follow-up F P
OSAS score Control group 16.53+4.00 20.12+4.50 14.41+3.87 147.694  0.001
Research group 14.07 +3.68 15.97+3.91 11.21+3.57
PSAS score Control group 16.94 +3.86 20.71+4.03 15.35+3.57 101.981  0.001
Research group 14.45+4.02 16.38 +3.99 12.24+3.09
Scar width Control group 2.52+0.54 2.82+0.51 2.49+0.40 9.238 0.001
Research group 1.56+0.37 1.72+0.32 1.31+0.37
Abbreviations: OSAS, Observer Scar Assessment Scale; PSAS, Patient Scar Assessment Scale.
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FIGURE1 | Comparison of OSAS scores between the two groups at FIGURE 2 | Comparison of PSAS scores between the two groups at

different time points.

time (F=3.889, p=0.024). Differences across time points were
also statistically significant (F=101.981, p <0.001). As shown in
Figure 2, the PSAS scores increased from 3 to 6 months postop-
eratively, with a smaller increase observed in the research group
compared to the control group. From 6 to 12 months, scores de-
clined, with the research group experiencing a smaller decrease.

3.3 | Comparison of Scar Width at 3, 6,
and 12 Months After Operation

The scar width at different time points is detailed in Table 1.
Mauchly's test confirmed that the data met the sphericity as-
sumption (p=0.582>0.05). Repeated measures ANOVA showed
a significant main effect of intervention (F=213.789, p <0.001)
but no significant interaction between intervention and time
(F=0.869, p=0.423). Differences between time points were sta-
tistically significant (F=9.238, p<0.001). As shown in Figure 3,
the scar widened from 3 to 6 months postoperatively, with a

different time points.

smaller increase in the research group. From 6 to 12months, the
scar gradually narrowed, with a greater reduction observed in
the research group compared to the control group.

3.4 | Typical Case

Case A: A 27-year-old female complained of tattooing on her in-
side right forearm for 4 years. Physical examination: An irregu-
lar color tattoo about 10.0cm X 7.2cm in size can be seen on the
right forearm, and scar hyperplasia can be seen on the surface
after laser treatment, without skin ulceration. Diagnosis: Right
forearm tattoo. The preoperative examination was completed,
the part of right forearm tattoo resection was performed, and the
wound was closed by MBVMS combined with tension-reducing
tape. The tension-reducing tape was replaced once 2-5days
after operation, and the tension-reducing tape was continu-
ously applied for 6-12months later. The scar width was 1.4, 1.6,
and 1.3mm at 3, 6, and 12 months after operation, respectively.
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FIGURE 3 | Comparison of scar width between the two groups at
different time points.

OSAS scores were 13, 15, and 12, respectively. PSAS scores were
14, 16, and 13, respectively. The patients were satisfied with the
treatment effect. (Figure 4).

Case B: A 32-year-old male complained of tattooing on his in-
side left forearm for 6years. Physical examination: An irregular
black tattoo about 19.8cm X 4.8cm in size can be seen on the left
forearm, without skin ulceration. Diagnosis: Left forearm tattoo.

The preoperative examination was completed, the part of left fore-
arm tattoo resection was performed, and the wound was closed
by MBVMS combined with tension-reducing tape. The tension-
reducing tape was replaced once 2-5days after operation, and the
tension-reducing tape was continuously applied for 6-12months
later. The scar width was 1.9, 1.9, and 1.7mm at 3, 6, and 12months
after operation, respectively. OSAS scores were 16, 19, and 13, re-
spectively. PSAS scores were 15, 17, and 15, respectively. The pa-
tients were satisfied with the treatment effect (Figure 5).

4 | Discussion

The tattoo art was recorded in human civilization thousands
of years ago [14]. Different from Western countries, China has
used tattoos as a penalty since ancient times and continued to
the Ming and Qing Dynasties, so the recognition of tattoos is
low. Propelled by sustained socioeconomic advancement and
evolving sociocultural perceptions in contemporary China, the
population of tattoos is on the rise, and the demand for tattoos
is growing. The tattoo dye market needs more supervision. In
China, some tattoos are carried out by unlicensed practitioners
in places where hygiene does not meet the requirements. The
quality of the dyes is uneven, resulting in a variety of complica-
tions for patients. Considering the varying professional require-
ments for tattoos and changes in personal aesthetic preferences,
some individuals seek to remove such permanent markings.

Lasers have largely supplanted historical tattoo removal tech-
niques such as chemical etching and dermabrasion due to their
capacity for selective pigment targeting, which minimizes col-
lateral damage to surrounding tissues. However, the efficacy
of laser therapy is inherently limited by the diverse absorption
spectra of tattoo pigments, restricting the availability of optimal
laser wavelengths and complicating outcome predictability. To
mitigate this variability, preliminary testing on small, localized
areas is strongly advised to assess treatment response, with

FIGURE4 | (A)Before the operation; (B) immediate postoperative; (C) sticking tension-reducing tape to the wound; (D) 12-month follow-up.

50f 8



FIGURES5 | (A)Before the operation; (B) immediate postoperative; (C) sticking tension-reducing tape to the wound; (D) 12-month follow-up.

black and red pigments demonstrating the highest clearance
rates. Despite these precautions, patient dissatisfaction may
arise due to the inconsistent results observed with colored tat-
toos: while some pigments are fully eradicated, others exhibit
partial fading or no response.

Furthermore, laser removal may induce unintended cutaneous
changes, including scar formation and dyspigmentation (hy-
per- or hypopigmentation), particularly as underlying skin al-
terations become apparent post-tattoo clearance. Consequently,
some patients with small-area tattoos opt for direct surgical re-
section to achieve complete removal, though concerns regarding
postoperative scar hyperplasia persist. This underscores the crit-
ical need for strategies to attenuate postsurgical scar formation,
a challenge addressed in this study through the application of
the MBVMS combined with tension-reducing techniques.

Many factors contribute to the formation of scars, such as age,
systemic nutritional status, wound inflammation, foreign body
retention, and local blood circulation [15-18]. Mechanical ten-
sion plays an important role in the formation of scars during
wound healing [19]. The mechanical tension acting on the
wound is composed of dynamic force (external force composed
of potential muscle fibers) and static force (internal force of the
dermal component of the skin around the wound) [20]. The basic
elements of postoperative incision scar control are good wound
margin, mild valgus, and effective tension reduction. Effective
tension reduction can avoid the formation of depression, and the
tension of the wound edge not only affects the width of the scar
but also is an important stimulating factor for scar hyperplasia
[21, 22].

We used MBVMS to perform the first tension reduction step by
step between the deep fascia, shallow fascia, and dermis; the
second tension reduction was performed between the surface of
the superficial fascia and the dermis. The two tension reductions
solved the problem of tension in dynamic force and static force
so that the incision was well stacked and valgus, and the parallel
lines of 0.5-1.0cm next to the incision formed a dermal “orange
peel-like” change, forming a state of full tension reduction.

This dual-phase tension-reduction strategy offers distinct ad-
vantages over conventional tension-relieving sutures (e.g.,
simple interrupted or traditional vertical mattress techniques).
First, the layered, stepwise redistribution of tension across fas-
cial planes minimizes focal stress points, which are common in
single-layer closure methods and predispose to scar widening
under dynamic movement. Second, the buried vertical mat-
tress design creates a broader dermal “cushion” that disperses
tension radially, rather than concentrating it linearly along the
incision—a critical feature for mobile regions like the forearm.
Third, the synergistic use of tension-reducing tape provides
prolonged, uniform off-loading during the proliferative phase
of healing, complementing the suture's mechanical stability.
In contrast, traditional methods relying solely on sutures often
exhibit gradual tension loss due to suture creep or early absorp-
tion, while tape-alone approaches lack deep fascial anchorage.
Biomechanically, this hybrid technique achieves a balance be-
tween immediate intraoperative tension relief and sustained
postoperative support, reducing the risk of hypertrophic scar-
ring caused by cyclical mechanical stress.

Following placement of MBVMS with PDS-II3-0 long-term
absorbable sutures (Ethicon, Somerville, NJ), the elevated
wound edges typically resolve into a flattened contour within
approximately 3-5months. This timeline correlates with the
hydrolysis profile of PDS-II, which retains approximately 50%
tensile strength at 6 weeks and undergoes complete absorption
by 180days, providing sustained mechanical support during
early remodeling [23]. In high-tension anatomical zones, ear-
lier flattening (2-4 months) may occur due to enhanced tension
offloading from the combined suture-tape system, which re-
duces repetitive shear forces and accelerates tissue alignment.
Preoperative counseling emphasized this transient elevation as
an expected physiological response, with persistent raised mor-
phology beyond 6 months warranting evaluation for hypertro-
phic scarring or delayed suture reactivity.

The prevention and treatment of scars should run through the
early stage after trauma, immature scar, and scar shape [16, 24].
The healing after the incision suture is a process of gradual
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recovery of tension. The early scar has weak tensile strength
and gradually recovers to 80% of normal skin within 1year after
surgery. The mechanical tension of the edge runs through all
stages, so local tension reduction should run through the whole
wound treatment process [25]. Local tension reduction should
last at least 3months in clinical application, and it should last
for 6 months. Tape tension reduction is often used after trauma
surgery because of its effective and convenient characteristics.
Tape tension reduction can reduce the mechanical tension of the
wound and can also reduce hypertrophic scars by imitating the
stratum corneum and promoting healing. Therefore, to have a
good continuous tension reduction effect, we use the method of
applying suture-free adhesive tape outside the skin to reduce the
effect of static force to achieve continuous tension reduction. In
use, we observed that the tension-reducing tape not only has a
tension-reducing effect in the horizontal direction but also tends
to inhibit the outward growth of scars in the vertical direction
of the skin, thus forming a region above the space to inhibit the
outward growth of scars.

In this study, the tension of incision healing was reduced by using
the method of super tension suture of the dermis and deep fascia
layer combined with external tension tape of incision to achieve
tension-free healing and minimize incision scar. According to
the POSAS score and scar width measurement results of the
treatment group and the control group, the effect of the study
group was significantly better than the traditional tension-
reducing suture method of the control group. In the process of
treating hypertrophic scars, the key point is to use the improved
buried vertical mattress suture to reduce the tension of the skin
and subcutaneous tissue two times, thus forming a super ten-
sion reduction state. Absorbable sutures with long tension were
selected to bear the tension of the skin and subcutaneous tissue
near the incision. After the operation, the tension-reducing tape
was applied for 6 months.

Based on retrospective outcomes and biomechanical analyses,
this combined technique demonstrates efficacy for both mono-
chromatic (e.g., black/gray) and multicolored tattoos, though
wider excision margins may be required for densely pigmented
designs to ensure complete ink removal, necessitating meticu-
lous tension management during closure. For extensive tattoos,
staged resection at 6-month intervals is recommended to miti-
gate excessive wound tension, with the secondary procedure op-
timally timed during the tissue remodeling phase (5-7months
postoperatively) to leverage stabilized scar maturation. Priority
should be given to tattoos located in low-tension zones (e.g.,
proximal forearm), where reduced dynamic shear forces en-
hance suture-tape synergy, whereas high-mobility regions
(e.g., volar wrist) warrant cautious patient selection due to el-
evated mechanical stress. Younger patients (18-40years) with
Fitzpatrick skin types I-III exhibit superior outcomes owing to
favorable dermal elasticity, while older individuals (> 60years)
may require preoperative skin laxity assessments.

This study has several limitations. First, the sample size was
small, which may restrict the statistical power of the findings.
Second, the representativeness of the cohort was limited, as
the study focused exclusively on forearm tattoo resection scars
and did not include high-tension anatomical regions known to
be prone to scarring, such as the upper arm or sternum. Third,

the methodological design was constrained by its single-center
framework, involvement of a single surgical site (forearm), and
reliance on one surgeon, all of which may reduce the external
validity of the results. Future multicenter studies incorporating
diverse anatomical regions and multiple surgeons are warranted
to validate these findings and enhance generalizability.

5 | Conclusion

This study provides preliminary evidence that the Modified
Buried Vertical Mattress Suture (MBVMS) combined with
tension-reducing tape effectively reduces scar hyperplasia fol-
lowing forearm tattoo resection, which was worthy of further
clinical promotion.
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