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Background and Objective: Polynucleotide (PN) pro-
vides a structural scaffold to induce anti-inflammatory and
enhanced wound healing properties, and this study aimed
to assess the efficacy of PN administration in the
prevention of post-operative scars after conventional
open total thyroidectomy.
Study Design Materials and Methods: Forty-two
patients with thyroid carcinoma who underwent total
thyroidectomy were randomly assigned to the study (PN
administration) or control (normal saline) group. All
patients underwent a single session of combined ablative
and non-ablative fractional laser. The Vancouver Scar
Scale (VSS), global photographic assessment, and objective
scarwere assessedusing three-dimensional (3D) camera at
baseline and at 2, 4, 8, and 16 weeks after surgery.
Results: Patients who underwent PN injection demon-
strated better surgical scar quality outcome. Participants
in the PN administration group had lower VSS scores than
the control group (2.09�0.47 vs. 4.01� 0.55, respectively)
and lower scar height (0.23� 0.03 vs. 0.29� 0.03, respec-
tively), as measured using 3D imaging. Furthermore, in
the PN injected group, the degree of erythema, and
pigmentation of the scar were less prominent. No patient
developed hypertrophic scar or keloids on the surgical site.
No other adverse events, including post-inflammatory
hyperpigmentation, scarring, or infection, were observed.
Conclusion: Adjuvant administration of PN along with
conventional fractional laser treatment led to more favorable
effect in wound healing and post-operative scar prevention
after thyroidectomy. Lasers Surg. Med. © 2018 Wiley
Periodicals, Inc.
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INTRODUCTION

Conventional open thyroidectomy is commonly performed
along the anterior neck crease, resulting in noticeable scars,
whichareparticularly problematic for patients in the socially
active age group [1]. Attempts to improve and prevent

surgical scar is not confined to cosmetic aspects, as
hypertrophic scars can cause significant patient morbidity
because of pain, hyperesthesia, and swallowing discomfort in
severe cases [1,2]. Among the current measures to prevent
hypertrophic surgical scar, topicalagentswithgrowth factors
or natural plant extracts and regular application of silicon
sheet showed efficacy in various clinical trials and re-
ports [3–7]. Being in a tertiary institution and capable of
multidisciplinary management, our group has adapted
multiple modalities in surgical scar management for the
past decade [8–13]. Previously, our group has demonstrated
the effect of early treatment ablative fractional laser (AFL)
system and introduced the concept of prophylactic approach
in the early post-operative period [8,9].

Normal wound healing process consists of sequentially
overlapping phases of coagulation, inflammation, and
remodeling.Meanwhile, up-regulation of pro-inflammatory
cytokines prolongs the inflammatory phase, which induces
abnormal fibroblast activity, causing hypertrophic scar or
keloids [2,14,15]. To date, various treatment options are
suggested to prompt mechanical destruction of scar tissue.
However, the improvement measures show variable out-
come depending on the measures selected [14]. Especially
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for thepost-operative scars, intervention in immature state,
before or during the remodeling phase resulted in more
favorable outcome in final scar assessments [16,17].

To facilitate normal wound healing after injury, balanc-
ing between the early inflammation and remodeling
phases is crucial [18,19]. Polydeoxyribonucleotide
(PDRN), a novel component derived from the germ cells
of salmon species (Oncorhynchus keta), is composed of a
mixture of deoxyriboneucleotides with molecular weights
between 50 and 1,500kDa [20]. Owing to its molecular
property of binding to adenosine A2A receptor, PDRN
shows anti-ischemic and anti-inflammatory properties in
various in vitro clinical models [21–23]. Enhanced wound
healing and angiogenesis are well-established pharmaco-
logic characteristics of PDRN [20,22]. Nonetheless, owing
to its aqueous property, its application is fairly insufficient
in providing structural scaffold. To fortify its effect by
increasing viscosity to mimic the in vivo composition of the
dermis and extracellular matrix (ECM), polynucleotides
(PNs) are developed by molecular cross-linking by con-
trolled depolymerization from highly polymeric DNA
chain. As PN presents with higher molecular weight up
to 8,000kDa with viscoelastic texture, we expect it to
provide structural scaffold to inducemore favorable milieu
along with conventional AFL for scar prevention.

To date, no prospective and randomized controlled
clinical trials have been conducted for the application of
PN in post-operative scar. Hypothetically, we suggest that
adjuvant supplementation of polymer hydrogel on post-
operative scar may assist optimal wound healing by
providing scaffold for collagen and ECM derivative
regeneration. The authors report clinical outcomes of
safety and efficacy of PN to facilitate normalwound process
and prevent abnormal scarring.

MATERIALS AND METHODS

Design and Study Population

Patients who underwent open total thyroidectomy with
central compartment node dissection (CCND) between
June 2015 and January 2016 were considered eligible for
this study. This study was approved by the Institutional
Review Board of Severance Hospital, Yonsei University
(IRB No. 1-2015-0057), and written and informed consent
was obtained from each patient. The exclusion criteria
were age younger than 20 years or older than 60 years,
history of keloid scarring, pregnancy or cervical surgeries,
or uncontrolled medical illness. The patients were ran-
domized to the study (PN; Rejuran1, Pharma Research
Products, Seongnam, Korea) and control (normal saline)
groups. Forty-four patients (36 women and eight men;
mean age, 37.0 years; range, 22–50 years; Fitzpatrik skin
types III and IV) were enrolled (Table 1).

Patients visited the Scar Laser and Plastic Surgery
Center 4 weeks after surgery. On the initial visit, all
patients underwent combination fractional laser treatment
and concomitant PN injection or normal saline injections.
Then, injection of the study component was performed in
two additional visits, with 2-week interval. Afterwards,

patients visited the clinic for scar assessment after 4 weeks
and 8 weeks. The final assessment was made on visit 5,
16weeksafter initiationof the study.Patientswere followed
up for 16 weeks after the initiation of scar treatment.

Surgical Procedure

All patients underwent open total thyroidectomy with
CCND by a single surgeon (K.H.N.). A 5- to 7-cm cervical
collar incision was made, and if possible, the incision follows
thenaturalwrinkle linesof theneck foroptimalfinal cosmesis.
Then, subplatysmal flap dissection was performed from the
sternal notch inferiorly to the thyroid cartilage superiorly and
laterally to both medial borders of the sternocleidomastoid
muscle. The midline was divided, and the thyroid gland was
exposed. Dissections of the thyroid gland and central neck
compartment were performed in all patients.

Laser Treatment and Injection

In the study, all patients underwent combination
treatment with non-ablative fractional 1550nm erbium
glass laser (Mosaic HPTM, Lutronic, Ilsan, Korea) and
ablative fractional 10600nmCO2 (eCO2

TM, Lutronic, Ilsan,
Korea). Topical anesthetic lidocaine and prilocaine cream
was applied around the thyroidectomy scar under occlusion
1 hour before laser treatment. The NFL settings used were
30mJ/pulse, with a spot density of 100 spots/cm2 over a 16-
cm2 treatment area and with minimal overlapping of
passes. Afterwards, AFL system was applied on the linear
scar area. The settings were similar to those used for NFL,
but with increased pulse width, which was set to
70mJ/pulse. After optimal cooling of the laser-treated
area with icepack, injection of 2ml PN, or normal saline
was done with 32-gauge microneedle on the laser-treated
area. After the procedure, mild compression was applied,
and patients were instructed to use moisturizer several
times daily with regular applications of sunscreens.

Method of Randomization

A random number generator was used to generate 0 and
1s using Microsoft Excel (2010 version; Microsoft,
Redmond, WA). Each random assignment was sealed
individually in a non-transparent envelope. Assignments
were made consecutively, with subjects receiving PN
injection or normal saline.

Blinding

Participants and dermatologists were blinded as to
whether the prepared injectable is PN. Clinical assess-
ments were performed in the Scar Laser and Plastic
Surgery Center by two dermatologists (J.H.K. and J.H.L.)
who were blinded. Investigators involved in the clinical
assessments were not present during surgery and were
blinded regarding allocation.

Assessment of Clinical Efficacy

The final assessmentwasmade 16weeks after the initial
treatment. Digital photographs were obtained using

2 KIM ET AL.



identical digital camera settings, lighting conditions, and
patient positioning on every visit. Vancouver Scar Scale
(VSS) and patients’ subjective perception of the scar
improvement were the primary outcome measures of the
study. To determine the success of treatment outcome,
reduction in VSS score by 50% was expected. Additionally,
we measured objective parameters to analyze the scar
height and pigmentation which were designed as the
secondary endpoint of the study.

Vancouver Scar Scale (VSS)

Two independent dermatologists (J.H.K. and J.H.L.)
graded the treatment outcomes using the Vancouver Scar
Scale (VSS), which includes pigmentation (0¼normal,
1¼hypopigmented, 2¼mixed pigmentation, 3¼hyperpig-
mented), pliability (0¼normal, 1¼ supple, 2¼ yielding,
3¼firm, 4¼ ropes, 5¼ contracture), height (0¼flat,
1�2mm, 2¼2–5mm, 3�5mm), and vascularity (0¼
normal, 1¼pink, 2¼ red, 3¼purple). The score for each
parameter was assessed separately, and then all four
scores were summed and recorded at every visit.

Objective Measurements: Scar Height and
Pigmentation

For objective measurement of surgical scar texture and
height, the Antera 3D1 three-dimensional (3D) image
capture system (Miravex, Dublin, Ireland) was used,
which allows multispectral analysis measurement.
To evaluate the adverse effect of the study, narrow-band

reflectancespectrophotometrywasusedtoassesscolorchanges.
The Erythema Index (EI) and the Melanin Index (MI) of scars
were obtained using narrow-band reflectance spectrophotome-
try (DermaSpectrometer II; Cortex Technology, Hadsund,
Denmark) using 568- and 655-nm probe wavelengths at every
visit. The EI andMI weremeasured at the left margin, center,
and right margin of the scar, and the mean EI and MI values
were used for comparison.

Patient Perception of the Scar

For the subjective evaluation, patients were surveyed at
the final visit (16 weeks after treatment) about their
overall level of satisfaction using the following response
choices in a quartile grading scale: grade 1 (<25%),
minimal to no improvement; grade 2 (26–50%), moderate
improvement; grade 3 (51–75%), marked improvement;
grade 4 (>75%), near-total improvement. Patients also
reported any side effects of treatment, including bleeding,
oozing, post-therapy dyschromia, scaling or crusting,
erythema, and scarring.

Tolerability

Adverse events related to the procedure were assessed
by the investigator through physical examination and
patients were questioned at each visit during the
treatment and follow-up period. Adverse events were
recorded regarding the severity, onset, or duration, if any,
were recorded at each visit, and follow-up was planned
until complete resolution.

Statistical Analysis

Data from clinician and machine assessments were
analyzed for statistical significance using t-test, Mann–
Whitney U test, or analysis of variance. The differences
were considered significant if P< 0.05. All statistical
analyses were performed using SPSS version 18.0 (SPSS
Inc., Chicago, IL).

RESULTS

Degree of Clinical Improvement

Vancouver scar scale. The mean values of the VSS
scores for the PN administration group was 6.05� 0.52
before treatment and 2.09�0.47 at 16 weeks of follow-up
(Fig. 1A–D). In the control group, the VSS was 6.25� 0.59
initially and 4.01� 0.55 at 16 weeks (Fig. 1E and F). PN

TABLE 1. Demographic Characteristics at Baseline

Treatment group

Demographic characteristics PN n¼ 22 Control n¼ 20

Age (yr)

Mean(SD) 36.55 (8.48) 37.45 (6.75)

Median (min, max) 37.5 (22,50) 38.5 (25,49)

Age, n (%) n % n %

19–29 yr 6 27.27 3 15

30–39 yr 6 27.27 9 45

40–49 yr 9 40.91 8 40

50–59 yr 1 4.55 0

Gender, n (%)

Male 2 9.09 5 25

Female 20 90.91 15 75

VSS

Mean (SE), initial 6.05 (0.52) 6.25 (0.59)

Mean (SE), 16 weeks 2.09 (0.47) 4.01 (0.55)
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injected group demonstrated more than 50% of decrease in
VSS score after the treatment and the outcome was
considered successful. The degree of improvement over
16 weeks was more significant in the PN administration
group (P< 0.05) (Fig. 2). As for individual scar character-
istics, pigmentation and vascularity further decreased in
the PN administration group (pigmentation: initial,
1.64� 0.10; after treatment, 0.77�0.13; P< 0.05; vascu-
larity: initial, 1.41�0.14; after treatment, 0.32� 0.12;
P<0.05; pliability: initial, 1.73� 0.16; after treatment,
0.59� 0.16; P¼ 0.07; height: initial, 1.27�0.22; after
treatment, 0.41� 0.16; P¼ 0.06).

Objective improvement by 3D image analysis.
Images obtained on every visit were reconstructed to
calculate the difference in height. The average scar height
for the PN administration group was 0.46� 0.06 before
treatment and decreased to 0.23�0.03 at 16 weeks
(Fig. 3A–D). In the control group, the average scar height
was 0.38�0.04 before treatment and decreased to
0.29� 0.03 after 16 weeks (Fig. 3E and F). The degree of
improvement over 16weekswasmore significant in thePN
administration group (P< 0.05) (Fig. 4). Notably, the
improvement rate in height after a single session of
combination treatment with laser and injection was more

pronounced in the PN administration group (P< 0.05).
Additionally, the average scar widthwasmeasured in both
groups: for the test group, the initial average width of
4.45�0.44 decreased to 2.67� 0.30 after 16 weeks, and in
the control group, the initial average width of 4.41� 0.45
decreased to 2.89� 0.27 after 16 weeks (P¼ 0.27).
Objective improvement by spectrophotometry:

Erythema index (EI), Melanin index (MI). Patients
in the PN administration group showed a significant
decrease in post-treatment erythema (EI) compared with
the control group after 12 weeks (PN treated group:
381.09�10.68 to 367.47� 11.48; Control group:
400.03�21.69 to 400.05� 23.71 P<0.05). Although both
group demonstrated improvement in MI, the change were
not proiminent in PN injected group (PN treated group
148.06�10.037 to 134.76�8.57; Control group
147.56�9.79 to 113.41� 9.37; P<0.05).

Side Effects

All patients reported post-treatment edema, erythema,
and scaling, which resolved within 1 week. However, no
patient developed hypertrophic scar or keloids on the
thyroidectomy site after 16weeks. No other adverse events
due to laser treatment or PN injection, including

Fig. 1. Digital photograph of a thyroidectomy scar before (A and C: PN injected group, E: control
group) and 16 weeks after treatment (B and D: PN injected group, F: control group). Overall VSS
showed more significant improvement in PN injected group while control group showed more
prominent scar height and pigmentation.
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post-inflammatory hyperpigmentation, scarring, or infec-
tion, were observed.

Subjective Analysis

From the patients’ perspective, the average scar
perception score after the treatment improved from
2.86�0.18 to 3.27�0.18 in the treatment group. The
control group reported minimal improvement from
2.91�0.16 to 2.90�0.23, respectively, with no significant
differences (P¼ 0.23) (Fig. 5).

DISCUSSION

In this prospective, randomized, controlled study, we
evaluated the effect of PN injection in adjunction to
conventional AFL treatment to surgical stars. Participants
who underwent adjuvant PN injection demonstrated a
better outcome in scar quality. PN administration group
demonstrated lower VSS scores and lower scar height, as
measured by 3D imaging. Furthermore, the degree of
erythema and pigmentation were less prominent after PN
administration.
As for scar quality assessment, we adapted clinical

scale as well as 3D image analysis to evaluate both
clinical perception and quantitative measurement.
Among various clinical scar analysis tools, VSS has
been classically used and it is subdivided into categories
to incorporate individual scar characteristics; yet it still
relies on subjective assessment by the physician [24,25].
There have been increasing efforts to improve the
quantitative measurement of skin and its related
structures for objective assessment of clinical outcome.
For instance, spectrophotometers have been classically
used to assess chromaticity such as hemoglobin and
melanin load. In recent years, shift from two-dimensional
measurements to three-dimensional structures demon-
strated its accuracy in objective measurement of aes-
thetic outcomes [26]. We coupled the 3D imaging
technique to monitor the height and width of the post-
operative wound. Beyond the classic photographic analy-
sis or clinical scales, 3D measurement system enabled

quantitation of scar. For linear scars that presents with
elevation or depression, a 3D imaging system can
especially provide accurate measurement of stereoscopic
parameters [27].

There have been numerous options suggested in the
literatures to treat established or matured hypertrophic
scars [3,14,28,29]. Once developed, the treatment re-
quires multiple session with variable clinical out-
comes [30]. The etiology and clinical spectrum of scars
is very broad [31]. Without a doubt, even with technical
and procedural progress, development of hypertrophic
scars is inevitable in majority of cases. Moreover,
proposing a standardized treatment protocol is challeng-
ing due to the difficulty in eliminating every possible
deviations during the surgical manipulation itself. On
the other hand, with close collaboration with surgeons
and dermatologists, we’ve identified patients who are
prone to develop hypertrophic scar after elective surgical
procedure with standardized operational procedure. In
previous cohort study in our institution, young age and
high BMI are the metabolic factors identified to be prone
to hypertrophic scar development after thyroidec-
tomy [32,33]. Additionally, prolonged itching sensation,
induration, and cervical adhesion were common mani-
festations of post-operative scars that result in hypertro-
phic or keloid scars [14,32].

Intraoperatively, hydrogel polymers have been used to
prevent post-operative adhesion due to surgical manipu-
lation [34,35]. Barrier-based synthetic polymer mem-
branes have shown effectiveness in surgical procedures
involving internal organs [36]. Common components
include cross-linked hydrogels derived from hyaluronic
acid act as barrier organelle and structural scaffold for
appropriate ECM accumulation during the wound healing
process [37]. Recently, we have demonstrated the efficacy
of the intraoperative use of acellular dermal matrix in the
prevention of post-operative adhesion and improvement of
functional outcome [11]. Meanwhile, laser devices and
topical agents hitherto available allow external modula-
tion of scar properties, but adjustment or manipulation of
underlying dermal or ECM structures is difficult
afterward.

When applied to early remodeling phase of wound
healing, AFL induces arrays of microscopic treatment
zones (MTZs) in controlled dermal depth without sur-
rounding tissue injury [38,39]. Around the regularly
spaced microscopic thermal wounds, wound healing is
promoted with subsequent ECM remodeling [40,41]. In
molecular level, expression of heat shock proteins (HSPs),
transforming growth factor beta (TGF-b), and matrix
metalloproteinase-9 (MMP-9) were increased in post-
operative scar tissue after AFL [9]. HSP s TGF-b are
crucial mediators during scar remodeling due to its anti-
inflammatory effect and both can mutually induce acceler-
ated wound healing [42,43]. Notably, HSPs induced by
AFL systems can both act as early responders to promote
anti-inflammatory effect and long-term remodeling pro-
moting neocollagengenesis [44]. Additionally, the in-
creased level of collagenases is expected to maintain

Fig. 2. The mean values of the VSS scores for the PN
administration group showed further improvement over 16 weeks
and was more significant in the PN administration group
(P<0.05).
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equilibrium between collagen overproduction and regu-
lated accumulation of ECM components for normal wound
healing [9,45].

Viscoelastic supplementation with exogenous hyalur-
onic acids or its derivatives was reported effective in
degenerative or traumatic joint diseases [46]. PN is a
unique biodegradable, biocompatible polymer with non-
toxic and non-allergic properties [21,47]. It binds to water
molecules easily and provides lubrication, which alleviates
inflammation due to constant friction in osteoarthri-
tis [46,48]. During the first 4–12 weeks, scar tissue
displays increased the number of fibroblasts and yet
immaturely formed ECM structure. In our study, PN is
administered on the surgical wound after 2 weeks imme-
diately after a single session of fractional laser resurfacing.

Afterward, PNwas injected regularly for twomore sessions
in 2-week intervals. PN is also used to mediate the
remodeling phase of wound healing. The remodeling phase
is marked by the maturation of elements and effects on the
ECM, leading to proteoglycan and collagen deposits, which
are closely related to scar formation [49]. PN is subjected to
enzymatic cleavage, which enables progressive release of
smaller oligonucleotides such as nucleosides, nucleotides,
and nucleobases [50,51]. PN can be easily applied with
external injection without any additional instrument.
Exogenously administered PN may contribute to produce
glycosaminoglycan, proteins, glycoproteins, and fibrils and
help maintain their physiological functions.
Notably, no patient showed any sign of cervical

adhesion or persistent lymphedema during the

Fig. 3. Three-dimensional image analysis of a thyroidectomy scar before (A and C: PN injected
group, E: control group) and 16 weeks after treatment (B and D: PN injected group, F: control
group). Scar height measure by 3D image were further decreased in PN injected group compared to
the control group.
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16-week follow-up period. In an animal model, PDRN
demonstrated anti-inflammatory property by down-
regulating key pro-inflammatory mediators; tumor
necrosis factor a (TNF- a), interleukin 6 (IL-6), and
high-mobility group box 1 (HMGB1) [22]. Keloid and
hypertrophic scars are the result of prolonged inflam-
matory phase, which leads to pathologic keloid fibro-
blast activity, resulting in abnormal ECM
accumulation [14]. Therefore, we expect PN to induce
a adjuvant effect along with fractional laser, which
facilitates harmonized wound healing process.
A potential limitation of the study is that our study

results cannot be applied to all kinds of scars because our
patient group had controlled wounds on a limited
anatomic position, performed by a single surgeon.
Long-term follow-up is needed to compare the outcomes.
Further studies are needed to evaluate the underlying
molecular mechanism and wound healing properties of
PN on other types of scars.

CONCLUSION

PN, as a high-molecular weight biopolymer with its
viscoelastic property, promotes a favorable milieu for
wound healing in adjunction to conventional AFL treat-
ment for hypertrophic scar prevention. Furthermore, we
expect to propose a standardized approach that can be
tailored to each patient’s susceptibility to develop abnor-
mal scarring after surgical procedure.
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