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Abstract

Background: Postoperative adhesions following thyroidectomy significantly affect patient quality of life, yet prevention strategies 
remain understudied. This trial evaluated the safety and efficacy of oxidized regenerated cellulose and high molecular weight 
hyaluronic acid in preventing post-thyroidectomy adhesions.

Methods: In this prospective, single-blinded, randomized study, patients undergoing thyroidectomy were randomized 1 : 1 : 1 to 
receive oxidized regenerated cellulose (Interceed™), high molecular weight hyaluronic acid (HANBIO BarriGel), or no adhesion 
barrier (control). The primary outcome was change in the Dysphagia Handicap Index (DHI) from baseline to 1 month. Secondary 
outcomes included the Voice Handicap Index, Swallowing Impairment Score, laryngotracheal elevation, and adhesion severity 
scores at 2 weeks, and 1, 6, and 12 months after operation.

Results: Forty -five patients were enrolled. Changes in DHI were not significant from baseline to 1 month among the three groups. The 
adhesion barrier groups demonstrated significantly smaller increases in Voice Handicap Index scores compared with the control group 
at 2 weeks (oxidized regenerated cellulose: mean(s.d.) 4.8(5.8); high molecular weight hyaluronic acid: 0.8(6.3); control: 8.4(9.6); P = 0.032) 
and at 1 month (3.0(5.2), 1.0(7.1), and 9.1(12.3), respectively; P = 0.047). Changes in Swallowing Impairment Scores were significantly lower 
in the adhesion barrier groups (2.1(5.6) versus 6.0(5.9); P = 0.037), although no significant differences were observed among the three 
groups (oxidized regenerated cellulose: 1.4(4.2); high molecular weight hyaluronic acid: 2.8(6.8); control: 6.0(5.9); P = 0.095) at 2 weeks. 
The high molecular weight hyaluronic acid group demonstrated superior preservation of laryngotracheal elevation among groups 
(P = 0.006) and compared with the oxidized regenerated cellulose group (P = 0.041) at 1 month. No adhesion barrier-related 
complications were observed. By 6 months, most parameters had returned to near-baseline levels across all groups.

Conclusion: Both oxidized regenerated cellulose and high molecular weight hyaluronic acid appear safe and potentially effective in 
reducing early post-thyroidectomy adhesion symptoms, with high molecular weight hyaluronic acid showing superior outcomes in 
certain parameters. These findings support the use of adhesion barriers in thyroid surgery, although larger studies are needed to 
confirm their long-term benefits.
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Introduction
The scope of post-thyroid surgery concerns has evolved beyond 

survival and safety to include cosmetic outcomes and impact on 

quality of life. Although extensive research exists on 

complications such as hypoparathyroidism and vocal cord 

paralysis, postoperative neck adhesions remain understudied1. 

These adhesions manifest both as reformations at lysis sites and 

as de novo formations around surgical sites2. As natural tissue 

responses to surgical intervention, they can result in multiple 

complications: neck discomfort, tightness, tracheal skin adhesion, 

scarring, and impaired laryngeal vertical movement. Notably, 
dysphagia occurs in up to 50% of patients after thyroidectomy3,4. 
Furthermore, these adhesions can complicate subsequent surgical 
procedures owing to altered anatomical relationships5,6.

Although complete prevention of postoperative adhesions 
remains elusive, various adhesion barriers have demonstrated 
effectiveness in reducing their extent. These products create 
physical separation between damaged tissue surfaces, with 
supporting evidence from experimental models and clinical 
practice. However, a significant knowledge gap exists regarding 
their application in neck procedures, particularly concerning 
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product selection and usage protocols. Despite studies 
investigating adhesion barriers for improving quality of life after 
thyroid surgery, significant improvements in adhesion-related 
symptoms remain to be demonstrated7.

The US Food and Drug Administration (FDA) has approved several 
adhesion prevention barriers. Among these, oxidized regenerated 
cellulose (ORC) has shown promise in reducing both the 
extent and severity of adhesion formation8,9. Hyaluronic acid (HA), 
a natural extracellular matrix and peritoneal fluid component, has 
emerged as another effective adhesion prevention adjuvant. 
Native HA demonstrates high biocompatibility and a favourable 
safety profile10. High molecular weight (HMW) HA creates a 
stable network, contrasting with the opposing effects of low 
molecular weight HA. Native HA readily integrates with tissue 
and contributes beneficially to inflammation reduction, wound 
healing, and immunosuppression11,12. Although approved by 
Taiwan’s FDA for preventing postoperative adhesions in obstetric 
and gynaecological procedures and applied in abdominal 
operations, its application in neck surgeries awaits clinical 
validation. Nevertheless, multiple studies13,14 have suggested that 
HA deposition around surgically treated tissues may reduce 
postoperative adhesions.

This prospective, single-blinded, randomized study evaluated 
the safety and efficacy of ORC and HMW HA in preventing 
post-thyroidectomy adhesions, specifically addressing neck 
discomfort and tracheal skin adhesion. Based on these findings, 
the aim is to provide evidence-based guidance for surgeons 
regarding the clinical application of adhesion barrier products.

Methods
Study design
This study adhered to Good Clinical Practice guidelines and the 
CONSORT statement. Patient recruitment commenced on 1 May 
2023. The trial protocol was registered at ClinicalTrials.gov
(NCT05851560), and received approval from both the Taiwan FDA 
(1110020116) and the National Taiwan University Hospital (NTUH) 
Research Ethics Committee (REC) (202111057DINB). All authors 
had access to study data and approved the final manuscript.

Eligibility criteria
Participants were adults (≥ 20 years) undergoing open thyroidectomy 
for benign goitre or thyroid cancer, with no previous thyroid surgery, 
willing to comply with study requirements, and providing informed 
consent. Exclusions comprised pregnancy/lactation, uncontrolled 
medical conditions, recent neck radiotherapy or clinical trial 
participation, hypersensitivity to adhesion barriers, keloid history, 
active infections, or anticoagulant use within 1 week before surgery.

Study groups and randomization
Participants were randomized in a 1 : 1 : 1 ratio into 3 groups (15 
patients in each) using an online randomization generator. The 
randomization process was carried out by the investigators in 
blocks of nine to ensure balanced allocation. Group A received 
ORC intervention, group B received HMW HA intervention, and 
group C served as the control group with no intervention. The 
allocation was concealed in sealed envelopes, which were opened 
sequentially to assign participants to the appropriate group.

The participants and study personnel assessing the outcomes 
were blinded to the group allocation. However, the investigators 
responsible for generating the randomization table and 
preparing the envelope assignments were not blinded to the 
allocation.

Surgical protocol and postoperative management
In group A, ORC (GYNECARE Interceed™ TC7 Absorbable 
Adhesion Barrier, 7.6 cm × 10.2 cm; Johnson & Johnson Patient 
Care, New Brunswick, NJ, USA) was trimmed to match the 
dissected area. Group B received HMW HA (HANBIO BarriGel, 
5 ml; Han Biomedical, New Taipei City, Taiwan) at full dose. 
Both barriers were applied between the trachea and strap 
muscles, and between the strap muscles and skin flaps. Group C 
received standard care without barrier application.

In accordance with institutional protocol, drainage tubes were 
placed selectively based on surgical judgement rather than 
routinely. Postoperative care included gauze compression and 
continuation of pre-existing medications for chronic conditions. 
Wound massage rehabilitation was incorporated into the 
recovery protocol, whereby patients were instructed to perform 
self-massage on the neck wound area after surgery. The aim of 
this self-administered massage was to enhance neck mobility.

Assessments and follow-up schedule
Clinical assessments were conducted at baseline (before surgery), 
and at 1, 6, and 12 months after operation, comprising 
photographic documentation of the adhesion area and incisional 
scar, monitoring for adhesion barrier-related allergic reactions or 
anaphylaxis through clinic visits and telephone surveys, and use of 
patient-completed questionnaires evaluating adhesion-related 
symptoms.

Outcome measures
Two validated instruments were used to assess swallowing function. 
The first was the Chinese version of the Dysphagia Handicap Index 
(DHI), a 25-item self-assessment tool that measures dysphagia 
severity across physical, functional, and emotional domains. This 
version has been validated15. Comprehensive scoring protocols for 
both DHI versions can be found in the supplementary methods. Voice 
function changes were evaluated using the Voice Handicap Index 
(VHI-10)16,17, a comprehensive self-assessment tool that quantifies 
the functional, physical, and emotional impact of voice disorders 
on quality of life18. The detailed scoring methodology for this 
assessment is provided in the supplementary methods. The 
Swallowing Impairment Index (SIS-6), a six-item self-evaluation 
questionnaire assessing dysphagia severity on a scale from 0 to 24, 
was also employed; scoring protocols are outlined in the 
supplementary methods.

Laryngotracheal elevation (LE) was measured using ultrasound 
imaging at baseline, and at 1, 6, and 12 months after surgery19. A 
12-MHz linear transducer, operating at a centre frequency of 
7.7 MHz, was positioned sagittally over the laryngotracheal area, 
with the end fixed at the sternal notch. Video recordings of LE 
during swallowing were obtained, and the extent of LE was 
calculated as the difference between the distance from the sternal 
notch to the first tracheal ring at rest and during peak elevation. 
Representative images are provided in the supplementary methods.

Adhesion severity (AS) was evaluated at 2 weeks, and 1, 6, and 
12 months after operation using a standardized grading system 
assessing neck wrinkles, scar formation, and skin adhesion. 
Each parameter was scored on a scale from 0 to 10, with 0 
representing optimal outcomes (for example natural wrinkles, 
absence of inflammation, absence of discomfort) and 10 
indicating poor outcomes (such as unnatural wrinkles, severe 
scarring, significant discomfort). Full AS assessment criteria are 
detailed in the supplementary methods.
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Safety monitoring included comprehensive evaluation of 
postoperative patient condition, vital signs, complications, and 
adverse events, categorized by type and severity. The primary 
endpoint was the change in DHI scores from baseline to 
1 month across all groups. Secondary endpoints included 
longitudinal comparisons of DHI, VHI-10, and SIS-6 scores, LE 
measurements, and AS scores across the study groups.

Sample size determination and randomization
The sample size calculation was conducted to detect the 
non-inferiority of antiadhesive materials compared with controls, 
with a clinically meaningful change defined as a two-fold 
difference in the DHI at 1 month20. Based on an estimated 
standard deviation (s.d.) of 15, the study required approximately 11 
participants per group to achieve 80% power with a one-sided α 
level of 2%.

To allow for a 20% missing data rate, the adjusted sample size 
was calculated to be at least 14 participants per group. This 
aligned with the study design, which planned for 15 participants 
per group (total 45) to ensure robust results even in the event of 
higher attrition rates.

The calculation was performed using a two-sample t test 
formula and incorporated power analysis parameters such as 
group mean(s.d.) values derived from previous studies. 
Participants were randomized in a 1 : 1 : 1 ratio into 3 groups (2 
intervention and 1 control).

Statistical analysis
Demographic and baseline characteristics were summarized 
using descriptive statistics, with continuous variables expressed 
as mean(s.d.), and categorical variables as frequencies with 
percentages. A two-way repeated-measures analysis of variance 
(ANOVA) was used to evaluate outcomes across five time points: 
(baseline, 2 weeks after operation, and after 1, 6, and 12 months. 
Between-group comparisons were conducted using χ2 tests for 

categorical variables or Fisher’s exact test when cell frequencies 
were below five. For non-parametric distributions, the Mann– 
Whitney U test was applied. Changes from baseline were 
analysed among the three groups at each time point using 
one-way ANOVA, followed by post hoc pairwise comparisons with 
independent t tests and corrections for multiple comparisons. 
Relationships between antiadhesive use and symptom scores 
were assessed using Spearman’s rank correlation coefficient. 
Variables showing significant between-group differences 
in ANOVA were further analysed with Mann–Whitney U tests 
at individual time points. Questionnaire internal consistency 
was evaluated using Cronbach’s α, with statistical significance 
set at two-sided P < 0.050. All analyses were undertaken 
using R version 4.3.13 for Mac OS X 10.9 (R_Contributor, Warwick 
University, UK) and SAS® software version 9.4 (SAS Institute, 
Cary, North Carolina, USA).

Results
Patient enrolment and demographics
Patients were recruited occurred between 24 May and 13 
September 2023 (Fig. 1). Of 47 patients who underwent 
thyroidectomy and were assessed for eligibility, 45 were 
enrolled after two declined to participate. These patients were 
randomly assigned in equal numbers to the ORC, HMW HA, 
and control groups (15 in each) for intention-to-treat (ITT) 
analysis. The randomization process proceeded without 
deviation.

The study population had a mean(s.d.) age of 51.1(13.8) (range 
26.3–77.2) years, comprising 11 men and 34 women (Table 1). 
Surgical procedures included 14 bilateral thyroidectomies and 
31 unilateral thyroidectomies (14 right-sided, 17 left-sided). 
Pathological examination revealed 24 benign and 21 malignant 
nodules. The index nodules had a mean maximum diameter of 
5.5(1.5) cm, with mean specimen weight of 21.9(18.0) g. 
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Randomized n = 45

ITT analysis n = 15
PP analysis n = 14

Excluded from analysis n = 1
Suspicious cerebrovascular accident in
week, 2 n = 1

ITT analysis n = 15
PP analysis n = 14

Excluded from analysis n = 1
Received reoperation for cancer in
month, 4 n = 1

ITT analysis n = 15
PP analysis n = 15

Lost to follow-up n = 0
Discontinued intervention n = 0

Lost to follow-up n = 0
Discontinued intervention n = 0

Lost to follow-up n = 0
Discontinued intervention n = 0

Allocated to ORC n = 15
Received allocated intervention n = 15
Did not receive allocated intervention n = 0

Allocated to HMW HA n = 15
Received allocated intervention n = 15
Did not receive allocated intervention n = 0

Allocated to control n = 15
Received allocated control n = 15
Did not receive allocated control n = 0

Excluded n = 2
Declined to participate n = 2

Fig. 1 CONSORT flow diagram for the trial 

ORC, oxidized regenerated cellulose; HMW HA, high molecular weight hyaluronic acid; ITT, intention to treat; PP, per protocol.
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There were no significant differences in baseline clinical 
characteristics among groups in the ITT set.

During follow-up, two patients were excluded from further 
analysis: one in the ORC group because of a new-onset 
cerebrovascular accident in week 2 after surgery, and one in 
the HMW HA group who underwent completion thyroidectomy 
for cancer in week 4. The final per-protocol (PP) analysis 
included 43 patients (ORC 14, HMW HA 14, control 15), with 
baseline characteristics remaining comparable across groups 
(Table 1).

Efficacy outcomes
Comparisons of the scores in the ITT set are presented in Table 2, 
Figs 2 and 3, and those for the PP set in Table S1 and Figs 2 and 3.

DHI
DHI scores in the PP set peaked at 2 weeks (mean(s.d.) 10.5(14.1)) from 
a baseline of 4.1(6.4), gradually declining to below baseline levels by 
6 months (3.4(5.3)). Changes in DHI from baseline to 2 weeks and to 
1 month showed no significant differences among the groups 

Table 1 Baseline patient characteristics

All patients ORC HMW HA Control

ITT set n = 45 n = 15 n = 15 n = 15
Age (years), mean(s.d.) 51.1(13.8) 55.5(14.6) 53.5(13.8) 44.3(10.7)
Sex

Male 11 (13.6%) 4 (26.7%) 3 (20%) 4 (30%)
Female 34 (42.0%) 11 (73.3%) 12 (80%) 11 (70%)

BMI (kg/m2), mean(s.d.) 24.4(3.2) 23.9(2.7) 25.3(3.4) 24.1(3.5)
Height (cm), mean(s.d.) 160.9(9.6) 161.1(8.8) 158.2(10.9) 163.4(8.9)
Bodyweight (kg), mean(s.d.) 63.8(11.7) 62.7(12.4) 63.3(9.8) 65.3(13.2)

ASA grade
II 40 (88.9%) 14 (93.3%) 13 (86.7%) 13 (86.7%)
≥ III 5 (11.1%) 1 (6.7%) 2 (13.3%) 2 (13.3%)

Thyroid nodule
Benign 24 (29.6%) 9 (60.0%) 6 (40.0%) 9 (60.0%)
Malignancy 21 (25.9%) 6 (40.0%) 9 (60.0%) 6 (40.0%)

Surgical procedure
Total thyroidectomy 14 (31.1%) 3 (20.0%) 8 (53.3%) 3 (20.0%)
Unilateral lobectomy 31 (68.9%) 12 (80.0%) 7 (46.7%) 12 (80.0%)

Right thyroidectomy 14 (31.1%) 6 (40.0%) 2 (13.3%) 6 (40.0%)
Left thyroidectomy 17 (37.8%) 6 (40.0%) 5 (33.3%) 6 (40.0%)

Size of nodule (cm), mean(s.d.) 5.5(1.5) 5.6(1.9) 5.5(1.3) 5.3(1.1)
Weight of specimen (g), mean(s.d.) 21.92(18.0) 25.35(25.1) 21.55(15.9) 18.86(10.9)
Duration of operation (min), mean(s.d.) 69.9(25.7) 62.1(14.52) 73.5(24.7) 74.2(33.9)
Endotracheal intubation

Normal 38 (84.4%) 15 (100%) 11 (73.3%) 12 (80.0%)
Difficult 7 (15.6%) 0 (0.0%) 4 (26.7%) 3 (20.0%)

Estimated blood loss (ml)
< 30 45 (100.0%) 15 (100.0%) 15 (100.0%) 15 (100.0%)
≥ 30 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

PP set n = 43 n = 14 n = 14 n = 15
Age (years), mean(s.d.) 50.5(13.5) 53.9(13.8) 53.9(14.2) 44.3(10.7)
Sex

Male 11 (25.6%) 4 (28.6%) 3 (21.4%) 4 (30%)
Female 32 (74.4%) 10 (71.4%) 11 (78.6%) 11 (70%)

BMI (kg/m2), mean(s.d.) 24.5(3.2) 23.9(2.8) 25.5(3.4) 24.1(3.5)
Height (cm), mean(s.d.) 160.9(9.7) 161.6(8.9) 157.3(10.8) 163.4(8.9)
Bodyweight (kg), mean(s.d.) 63.9(11.9) 63.2(12.7) 63.3(10.2) 65.3(13.2)

ASA grade
II 38 (88.4%) 13 (92.9%) 12 (85.7%) 13 (86.7%)
≥ III 5 (11.6%) 1 (7.1%) 2 (14.3%) 2 (13.3%)

Thyroid nodule
Benign 23 (53.5%) 8 (57.1%) 6 (42.9%) 9 (60.0%)
Malignancy 20 (46.5%) 6 (42.9%) 8 (57.1%) 6 (40.0%)

Surgical procedure
Total thyroidectomy 14 (32.6%) 3 (21.4%) 8 (57.1%) 3 (20.0%)
Unilateral lobectomy 29 (67.4%) 11 (78.6%) 6 (42.9%) 12 (80.0%)

Right thyroidectomy 13 (30.2%) 5 (35.7%) 2 (14.3%) 6 (40.0%)
Left thyroidectomy 16 (37.2%) 6 (42.9%) 4 (28.6%) 6 (40.0%)

Size of nodule (cm), mean(s.d.) 5.5(1.5) 5.6(2.0) 5.6(1.3) 5.3(1.1)
Weight of specimen (g), mean(s.d.) 22.22(18.3) 25.45(26.0) 22.58(15.9) 18.86(10.9)
Duration of operation (min), mean(s.d.) 70.8(25.9) 63.4(14.0) 74.5(25.3) 74.2(33.9)
Endotracheal intubation

Normal 36 (83.7%) 14 (100.0%) 10 (71.4%) 12 (80.0%)
Difficult 7 (16.3%) 0 (0.0%) 4 (28.6%) 3 (20.0%)

Estimated blood loss (ml)
< 30 43 (100.0%) 14 (100.0%) 14 (100.0%) 15 (100.0%)
≥ 30 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

ORC, oxidized regenerated cellulose; HMW HA, high molecular weight hyaluronic acid; ITT, intention to treat; BMI, body mass index; ASA, American Society of 
Anesthesiologists; min, minute; PP, per protocol.
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(6.6(13.5) and 2.4(7.5) for ORC versus 2.6(8.9) and 1.1(10.1) for HMW 
HA versus 9.7(14.8) and 2.1(8.1) for control; P = 0.334 and P = 0.915, 
respectively).

VHI-10
VHI-10 scores in the PP set increased from a baseline mean(s.d.) of 
1.8(3.3), peaking at 2 weeks (6.5(7.2)), slightly decreasing at 1 month 
(6.3(9.0)), and returning to near-baseline levels by 6 months 
(2.4(5.0)). Changes in mean VHI-10 scores from baseline to 
2 weeks and 1 month differed significantly among the groups 
(4.8(5.8) and 3.0(5.2) for ORC versus 0.8(6.3) and 1.0(7.1) for HMW 
HA versus 8.4(9.6) and 9.1(12.3) for control; P = 0.032 and P = 0.047, 
respectively). The adhesion barrier group showed significantly 
smaller changes in scores at 2 weeks and 1 month compared 
with the control group (2.8(6.3) and 2.0(6.2) for adhesion barriers 
versus 8.4(9.6) and 9.1(12.3) for control; P = 0.025 and P = 0.051, 
respectively). Additionally, the HMW HA group showed 
significantly smaller changes in scores at 2 weeks and 1 month 

compared with the ORC group (P = 0.019 and P = 0.041, 
respectively).

SIS-6
SIS-6 scores in the PP set followed a similar trend, peaking at 2 weeks 
(mean(s.d.) 5.2(5.6)) from a baseline of 1.7(3.3), with gradual 
improvement by 6 months (0.8(1.5)). The adhesion barrier group 
and the ORC group showed significantly smaller score increases 
at 2 weeks compared with the control group (2.1(5.6) versus 
6.0(5.9); P = 0.037), although the differences at 1 month were not 
significant.

LE
LE measurements in the PP set decreased from baseline 
(mean(s.d.) 12.2(2.7) mm) to 1 month (6.7(1.7) mm), recovering 
by 6 months (10.6(1.7) mm). Changes in LE from baseline to 
1 month differed significantly among the groups (−5.3(1.2) mm 
for ORC versus −4.0(2.0) mm for HMW HA versus −7.1(3.5) mm 

Table 2 Clinical outcomes in the three intervention groups (intention-to-treat set)

ORC 
(group A,  

n = 15)

HMW HA 
(group B,  
n = 15)

Control 
(group C,  

n = 15)

Adhesion barrier (group A +  
B, n = 30)

P*

A + B 
versus C

A versus B 
versus C

A versus 
B

A versus 
C

B versus 
C

Changes in DHI
Baseline to week 2 5.2(14.1) 2.7(8.5) 9.7(14.8) 4.6(11.2) 0.160 0.326 0.556 0.405 0.127
Baseline to month 1 1.5(8.00) 1.5(9.8) 2.1(8.1) 1.5(8.8) 0.807 0.971 1.000 0.822 0.841

Changes in VHI-10
Baseline to week 2 2.5(10.3) 0.2(6.5) 8.4(9.6) 1.4(8.6) 0.016* 0.045* 0.465 0.119 0.011*
Baseline to month 1 0.8(9.9) 0.5(7.1) 9.1(12.3) 0.6(8.5) 0.010† 0.037* 0.916 0.052 0.028*

Changes in SIS-6
Baseline to week 2 −0.1(7.1) 3.7(7.4) 6.0(5.9) 1.8(7.4) 0.060 0.056 0.162 0.015* 0.348
Baseline to month 1 −0.1(5.5) 3.1(3.7) 3.4(5.1) 1.5(4.9) 0.241 0.104 0.073 0.084 0.871

Changes in LE (mm)
Baseline to month 1 −0.5(0.1) −0.4(0.2) −0.7(0.4) −0.5(0.2) 0.019* 0.005† 0.070 0.063 0.007†*
Baseline to month 6 −0.2(0.2) −0.1(0.2) −0.2(0.5) −0.1(0.2) 0.419 0.507 0.407 0.571 0.317
AS at month 1 5.6(3.6) 5.0(3.5) 7.8(5.1) 5.3(3.5) 0.058 0.157 0.646 0.179 0.090

Values are mean(s.d). ORC, oxidized regenerated cellulose; HMW HA, high molecular weight hyaluronic acid; DHI, Dysphagia Handicap Index; VHI-10, Voice 
Handicap Index; SIS-6, Swallowing Impairment Score; LE, laryngotracheal elevation; AS, adhesion severity. *P < 0.050, †P ≤ 0.010, using Student’s t test and analysis of 
variance.
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Fig. 2 Changes in adhesion-related symptoms after thyroidectomy 

Trends in total scores for Dysphagia Handicap Index (DHI), Voice Handicap Index (VHI-10), and Swallowing Impairment Score (SIS-6), along with laryngotracheal 
elevation (LE) measurements in millimetres, and adhesion severity (AS) scores, from baseline to 12 months after thyroidectomy. a Intention-to-treat (ITT) set; 
b per-protocol (PP) set.
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for control; P = 0.006). The HMW HA group showed 
better preservation of LE than both the ORC and control groups 
(P = 0.041 and P = 0.007, respectively). Additionally, the adhesion 
barrier group showed significantly smaller changes in LE from 
baseline to 1 month compared with the control group (−4.7(1.8) 
versus −7.1(3.5) mm; P = 0.021).

AS
AS scores in the PP set increased from 2 weeks (mean(s.d.) 2.8(3.2)) 
to peak at 1 month (6.1(4.2)), then decreased by 6 months (0.3(0.9)). 
The adhesion barrier group had significantly lower scores than the 
control group (5.1(3.4) versus 7.8(5.1); P = 0.045), but there was no 
significant difference between the ORC and HMW HA groups. 
Although overall group differences were not significant (P =  
0.137), the use of adhesion barriers appeared to reduce adhesion 
severity compared with that seen in controls.

Safety results
Safety analysis was conducted on the full ITT population of 45 
patients. The mean duration of operation was 62.1 minutes (min) in 
the ORC group, 73.5 min in the HMW HA group, and 74.2 min in the 
control group, with no statistically significant differences among the 
groups (P = 0.35). Similarly, there was no significant prolongation of 
operating time in the adhesion barrier group compared with the 
control group (mean 67.8 versus 74.2 min; P = 0.44), and no 
significant differences in intraoperative blood loss were observed. 
Across all 45 patients, no surgical complications occurred, including 
wound infection, wound dehiscence, wound seroma, postoperative 
bleeding, hypocalcaemia, hypoparathyroidism, or vocal cord 
paresis. Two patients experienced postoperative adverse events: 

one patient in the ORC group was diagnosed with a new-onset 
cerebrovascular accident, and one in the control group experienced 
persistent general weakness requiring readmission for further 
medical treatment.

The study was reviewed by the Institutional Review Board of 
NTUH, under the oversight of the Taiwan Ministry of Health and 
Welfare Food and Drug Administration (TFDA), as well as the 
Hospital Human Experimentation Committee. The NTUH REC 
reviewed these cases and classified the issues as common 
clinical adverse events, not meeting the criteria for serious 
adverse events. Furthermore, none of the reported adverse 
events were determined to be related to the use of adhesion 
barriers.

Discussion
This randomized clinical trial has demonstrated that the use of 
adhesion barriers may offer potential benefits in thyroid surgery 
and mitigate the troublesome consequences of postoperative 
adhesions following thyroid surgery, particularly in the early 
postoperative period. However, the two adhesion barriers did not 
show a significant difference in efficacy. Postoperative adhesions 
following thyroid surgery are a common complication, often 
leading to a series of troubling symptoms. These include neck 
discomfort, tightness, scarring, voice impairment, difficulty 
swallowing, and a pulling sensation during neck extension21,22. 
Experimental studies23 have shown that thyroidectomy can also 
lead to airway oedema, submucosal gland hyperplasia, increased 
mucus production, and enhanced basal cell activity. Although 
these adhesion-related issues are well documented, their severity 
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Fig. 3 Comparisons of clinical outcomes among the three intervention groups 

Changes from baseline to 1 month and 6 months in Dysphagia Handicap Index (DHI), Voice Handicap Index (VHI-10), Swallowing Impairment Score (SIS-6), and 
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and duration can vary. It has been reported that symptoms tend to 
peak within the first week after surgery, then gradually improve 
over the following months6. In the present study, measures such 
as the DHI, VHI-10, and SIS-6 exhibited the most significant 
impairment around 2 weeks after surgery, before gradually 
returning to baseline levels by 6–12 months. LE, as a relatively 
objective assessment of adhesions, also demonstrated this 
transient pattern, worsening at 1 month but recovering to 
near-normal levels by 6–12 months24. These findings underscore 
the importance of developing effective strategies to prevent or 
mitigate postoperative adhesions5,9. Further research with larger 
sample sizes is recommended to confirm these findings.

Common proposed interventions to prevent or alleviate 
adhesion-related symptoms include neck massage, anti- 
inflammatory agents, and physical barriers such as ORC or HMW 
HA9,25–27. Although the incidence of adhesion complications is 
high, the adoption of preventive measures remains limited. A 
survey28 has indicated that only about 38% of surgeons regularly 
use adhesion barriers, primarily because of the lack of 
cost-effective commercial options. Although adhesion barriers 
have shown some promising results in thyroid surgery research, 
the effects have not been entirely consistent. A recent study29

suggested that some barrier materials may have dual benefits, 
serving as both a physical protectant and an immunomodulator. 
In the context of these strategies, a functional hydrogel has 
emerged as an optimal option for developing adhesion barriers30. 
In this context, novel functional hydrogels have also emerged as a 
potential solution, leveraging their barrier and anti-inflammatory 
properties31,32. However, the mechanisms underlying the variable 
inflammatory responses to different barrier materials are not yet 
fully understood33,34. Thus, there is a need for prospective 
randomized studies to clarify the actual clinical efficacy.

Assessing the degree of postoperative adhesions remains a 
challenge, as there is currently no standardized grading system. 
In the present study, patient-reported questionnaires, clinician- 
assessed AS scores19, and objective measures such as LE assessed 
by ultrasonography were used to supplement the subjective 
symptom assessments. The data suggest that the use of adhesion 
barriers, particularly ORC and HA-based formulations, can lead to 
improved outcomes compared with controls. The barrier group 
demonstrated smaller increases in VHI-10 and SIS-6 scores, as well 
as better preservation of LE. However, the differences did not reach 
statistical significance in some assessments (such as DHI). 
Additionally, the superior performance of the HA-based barrier 
over ORC in terms of LE warrants further investigation, as the 
limited sample size may have influenced ability to detect other 
significant differences. Although adhesion barriers showed early 
benefits, most scores in most patients returned to preoperative 
levels by 6 months, suggesting limited long-term efficacy. For the 
secondary outcome (VHI-10 at 1 month), a post hoc analysis 
indicated that the power of the trial was sufficient, at more than 
95%, to detect the observed effect size with the given sample size 
and study parameters.

Furthermore, the safety profile of the adhesion barriers 
appeared favourable, with no reported device-related 
complications. The barrier group did experience two adverse 
events, but a direct connection with the intervention could not 
be established.

This study has a few limitations. Although it employed a 
prospective and randomized design, multiple questionnaires were 
used to evaluate postoperative symptoms related to adhesions 
after thyroidectomy. Additionally, the number of patients included 
is relatively small, which resulted in some borderline significant 

evaluations, making makes it difficult to prove definitively the 
benefits of the different products. Furthermore, owing to a lack of 
standardized criteria for postoperative adhesions, multiple valid 
questionnaires were administered to provide a broad objective 
evaluation in this context. Patient-reported symptoms are crucial, 
as they offer insight into the impact of adhesions based on the 
patients’ experiences. However, the most commonly used grading 
systems are subjective, which may affect the accuracy of the 
assessments. Although these subjective symptoms are important 
for a comprehensive evaluation of adhesion-related discomfort, 
objective assessments of LE using ultrasound imaging were also 
incorporated, which can complement the subjective grading system.
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