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Purpose: Cervical disc herniation (CDH) is increasingly prevalent, highlighting the need for more effective treatments. Although
pharmacopuncture therapy is one of the most widely used treatment methods for CDH in Korean medicine clinical practice, there are
few high-quality studies conducted in Korea. Therefore, we aimed to evaluate the efficacy and safety of pharmacopuncture therapy for
CDH through a pragmatic clinical trial that reflects clinical practice while utilizing well-designed study settings of a randomized
controlled trial.

Patients and Methods: This three-armed, pragmatic, pilot, randomized controlled trial included pharmacopuncture (Phm-Acu),
acupuncture (Acu), and usual care (UC) groups in a 1:1:1 ratio. Participants were treated twice a week for 6 weeks, with follow-up
extending to week 25. The primary outcome was the neck pain Numeric Rating Scale (NRS). The secondary outcomes were arm pain
NRS, neck and arm pain Visual Analog Scale, Neck Disability Index (NDI), Northwick Park Questionnaire (NPQ), Patient Global
Impression of Change (PGIC), Short Form-12 Health Survey (SF-12), and EuroQol-5-dimension-5-level (EQ-5D-5L).

Results: Eighty participants (Phm-Acu: 29, Acu: 29, and UC: 26) were selected. At week 7, neck pain NRS significantly decreased in
the Phm-Acu group than that in the UC (2.73, 95% confidence interval (CI) 1.87-3.59) and Acu groups (1.68, 95% CI 0.84-2.53).
Survival analysis revealed that the Phm-Acu group showed the fastest recovery rate. The Phm-Acu group showed significant
improvement compared with the Acu and UC groups for all other pain outcomes and PGIC and compared with the UC group for
NDI, NPQ, EQ-5D-5L, and SF-12 [physical]. The area under the curve analysis showed that the Phm-Acu group showed significant
differences in all outcomes except SF-12 [mental] compared with the UC group. No serious adverse events occurred; four patients
experienced mild adverse events.

Conclusion: In CDH, pharmacopuncture was more effective in reducing pain and achieving functional recovery than acupuncture and
usual care.

Keywords: neck pain, non-invasive therapy, pain management, functional recovery

Introduction

Cervical disc herniation (CDH) results from the displacement of the nucleus pulposus within an intervertebral disc, with
nerve root or spinal cord inflammation and compression, causing pain or neurological symptoms over a wide region,
including the neck and upper extremities." CDH may be acute or chronic; acute CDH commonly occurs as a result of
trauma, whereas chronic CDH occurs when the intervertebral disc degenerates and becomes desiccated during natural
aging.” A CDH epidemiology study reported a 107 and 63.5 annual incidence in men and women, respectively, per
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100000 people.® A study in Korea reported a trend of annual increases in CDH prevalence, with a higher occurrence in
women than in men; however, the prevalence increased with age for both sexes.* The study results are based on the
responses of individuals who had CDH symptoms and received treatment; the actual figures are even higher when
including patients with asymptomatic CDH.> The increasing CDH prevalence translates into a substantial socioeconomic
burden. According to the National Health Insurance Statistical Yearbook, medical care costs for CDH in 2022 were
approximately KRW 337.1 billion, with CDH ranking 31" in conventional (Western) medicine and 16™ in Korean
medicine (KM) regarding frequent diagnosis requiring inpatient care.® Furthermore, the frequency of surgical treatments,
such as cervical discectomy and fusion, has increased owing to diagnostic and surgical tool development and rising CDH
prevalence in an aging society.””®

CDH treatment is generally categorized into conservative and surgical therapies. Conservative CDH management
includes pharmacotherapy, traction, physiotherapy, and spinal orthoses use. For conditions refractory to conservative
therapies, surgical treatments, such as anterior or posterior cervical discectomy, for removing bone spurs and affected
discs, combined with adjacent vertebrae fusion, are considered.’ However, these surgeries are invasive interventions that
may lead to side effects and complications, such as nerve damage, vascular injury, and enhanced degenerative changes, in
the adjacent segments.'” In addition, a study confirmed that surgical decompression is effective in the short term;
however, no significant difference is observed in the long-term outcomes compared with those of conservative
treatment.'" Recently, with increasing personal and socioeconomic losses due to CDH, more aggressive treatments,
such as cervical epidural steroid injections and nerve blocks, such as stellate ganglion blocks, have been used as
alternatives before surgery; however, their effectiveness remains controversial.'”

In KM clinical practice, various combinations of nonsurgical modalities, such as acupuncture, pharmacopuncture,
herbal medicine, Chuna manual therapy, and acupotomy, have been used, with several studies reporting their
effectiveness for CDH."*2° Among them, pharmacopuncture therapy integrates acupuncture and pharmacotherapy,
involving the injection of filtered and sterilized herbal medicine extracts into acupoints to enhance efficacy.”’ The
therapeutic effects of pharmacopuncture arise from the combined influence of physical stimulation at acupoints and the
chemical stimulation of the pharmacopuncture solution.”> Acupoint stimulation leads to changes in neurotransmitter
secretion, activation of pain modulation pathways, muscle relaxation, and improved blood flow.?>** The pharmaco-
puncture solution, depending on the type of medicinal herb used, has been reported to have effects such as anti-
inflammatory, analgesic, and neuroprotective properties. For example, bee venom exhibits anti-inflammatory effects by
modulating macrophage polarization via melittin®® and Jungsongouhyul pharmacopuncture was related to pain reduc-
tion and motor nerve recovery.”® In addition, hominis placenta has been reported to have antioxidant and immune-
enhancing properties.>’*® Beyond the benefits of traditional acupuncture, pharmacopuncture offers advantages such as
rapid onset of action (bypassing the gastrointestinal tract), applicability for patients who struggle with oral medication,
and easy dosage adjustment.

Meanwhile, According to a survey of KM doctors (KMDs) treating CDH, pharmacopuncture was the most used
modality, followed by acupuncture, herbal medicine, and Chuna manual therapy in similar percentages.?’
A systematic review and meta-analysis investigating the effectiveness of pharmacopuncture for cervical spondylosis
showed that pharmacopuncture, either as monotherapy or combined therapy, significantly decreased pain and
improved quality of life.** However, the studies included in the meta-analysis were highly heterogeneous, had low-
quality evidence, and provided limited information on the safety of pharmacopuncture, which indicates that existing
studies do not reflect active pharmacopuncture use in clinical practice, resulting in a lack of quality evidence.
Moreover, all the studies were conducted solely in China, with only one randomized controlled trial (RCT) on
pharmacopuncture for chronic neck pain reported in the Republic of Korea, and no specific studies on CDH were
identified. Therefore, given the scarcity of research despite the widespread clinical use of pharmacopuncture in Korea,
we designed a pragmatic RCT to better reflect clinical practice in KM. This study aimed to evaluate the efficacy and
safety of pharmacopuncture therapy for CDH compared with acupuncture and usual care group. The result of this
study may provide foundational evidence for future large-scale studies and contribute to the selection of conservative

treatment strategies.

3690 e Journal of Pain Research 2025:18



Lee et al

Materials and Methods

The study protocol was approved by the Institutional Review Boards of the participating study centers in
November 2021: Jaseng Hospital of Korean Medicine, Daejeon Jaseng Hospital of Korean Medicine, Bucheon Jaseng
Hospital of Korean Medicine, Haeundae Jaseng Hospital of Korean Medicine, Kyung Hee University Korean Medicine
Hospital, Kyung Hee University Korean Medicine Hospital at Gangdong, and Dongguk University Bundang Korean
Medicine Hospital (approval numbers: JASENG 2021-10-016, JASENG 2021-10-018, JASENG 2021-10-014,
JASENG 2021-10-017, KOMCIRB 2021-10-002, KHNMCOH 2021-10-009, and DUBOH 2021-0013). This study
was registered at Clinicaltrials.gov (NCT05240586) on 13 February 2022 and cris.nih.go.kr (KCT0006616) on
21 February 2022, before participant recruitment.

Study Design and Procedures

This three-armed, parallel, pragmatic RCT aimed to analyze and confirm the comparative effectiveness of pharmaco-
puncture therapy for patients with CDH. Conducted as a multicenter study, it targeted 84 patients recruited based on
competitive enrollment from seven KM hospitals in Korea. The volunteers underwent screening, and if they met the
inclusion/exclusion criteria, they were randomized into three arms: The pharmacopuncture (Phm-Acu), acupuncture
(Acu), and Western medicine-based usual care (physiotherapy and medication) (UC) strategy groups in a 1:1:1 ratio. The
selected participants attended intervention sessions for their allocated groups twice a week for 6 weeks. Assessments
were tailored to the outcome measures; weekly assessments were conducted during the treatment period, with follow-up
assessments at weeks 7, 13, and 25. We observed changes in treatment efficacy and potential relapse at week 7, which
follows the completion of treatment sessions, week 13, which falls within the typical 612 week period for re-evaluating
non-surgical treatments,’' and week 25, which is a critical juncture for monitoring the progression of chronic CDH. The
detailed schedule is presented in Table 1.

Participants

The study recruited patients who had CDH symptoms for < 12 months and needed medical care. The inclusion/exclusion
criteria are described below. The study was fully explained to participants before enrollment, and they voluntarily
completed and signed the informed consent form.

Inclusion Criteria

1. CDH Symptoms for < 12 months

2. Neck pain Numeric Rating Scale (NRS) score > 5

3. Neuromuscular symptoms in one or both upper limbs (including pain, pull, numbness, sensory abnormalities, and
motor abnormalities)

4. Discrimination findings above a protrusion that could explain clinical symptoms on cervical spine magnetic
resonance imaging (MRI) or computed tomography (CT)

5. Aged 19-69 years

6. Provided written informed consent

Exclusion Criteria

1. A diagnosis of a specific serious disease that could cause neck pain (such as cancer spread to the spine, acute spine
fracture, and spine dislocation)

2. Progressive or severe neurological deficits

3. Pain due to soft tissue disease rather than spinal pathology (such as cancer, fibromyalgia, rheumatoid arthritis, and
gout)

4. Other chronic diseases (including stroke, myocardial infarction, kidney disease, diabetic neuropathy, dementia,
and epilepsy) that could interfere with therapeutic effects or outcome interpretation

5. Current use of steroids, immunosuppressants, or psychotropic or other medications that could affect outcomes
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Table | Trial Timetable

Time Point Screening | Enrollment Allocation Active Treatment Post-Allocation Follow-Up

Week —1 Week 0 (Baseline) Week | | Week2 | Week3 | Week4 | Week5 | Week 6 | Week7 | Week I3 | Week 25
Window visit -10~0 Control Point 3 +3 +3 +3 13 +3 +4 7 +14
Enrollment
Eligibility screening o o
Written informed consent o
Vital signs o o «— every visit — o o o
Sociodemographic characteristics, medical history (eg neck pain, medication history) o o
C-spine X-ray o
Randomized allocation o
Interventions
Treatment in pharmacopuncture group (experimental group) «— twice a week —
Treatment in acupuncture group (control group) «— twice a week —
Treatment in physiotherapy group (control group) «— twice a week —
Assessments
NRS of neck pain o o o o o o o o o o
NRS of arm pain o o o o o o o o o
VAS of neck pain o o o o o o o o o
VAS of arm pain o o o o o o o o o
Neck Disability Index (NDI) o o o o
Northwick Park Questionnaire (NPQ) o o o o
PGIC o o o
SF-12 o o o o
EQ-5D-5L o o o o
Physical examination o o
Drug Consumption o o o o o o o o o o o
Credibility and expectancy )
Blood analysis o o
Adverse events « every visit — o o o
Compliance o

|e 32 297
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6. Conditions that made pharmacopuncture therapy inappropriate or unsafe, such as hemorrhagic disease, taking
anticoagulant drugs, severe diabetes, or patients at high risk of infection
7. Taking non-steroidal anti-inflammatories or undergoing pharmacopuncture, acupuncture, or physiotherapy within
1 week
8. Pregnancy, planning pregnancy, or lactating
9. Cervical surgery within the past 3 months
10. Participation in another clinical trial within 1 month, participation in another study within 6 months of the date of
selection, or plans to participate in another trial during the follow-up period
11. Inability to provide written informed consent
12. Participants who would have difficulty participating in the trial based on the decision of the investigator.

Sample Size

This study was a pragmatic RCT designed to compare the effects of pharmacopuncture, acupuncture, and physiotherapy
and medication in patients with CDH. No previous studies with the same design were available to determine the sample
size. The minimum sample size recommended for a pilot clinical trial was 25; therefore, 25 patients were allocated to
each of the three groups.>® In addition, considering a 10% dropout rate and the participation of seven hospitals, the
sample size was set at 84, and participants were recruited accordingly.

Randomization and Blinding

Eligible participants were randomly assigned to one of the three groups (Phm-Acu, Acu, and UC) in a 1:1:1 ratio.
A random number table was created using R studio 1.1.463 (© 2009-2018 R Studio, Inc.) by a statistician in advance,
and 28 participants were randomly assigned to each group. Random sequence generation was based on block randomiza-
tion, with block sizes of three or six randomly selected. The randomization results were sealed in an opaque envelope and
stored in a double-locked cabinet. Investigators/coordinators at each study institution opened the envelopes to assign
participants who met the inclusion/exclusion criteria and had provided informed consent. The randomization number was
documented in the electronic chart. Owing to the nature of the intervention and study design, blinding the participants
and KMDs performing the interventions was impossible, and only assessor blinding was maintained. The assessors did
not participate in the intervention and performed assessments in a separate place before the intervention.

Interventions

While this study was designed as a pragmatic clinical trial and did not impose strict limitations on intervention
procedures, we provided all participating institutions with the following basic guidelines to ensure a reasonable degree
of standardization in treatment methods.

Pharmacopuncture

Pharmacopuncture was performed twice a week for 6 weeks. Treatment details, such as the type of pharmacopuncture
solution, the dose administered, selected acupoints, and injection depth, were based on the clinical judgment of the
KMDs, considering patient symptoms, radiological findings, and degree of improvement. The pharmacopuncture
solutions were produced in extramural herbal dispensaries that continued to manufacture pharmacopuncture solutions
for each medical institution. The acupoints used for pharmacopuncture were the GB20, GV16, GB21, SI15, SI14, and
Hyeopcheok points at 0.5 cun (unit of length: 1 cun is approximately 1.31 inches) of C3—C5. Procedural details,
including the acupoints where pharmacopuncture was administered, type of pharmacopuncture solution used, and dose
administered (range: 0.1-6 cc), were recorded in the electronic chart. An example of a procedural image for pharma-
copuncture therapy is shown in Supplementary Figure 1.

Acupuncture
Acupuncture was performed twice a week for 6 weeks. Treatment details, such as acupoint selection, number of needles
used, and needling depth, were based on the clinical judgment of the KMDs, considering patient symptoms, radiological
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findings, and degree of improvement. The acupoints used were the GB20, GV16, GB21, SI15, SI14, and Hyeopcheok
points at 0.5 cun of C3-C5. The needles typically range from 30-60 mm in length and 0.2-0.4 mm in thickness.
Procedural details, such as the acupoints where acupuncture was administered and the number of needles used (range: 5—
30 EA), were recorded in the electronic chart.

Usual Care (Medication & Physiotherapy)

Physiotherapy was performed twice a week for 6 weeks. Details, such as physiotherapy method selection, area of
application, and physiotherapy duration, were based on the clinical judgment of the physician, considering patient
symptoms, radiological findings, and degree of improvement. Details of the prescribed and performed physiotherapy,
such as the type, frequency, and area of application, were recorded in the electronic chart. Regarding medication,
analgesics and muscle relaxants were prescribed as needed, based on the clinical judgment of the physician. The types,
dosage, and duration of use of the prescribed medication were recorded in the case report form. Data on all orally
administered medicines used for CDH symptom management and treatment in clinical practice were collected. These
included the NO2 (analgesics), MO01, and MO02 subgroups, according to the Anatomical Therapeutic Chemical
Classification System. Medications were administered within the permissible dose range applied in clinical practice.

Outcomes

Primary Outcome

The primary outcome of this study was the NRS for neck pain, an objective measure of subjective pain intensity
experienced by patients. Participants rated their neck pain intensities over the past week on a 0-10 scale, where 0
represented no pain and 10 represented the worst imaginable discomfort, selecting the number that best reflected their
current discomfort. Measurements were taken weekly during the treatment period (six times) and at follow-up (weeks 7,
13, and 25 from baseline).

Secondary Outcomes

NRS of Radiating Arm Pain

Participants rated the intensity of their radiating arm pain over the past week on a 0—10 scale by selecting a number that
best represented the severity of their discomfort. NRS measurements were conducted weekly during the treatment period
(six measurements in total) and at follow-up (weeks 7, 13, and 25 from baseline).

Visual Analog Scale (VAS) of Neck and Radiating Arm Pain

The VAS is an outcome measure used to assess and record pain intensity on a 100-mm horizontal line, with one end
indicating “no pain” and the other indicating “worst pain imaginable.” Patients marked a specific point on the scale to
indicate the intensity of their neck and radiating arm pain over the past week. This measurement was performed weekly
during the treatment period (six measurements in total) and at follow-up (weeks 7, 13, and 25 from baseline).

Neck Disability Index (NDI)

The NDI is designed to assess disability associated with daily activities due to neck pain. It is a 10-item questionnaire
scored on a 0-5 scale. The total score is divided by the number of scored items to obtain an average score.”> NDI
assessments were conducted at baseline and during follow-up (weeks 7, 13, and 25 from baseline).

Northwick Park Questionnaire (NPQ)

The NPQ is a self-report questionnaire comprising nine items related to daily activities affected by neck pain. Each item
is scored on a 0—4 scale, with higher scores indicating worse dysfunction.** The total score is calculated by summing the
individual item scores. The NPQ percentage can be obtained by dividing the total score by the maximum score of the
responded items and multiplying it by 100. We used the Korean version of the NPQ, with proven reliability and validity
in a previous study.>®> NPQ assessment was performed at baseline and during follow-up (weeks 7, 13, and 25 from
baseline).
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Patient Global Impression of Change (PGIC)

The PGIC is used for subjective assessment of the perceived improvement of a patient and comprises seven levels, where
lower scores indicate more improvement. PGIC assessment was performed at baseline and during follow-up (weeks 7,
13, and 25 from baseline).

Short Form-12 Health Survey (SF-12)

The SF-12 is a questionnaire used for assessing health-related quality of life. It comprises 12 items across eight
categories, with higher scores indicating better health-related quality of life. It provides two types of summary scores:
the physical (PCS) and mental (MCS) component summaries. A validated Korean version of the questionnaire was used
in this study.>® Assessment with SF-12 was performed at baseline and during follow-up (weeks 7, 13, and 25 from
baseline).

EuroQol-5-Dimension-5-Level (EQ-5D-5L)

EQ-5D-5L comprises five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), with
each item assessing the level of each dimension. Weights were assigned based on the level of each dimension, and
preference scores were calculated accordingly.®” The EQ-5D-5L was measured at baseline and during follow-up (weeks
7, 13, and 25 from baseline).

Safety Assessment

For safety assessment, clinical pathology tests (complete blood count, clinical chemistry tests, and C-reactive protein)
were performed before and after treatment, and adverse events (AEs) were surveyed at each visit. AEs are undesirable
and unintended signs, symptoms, or diseases occurring after an intervention during a clinical trial, including events
without a confirmed causal relationship with the applied intervention. During this study, AE data were collected and
analyzed through patient-reported symptoms and investigator observations. For all AEs, causality between the treatment
and the event was assessed using a 6-level scale based on the World Health Organization Uppsala Monitoring Center
Causality Assessment System. AE severity was assessed in three levels based on the Spilker classification.®® Safety
assessment was performed by comparatively analyzing the frequency of AEs that occurred, AEs suspected to be
treatment-related, and serious AEs across the three groups.

Statistical Analysis

In this study, intention-to-treat (ITT) was the primary analysis, and a per-protocol (PP) analysis was performed separately
for participants who underwent at least nine treatment sessions during the 6-week treatment period. Between-group
comparisons were made as follows: Phm-Acu vs UC and Phm-Acu vs Acu. The comparative analysis aimed to test and
verify Phm-Acu treatment superiority. A mixed model for repeated measures was implemented for missing values. For
sensitivity analysis, multiple imputation was used to process missing data, and the last observation carried forward
method was applied to replace missing values.

For analysis of participant demographic characteristics in each group, between-group comparisons were performed
using the Student’s #-test or Wilcoxon-rank sum test for continuous variables, and the chi-square test or Fisher’s exact test
for categorical variables. The efficacy endpoint was the between-group difference in changes from baseline for
continuous outcomes (NRS, VAS, NDI, NPQ, EQ-5D-5L, and SF-12) at different time points. Primary analysis was
performed using a linear mixed model (LMM), wherein, for fixed effects, baseline values and factors showing significant
between-group differences at baseline were included as covariates. Time*group interaction was included to examine
differences in time-dependent changes. To compare between-group differences in each outcome throughout the period
(treatment and total study periods), we calculated the area under the curve (AUC) for each time point after
randomization.

Furthermore, Kaplan—-Meier survival analysis was used to compare the proportion of patients that achieved a decrease
in neck pain NRS by minimal clinically important difference (MCID) of 2, and the curves were compared using the
Log rank test. A Cox proportional hazard model was used to compare the hazard ratios.
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Due to multiple comparisons, a significance threshold of 0.025 was applied for unadjusted comparison, such as
baseline characteristics, and a significance threshold of 0.05 was applied for Bonferroni-adjusted comparison, such as
outcome analysis. All statistical analyses were performed using SAS 9.4 (© SAS Institute, Inc., Cary, NC, USA) and
R version 4.1.1. (© The R Foundation for Statistical Computing).

Results
Participants
Ninety-three patients underwent screening between April 2022 and May 2023; nine dropped out at the screening stage,
and 84 were finally selected and randomized into three groups (Phm-Acu: 29, Acu: 29, and UC: 26). Of these, four
participants withdrew their consent during the study period, and 84 participants were included in the ITT analysis
(Figure 1).

Participant baseline characteristics are presented in Table 2. No significant differences were observed in baseline
characteristics between the groups, considering multiple comparisons with a significance level of 0.025. In the outcome
analysis, p-values were adjusted using the Bonferroni correction.

Treatment
Treatment details for the three groups are shown in Supplementary Table 1. As this study was a pragmatic RCT, the

treatment methods were not completely unified among the study institutions, and various methods were used. In
summary, in the Phm-Acu group, Shinbaro2, Shinbaro3, and Hangryunhaedok-tang were the most frequently used
pharmacopuncture, and the GB20, GB21, and cervical hyeopcheok (EX B2) points were the most frequently used
acupoints. The average number of treatment sessions and volumes of pharmacopuncture solutions differed slightly based

Enrollment Assessed for eligibility (n=93)

Excluded (n=9)
- Not meeting inclusion/exclusion criteria (n=9)

Randomized (n=84)

Y Y Y

All ti Pharmacopuncture Acupuncture Usual care

Searal group (n=29) group (n=29) group (n=26)

Y v \4

Follow-Up Withdrew consent (n=1) Withdrew consent (n=2) Withdrew consent (n=1)
A4 v v

Analvsis ITT Analysed (n=28) ITT Analysed (n=27) ITT Analysed (n=25)
y PP Analysed (n=25) PP Analysed (n=27) PP Analysed (n=25)

Figure | Participant flowchart.
Abbreviations: ITT, intention-to-treat; PP, per-protocol.

3696 " Journal of Pain Research 2025:18


https://www.dovepress.com/article/supplementary_file/527880/Supplementary%20File_CDH%2CPhm_0623_1.docx

Lee et al

Table 2 Participant Baseline Characteristics

Phm-Acu Acu ucC P-value P-value
(n=29) (n=29) (n = 26) (Phm-Acu vs Acu) | (Phm-Acu vs UC)

Sex (%)

Male 9 (31.03) 18 (62.07) 7 (26.92) 0.035 0.97

Female 20 (68.97) 11 (37.93) 19 (73.08)
Age (years) 45.66 £ 10.65 | 45.90 £ 11.32 | 44.96 = |1.64 0.934 0.818
Height (cm) 16441 £9.19 | 16854 + 831 | 164.82 + 8.02 0.078 0.859
Body weight (kg) 66.98 + 1475 | 69.37 + 1439 | 6548 £ 15.15 0.536 0.71
BMI (kg/im?2) 24.63 + 4.23 24.24 £ 3.56 | 2391 £ 4.05 0.708 0.521
Symptom Severity

Mild - - - 0.151 0.453

Moderate 12 (41.38) 18 (62.07) 15 (57.69)

Severe (but not treated) 12 (41.38) 10 (34.48) 9 (34.62)

Severe (requiring treatment) 5(17.29) 1 (3.45) 2 (7.69)
NRS

Neck pain 6.97 + 0.98 6.38 + 1.08 6.50 + 0.81 0.035 0.062

Arm pain 5.76 + 2.03 5.17 £ 1.56 5.58 + 1.70 0.223 0.722
VAS

Neck pain 69.93 £ 84| | 6555+ 12.67 | 66.96 + 8.27 0.128 0.193

Arm pain 5779 £ 1941 | 51.10 £ 1842 | 56.23 £ 17.99 0.184 0.759
NDI 45.79 £ 16.50 | 40.77 £ 13.35 | 4231 = 11.44 0.207 0.372
NPQ 50.25 + 16.01 | 46.29 £ 11.60 | 46.43 +9.85 0.285 0.287
EQ-5D-5L 0.64 £ 0.18 0.68 £ 0.15 0.69 £ 0.11 0.359 0.211
SF-12

PCS 39.77 £7.75 | 40.90 + 6.99 | 4092 + 5.84 0.561 0.54

MCS 4525 £ 10.39 | 4627 £ 11.03 | 42.04 + 7.77 0.721 0.204

Notes: Data are represented as either mean * standard deviation (SD) or number (%). The values of the continuous variables between the two groups
were compared using independent t-tests, and those of the categorical variables were compared using the chi-square or Fisher’s exact tests.Pain NRS was
measured by having patients report their pain levels as a number from 0 (no pain) to 10 (most severe pain imaginable). Pain VAS was measured by having
patients indicate their pain levels on a line, from 0 (no pain) to 100 (most severe pain imaginable), in millimeters. NDI score was calculated as a percentage,
with higher scores indicating more severe disability. NPQ score was calculated as a percentage, with higher scores indicating more severe pain and disability.
EQ-5D-5L score was calculated by converting patient responses to a scale from —0.066 (lowest quality of life) to | (highest quality of life). SF-12 score was
calculated by converting patient responses to a scale from 0 (lowest quality of life) to 100 (highest quality of life). The statistical significance were set 0.025

for multiple comparisons.

Abbreviations: Phm-Acu, pharmacopuncture; Acu, acupuncture; UC, usual care (medication and physiotherapy); NRS, Numeric Rating Scale; VAS, Visual
Analog Scale; NDI, Neck Disability Index; NPQ, Northwick Park Questionnaire; EQ-5D-5L, EuroQol 5-Dimension 5-Level; SF-12, 12-ltem Short-Form

General Survey.

on pharmacopuncture type. Similarly, for the Acu group, GB20, GB21, and GV16 were the most frequently used
acupoints; however, a slight difference was observed, as a broader range of acupoints on areas, such as the shoulders and
arms, were used. For the UC group, all participants underwent physiotherapy, and the frequently used methods were, in
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order of use, interferential current therapy, ultrasound, and transcutaneous electrical nerve stimulation. Medications

included analgesics and digestive agents and were used for a small number of patients.

Outcomes
Primary Outcome

At week 7 in Table 3, the primary outcome (NRS neck pain score) showed a greater reduction in pain in the Phm-Acu
group than that in the UC group (2.73, 95% confidence interval [CI] 1.87-3.59, P < 0.001***) compared with that in the

Table 3 Primary and Secondary Outcomes After Treatment

Week 7 Week 13 Week 25
NRS of neck pain | Phm-Acu 2.37 (1.85-2.89) 2.44 (1.92-2.96) 2.48 (1.96-2.99)
Acu 4.05 (3.53-4.58) 4.25 (3.74-4.77) 4.03 (3.51-4.55)
uc 5.10 (4.56-5.64) 5.22 (4.68-5.76) 4.62 (4.08-5.16)

Difference (Phm-Acu vs Acu)

.68 (0.84-2.53)%*

1.81 (0.97-2.66)***

1.55 (0.71-2.40)%*

Difference (Phm-Acu vs UC)

2.73 (1.87-3.59)%*

2.78 (1.92-3.64)%*

2.14 (1.29-3.00)%*

NRS of arm pain | Phm-Acu 1.73 (1.12-2.34) .44 (0.84-2.05) 1.62 (1.01-2.23)
Acu 281 (2.19-3.43) 3.28 (2.66-3.89) 3.65 (3.03-4.27)
uc 426 (3.62-491) 474 (4.10-5.39) 3.58 (2.94-4.23)

Difference (Phm-Acu vs Acu)

1.08 (0.08-2.08)*

.83 (0.84-2.83)%*

2.03 (1.03-3.02)%**

Difference (Phm-Acu vs UC)

2.53 (1.52-3.55)%%*

3.30 (229-4.3 1y

1.96 (0.95-2.98)%**

VAS of neck pain | Phm-Acu 24.05 (18.71-29.40) 2451 (17.71-31.31) 20.37 (13.37-27.37)
Acu 38.46 (32.99-43.93) 35.15 (28.34-41.96) 38.53 (29.77-47.28)
ucC 49.89 (44.22-55.56) 48.78 (41.65-55.91) 43.83 (37.06-50.59)

Difference (Phm-Acu vs Acu)

14.4] (5.59-23.22)%%*

10.64 (~0.40-21.69)

18.16 (5.30-31.01)%*

Difference (Phm-Acu vs UC)

25.83 (16.90-34.77)

2427 (12.99-35.55)+

23.46 (12.31-34.61 )%+

VAS of arm pain | Phm-Acu 17.63 (11.76-23.51) 12.89 (5.37-20.42) 14.55 (6.80-22.31)
Acu 27.32 (21.27-33.37) 32.46 (24.90-40.03) 39.95 (30.20-49.70)
uc 41.43 (35.16-47.69) 42.96 (35.05-50.88) 31.94 (24.44-39.44)

Difference (Phm-Acu vs Acu)

9.69 (-0.01-19.39)

19.57 (7.32-31.82)***

25.40 (11.12-39.68)***

Difference (Phm-Acu vs UC)

23.79 (13.96-33.62)***

30.07 (17.58-42.57)%**

17.38 (5.04-29.73)**

NDI Phm-Acu 18.83 (14.51-23.16) 18.55 (14.22-22.87) 16.69 (12.36-21.01)
Acu 22.04 (17.61-26.46) 20.33 (15.94-24.73) 20.99 (16.60-25.39)
ucC 30.87 (26.32-35.42) 28.94 (24.39-33.49) 25.17 (20.62-29.72)

Difference (Phm-Acu vs Acu)

3.20 (-3.93-10.34)

1.79 (-5.32- 8.90)

430 (-2.80-11.41)

Difference (Phm-Acu vs UC)

12.04 (4.83—19.24)***

10.40 (3.19-17.60)**

8.48 (1.28-15.69)*

(Continued)
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Table 3 (Continued).

Week 7 Week 13 Week 25
NPQ Phm-Acu 23.26 (18.55-27.98) 22.26 (17.54-26.98) 20.92 (16.20-25.64)
Acu 27.52 (22.70-32.35) 25.28 (20.49-30.07) 24.79 (20.00-29.58)
uc 35.09 (30.14-40.05) 33.90 (28.94-38.86) 31.70 (26.75-36.66)
Difference (Phm-Acu vs Acu) 4.26 (—3.52-12.04) 3.02 (—4.72-10.76) 3.87 (—3.87-11.62)
Difference (Phm-Acu vs UC) 11.83 (3.97-19.69)** 11.64 (3.78-19.50)** 10.78 (2.93-18.64)**
EQ-5D-5L Phm-Acu 0.82 (0.78-0.85) 0.83 (0.80-0.87) 0.83 (0.80-0.87)
Acu 0.79 (0.76-0.83) 0.81 (0.78-0.85) 0.79 (0.76-0.83)
uc 0.76 (0.72-0.79) 0.76 (0.72-0.79) 0.77 (0.74-0.81)
Difference (Phm-Acu vs Acu) —0.02 (-0.08-0.03) —0.02 (—0.08-0.04) —0.04 (-0.09-0.02)
Difference (Phm-Acu vs UC) —0.06 (—0.12— 0.00)* —0.08 (—0.14—0.02)** —0.06 (—0.12— 0.00)*
SF-12 (PCS) Phm-Acu 49.12 (46.93-51.31) 46.69 (44.50-48.88) 47.68 (45.49-49.87)
Acu 46.95 (44.70-49.21) 47.34 (45.11-49.57) 46.42 (44.19-48.65)
uc 43.97 (41.66-46.28) 42.65 (40.34-44.96) 45.26 (42.95-47.58)
Difference (Phm-Acu vs Acu) —2.17 (-5.78- 1.44) 0.64 (—2.94- 4.23) —1.26 (—4.85- 2.33)
Difference (Phm-Acu vs UC) | —5.16 (—8.81—1.51)** —4.04 (—7.69—0.39)* —2.41 (—6.06— 1.24)
SF-12 (MCS) Phm-Acu 50.36 (47.45-53.26) 52.30 (49.40-55.20) 52.58 (49.67-55.48)
Acu 48.16 (45.16-51.15) 49.32 (46.36-52.29) 49.36 (46.40-52.33)
uc 49.15 (46.06-52.23) 48.56 (45.47-51.65) 49.55 (46.46-52.64)
Difference (Phm-Acu vs Acu) —2.20 (—6.98-2.58) —2.98 (-7.74-1.78) —3.22 (-7.97-1.54)
Difference (Phm-Acu vs UC) —1.21 (-6.07-3.65) —3.74 (-8.60-1.12) —3.03 (-7.89-1.83)
PGIC Phm-Acu 1.96 (1.64-2.29) 2.32 (2.00-2.64) 2.25 (1.93-2.57)
Acu 2.69 (2.36-3.02) 2.93 (2.60-3.25) 3.07 (2.75-3.40)
uc 3.04 (2.70-3.38) 3.36 (3.02-3.70) 3.00 (2.66-3.34)
Difference (Phm-Acu vs Acu) 0.72 (0.19—1.25)** 0.60 (0.08-1.13)* 0.82 (0.30-1.35)**
Difference (Phm-Acu vs UC) 1.08 (0.54-1.61)¥* 1.04 (0.50-1.58)*** 0.75 (0.21-1.29)**

Notes: Between-group differences in changes from baseline were analyzed using a mixed model for repeated measures, except for patient global
impression of change. The primary endpoint was the outcome at week 7. Missing values were added using a mixed model for repeated measures.
Estimates for each group and between-group differences in the change from baseline at each time point are displayed with 95% confidence intervals (Cls).
The NRS, VAS, EQ-5D-5L, SF-12, and PGIC were measured as scores. The NDI and NPQ were calculated as percentages. *P <0.05, **P <0.01, ***P <0.001.
The p-values were adjusted using the Bonferroni correction.
Abbreviations: Phm-Acu, pharmacopuncture; Acu, acupuncture; UC, usual care (medication and physiotherapy); NRS, Numeric Rating Scale; VAS, Visual
Analog Scale; NDI, Neck Disability Index; NPQ, Northwick Park Questionnaire; EQ-5D-5L, EuroQol 5-Dimension 5-Level Instrument; SF-12, [2-item
Short Form Health Survey; PCS, physical component summary; MCS, mental component summary; PGIC, patient global impression of change.

Acu group (1.68, 95% CI 0.84-2.53, P < 0.001***). As depicted in Figure 2, all three groups demonstrated a continuous
reduction in neck pain NRS throughout the 7-week treatment period, with the effects largely sustained up to week 25.

Notably, the Phm-Acu group exhibited the most significant difference in pain reduction.
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Figure 2 Changes in NRS of neck and arm pain over time in LMM analysis (A) Neck pain NRS; (B) arm pain NRS Dots and error bars indicate mean scores and 95%
confidence intervals, respectively.
Abbreviations: Phm-Acu, pharmacopuncture; Acu, acupuncture; UC, usual care (medication & physiotherapy); NRS, Numeric Rating Scale; LMM, linear mixed model.

Secondary Outcomes

In the analysis by time point, the Phm-Acu group showed statistically significant improvement in all the outcome
measures, including the NRS for arm pain, VAS of neck and arm pain, NDI, NPQ, EQ-5D-5L, SF-12 (PCS), and PGIC,
compared to the UC group. These superior effects were maintained through weeks 13 and 25 of the follow-up period,
except SF-12. Compared with the Acu group, the Phm-Acu group showed statistically significant improvement in the
NRS for arm pain, VAS for neck pain, and PGIC at week 7, with the superior effect persisting through weeks 13 and 25
(Table 3). This overall trend was consistent with the results of the PP and sensitivity analyses (Supplementary
Tables 2—4).

In the AUC analysis comparing cumulative outcomes, the Phm-Acu group also showed statistically significant
improvements in the NRS and VAS for neck and arm pain, NDI, NPQ, EQ-5D-5L, and SF-12 (PCS) compared with
the UC group. Compared with the Acu group, the Phm-Acu group showed statistically significant improvements in the
NRS for neck and arm pain and VAS for neck pain (Figure 3, Supplementary Table 5).

Survival Analysis

A survival analysis was conducted, where recovery was defined as a decrease in the NRS for neck pain by 2 (MCID)
from baseline.’® The analysis revealed that the Phm-Acu group had significantly faster recovery than the UC group
(P<0.001 by Log rank test). The median survival times (time to recovery) were 10 (95% CI: 9-18), 22 (95% CI: 15-28),
and 31 (95% CI: 21-NA) d in the Phm-Acu, Acu, and UC groups, respectively. When comparing usual care with Korean
medicine treatment, the hazard ratio was 3.645 (95% CI: 1.877-7.079) for the Phm-Acu group versus the UC group and
1.654 (95% CI: 0.88-3.109) for the Acu group versus the UC group (Figure 4). The hazard ratio when the Phm-Acu
group was used as the reference are presented in Supplementary Table 6.

Safety

Intervention safety was evaluated by recording AEs, including blood test results. In total, 27 cases of AEs occurred in 18
participants (Phm-Acu: 7, Acu: 6, and UC: 5), including cases, such as COVID-19 and dyspepsia. From these, seven
cases in four participants were suspected of causality with the intervention. All AEs displayed mild symptoms, such as
localized pruritus or fatigue. Apart from one participant who complained of fatigue and was lost to follow-up, the AEs of
all other participants resolved (Supplementary Table 7). No serious AEs occurred during the study or follow-up period.
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Figure 3 Changes in outcomes over time and areas under the curves (A) Neck pain NRS; (B) arm pain NRS; (C) neck pain VAS; (D) arm pain VAS; (E) NDI; (F) NPQ. Dots
and error bars indicate mean scores and 95% confidence intervals, respectively. Missing values were added using multiple imputations.
Abbreviations: Phm-Acu, pharmacopuncture; Acu, acupuncture; UC, usual care (medication & physiotherapy); NRS, Numeric Rating Scale; VAS, Visual Analog Scale; NDI,
Neck Disability Index; NPQ, Northwick Park Questionnaire.
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Abbreviations: Phm-Acu, pharmacopuncture; Acu, acupuncture; UC, usual care (medication & physiotherapy); NRS, Numeric Rating Scale.

Discussion
The results of this pilot RCT revealed that pharmacopuncture exhibited greater effectiveness than acupuncture and usual
care in reducing pain and improving functional disability and the quality of life of patients with CDH. Regarding the
primary outcome, the NRS for neck pain at week 7 (the primary endpoint upon completion of all treatment sessions)
showed a significantly greater reduction in pain in the Phm-Acu group than that in the UC group, and the superior effects
lasted up to weeks 13 and 25 in the follow-up period (P < 0.001). Furthermore, in the time-point analysis, AUC analysis
comparing the cumulative outcomes, and survival analysis comparing the recovery rates, the Phm-Acu group showed
a faster recovery rate and maintained the reduced pain effect during the follow-up compared with the UC group,
suggesting that pharmacopuncture successfully maintained recovery state, which is crucial in the clinical management of
patients with CDH. The pain reduction also contributed to improvements in functional disability and quality of life.
Looking into the results obtained from this RCT in detail, the recruited participants comprised more women than men
(50 women [59.52%] and 34 men [40.48%]), and the average age was in the mid-40s. Regarding CDH symptom severity,
45 participants had moderate symptoms, and 39 had severe symptoms, indicating that all the participants had moderate or
severe CDH symptoms. Regarding efficacy outcomes, from baseline to week 7, the difference in the NRS for neck pain
was 4.45+1.99, 2.38+1.76, and 1.42+1.30 in the Phm-Acu, Acu, and UC groups, respectively. Considering that the MCID
derived from a previous study investigating changes in neck pain after cervical spine fusion was 2.5,*’ the improvement
after pharmacopuncture in this study was considerably greater, and acupuncture showed a similar level of improvement
to that of surgery. Thus, both interventions (pharmacopuncture and acupuncture) have clinically significant effects.
Regarding usual care, although pain improved after the intervention, compared to the baseline, the improvement fell
short of MCID. Similar improvement patterns were observed in the NRS scores of arm pain. Regarding VAS, which is an
additional pain outcome measure, the Phm-Acu group showed the most improvement in neck and arm pain between the
three group. Although the statistically significant differences in the Phm-Acu group compared to the other groups further
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support the NRS findings, they should be interpreted with consideration for the rather wide confidence interval of the
VAS results.

Considering the changes in these pain outcomes over time, the Phm-Acu group began to show significant differences
from the Acu and UC groups at weeks 3—4; thus, a treatment period of 3—4 weeks or longer is appropriate for patients
with CDH. In addition, regarding the NDI and NPQ outcome measures assessing how neck pain affects functional
disability in daily life, no significant difference was observed between the Phm-Acu and Acu groups; however, the
outcomes differed significantly between the Phm-Acu and UC groups. The results indicate that pharmacopuncture and
acupuncture achieved meaningful improvements in patients’ daily lives to a similar extent. Regarding health-related
quality of life outcomes, no significant difference was observed between the Phm-Acu and Acu groups for EQ-5D-5L
and SF-12 (PCS); however, the difference was significant between the Phm-Acu and UC groups. No significant
difference was observed between these two groups for SF-12 (MCS). However, considering that the reported MCIDs
of SF-12 (PCS) and SF-12 (MCS) were 8.1 and 4.7, respectively, the Phm-Acu group achieved clinically important
changes.* PGIC, an instrument for self-reported evaluation of global perception of improvement after treatment, also
indicated more improvement in the Phm-Acu group than that in the Acu and UC groups, and the difference was
significant up to week 25. In the AUC analysis comparing the cumulative values of these outcomes from baseline to
week 25, the Phm-Acu group showed statistically significant improvement in pain outcome measures (NRS and VAS for
neck and arm pain), functional outcome measures (NDI, NPQ), and quality of life outcome measures (EQ-5D-5L and SF-
12[PCS]) compared with the UC group. In addition, compared with the Acu group, the Phm-Acu group demonstrated
significant improvements in NRS for neck and arm pain and VAS of neck pain, indicating that the superior effects lasted
for the entire study period and not just a single time point.

Furthermore, in the survival analysis, the Phm-Acu group showed faster recovery than the other groups, and its
hazard ratio versus the UC group was 3.645 (95% CI, 1.877-7.079), indicating a higher probability of the Phm-Acu
group achieving recovery than the UC group. However, it needs to be noted that the time-to-recovery variable used in the
survival analysis was discontinuous due to weekly outcome assessments, which means it may not fully capture the
continuous nature of differences between groups. Nevertheless, the Phm-Acu group achieved faster pain reduction in the
early stage, and this superior effect was maintained up to week 25 without relapse, confirming the clinical significance of
pharmacopuncture for CDH treatment.

Safety assessment was performed through blood tests taken before and after treatment, with AEs recorded at each
visit. Seven AEs were reported in four patients having a possible or stronger causal relationship with the intervention. All
AEs involved localized pruritus or redness at the procedure site, and most cases recovered quickly. These results are
consistent with the findings of a retrospective analysis and survey on the safety of pharmacopuncture, which reported that
the AEs caused by pharmacopuncture were very low and that most were mild.*'*?

As reported in many domestic studies, pharmacopuncture therapy is used for treating musculoskeletal disorders in
most KM hospitals and clinics; moreover, it is actively applied in clinical practice as the most used treatment modality
for CDH.?*** However, few RCT studies on pharmacopuncture exist in Korea, and the quality of evidence is low in
studies that verified the effectiveness of the treatment in other countries.**** Referring to the Korean Medicine Clinical
Practice Guidelines,***> bee venom pharmacopuncture is recommended for lumbar disc herniation, and pharmacopunc-
ture treatment is also recommended for neck pain. However, it is not specifically indicated for CDH. Most studies on
pharmacopuncture for CDH treatment are case reviews; moreover, there is a lack of previous studies that can be used as
references for this study. Nevertheless, compared with the few existing studies, the pharmacopuncture in one study
evaluating pharmacopuncture and physiotherapy for chronic neck pain*® demonstrated improvement with significant
differences in the outcome measures of NRS, VAS, NPQ, EQ-5D, and SF-12 PCS, compared with the control group,
consistent with the results of our study. In all the outcomes, the degree of the differences between the Phm-Acu and UC
groups was larger in this study than that in previous studies [19, 29].

In a meta-analysis of pharmacopuncture for cervical spondylosis treatment,*® the mean difference in the VAS scores
in studies comparing pharmacopuncture therapy with acupuncture therapy was 1.79, and a similar difference was
confirmed at week 25 in this study. However, as the quality of the studies used in the meta-analysis was low, with
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a high level of heterogeneity, more follow-up studies should be conducted for meta-analysis with improved quality of
evidence.

Meanwhile, as mentioned in the introduction, the effect of pharmacopuncture is synergistic, combining the physical
stimulation of acupoints with the chemical stimulation of the pharmacopuncture solution. This multimodal mechanism
integration has led to research findings indicating that pharmacopuncture, whether as a monotherapy or part of
a combined treatment, is more effective and sustainable compared to normal saline, single acupuncture, or Chuna
therapy.*’ Furthermore, there are reports suggesting that pharmacopuncture is a more cost-effective treatment from
a societal perspective, showing faster improvement in chronic neck pain and long-term effects when compared to existing
therapeutic approaches like physical therapy.*® Pharmacopuncture offers immediate effects due to direct injection, and
it’s also a convenient treatment option for patients with digestive absorption issues or the elderly, who might find oral
medication challenging. These advantages suggest that pharmacopuncture could be a viable conservative treatment
alternative to consider before surgery in clinical practice.

To investigate the specific mechanisms of pharmacopuncture, the types of pharmacopuncture solutions used in this
study were examined. The most common type was Shinbaro2, which is frequently used for diseases, such as CDH and
lumbar spinal stenosis in clinical practice.’”*’ The anti-inflammatory and pain-relieving effects of Shinbaro2 pharma-

copuncture were confirmed in rat models,**!

and its main ingredient, GCSB-5, was also reported to have anti-
inflammatory, neuroregenerative, and cartilage protection effects.’> >* Following Shinbaro2, the next most frequently
used pharmacopuncture types were Shinbaro3 and Hwangryunhaedok-tang. Shinbaro3 uses a single medicinal herb,
Harpagophytum procumbens, which has analgesic and anti-inflammatory effects.”> Hwangryunhaedok-tang is a herbal
medicine with anti-inflammatory effects that has been commonly used for a long time and is applied not only to
musculoskeletal disorders but also to respiratory and dermatological symptoms.>® This pragmatic RCT provided valuable
insights into the clinical application of pharmacopuncture. The effectiveness observed in the pharmacopuncture group in
this study is consistent with findings from previous studies, suggesting that the reported benefits of pharmacopuncture
contributed to the observed outcomes.

However, there are a few considerations regarding pharmacopuncture therapy. The effects of pharmacopuncture can
vary somewhat depending on the type of pharmacopuncture, its extraction method (eg, distillation, pressing, ethanol,
etc)., and even the same pharmacopuncture solution can be used for various conditions.’” Therefore, future research
needs to focus on the mechanisms of action specific to each disease and pharmacopuncture type. Additionally, large-scale
multi-center studies on diverse conditions are essential to broaden its application scope. Previous studies have already
confirmed efficacy of pharmacopuncture in reducing pain in musculoskeletal disorders, promoting weight loss in obesity,
and alleviating cancer-related symptoms.*’>® Furthermore, while Republic of Korea manages the quality control of
pharmacopuncture solutions through an external herbal dispensary certification system,>” each country’s food and drug
administration (FDA) has different standards. This might make it challenging to precisely replicate the solution
production used in other regions.

This study had some limitations. First, the study design did not allow blinding of the participants and the KMD
performing the intervention owing to the nature of the intervention and the pragmatic trial design. However, this design
reflects real-world clinical settings without reducing generalizability. To minimize bias, careful interpretation of the
results is necessary, and efforts were made to reduce other potential biases by ensuring that outcome assessors were
blinded to the group allocation position of the participants. Second, as this study was conducted exclusively in KM
hospitals, other clinical settings, such as KM clinics, could not be reflected; however, this limitation arose from the need
to confirm CDH severity, such as protrusion or above, through CT or MRI scans, differentiating this study from previous
studies and improving the quality of evidence with objective and scientific data. Third, this study was an exploratory trial
with a small sample size; however, it was conducted as a multi-center trial, reflecting regional and institutional diversity.
Consequently, the results could be susceptible to confounding factors and exhibit heterogeneity across institutions,
necessitating careful interpretation. Further confirmation is required to determine whether consistent results can be
observed in other healthcare settings with larger sample sizes. Based on this study and previous research, future
investigations should focus on specifying commonly used pharmacopuncture types (eg, bee venom, Shinbaro,
Hwangryunhaedok-tang) or elucidating their mechanisms of action in different diseases, using significantly larger sample
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sizes. Fourth, there was a slight difference in the recruitment ratio between the groups, likely due to competitive
recruitment. This issue should be addressed and improved in future studies.

The significance of this study lies in being the first pragmatic RCT to evaluate the effectiveness of pharmacopuncture
for CDH in Korea and confirm its efficacy and safety in KM clinical practice in a well-designed setting. Although this
was a relatively small-scale pilot study, we utilized diverse analytical approaches to not only compare change scores at
each time point but also to analyze long-term cumulative effects, conducting follow-up observations accordingly. The
results of this study contribute to the provision of a conservative treatment option with superior and lasting efficacy for
patients with CDH based on quality evidence. Furthermore, as the study verified the relative superiority of pharmaco-
puncture against other treatment strategies, it may provide useful data and insights for follow-up studies. Future large-
scale, prospective trials that include cost-effectiveness evaluations and longitudinal treatment assessments would be
beneficial for developing KM clinical practice guidelines, and healthcare policy decisions.

Conclusion

This pilot study demonstrated that pharmacopuncture therapy exhibited greater effectiveness in reducing pain and
achieving functional recovery with improved functional outcomes in CDH than acupuncture therapy and usual care
(medication and physiotherapy). Therefore, pharmacopuncture therapy can serve as an effective and safe conservative
treatment option for CDH. Future studies should include larger sample sizes and a wide range of patient populations to
further validate our results and economic evaluation to establish health and societal utility.
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