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Purpose: Chronic lower back pain (LBP) is a major global health concern. Pharmacopuncture has been widely used to treat LBP in 
Korea; however, randomized clinical trials (RCT) or active control have not been conducted to evaluate its effectiveness. Therefore, 
this RCT aimed to compare the effectiveness of pharmacopuncture and physical therapy (PT) for the treatment of chronic LBP.
Patients and Methods: A two-arm, parallel, and multicenter RCT was conducted at four hospitals of Korean medicine. Participants with 
chronic LBP were randomly assigned at a 1:1 ratio using block randomization to undergo 10 sessions of pharmacopuncture or PT over 5 
weeks and followed up for 25 weeks. The numerical rating scale (NRS) and visual analog scale scores of LBP and radiating leg pain and the 
Oswestry disability index (ODI), 5-level EuroQol-5 dimension (EQ-5D-5L), and the patient global impression of change were recorded at 
baseline and at 6, 13, and 25 weeks. An intention-to-treat analysis was conducted as the primary analysis using a linear mixed model.
Results: One-hundred patients (mean age, 49.27 years; 58 women) were recruited. At 6 weeks after randomization, pharmacopuncture 
showed statistically superior results compared with PT in LBP (difference in NRS, 1.54; 95% CI, 0.94–2.13), function (difference in 
ODI, 4.52%; 95% CI, 0.93–8.11%), and quality of life (difference in EQ-5D-5L) scores (−0.05; 95% CI, −0.08 to −0.01). This effect 
persisted for 25 weeks. In the survival analysis for participants with at least a 50% reduction in the NRS scores of LBP during the 182- 
day follow-up, the pharmacopuncture group showed significantly faster recovery than the PT group (P<0.001, Log rank test).
Conclusion: Pharmacopuncture significantly reduced pain and improved functional outcomes and quality of life in patients with low 
back pain compared with physical therapy. Based on the findings of this study, pharmacopuncture could be recommended as 
a treatment for patients with chronic low back pain.
Keywords: low back pain, pharmacopuncture, physiotherapy, Oswestry disability index, Roland–Morris disability questionnaire, 
pragmatic randomized controlled trial

Plain Language Summary
Pharmacopuncture was more effective than physical therapy at reducing pain and improving lower back function and quality of life in 
patients with chronic lower back pain.

Introduction
Lower back pain (LBP) is a growing major global health concern. According to the 2016 Global Burden of Disease Study, 
LBP is a leading cause of disability worldwide.1 Acute LBP has a favourable prognosis, with pain alleviation being observed 
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within six weeks in most cases; however, the rate of recovery declines beyond this period. Although the severity of pain and 
disability may not be high, progression to chronic LBP occurs in approximately 40% of cases.2,3 Moreover, chronic LBP is 
associated with a high recurrence rate, with a 1-year recurrence rate of 20–44% and a lifetime recurrence rate of 85%.4

Pharmacological treatment is only recommended for patients with chronic back pain if nonpharmacological therapy is 
ineffective, while nonpharmacological therapies, such as exercise, multidisciplinary rehabilitation, and acupuncture, are 
strongly recommended in most cases.5 Patients with chronic LBP have concerns, such as frequent recurrence and chronic 
productivity loss,4,6 which increases the demand for more effective treatment options. A growing interest exists involving 
complementary and alternative medical treatments.7

Pharmacopuncture is a pharmacological therapy that combines acupuncture and herbal medicine, including the adminis-
tration of herbal medicine extracts, with acupoints.8 Acupuncture alters the abnormal default mode network of the brain in 
patients with chronic LBP, which is correlated with pain.9 It also exerts anti-inflammatory and analgesic effects via 
neuroendocrine-immune regulation.10 Pharmacopuncture has the advantage of simultaneously stimulating the acupuncture 
points and extending the therapeutic window for absorption of the pharmacopuncture solution over acupuncture.8 

Pharmacopuncture is widely used in Korea to treat spinal diseases, including back pain. The frequency and specific details 
of pharmacopuncture usage in 12 Korean medicine (KM) hospitals and clinics were investigated in 2016. The study found that 
33,145 patients received inpatient care and 373,755 patients received outpatient care at KM hospitals and clinics over a 4-year 
period. Among these patients, 32,947 inpatients (98.6%) and 289,860 outpatients (77.6%) received pharmacopuncture.11 In 
addition, a 2015 survey of KM doctors at KM institutions who specialized in musculoskeletal disorders reported that 95.9% of 
KM doctors used pharmacopuncture in patients with lumbar herniated intervertebral disc (LHID).12

Randomized controlled trials (RCTs) comparing bee venom pharmacopuncture have been conducted for chronic back 
pain; however, comparisons were made with sham in these studies.13,14 Pragmatic RCTs must be conducted to confirm 
whether pharmacopuncture can be a new treatment option for chronic back pain compared with active control. Therefore, this 
study aimed to compare the effects of pharmacopuncture, including various clinically used solutions, with those of physical 
therapy (PT). Consequently, the purpose of this pragmatic RCT was to compare the effectiveness of pharmacopuncture with 
that of PT in the treatment of chronic LBP. We hypothesized that pharmacopuncture is superior to PT for the treatment of LBP.

Materials and Methods
Study Design
This two-armed, parallel, multicenter RCT competitively recruited 100 patients from four Jaseng Hospitals of KM 
(Seoul, Daejeon, Bucheon, and Haeundae). Prior to participant recruitment, the Institutional Review Board (IRB) 
authorized the study protocol (JASENG 2021-02-012, JASENG 2021-02-013, JASENG 2021-02-014, and JASENG 
2021-02-032). Clinicaltrials.gov (NCT04833309) and Clinical Research Information Service (CRIS) were notified of the 
study protocol (KCT0006088).

Participant Schedule
The participants filled out an informed consent form (ICF) during the first visit after being informed about the purpose of 
the study by the investigator. Subsequently, screening was conducted by the investigator, and participants were enrolled 
based on the inclusion/exclusion criteria. The participants were scheduled to attend fifteen sessions, including ten 
treatment sessions (twice per week for 5 weeks). Follow-up sessions were conducted at 6, 13, and 25 weeks post- 
baseline in person or via telephone. The participants received pharmacopuncture or PT starting from the second visit, 
depending on their random assignment. The time schedule for participant enrolment, intervention, and assessment is 
presented in Supplementary Table 1 and Supplementary Figure 1.

Inclusion and Exclusion Criteria
Inclusion Criteria

● Presence of LBP for at least 6 months.
● Numerical Rating Scale (NRS) score of ≥ 5 for LBP.
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● Age of 19–70 years.
● Consent for participation with a signed ICF.

Exclusion Criteria
● Diagnosis of a severe specific disorder that may cause LBP (eg, tumor metastasis to the spine, acute fracture, or 

spinal dislocation).
● Presence of progressive neurological deficit or serious neurological symptoms.
● Pain attributable to a soft tissue disorder, but not spine disorders (eg, tumour, fibromyalgia, rheumatoid arthritis, or gout).
● Chronic disorders that may interfere with the therapeutic effect or interpretation of results (eg, stroke, myocardial 

infarction, kidney disease, diabetic neuropathy, dementia, or epilepsy).
● Ongoing intake of medications, such as steroids, immunosuppressants, psychiatric drugs, or other drugs, that may 

influence the research results.
● Conditions in which pharmacopuncture may not be appropriate or safe, including bleeding disorders, ongoing 

anticoagulant therapy, and severe diabetes that may lead to an increased risk of infection.
● History of intake of medications, such as non-steroidal anti-inflammatory drugs or pharmacopuncture within the 

past week that may affect the pain levels.
● Pregnancy, planning for pregnancy, or breastfeeding.
● History of lumbar spine surgery within the past 3 months.
● Completion of participation in another clinical trial within the past month or planned participation in another 

clinical trial within 6 months of enrolment in the present clinical trial or during the follow-up period.
● Difficulty in completing the ICF.
● Other reasons, as determined by the investigator.

Interventions
Experimental Group: Pharmacopuncture
Pharmacopuncture was performed twice a week for 5 weeks (10 sessions) in this group. Based on a previous study that 
analysed the use of pharmacopuncture through electronic medical records (EMR) from 12 KM institutions11, pharma-
copuncture was performed according to the clinical judgment of the KM doctor. The physician selected the pharmaco-
puncture solutions, acupoints, and amount depending on patient’s symptoms, severity, and area of pain. All procedure- 
related details were documented in the EMR. The pharmacopuncture methods used were reviewed retrospectively and 
recorded in a case report form (CRF) for analysis.

Control Group: PT
According to a review that used the Korean Health Insurance Review and Assessment Service (HIRA) National Patient 
Sample (NPS) dataset, various combinations of deep heat therapy, superficial heat therapy, transcutaneous electrical 
nerve stimulation, and intermittent pelvic traction therapy are used to manage LBP in clinical practice in Korea.15 These 
findings indicate that the physician selected the PT technique, treatment site, and treatment length based on patient 
symptoms, radiological findings, and level of improvement. PT was performed twice per week for 5 weeks (10 sessions). 
Details regarding the type of PT used and its length and site were recorded in the EMR. The PT methods were analysed 
retrospectively and recorded in the CRF.

Criteria for Discontinuation and Dropout
Participants were withdrawn from the study in the following cases:

● The participant was diagnosed with a disease that had not been detected during the examinations conducted prior to 
the clinical trial, which might affect the determination of the research results.

● The participant or their authorized representative requested cessation of participation, or the participant revoked his/ 
her consent.
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● The participant was confirmed to be pregnant during the study.
● Performing medical or KM procedures for LBP posed a problem for the participant.
● Other reasons, as determined by the investigator.

Concomitant Treatment
In the event of severe pain during intervention or follow-up, the use of medications and treatment at alternative medical 
facilities was permitted. The content and frequency of such treatments were documented in the CRF and analysed.

Outcomes
Primary Outcome (NRS Score of LBP)
NRS was utilized to evaluate the severity of LBP over the past week. The participants rated their level of pain on a scale 
ranging from 0 to 10 (0 = no pain; 10 = worst pain imaginable).

Secondary Outcomes
NRS Score of Radiating Leg Pain 
The intensity of radiating leg pain in the previous week was assessed using NRS, with the participants indicating 
a number from 0 to 10 that best described their pain level (0 = no pain; 10 = worst pain imaginable).

Visual Analog Scale of LBP and Radiating Leg Pain 
The visual analog scale (VAS), a method used to assess pain levels among patients, consists of a 100-mm line anchored at 
each end with “no pain” or “worst pain imaginable”. The participants marked a point on the line to indicate the LBP and 
radiating leg pain levels they experienced in the past week.

Oswestry Disability Index 
The functional status of the participants was assessed using the Oswestry disability index (ODI) questionnaire, which is 
a 10-item questionnaire developed to assess the level of disability caused by LBP. Each item was rated on a 6-point scale 
(0–5 points), with higher scores indicating a more severe disability. The official Korean version of the ODI questionnaire 
was used in the present study, which has been shown to be reliable and valid.16

Korean Version of the Roland–Morris Disability Questionnaire 
The Korean version of the Roland–Morris disability questionnaire (RMDQ) is a tool often used to assess the functional 
status associated with LBP. It comprises 24 items that help identify the limitations in normal activities caused by LBP. 
The official Korean version of RMDQ was used in the present study, which has been shown to be reliable and valid.17

Patient Global Impression of Change 
The Patient Global Impression of Change (PGIC) is a 7-point scale used to subjectively assess the level of improvement 
perceived by the patient with each score indicating the following: 1, significant improvement; 2, marked improvement; 3, 
minimal improvement; 4, no change; 5, minimal worsening; 6, marked worsening; and 7, significant worsening.18

Short-Form-12 Health Survey Version 2 
The short-form-12 health survey (SF-12) is a questionnaire designed to assess health-related QoL based on 12 items in 
eight domains: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role- 
emotional, and mental health. It typically requires less than 5 minutes to complete, with higher scores indicating better 
health-related QoL. This study utilized the Korean version of SF-12, whose reliability and validity have been 
demonstrated.19

Five-Level EuroQol-5 Dimension 
The 5-level EuroQol-5 dimension (EQ-5D-5L) is one of the most widely used methods to indirectly assess certain health 
states related to the QoL using a pre-assigned preference score for each functional level after a multidimensional 
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investigation of these health states. The EQ-5D-5L comprises five questions related to mobility, self-care, usual activities, 
pain, and anxiety/depression. Weights are assigned to each item, and these weights and constant numbers are used to 
calculate the preference score.20 The Korean-adapted version was used in the present study, which has been shown to be 
reliable and valid.20

Credibility and Expectancy Scale (CES) 
The treatment expectancy of the participants was assessed using a 9-point Likert scale. During the enrolment visit, the 
participants were instructed to choose a score corresponding to the question, “to what extent do you think pharmaco-
puncture and PT can reduce your symptoms?” (1 = not at all, 5 = somewhat, and 9 = very much).

Drug Consumption 
The types and doses of rescue medications consumed for LBP during the study period were investigated using 
a questionnaire survey during each visit. For PT or injection therapies, the frequency of such treatments was recorded, 
in addition to the drugs consumed.

AEs 
For safety assessment, the following clinical pathology tests were performed at the start and end of the treatment period: 
complete blood count, liver function tests (aspartate transaminase, alanine transaminase, and alkaline phosphatase), blood 
urea nitrogen, creatinine, erythrocyte sedimentation rate, and C-reactive protein.

AEs were recorded based on the symptoms reported by the patients and observed by the investigators. The 
frequency of suspected AEs, abnormal laboratory values, and serious AEs associated with the intervention were 
analysed. The causality of AEs related to the intervention was assessed on a 6-point scale based on the WHO-Uppsala 
Monitoring Centre causality assessment system (1 = definitely related, 2 = probably related, 3 = possibly related, 4 = 
probably not related, 5 = definitely not related, and 6 = unknown). Spilker’s classification categorizes the severity of all 
adverse events into three levels: mild (1): No treatment is required, and the AE does not significantly impair the 
participant’s normal life (function); moderate (2): AE significantly impairs the participant’s normal life (function), may 
necessitate treatment, and can recover after treatment; and severe (3): AE necessitates advanced treatment and may 
have aftereffects.

Sample Size Calculation
A pilot study comparing the effectiveness of pharmacopuncture and PT in patients with chronic LBP was conducted prior 
to the present study. The pilot study revealed that at the primary endpoint (immediately after 5 weeks of intervention), the 
mean difference in the NRS score of LBP between the PTT and PT groups was 1.37±1.94 points, and Cohen’s d was 
0.71. The correlation between baseline and endpoint was 0.53 21, and based on the assumption of a 95% significance 
level and 90% power, the minimum sample size required was 64. Assuming a dropout rate of 30% and considering that 
participants were being recruited from four institutions, a total of 100 participants were recruited.

Recruitment
The participants in this clinical trial were recruited through press releases about the trial, promotional posters posted 
inside the participating research centres, and recruitment announcements posted on the internet.

Randomization and Allocation Concealment
The randomization table generated by a statistician using R studio 1.1.463 (© 2009–2018 RStudio, Inc.) was used to 
allocate the same number of participants to the two groups (n=50 each). A random sequence was generated using block 
randomization, with the size of each block set at random between 2 and 4. A third party unrelated to the study sealed the 
generated randomization results in an opaque envelope and placed them in a double-locked locker. The person in charge 
at each participating centre opened the randomization envelope to assign each participant to the group.
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Blinding
Due to the evident differences between the interventions performed in the two groups in the present study, double- 
blinding was impossible, and only the assessor was blinded. Prior to the intervention, an assessment was conducted in 
a distinct area by a professional resident who was blinded to group assignment.

Data Collection and Management
The present study used an electronic CRF (e-CRF) operated by the Korea Disease Control and Prevention Agency. The 
investigator of the lead research centre provided the standard operating procedure (SOP) for completing the CRF and data 
entry to train the assessors and investigators at each institution. Queries were generated for a range check for data values, while 
data entered into the e-CRF were locked after cleaning. Data access was restricted to all investigators except the data manager.

Statistical Methods
ITT and per-protocol (PP) analyses were conducted in this study, with ITT analysis serving as the primary analysis. The 
participants who received at least seven treatment sessions during the 5-week intervention period were analysed 
separately for the PP analysis.

The current study’s effectiveness endpoint was the difference between the two groups in the change in continuous 
outcomes (NRS, VAS, NDI, NPQ, EQ-5D-5L, and SF-12 scores) at multiple points in time relative to the baseline. For 
the primary analysis, a linear mixed model was implemented with the baseline value of each variable and covariant 
factors, with statistically significant baseline differences between the treatment groups set as covariant factors. The 
assigned group was fixed as a factor. The analysis of covariance (ANCOVA) was then conducted on the multiple 
imputation (MI) and the last observation carried forward (LOCF) data sets.

To compare the total difference in each outcome within the period (the intervention period and the entire study period) 
for both groups, the area under the curve (AUC) was calculated for each time point since randomization, and Student’s 
t-test was performed for comparison. In addition, a comparative analysis was performed for participants with at least 
a 50% reduction in pain indicators (NRS and VAS scores) at each time point relative to the baseline. Kaplan–Meier 
survival analysis was used to compare the time required to achieve recovery from LBP, which was indicated by at least 
a 50% reduction in pain indicators since randomization, and the curves were compared using the Log rank test. The Cox 
proportional hazards model was used to compare hazard ratios (HRs).

Missing data for the linear mixed model were handled using a mixed model for repeated measures (MMRM). For 
AUC and ANCOVA, missing data were processed using MI. The outcomes of the survival analysis were analysed after 
incomplete values were censored. During the sensitivity analysis, missing values were replaced with the LOCF, and the 
normality of the data distribution was examined subsequently. The Wilcoxon rank sum test was utilized for the primary 
analysis of nonparametric distributions.

For each group, sociodemographic characteristics and treatment expectations of the participants were evaluated. 
Depending on the distribution, continuous variables are expressed as mean and standard deviation (SD) or median and 
quartile, and differences between the groups are analysed using Student’s t-test or Wilcoxon rank sum test. The chi- 
square test or Fisher’s exact test was utilized to examine categorical variables expressed as frequency and percen-
tage (%).

All statistical analyses were performed using SAS (version 9.4; SAS Institute, Inc., Cary, NC, USA) or R studio 
1.1.463 (2009–2018 RStudio, Inc.). Statistical significance was set at P<0.05.

Data Monitoring
The clinical trial monitor supervised the clinical trial process and regularly reviewed and verified that the trial was 
conducted and recorded in accordance with the protocol, SOP, Good Clinical Practice, and relevant guidelines. The 
clinical trial was monitored through internal monitoring by the research centre and the supporting institutions through 
regular visits by the investigators or via telephone. During the visits, the monitor checked the original records of the 
participants and data storage. In addition, the monitor closely observed the clinical trial process and discussed any 
problems with investigators.
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Results
Participant Flow
A total of 245 patients were screened between April and September 2021, among whom 100 candidates were enrolled and 
randomly assigned to the pharmacopuncture and PT groups (n=50 each). One participant in the PT group withdrew consent 
during the intervention period. Thus, 99 patients were followed up for 25 weeks, except for one patient who withdrew consent. 
ITT analysis was performed using data from 50 participants each in the pharmacopuncture and PT groups, whereas PP analysis 
was performed using data from 50 participants in the pharmacopuncture group and 48 participants in the PT group who had 
received at least seven sessions of treatment during the 5-week intervention period (Figure 1).

Baseline Characteristics
No significant differences were observed in the baseline characteristics, except for age, between the pharmacopuncture and PT 
groups (n=50 each). The mean participant age in the pharmacopuncture and PT groups was 51.60 ± 10.92 and 46.94 ± 12.44 

Figure 1 Flow chart of the study. 
Abbreviations: PPT, pharmacopuncture therapy; PT, physical therapy.
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years, respectively (P = 0.049; Table 1). Thirty (60.0%) and 28 (56.0%) participants were females in the pharmacopuncture 
and PT groups, respectively. The participants had chronic LBP for 29.62 ±43.8 months since the onset of LBP in the 
pharmacopuncture group and 43.42±75.81 months in the PT group (P=0.269). No significant difference was observed in the 
NRS score of LBP at baseline (6.42±0.93 in the pharmacopuncture group and 6.30±0.84 in the PT group).

Treatment
Forty-four patients (88%) received all 10 treatment sessions in the pharmacopuncture group, whereas 37 (74%) received 
all 10 treatment sessions in the PT group. Fifty (100%) patients in the pharmacopuncture group and 46 (92%) patients in 
the PT group received more than eight treatment sessions (Supplementary Table 2).

Table 1 Baseline Characteristics of the Patients

Variable Pharmacopuncture 
(N=50)

PT (N=50) P value

Sex Male 20 (40.0%) 22 (44.0%) 0.839

Female 30 (60.0%) 28 (56.0%)

Age (years) 51.60 ± 10.92 46.94 ± 12.44 0.049

Age category 20s 3 (6.0%) 3 (6.0%) 0.074

30s 4 (8.0%) 15 (30.0%)

40s 13 (26.0%) 11 (22.0%)

50s 17 (34.0%) 10 (20.0%)

60s 13 (26.0%) 11 (22.0%)

Symptom 

severity

Moderate 25 (50.0%) 22 (44.0%) 0.759

Severe (not requiring 

treatment)

14 (28.0%) 14 (28.0%)

Severe (requiring treatment) 11 (22.0%) 14 (28.0%)

Height 165.52 ± 8.78 166.26 ± 9.65 0.687

Weight 66.50 ± 12.10 66.36 ± 16.55 0.962

BMI (kg/m2) 24.12 ± 2.69 23.76 ± 4.20 0.609

NRS score LBP 6.42 ± 0.93 6.30 ± 0.84 0.499

Radiating leg pain 3.44 ± 2.87 3.28 ± 2.81 0.779

VAS score LBP 67.30 ± 9.76 65.78 ± 8.29 0.403

Radiating leg pain 36.28 ± 29.93 33.28 ± 28.87 0.611

ODI 28.97 ± 12.55 30.08 ± 12.44 0.656

RMDQ score 5.80 ± 4.69 5.92 ± 4.14 0.892

EQ-5D-5L score 0.71 ± 0.15 0.73 ± 0.12 0.481

SF-12 PCS 41.78 ± 6.45 41.02 ± 4.95 0.508

MCS 46.37 ± 7.01 45.14 ± 10.37 0.486

Notes: Data are expressed as mean ± standard deviation or number (%). Between-group comparisons of continuous variables were performed using an 
independent t-test, whereas between-group comparisons of categorical variables were performed using the chi-square test or Fisher’s exact test. 
Abbreviations: BMI, body mass index; EQ-5D-5L, 5-level EuroQol-5-dimension instrument; MCS, mental component score; NRS, numeric rating 
scale; ODI, Oswestry disability index; LBP, low back pain; PCS, physical component score; PT, physical therapy; RMDQ, Roland–Morris disability 
questionnaire; SF-12, 12-item short-form health survey; VAS, visual analog scale.
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The most frequently used treatments in the pharmacopuncture group, in decreasing order, were Shinbaro 2, hwangryun-
haedok-tang, Shinbaro 1, harpagophytum procumbens, hominis placenta, jungsongouhyul, and muscle relaxation, with an 
average of 1.92±0.75 types of pharmacopuncture used during each visit. The total dose of pharmacopuncture, depending on 
the type of pharmacopuncture, ranged from 1.00–1.71 mL (Supplementary Table 3). Pharmacopuncture was performed at the 
acupoints of the lower back such as BL23, GV40, BL52, BL25, EX-B2, BL26, GV3, and CV2. However, it was also 
performed on the acupoints of the hip, such as GB30, lower extremities, such as BL58, and upper extremities, such as PC6 and 
TE5 (Supplementary Table 4).

The most frequently used treatments in the PT group, in decreasing order, were interferential current therapy, deep 
heat therapy, superficial heat therapy, laser therapy, transcutaneous electrical nerve stimulation, and extracorporeal shock 
wave therapy, which is consistent with the frequently used PT described by the 2014 Korean HIRA NPS data.15 In the PT 
group, an average of 2.20±0.51 types of PT were used during each visit (Supplementary Table 2). PT was mainly 
performed on the lower back and hip, and it was performed for 5–15 minutes depending on the type of PT 
(Supplementary Table 2).

Primary and Secondary Outcomes
The analyses at different time points using a linear mixed model by MMRM revealed that pharmacopuncture had 
statistically significantly superior effectiveness at the primary endpoint (week 6) as measured by the NRS score of 
LBP, NRS score of radiating leg pain, VAS score of LBP, VAS score of radiating leg pain, ODI, RMDQ, EQ-5D, 
and PGIC scores (difference in LBP NRS score, 1.54; 95% CI, 0.94–2.13; RP NRS score, 1.01; 95% CI, 0.38–1.63; 
LBP VAS score, 16.96; 95% CI, 10.96–2.96; RP VAS score, 11.37; 95% CI, 5.23–17.50; ODI, 4.52; 95% CI, 0.93– 
8.11, RMDQ, 1.51; 95% CI, 0.42–2.60, EQ-5D, −0.05; 95% CI −0.08 to −0.01) and PGIC, 0.97; 95% 
CI 0.60–1.34).

At the 13-week follow-up, there were statistically significant differences in the NRS score of LBP, NRS score of 
radiating leg pain, VAS score of LBP, VAS score of radiating leg pain, ODI, and PGIC scores between the two groups 
(difference in LBP NRS score, 1.35; 95% CI, 0.76–1.94; RP NRS score, 0.74; 95% CI, 0.11–1.37; LBP VAS score, 
15.03; 95% CI, 8.78–21.29; RP VAS score, 8.47; 95% CI, 2.13–14.81; ODI, 4.36; 95% CI, 0.77–7.95, and PGIC, 0.65; 
95% CI 0.28–1.02).

Moreover, the pharmacopuncture and PT groups also showed statistically significant differences in the NRS score of LBP, 
NRS score of radiating leg pain, VAS score of LBP, ODI, RMDQ, EQ-5D, and PGIC scores at the 25-week follow-up (difference 
in LBP NRS score, 1.63; 95% CI, 1.04–2.23; RP NRS score, 0.96; 95% CI, 0.33–1.59; LBP VAS score, 16.97; 95% CI, 
10.24–23.71; ODI, 5.71; 95% CI, 2.12–9.30, EQ-5D, −0.04; 95% CI −0.08 to −0.01 and PGIC, 0.55; 95% CI 0.18–0.92) (Table 2, 
Figure 2). In addition, the pharmacopuncture group also showed more favorable outcomes in the ANCOVA analysis set with 
missing values substituted by MI and LOCF (Supplementary Tables 5 and 6, respectively) and the PP analysis set for patients who 
received more than seven treatment sessions over 5 weeks (Supplementary Table 7). In particular, the NRS and VAS scores of 
LBP showed significant differences in the effectiveness maintained at 25 weeks between both groups, regardless of the analysis 
method.

On analyzing the 25-week cumulative values of each outcome using AUC, the pharmacopuncture group showed 
statistically significantly superior effectiveness as measured by the NRS score of LBP, NRS score of radiating leg pain, 
VAS score of LBP, VAS score of radiating leg pain, ODI, and EQ-5D scores compared with those of the PT group (AUC 
difference in LBP NRS, −31.29; 95% CI, −45.20 to −17.39; RP NRS score, −20.19; 95% CI, −34.81 to −5.57; LBP VAS 
score, −358.45; 95% CI, −500.08 to −216.82; RP VAS score, −222.75; 95% CI, −368.70 to −76.81; ODI, −85.80; 95% 
CI, −145.54 to −26.06, and EQ5D, 0.66; 95% CI 0.06–1.27) (Table 3).

Survival Analysis
In the survival analysis of participants with at least a 50% reduction in the NRS score of LBP during the 182 days of 
observation, the median time to recovery was 28 (95% CI: 22–38) and 171 (95% CI: 87–NA) days from randomization in 
the pharmacopuncture and PT groups, respectively. The Log rank test results showed significantly faster recovery in the 
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Table 2 Intention-to-Treat Analysis Using Mixed Model Repeated Measures

Outcome Week 6 Week 13 Week 25

NRS score for LBP Pharmacopuncture 2.80 (2.39 to 3.22) 2.64 (2.23–3.06) 2.46 (2.05–2.88)
PT 4.34 (3.92–4.76) 3.99 (3.57–4.41) 4.09 (3.68–4.51)

Difference 1.54 (0.94–2.13) 1.35 (0.76–1.94) 1.63 (1.04–2.23)
P value <0.001 <0.001 <0.001

NRS score for radiating leg pain Pharmacopuncture 1.40 (0.96–1.83) 1.44 (1.00–1.87) 1.34 (0.90–1.77)
PT 2.40 (1.96–2.84) 2.18 (1.73–2.62) 2.30 (1.85–2.74)

Difference 1.01 (0.38–1.63) 0.74 (0.11–1.37) 0.96 (0.33–1.59)
P value 0.002 0.021 0.003

VAS score for LBP Pharmacopuncture 28.00 (23.81–32.19) 24.48 (20.13–28.82) 22.67 (17.88–27.46)
PT 44.96 (40.72–49.20) 39.51 (35.08–43.94) 39.65 (34.97–44.33)

Difference 16.96 (10.96–22.96) 15.03 (8.78–21.29) 16.97 (10.24–23.71)

P value <0.001 <0.001 <0.001

VAS score for radiating leg pain Pharmacopuncture 13.44 (9.16–17.72) 12.55 (8.14–16.97) 14.10 (9.32–18.88)
PT 24.81 (20.47–29.15) 21.02 (16.53–25.52) 20.76 (16.06–25.46)

Difference 11.37 (5.23–17.50) 8.47 (2.13–14.81) 6.66 (−0.08–13.41)

P value <0.001 0.009 0.053

ODI Pharmacopuncture 18.71 (16.20–21.22) 16.48 (13.97–18.99) 14.78 (12.27–17.29)
PT 23.22 (20.69–25.76) 20.84 (18.30–23.37) 20.49 (17.95–23.03)
Difference 4.52 (0.93–8.11) 4.36 (0.77–7.95) 5.71 (2.12–9.30)

P value 0.014 0.018 0.002

RMDQ score Pharmacopuncture 3.22 (2.46–3.99) 2.98 (2.22–3.75) 2.52 (1.76–3.29)
PT 4.73 (3.96–5.50) 3.59 (2.82–4.36) 4.08 (3.31–4.85)
Difference 1.51 (0.42–2.60) 0.61 (−0.49–1.70) 1.56 (0.46–2.65)

P value 0.007 0.274 0.005

EQ-5D-5L sore Pharmacopuncture 0.80 (0.78–0.83) 0.81 (0.78–0.83) 0.84 (0.81–0.86)
PT 0.76 (0.73–0.78) 0.78 (0.75–0.80) 0.79 (0.77–0.82)
Difference −0.05 (−0.08 to −0.01) −0.03 (−0.07 to 0.00) −0.04 (−0.08 to −0.01)

P value 0.008 0.076 0.013

SF-12 (PCS) Pharmacopuncture 45.95 (44.40–47.51) 47.83 (46.28–49.39) 47.44 (45.89–48.99)
PT 44.13 (42.56–45.70) 46.12 (44.55–47.69) 45.92 (44.35–47.49)

Difference −1.82 (−4.05 to 0.40) −1.71 (−3.94 to 0.51) −1.52 (−3.74 to 0.71)
P value 0.107 0.131 0.18

SF-12 (MCS) Pharmacopuncture 49.98 (47.97–51.98) 48.49 (46.49–50.50) 50.53 (48.53–52.53)
PT 47.73 (45.71–49.76) 48.44 (46.41–50.46) 50.67 (48.65–52.69)

Difference −2.24 (−5.11 to 0.62) −0.06 (−2.92 to 2.81) 0.14 (−2.72 to 3.01)
P value 0.124 0.968 0.923

PGIC score Pharmacopuncture 2.13 (1.87–2.38) 2.43 (2.17–2.68) 2.41 (2.15–2.66)
PT 3.10 (2.84–3.36) 3.08 (2.82–3.34) 2.95 (2.69–3.21)

Difference 0.97 (0.60–1.34) 0.65 (0.28–1.02) 0.55 (0.18–0.92)

P value <0.001 <0.001 0.004

Notes: Effectiveness was measured as a reduction in scores relative to their baseline. Differences between the groups were analysed using a linear mixed 
model with age and baseline values as adjustments. The primary endpoint was week 6. Estimates for each group and the differences between the groups in the 
decrease at each time point are presented with confidence intervals of 95%. 
Abbreviations: EQ-5D-5L, 5-level EuroQol-5-dimension instrument; MCS, mental component score; NRS, numeric rating scale; ODI, Oswestry disability 
index; LBP, low back pain; PCS, physical component score; PGIC, patient global impression of change; PT, physical therapy; RMDQ, Roland–Morris disability 
questionnaire; SF-12, 12-item short-form health survey; VAS, visual analog scale.
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pharmacopuncture group than that in the PT group (P<0.001). The HR for participants with at least a 50% reduction in 
the NRS score of LBP during the 182 days of observation was 2.62 (95% CI: 1.56–4.40), which was more favorable than 
that in the pharmacopuncture group (P<0.001; Figure 3).

Figure 2 Changes in the outcomes over time and AUCs. (A) Numeric rating scale for low back pain; (B) Numeric rating scale for leg pain; (C) Visual analog scale for low 
back pain; (D) Visual analog scale for low back pain; (E) Oswestry disability index; (F) Roland–Morris disability questionnaire. The dots show the mean scores. Multiple 
imputation was used to handle missing values. AUCs were obtained by applying the trapezoidal rule to the PPT and PT data. Between-group comparisons of AUCs were 
analysed using independent t-tests. 
Abbreviations: AUC, area under the curve; PPT, pharmacopuncture therapy; PT, physical therapy.
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Subgroup Analysis
In the subgroup analysis on the effects of sex, age, body mass index (BMI), severity of symptoms, baseline NRS score of 
LBP, baseline NRS score of radiating leg pain, ODI, RMDQ, EQ-5D-5L, SF-12 (physical component score), SF-12 

Table 3 AUCs of Outcomes According to the Treatment

Outcome Pharmacopuncture PT Difference (95% CI) P value

NRS score for LBP 66.09 (56.50–75.68) 97.38 (87.76–107.01) −31.29 (−45.20 to −17.39) <0.001

NRS score for radiating leg pain 34.73 (24.66–44.81) 54.92 (44.79–65.06) −20.19 (−34.81 to −5.57) 0.007

VAS score for LBP 637.75 (539.51–735.99) 996.20 (897.93–1094.46) −358.45 (−500.08 to −216.82) <0.001

VAS score for radiating leg pain 323.99 (223.57–424.41) 546.74 (445.35–648.14) −222.75 (−368.70 to −76.81) 0.003

ODI 308.18 (267.05–349.31) 393.98 (352.50–435.45) −85.80 (−145.54 to −26.06) 0.005

RMDQ score 53.28 (40.60–65.97) 71.51 (58.70–84.33) −18.23 (−36.67–0.22) 0.053

EQ-5D-5L score 15.56 (15.14–15.98) 14.90 (14.48–15.32) 0.66 (0.06–1.27) 0.033

SF-12 (PCS) 901.96 (877.12–926.80) 872.23 (847.17–897.29) 29.74 (−6.37 to 65.85) 0.105

SF-12 (MCS) 941.97 (909.82–974.12) 938.17 (905.72–970.62) 3.80 (−42.92 to 50.51) 0.872

Notes: The AUC was obtained using the trapezoidal rule. The differences between the groups were analysed using independent t-tests. Missing values were calculated 
through multiple imputation. The AUC estimates for each group and the differences between the groups are presented with 95% confidence intervals. 
Abbreviations: AUC, area under the curve; CI, confidence interval; EQ-5D-5L, 5-level EuroQol-5-dimension instrument; MCS, mental component score; NRS, numeric 
rating scale; ODI, Oswestry disability index; LBP, low back pain; PCS, physical component score; PT, physical therapy; RMDQ, Roland–Morris disability questionnaire; SF-12, 
12-item short-form health survey; VAS, visual analog scale.

Figure 3 Cumulative incidence curves of recovery according to the group. Recovery was defined as a 50% reduction from baseline in the NRS score for LBP. Each group’s 
cumulative incidence curve for recovered events was calculated. In the table below the graph, the number of patients who did not recover at the corresponding time points 
is recorded. The median time to recovery in the PPT and PT groups was 28 (95% CI: 22–38) and 171 (95% CI: 87–NA) days, respectively (P0.001, Log rank test). The HR for 
participants with at least a 50% reduction in the NRS score of LBP during 182 days of observation was 2.62 (95% CI: 1.56–4.40), which was more favorable than that in the 
PPT group (P<0.001). 
Abbreviations: CI, confidence interval; HR, hazard ratio; PPT, pharmacopuncture therapy; PT, physical therapy; LBP, low back pain; NRS, numeric rating scale.
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(mental component score), and current work status on the improvement of NRS score of LBP, the participants with 
a baseline NRS score of ≥4 for radiating leg pain showed greater improvement in the NRS score of LBP than their 
counterparts. However, other factors had no significant effects on pain reduction (Supplementary Figure 1).

AEs
A case of intervention-related AE was reported in the pharmacopuncture group. One participant in the pharmacopuncture group 
experienced localized itching at the treatment site. The participant was prescribed one tablet (Cetirizine) per day for 6 days until 
the symptoms disappeared. The severity of this AE was determined to be moderate as only the administration of medications was 
required to relieve the symptoms. There was no reported case of intervention-related severe adverse events (SAE).

Discussion
An RCT conducted on patients with LBP revealed that acupuncture treatment combined with Calculus Bovis, Fel Ursi, and 
Moschus pharmacopuncture as add-ons was significantly more effective than acupuncture alone.22 In addition, another RCT on 
the efficacy of bee venom pharmacopuncture for LBP reported that bee venom pharmacopuncture was significantly superior in 
reducing pain and improving function than sham bee venom pharmacopuncture.13,14 Moreover, a three-arm RCT on the 
effectiveness of pharmacopuncture for LHID revealed that jungsongouhyul pharmacopuncture had superior therapeutic efficacy 
compared with those of acupuncture or bee venom pharmacopuncture in the early stage of the treatment; however, bee venom 
pharmacopuncture demonstrated the most superior efficacy over time.23 Furthermore, the group that received integrative KM 
treatment with soyem pharmacopuncture as an add-on for LHID showed significantly lower VAS scores of LBP than the 
controls24, whereas an RCT on integrative KM treatment with add-on Shinbaro pharmacopuncture also showed that combination 
therapy had greater efficacy than control treatment.17 Previous RCTs have used placebo or add-on treatments; however, no 
pragmatic RCTs with a wide range of interventions reflecting actual clinical settings have been reported.

In the present study, compared with PT, pharmacopuncture significantly improved pain indicators, functional outcomes, and 
QoL after 5 weeks of treatment, and this effect persisted for up to 25 weeks. In the survival analysis of the participants with at 
least a 50% reduction in the NRS score of LBP during the 182 days of observation, the pharmacopuncture group showed 
significantly faster recovery than the PT group. On analysing the 25-week cumulative values of each outcome using AUC, the 
pharmacopuncture group showed significantly superior effectiveness as indicated by the NRS score of LBP, NRS score of 
radiating leg pain, VAS score of LBP, VAS score of radiating leg pain, ODI, and EQ-5D scores compared with those of the PT 
group. Thus, pharmacopuncture enabled faster recovery from LBP than standard treatment, and its therapeutic effect was 
sustained for up to 25 weeks.

The minimal clinically important difference (MCID) in the NRS score of LBP has been reported to be 1.0–2.0 25. In 
the present study, the mean difference in the pain NRS score at the primary endpoint (6 weeks) was approximately 1.54, 
indicating an improvement exceeding the MCID. This finding suggests that pharmacopuncture has statistically significant 
effects on LBP and induces clinically significant differences in pain NRS compared with standard treatment. However, 
the MCID of RMDQ is 4–5, and that of ODI is 8–17,26 and this study did not show an effect beyond this MCID.

The primary mechanism of action of pharmacopuncture may involve the interaction between the mechanical character-
istics of acupoint stimulation and the chemical stimulation of the injected solution.8 Acupuncture exerts anti-inflammatory and 
analytical actions via a neuroendocrine-immune regulating mechanism, thereby improving an abnormal brain default mode 
network correlated with pain in patients with chronic low back pain.9,10 Pharmacopuncture involves the simultaneous 
application of physical (eg, irrigation and hydrodissection) and chemical stimulation of the pharmacological action of the 
pharmacopuncture solution.8 In decreasing order, the most frequently used types of pharmacopuncture in this study included 
Shinbaro 2, hwangryunhaedok-tang, Shinbaro 1, harpagophytum procumbens, hominis placenta, jungsongouhyul, and muscle 
relaxation. This finding is consistent with the results of a questionnaire survey conducted by clinicians in Korea who treated 
lumbar spinal stenosis27 and cervical disc herniation28 in spine-specialty hospitals. Shinbaro 2, which comprises nine herbal 
medicinal ingredients is used to relieve pain or treat inflammation in musculoskeletal disorders.29 Shinbaro 1 (GCSB-5) 
comprises six herbal medicinal ingredients, of which five ingredients are also included in Shinbaro 2. GCSB-5 is frequently 
used to treat neuropathy and inflammation, including arthritis.30 In addition, harpagophytum procumbens has been reported to 
be effective in alleviating major clinical symptoms caused by osteoarthritis31 and acute LBP32. Harpagophytum procumbens 
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functions by inducing the migration of interleukins and leukocytes to the site of pain and inflamed joints. Interestingly, it has 
been found to be effective for the treatment of inflammatory diseases, due to its anti-inflammatory and peripheral analgesic 
properties,33–35 and spinal stenosis, a severe spinal disorder.36

A retrospective review on the safety of pharmacopuncture showed that the incidence of adverse events (AEs) 
associated with pharmacopuncture among 80,523 patients who received pharmacopuncture was low, and most AEs 
were not severe.37 In this study, one case of AE was reported in the pharmacopuncture group. The participant 
experienced localized itching at the site of treatment. However, the symptoms disappeared after the administration of 
oral medication. There were no reported cases of intervention-related SAE.

The limitations of this study are as follows. Blinding of both investigators and participants was impossible owing to 
the obvious differences in the interventions used in the two groups. To overcome this limitation, an investigator who did 
not participate in the intervention and was blinded to group allocation assessed the outcomes to minimize bias. Moreover, 
as the effectiveness of pharmacopuncture was maintained for up to 25 weeks in this study, further follow-up was not 
performed; thus, the long-term therapeutic effects could not be verified. The participating centers in this study did not 
include any clinics, which might have prevented sufficient reflection of the actual clinical settings. This aspect might 
have affected the pragmatic design of the study.

Since the type of pharmacopuncture solution was not determined in advance for the current clinical study, a variety of 
pharmacopuncture solutions were used. The physical effects of pharmacopuncture were similar regardless of the type of 
pharmacopuncture solution; however, the chemical effects may have varied. In the future, it will be more significant if 
clinical studies confirm which pharmacopuncture solution is most effective for chronic LBP. In addition, since patients 
with chronic back pain frequently experience recurrence of symptoms, it was necessary to confirm the effect on long- 
term recurrence. However, although follow-up observation was performed for 25 weeks in this study, the time-point until 
which the long-term effect was maintained could not be verified. A longer-term follow-up is required in future studies.

The present study is significant in that it is the first pragmatic RCT on the effectiveness of pharmacopuncture for LBP. 
In the present study, a broad range of patients with chronic LBP were recruited, regardless of radiological findings. The 
physicians were allowed to administer the treatment by freely choosing the type of pharmacopuncture or PT according to 
their clinical judgment based on the symptoms and radiological findings identified in actual outpatient practice without 
being provided specific details about the treatment. These aspects make the present study more pragmatic than the 
previous RCTs on pharmacopuncture. The present study is significant in that it presented the possibility of offering 
patients with chronic back pain a new treatment option.

Conclusion
The present study compared the effectiveness of pharmacopuncture for LBP with that of standard treatments widely used 
in Korean medicine clinical practice. In patients with LBP, pharmacopuncture administered for 5 weeks significantly 
reduced pain and improved functional outcomes and quality of life compared with PT administered for up to 25 weeks. 
Based on the findings of this study, pharmacopuncture could be recommended as a suitable treatment for patients with 
chronic LBP.
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