
ORIGINAL ARTICLE
Nonsurgical Integrative Treatments for
Symptomatic Degenerative Lumbar
Spondylolisthesis: A Multinational
Randomized Controlled Clinical Trial
Kiok Kim, KMD, PhD; Dan Yan, BS; Brent A. Bauer, MD; Jung-Chul Choi, MD;
Zhen Wang, PhD; Jae Eun Jung, MD; Jaehong Kim, MBA; Tae-Hun Kim, KMD, PhD;
Jason S. Eldrige, MD; William D. Mauck, MD; Benjamin D. Holmes, DC, PhD;
Sara E. Bublitz, MAcOM; Myunghoon Seo, BS; and Wenchun Qu, MD, PhD
Abstract

Objective: To evaluate the safety and effectiveness of a novel nonsurgical integrative treatment,
Mokhuri Chuna (MC), in patients with symptomatic degenerative lumbar spondylolisthesis (DLS).
Patient and Methods: This multinational randomized controlled trial was conducted at Mokhuri
Oriental Medicine Hospital, Seoul, South Korea, and Mayo Clinic, Rochester, Minnesota, from June
2017, to December 2022. Patients with symptomatic DLS were randomized 1:1 by study site to receive
MC or standard care (SC) twice weekly for 5 weeks, followed by a 96-week posttreatment evaluation
period. The primary endpoint was change in back pain (VAS). Secondary endpoints included changes
in leg pain (VAS), physical function (ODI), health-related quality of life (EQ-5D), walking capacity,
and safety. Patients were evaluated at baseline (Week 1), weekly during Week 2 through 6, and at 7,
18, 30, 54, and 102 weeks. Data analysis was performed in April 2024.
Results: In the randomized cohort of 115 patients (mean � SD age, 59.97�10.96 years; 56 females
[48.7%]), 58 patients were assigned to MC and 57 to SC. Baseline characteristics were comparable
between groups. In themodified intention-to-treat analysis of 112 patients (56 per group), theMC group
showed significant improvements in back pain (e10.27; 95% CI,e19.22 to e1.32; P¼.02) and leg pain
(e11.91; 95%CI,e21.15 toe2.68; P¼.01) compared with the SC group. No significant differences were
observed inODI, EQ-5D, or walking capacity. No treatment-related serious adverse events were reported
in either group.
Conclusion: In patients with symptomatic DLS, MC was safe and more effective than SC for relieving
back and leg pain, offering a promising nonsurgical treatment option.
Trial Registration: clinicaltrials.gov Identifier: NCT03107468
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D egenerative lumbar spondylolis-
thesis (DLS) is a common spinal
condition whereby a lumbar

vertebra subluxates due to chronic degener-
ation, without any pars interarticularis
defect.1 It predominantly occurs in adults,
with an estimated prevalence of 11.5%
and a male-to-female ratio of 1:3 in the
community-based US population. Although
only approximately 10% of patients with
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DLS are symptomatic, more than 50% of pa-
tients with symptomatic DLS experience
considerable low back pain, sensory depri-
vation, muscle weakness, stiffness in the
lower limbs, difficulty with walking or
standing, and, in severe cases, bowel or
bladder dysfunction.2-4 A 2-year cost-
utility study estimated the socioeconomic
burden of minimally invasive transforami-
nal lumbar interbody fusion for lumbar
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spondylolisthesis to be $30,000 to $70,000
per patient.5

Conservative treatment strategies are rec-
ommended as first-line therapy for patients
with symptomatic DLS. These strategies
include nonsurgical care such as physical
therapy, pain medications, and epidural ste-
roid injections, as well as complementary
and alternative medicine approaches,
including acupuncture, Chuna, and manual
therapy.6 Surgical treatment is considered
appropriate when patients do not respond
adequately to conservative therapies.6,7

Some studies suggest that nonneurologic
symptoms in most patients with DLS are
slowly progressive and can be alleviated
with conservative treatments.7,8

Complementary and alternative medicine
therapies are typically used in conjunction
with conservative standard of care in the
West.9 They have been a mainstream remedy
in traditional medicine for thousands of
years.7,10 Chuna therapy, one type of tradi-
tional medicine, restores proper spine and
joint dynamics by promoting balance and
harmony between the physiologic and path-
ologic states of the human body. It com-
prises various techniques, including joint
mobilization and manipulation, soft tissue
and visceral manipulation, craniosacral ther-
apy, neurophysiologic stimulation, and me-
chanical adjustments of osteoarticular
structures.11 Acupuncture, another thera-
peutic technique of traditional medicine,
modulates pain through mechanisms such
as Gate Control Theory of Pain and endoge-
nous analgesia. It inhibits pain signals along
nerve fibers (Ab, Ad, and C fibers) and acti-
vates brain regions such as the periaqueduc-
tal gray and rostral ventromedial medulla by
inserting thin needles at strategic points. It
also stimulates the release of neurotransmit-
ters, including serotonin, norepinephrine,
and g-aminobutyric acid, which trigger the
release of endogenous opioids from neurons
in the spinal cord and brainstem.12-15

The nonsurgical integrative treatment
Mokhuri Chuna (MC), integrating Chuna
and acupuncture alongside patient education,
has demonstrated significantly improved pain
intensity and walking distances in patients
Mayo Clin Proc. n XXX
with Meyerding grade 2 lumbar spinal spon-
dylolisthesis.16 Also, a retrospective study of
44 patients with spondylolisthesis high-
lighted significant benefits, with Visual
Analogue Scale (VAS) pain scores decreasing
from 7.1 to 3.1 and pain-free walking distance
improving from 193 to 568 m.17 However,
these noncomparative observational studies
were constrained in evaluating the effective-
ness of the MC due to inherent limitations,
including a high risk of bias and the absence
of a comparison group. Thus, we conducted
this multinational randomized controlled
trial (RCT) to evaluate the safety and effec-
tiveness of MC compared with standard care
(SC) in the treatment of symptomatic DLS.
METHODS

Trial Design
This was a prospective, multinational RCT
conducted at Mokhuri Oriental Medicine
Hospital in Seoul, South Korea, and Mayo
Clinic in Rochester, Minnesota, from June
2017, to December 2022. The trial protocol
was reviewed and approved by the Mayo
Clinic Institutional Review Board and the
Mokhuri Oriental Medicine Hospital Inde-
pendent Ethics Committee. All participants
provided written informed consent, and the
trial was conducted in accordance with the
Declaration of Helsinki. The Consolidated
Standards of Reporting Trials (CONSORT)
guidelines were followed for the results of
this trial (Figure).
Patient Selection, Randomization, and
Blinding
Eligible patients were block randomized by
participating sites to receive MC or SC using
computer-generated permuted block
sequencing with 1:1 allocation (SAS Institute
Inc). After generating a treatment series
number, a clinical research associate deliv-
ered the intervention allocation using opa-
que, sequentially numbered, sealed
envelopes. Data analysts were blinded to
the treatment allocation, whereas partici-
pants and clinical care providers were not
blinded. Key eligibility criteria are presented
in Table 1.
2025;nn(n):1-8 n https://doi.org/10.1016/j.mayocp.2025.05.030
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10 Patients withdrew
     1 Surgery
     1 Fear of contracting COVID-19
     2 Loss of interest
     2 Lost to follow-up
     3 Less than 80% of treatment sessions  
     1 Informed consent withdrawal

7 Patients withdrew
   1 Informed consent withdrawal
   2 Less than 80% of treatment sessions
   1 Lost to follow-up
   1 Travel issues
   1 Frequent adverse eventsa

56 Patients included in mITT analysis 56 Patients included in mITT analysis

46 Patients completed the trial 49 Patients completed the trial

57 Patients allocated to SC
    1Early dropout without outcome
      data

151 Patients assessed for eligibility
      119 at Mokhuri Oriental Medicine Hospital
       32 at Mayo Clinic

58 Patients allocated to MC
     2 Early dropouts without outcome
     data

115 Patients randomized

36 Patients excluded
     31 Did not meet inclusion criteria 
            16 at Mokhuri Oriental Medicine Hospital
            15 at Mayo Clinic
       3 Declined
             Mayo Clinic
       2 No clear reason 
             Mayo Clinic

FIGURE. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. aProceeding with the clinical trial was difficult due to
serious adverse events assessed as being unrelated to the intervention. MC ¼ Mokhuri Chuna; mITT ¼ modified intention-to-treat;
SC ¼ Standard Care.

MOKHURI CHUNA FOR SYMPTOMATIC DLS
Treatment Description
Mokhuri Chuna integrates Chuna manual
therapy, acupuncture, and patient education
regarding daily living and exercise activ-
ities.18 Chuna therapy involves prone trunk
flexion mobilization with guided breathing,
paraspinal muscle stretching, and supine
hip stretching (flexion, abduction, and
external rotation) performed by an experi-
enced Korean medicine doctor or a trained
Mayo Clinic acupuncturist. Acupuncture
targeted specific points (LI4, ST36, LV3,
BL22, BL23, BL24, and BL25) on both sides
of the patient with sterile needles (0.24 x
40 mm) for 15 minutes per session. Patient
education covered precautions for daily ac-
tivities, specific movements, and exercises.
Treatments were administered twice a week
for 5 consecutive weeks. All participating
Mayo Clin Proc. n XXX 2025;nn(n):1-8 n https://doi.org/10.1016/j.m
www.mayoclinicproceedings.org
health care providers underwent standard-
ized technique training and comprehensive
instruction before the trial commenced to
ensure that they achieved satisfactory profi-
ciency and consistency in treatment admin-
istration. Both groups were allowed to
continue using their preexisting pain medi-
cations provided the medication had been
taken for at least 4 weeks before
enrollment.19
Primary and Secondary End points
The primary end point was the change in low
back pain between the last visit and baseline,
measured by VAS (ranging from 0 to 100,
with 100 being the worst imaginable pain).
Secondary endpoints included safety, reflected
by the incidence of adverse effects; change in
leg pain between the last visit and baseline,
ayocp.2025.05.030 3
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TABLE 1. Key Inclusion and Exclusion Criteriaa

Inclusion criteria
Age 19-78 y
Radiographic evidence of degenerative lumbar
spondylolisthesis

Low back pain, lower limb radiating pain, or leg
discomfort when standing or walking

Pain severity �50 on a visual analog scale from 0 to
100

Neurologic claudication or radicular pain for �1 y
Neurogenic claudication within 5 min when walking
on a treadmill at 1.5 mph

Weight �250 lb (�113.4 kg)
Height �2.1 m (�6.89 ft)
Written informed consent

Exclusion criteria
Epidural steroid injection within the past 1 mo
Lumbar surgery
Ambulatory functional disability
Moderate to severe hip or knee osteoarthritis
Diagnosis of peripheral blood vessel disease with an
ankle-brachial index <0.9

Diagnosis of ankylosing spondylitis, spinal
osteomyelitis, metabolic disease, or severe
osteoporosis

Severe lumbar neuromotor deficit
Neurologic deficits, including foot drop, cauda
equina syndrome, or radiculopathy

Malignancy
Lumbar radiographic sagittal dynamic translation
�4.5 mm

Radiographic sagittal rotation �20� at L4/L5 or
�25� at L5/S1

Active psychiatric conditions such as severe
depression or anxiety disorders

Narcotic analgesics
Pregnancy, lactation, or plans for pregnancy

aThose initially excluded were allowed to be rescreened after
1 month.
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measured byVAS; physical function, evaluated
using the Oswestry Disability Index (ranging
from 0 to 100, with 100 indicating bedbound
status or exaggerating symptoms); patient-
reported health-related quality of life, assessed
by the EuroQole5 Dimension questionnaire
(EQ-5D); and walking capacity without leg
pain, recorded as distancewalked on the tread-
mill in meters. The details were outlined in a
previous publication.17 Clinical assessments
were conducted at baseline, at the first visit
in each treatment week, and during follow-
up visits at 7, 18, 30, 54, and 102 weeks.
Mayo Clin Proc. n XXX
Patients’ scheduled procedures are depicted
in the Supplemental Figure, available online
at http://www.mayoclinicproceedings.org.
Power Calculation
Sample size was calculated based on a previ-
ous study suggesting a clinically important
difference of 25 points for the primary
outcome, VAS back pain score, with a stan-
dard deviation of 46.5. Using a 2-sided a of
0.05 and 80% power, 56 patients in each
group were necessary. Assuming a dropout
rate of 10%, the target enrollment was set
at 61 patients per group.
Statistical Analysis
Analyses were based on the modified
intention-to-treat analysis, which included
all patients with at least 1 valid posttreat-
ment efficacy evaluation. We used the c2

test for binary outcomes or the student t
test for continuous outcomes to compare
the difference on posttreatment outcomes
and baseline characteristics between the 2
groups. A 2-sided P<.05 was considered sta-
tistically significant. All statistical analyses
were conducted using Stata Statistical Soft-
ware: Release 17 (StataCorp LLC).
RESULTS

Study Population
Between June 2017, and December 2022, a
total of 151 patients were screened for eligi-
bility, with 115 enrolled and randomly allo-
cated to receive SC (n¼57) or MC (n¼58).
In the SC and MC groups, the mean � SD
patient age was 60.16�11.56 years and
59.79�10.4 years, 27 (47.4%) and 29
(50.0%) were women, and 51 (89.5%) and
52 (89.7%) were Asian, respectively. Fifty-
two patients (89.7%) in the MC group and
49 (86.0%) in the SC group completed at
least 9 treatment sessions; 56 patients from
each treatment group were included in the
modified intention-to-treat analysis. The
study workflow and reasons for exclusion
or early withdrawal are depicted in the
Figure. Baseline demographic features,
including age, sex, race, height, weight,
and drinking and smoking status, were
2025;nn(n):1-8 n https://doi.org/10.1016/j.mayocp.2025.05.030
www.mayoclinicproceedings.org

http://www.mayoclinicproceedings.org)/
https://doi.org/10.1016/j.mayocp.2025.05.030
http://www.mayoclinicproceedings.org


TABLE 2. Baseline Demographic Features and Clinical Characteristics of the 115 Randomized Participantsa

Characteristic SC group (n¼57) MC group (n¼58) P value

Female sex (No. [%]) 27 (47.4) 29 (50.0) .78b

Age (y), mean � SD 60.16 � 11.6 59.79 � 10.4 .86c

Race .98b

Asian (No. [%]) 51 (89.5) 52 (89.7)
White (No. [%]) 6 (10.5) 6 (10.3)

Height (cm), mean � SD 163.2 � 8.2 163.84 � 9.18 .70c

Weight (kg), mean � SD 68.11 � 14.93 69.48 � 13.20 .60c

Drinking status (No. [%])d 21 (36.8) 22 (37.9) .79b

Smoking status (No. [%])d 18 (31.6) 11 (19.0) .13b

VAS score, mean � SD
Back pain 60.53 � 14.40 61.54 � 11.93 .68c

Leg pain 63.87 � 14.26 67.56 � 13.58 .16c

ODI, mean � SD 34.47 � 11.50 35.97 � 11.4 .64c

Walking capacity (m), mean � SDe 95.04 � 118.72 93.09 � 84.08 .92c

EQ-5D score, mean � SD 38.38 � 13.57 66.83 � 13.73 .57c

aEQ-5D ¼ EuroQole5 Dimension questionnaire; MC ¼ Mokhuri Chuna; ODI ¼ Oswestry Disability Index; SC ¼ Standard Care; VAS
¼ Visual Analogue Scale.
bc2 test.
cTwo-sample t test.
dReflects the number and percentage of participants answering “yes” to this question.
eRecorded as walking distance free of leg pain.

MOKHURI CHUNA FOR SYMPTOMATIC DLS
comparable. The disease characteristics were
well-balanced between study groups, as pre-
sented in Table 2
Primary Outcome: VAS Back Pain
Both the SC and MC groups showed im-
provements in VAS back pain scores from
baseline, with a mean VAS score decrease
of e14.88 (95% CI, e21.15 to e8.60) and
e25.14 (95% CI, e31.66 to e18.63), respec-
tively. Notably, patients in the MC group
TABLE 3. Changes in Primary and Secondary Outcome

Outcome

Mean Differen

SC group

Primary outcome
VAS back pain e14.88 (e21.15 to e8.60)

Secondary outcomes
VAS leg pain e17.25 (e35.76 to -e22.56)
ODI e6.42 (e10.22 to e2.63)
Walking capacity 86.97 (e18.32 to 192.26)
EQ-5Db 7.34 (2.29 to 12.39)

aEQ-5D ¼ EuroQole5 Dimension questionnaire; MC ¼ Mokhuri Ch
bDifference calculated as last-visit assessment minus baseline assessme

Mayo Clin Proc. n XXX 2025;nn(n):1-8 n https://doi.org/10.1016/j.m
www.mayoclinicproceedings.org
had significantly greater back pain relief in
VAS scores compared with the SC group
(e10.27; 95% CI, e19.22 to e1.32; P¼.02)
(Table 3).
Secondary Outcomes: VAS Leg Pain,
Oswestry Disability Index, Walking Capacity,
EQ-5D, and Safety
As shown in Table 3, compared with base-
line, an improvement in leg pain was
observed in both the SC and MC groups,
Measures Between Baseline and Last Visit by Study Groupa

ceb (95% CI)

Difference in Change (95% CI) P valueMC group

e25.14 (e31.66 to e18.63) e10.27 (e19.22 to e1.32) .02

e29.16 (e23.86 to e10.64) e11.91 (e21.15 to e2.68) .01
e9.57 (e16.37 to e2.77) e3.14 (e10.84 to 4.55) .42
268.25 (81.33 to 455.16) 181.28 (e30.86 to 393.43) .09
12.74 (7.59 to 17.89) 3.86 (e3.05 to 10.77) .14

una; ODI ¼ Oswestry Disability Index; SC ¼ standard care; VAS ¼ Visual Analog Scale.
nt.

ayocp.2025.05.030 5
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with a decrease in mean VAS scores of
e17.25 (95% CI, e35.76 to e22.56) and
e29.16 (95% CI, e23.86 to e10.64), respec-
tively. Comparison between the SC and MC
groups showed a significantly greater reduc-
tion in the MC group (e11.91; (95% CI,
e21.15 to e2.68; P¼.01). No statistically
significant differences were found in Oswes-
try Disability Index, Walking apacity, and
EQ-5D scores between groups.

Adverse events and causality assessments
are summarized in the Supplemental Table,
available online at http://www.mayoclinic
proceedings.org. Musculoskeletal pain was the
most common adverse event, reported by 9 pa-
tients in the SC group and 14 in the MC group.
Respiratory, thoracic, and mediastinal disor-
ders, such as sore throat, runny nose, respira-
tory infection, and rhinitis, were reported by 5
patients in the SC group and 11 in the MC
group. Dizziness and nausea were reported by
2 patients in each treatment group. No
treatment-related serious adverse effects were
noted in either group.

DISCUSSION
This study, to our knowledge, is the first
multinational RCT to evaluate the long-
term safety and effectiveness of this nonsur-
gical integrative MC treatment strategy in
patients with symptomatic DLS. The trial,
which includes a 96-week posttreatment
evaluation, provides strong clinical evidence
supporting the favorable safety profile and
sustained effectiveness of MC over SC in
alleviating back and leg pain. The findings
suggest that this MC treatment strategy is a
viable nonsurgical and conservative treat-
ment option for symptomatic DLS.

Conservative treatment strategies,
including physical therapy and complemen-
tary and alternative medicine approaches,
are generally considered low risk. Minor
adverse events, such as increased pain, sore-
ness, temporary bruising, mild discomfort,
or, in rare cases, infection (with acupunc-
ture), may occur.19-21 Proper techniques
and provider expertise are critical to mini-
mizing these risks. Epidural steroid injection
is commonly used as the interventional
treatment option before surgery is
Mayo Clin Proc. n XXX
considered. It is generally considered safe
but is associated with cerebrospinal fluid
leakage, reduced bone density, and an
increased fracture risk.22

The latest clinical practice guidelines from
the North American Spine Society failed to
identify clinical evidence to support nonsur-
gical interventions, including injection ther-
apy, pharmacologic treatments, physical
therapy or exercise, manipulation therapy,
transcutaneous electrical nerve stimulation,
bracing, and traction, due to insufficient evi-
dence supporting their effectiveness compared
with surgery.2 In this context, the findings
from this trial are significant because they
demonstrate a nonsurgical, nonsteroidal,
comprehensive traditional medicine approach
with sustained effectiveness across 2 years.
Considering the high costs associatedwith spi-
nal surgery, patient apprehensions regarding
surgical complications, postsurgical rehabilita-
tion challenges, and difficulties in pain man-
agement while awaiting intervention, the
availability of effective nonsurgical alternatives
is crucial, particularly for mild DLS.23

This study has several limitations. First,
blinding patients and health care providers
to treatment assignments was not feasible.
Awareness of the assigned treatment may
have influenced future therapeutic decisions,
particularly for patients experiencing symp-
toms of exacerbation that required addi-
tional medical interventions during the
trial. Second, our recruitment did not reach
the intended target of 122 Patients. As a
multinational, multicenter study, completing
the 102-week follow-up posed significant
challenges. The COVID-19 pandemic further
restricted patient access to hospitals, ulti-
mately resulting in 10 fewer patients than
anticipated. However, with a 10% attrition
rate accounted for in the study design, we
achieved the prespecified statistical power
for the study end points with an actual sam-
ple size of 112 evenly distributed between
the 2 treatment groups (56 patients per
group). Third, the primary outcome was
measured using a VAS, a subjective measure
that can be affected by cultural back-
ground.24 This concern is mitigated through
block randomization, which ensures a
2025;nn(n):1-8 n https://doi.org/10.1016/j.mayocp.2025.05.030
www.mayoclinicproceedings.org
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balanced distribution of patient from each
racial background across treatment groups.
Last, cultural differences between patients
may influence their attitudes toward, and
subjective responses to, alternative medicine
therapies.25 Future studies may be designed
with more power to evaluate the effective-
ness of MC in different cultural settings.
CONCLUSION
In this multinational RCT, patients treated
with MC experienced significantly greater
improvements in back and leg pain
compared with those receiving SC. These
findings suggest that MC is a viable nonsur-
gical and conservative treatment option for
symptomatic DLS, offering an effective alter-
native to conventional approaches with a
favorable safety profile.
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