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Objective: To validate musculoskeletal ultrasound for quantifying real-time morphological changes in multifidus muscles during 
acupuncture treatment of lumbar disc herniation (LDH).
Methods: Sixty LDH patients received Qi-needling at BL40. Morphological parameters (cross-sectional area [CSA], multifidus muscle 
thickness [MMT], muscle activation rate [MAR]) were assessed via ultrasound in resting/shrinkage states. Clinical outcomes included 
Visual Analog Scale (VAS), Japanese Orthopaedic Association (JOA) scores, and infrared thermography of lumbar temperature.
Results: Quantitative ultrasound revealed significant post-acupuncture improvements in multifidus morphology: After acupuncture, CSA 
at resting-state increased to 251.88mm2 from 190.66mm2, and to 305.28mm2 from 219.22mm2 at shrinkage-state, and MMT at resting-state 
increased to 11.50mm from 9.15mm, and to 14.04mm from 10.77mm at shrinkage-state. Both results show a significant increase compared 
to the initial state (P<0.05). While MAR increased from 18.28% to 22.79% with a statistically significant difference (P<0.05). Clinically, 
VAS scores significantly decreased after treatment, dropping from 6.35 to 1.15, while JOA scores increased from 11.77 to 20.62 (P<0.05). 
Infrared thermography detected a 1.23°C rise in lumbar temperature (31.09 ± 0.95°C to 32.32 ± 0.85°C, P < 0.05).
Conclusion: Musculoskeletal ultrasound provides objective, dynamic biomarkers for evaluating acupuncture-induced multifidus 
recovery, enabling precision rehabilitation in LDH.
Keywords: lumbar disc herniation, musculoskeletal ultrasound, acupuncture

Introduction
The multifidus muscle is widely recognized as a crucial stabilizer of the spinal joints, and its condition is often implicated 
in various lumbar disorders, including low back pain, lumbar disc herniation, and issues with degenerative lumbar 
anesthesiologists.1 Injuries to this muscle can lead to morphological changes, which may result in decreased strength, 
compromised function, and impaired core stability, thereby exacerbating pain.2 Therefore, it is of paramount importance 
to assess the morphological status of the multifidus muscle in patients suffering from low back pain to understand its 
potential impact on their condition and to devise appropriate treatment strategies.

The application of the QI CI method at the Weizhong acupoint (BL 40) holds significant clinical value in treating lumbar 
multifidus atrophy in patients with lumbar disc herniation. Traditionally, the morphology of the multifidus muscle has been 
assessed using imaging techniques such as Computed Tomography (CT) and Magnetic Resonance Imaging (MRI). However, 
CT scans involve radiation exposure, high costs, and prolonged examination times, posing challenges for repeated monitoring. 
Additionally, MRI may be limited by patient allergies to contrast agents. Ultrasound has emerged as a promising alternative, 
offering accurate and sensitive evaluation of musculoskeletal systems.3 Despite its advantages, existing studies have primarily 
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focused on morphological and biomechanical assessments, providing limited objective data to track treatment-related 
changes. Further research is needed to bridge this knowledge gap and optimize clinical management.

Previous research indicates that electroacupuncture at the BL40 acupoint enhances regeneration in the early stage of 
multifidus muscle injury by upregulating the expression of IGF-1 and MyoD.4 Complementing this mechanism, the 
phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) pathway has been shown to promote the proliferation of 
muscle satellite cells and facilitate myogenic differentiation.5 Together, these findings suggest that acupuncture at key 
acupoints can effectively regulate and promote the repair of multifidus muscle injuries. To provide imaging-based 
evidence for evaluating the efficacy of traditional medical interventions, this study investigated the biomechanical 
characteristics of the lumbar multifidus muscle in its pathological state. Utilizing musculoskeletal ultrasound, we 
systematically observed the morphological status of the multifidus muscle in patients with chronic low back pain 
undergoing QI CI treatment at the Weizhong acupoint (BL 40). The findings aim to establish an objective basis for 
guiding subsequent diagnostic strategies and personalized treatment plans.

Materials and Methods
Patients
This study enrolled a total of 60 patients diagnosed with lumbar disc herniation (LDH) who received treatment at the 
Department of Acupuncture and Traumatology, Shanghai Sixth People’s Hospital, between August 2023 and January 2024. 
Prior to treatment, musculoskeletal ultrasound examinations were performed to assess biomechanical parameters of the 
multifidus muscle, including cross-sectional area (CSA) and thickness. Additionally, clinical evaluations were conducted 
using the Visual Analog Scale (VAS) for pain, the Japanese Orthopaedic Association (JOA) scores, and measurements of 
lower lumbar temperature. Subsequently, all participants underwent standardized acupuncture therapy for two consecutive 
treatment cycles, targeting the lumbar Jiaji acupoints (EX-B2), Shenshu acupoint (BL23), and Yaoyangguan acupoint (DU3). 
Post-treatment outcomes were evaluated by comparing changes in VAS and JOA scores, lower lumbar temperature, and 
multifidus muscle CSA and thickness to assess the clinical efficacy of the acupuncture intervention.

Inclusion Criteria:
1. Confirmed diagnosis of lumbar disc herniation based on established medical diagnostic criteria
2. Age between 30 and 55 years
3. MRI confirmation of intervertebral disc protrusion at the L4–L5 or L5–S1 levels
4. No prior treatment received within the past month
5. Provision of signed informed consent.
Exclusion Criteria:
1. History of surgical intervention for lumbar disc herniation
2. Low back pain resulting from lumbar compression fractures, spinal stenosis, spinal tuberculosis, or tumors
3. Presence of severe systemic diseases, coagulation disorders, or pregnancy/lactation
4. Low back pain attributable to other internal medical conditions
5. Participation in other concurrent clinical trials.

Ultrasound Examination
During the initial resting state, the patient is positioned in a prone position with face downward, maintaining normal quiet 
breathing. Arms are placed alongside the body to relax the back muscles. Mark the L5 spinous process with a marker 
pen, using the L5 lamina as the bony landmark to ensure precise probe placement and accurate anterior-posterior 
positioning. Imaging is performed using a Mindray M9 equipped with an L-9 probe. The probe is initially aligned 
longitudinally at a 90-degree angle to confirm proper orientation. Subsequently, rotate the probe transversely and perform 
lateral sweeps to image the lateral multifidus muscles of the lumbar region (left or right side). Three ultrasound images 
are captured and stored for each anatomical location. Finally, instruct the patient to abduct their arms laterally while 
maintaining quiet breathing. Repeat imaging acquisition using the same technique during shrinkage state to capture 
dynamic muscle activation patterns.6
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All image acquisition and data measurement were performed by the same physician with over ten years of experience. 
The examiner strictly followed the relevant operating standards to obtain the best ultrasound images.

Clinical Outcomes
JOA scores and VAS were documented before and after the treatment.7,8

(1) The JOA score evaluates the degree of lumbar functional impairment across several dimensions, encompassing 
subjective symptoms, clinical signs, and restrictions in daily living activities.

(2) The VAS pain index ranges from 0 to 10 points, with a higher score indicating more severe pain and vice versa.

Infrared Thermal Imaging of the Waist: Temperature Difference Analysis
Using an uncooled focal plane infrared thermal image (Fluke Ti480Pro), the room temperature is 25.0 °C, humidity is 
60%, and there is no convection or direct sunlight shining on the observation area. After exposing the patient’s waist for 
15 minutes, an examination will be conducted about lm away from the thermal image. The infrared thermal image 
temperature of the waist before treatment will be recorded with the Yaoyangguan point as the center. After the end of the 
treatment course, the needle will be taken and recorded once, which will be recorded as the temperature value of the first 
treatment course. After the last treatment, the temperature value of the last treatment will be recorded immediately, and 
the temperature difference before and after treatment will be analyzed. The corresponding colors of the temperature in the 
thermal image from high to low are dark red, red, light red, yellow, green, light blue, deep blue, and black in sequence.

Acupuncture Procedure
(1) Patient Positioning & Site Preparation: The patient was placed in the prone position. Acupoints on the affected side 
were selected and routinely disinfected using 75% alcohol cotton balls.
(2) Needle Specifications: A sterile filiform needle (0.30 mm diameter × 40 mm length; Gushiyuan Medical Instrument 
Co., Ltd., China) was used.
(3) Needle Insertion & Manipulation:

a. Lumbar Points (BL23, DU3, EX-B2 at L3, L4, L5 levels): Needles were inserted perpendicularly using the finger- 
press method to a depth of 1.2 cun. Upon obtaining de qi, even reinforcing-reducing manipulation was applied.

b. BL40 (Weizhong): The needle was inserted obliquely to a depth of 1.2 cun. After achieving de qi via needle 
rotation, the tip was slightly withdrawn and angled superiorly. A qi-guiding technique was applied for 30 seconds 
to propagate the sensation towards the buttocks or lower back, eliciting mild contraction of the lumbar and back 
muscles.

c. Points 0.5 cm Lateral to BL40: Needles were inserted obliquely towards the center of BL40 bilaterally. The needle 
was slowly inserted and gently twisted to obtain DE qi, then retained for 15 minutes.

(4) Treatment Protocol: Treatments were administered every other day. Ten sessions constituted one treatment course. 
A total of two courses were completed, with a 7-day interval between courses.
(5) Post-Treatment Evaluation: Following the acupuncture treatment, the patient was re-evaluated using identical 
assessment parameters.

Statistical Methods
Statistical analyses were performed using SPSS 23.0 software. Continuous count data are presented as mean ± standard 
deviation. Changes in the cross-sectional area (CSA) and thickness of the multifidus muscle, measured via ultrasound in 
different positions before and after treatment, were analyzed using two-way analysis of variance (ANOVA).

Paired sample t-tests were used to analyze differences in the JOA Score and VAS before versus after treatment. 
Similarly, paired sample t-tests were employed to evaluate pre- to post-treatment changes in lower lumbar temperature 
levels measured by infrared thermography. In all cases, two-tailed P values lower than 0.05 indicated a statistically 
significant difference.
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Results
The study was completed by 60 participants (26 men and 34 women) with a mean age of 39.08 ± 12.20 years, a mean 
BMI of 22.96 ± 2.70 kg/m2, and a mean symptom duration of 4.78 ± 4.03 years. Among them, 26 presented with 
unilateral low back pain on the left side and 34 on the right, and the patient’s baseline stratification data (using the 
Pfirrmann disc degeneration grading system) was shown in Table 1.

(1) Changes in multifidus muscle morphometric parameters (affected side) pre-treatment (musculoskeletal ultrasound):
Before treatment, the CSA of the multifidus muscle on the affected side at rest was 190.66 mm2. During muscle 

contraction induced by changes in body position, the CSA increased to 219.22 mm2, indicating a physiological response 
to contraction. Following acupuncture treatment, the resting CSA of the multifidus muscle increased to 251.88 mm2, and 
during contraction, it further increased to 305.28 mm2, both representing significant improvements compared to pre- 
treatment measurements (Table 2 and Figures 1 and 2).

(2) Evaluation of the Multifidus Muscle Thickness (MMT) and Muscle Activation Rate(MAR) on the Affected Side 
Before and After Treatment Using Musculoskeletal Ultrasound:

The MMT on the affected side was 9.15mm at resting state, and 10.77mm at contracted state before treatment.
After acupuncture treatment, the MMT at resting-state increased to 11.50mm, and 14.04mm at contracted state. Both 

results show a significant increase compared to the initial state.
The results presented in the table indicate that after treatment, the MAR of the multifidus muscle on the affected side 

increased from 18.28% to 22.79%,which significantly increased in MAR after treatment (P<0.05) (Table 3 and Figure 3).
Muscle activation rate9 = (Thickness at contracted state- Thickness at resting-state) / Thickness at resting-state * 100%

Table 1 The Patient’s Baseline Stratification Data

Pfirrmann Disc Degeneration Grading Number Percentage

II 19 31.67%

III 23 38.33%

IV 18 30.00%

Figure 1 The morphology of the multifidus muscle was traced with a white brush under ultrasound, and its CSA was calculated. (A) Multifidus muscle CSA before 
treatment. (B) Multifidus muscle CSA after treatment.

Table 2 Comparison of CSA of the Multifidus Muscle on the Affected Side in 
Different Body Positions Before and After Treatment

Condition Before Treatment (mm^2) After Treatment (mm^2)

Resting state 190.66±45.47 251.88±60.09*

Contracted state 219.22±60.79 305.28±60.38*

Note: compared with the cross-sectional area of the multifidus muscle before treatment,*P<0.05.
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(3) Lumbar function was evaluated using the Japanese Orthopaedic Association (JOA) scores, and pain intensity was 
assessed with the Visual Analog Scale (VAS) before and after treatment. Changes in lower lumbar temperature were 
monitored using infrared thermography. Following treatment, the VAS score decreased significantly from 6.35 to 1.15, and 
JOA scores increased from 11.77 to 20.62. Additionally, the lower lumbar temperature rose from 31.09°C to 32.32°C. All 
observed differences before and after treatment were statistically significant (P < 0.05) (Table 4 and Figures 4 and 5).

Discussion
The lumbar multifidus muscle, intrinsic to spinal stability, spans the lumbar spine and sacrum. Previous studies have 
shown that various lumbar disorders such as lumbar disc herniation, chronic low back pain, and degenerative spondy
lolisthesis are strongly associated with bio-mechanical changes and pathological morphological characteristics of the 
lumbar multifidus muscle.10,11 Observations of the multifidus muscle using magnetic resonance imaging (MRI) in 
subjects of different age groups revealed that with increasing age, the muscle begins to gradually atrophy and inter 
muscular gaps gradually appear, exhibiting significant age-related degenerative changes.12 Chua et al retrospectively 
analyzed case data of patients who underwent minimally invasive decompression surgery for lumbar spinal stenosis, 
showing that postoperative patients had varying degrees of atrophy and fatty infiltration in the multifidus muscle, leading 
to dysfunction in lumbar motion.13 Ogon et al used MRI spectroscopy to analyze the fat content in the multifidus muscle 
of patients with chronic low back pain, and the results showed a significant increase in intramuscular lipid levels.14 The 
pathological morphological changes of the lumbar multifidus muscle can easily lead to muscle atrophy.15 Critically, 
extensive research supports a correlation between multifidus atrophy and the development of chronic low back pain. 
Consequently, evaluating multifidus morphology state in patients with low back pain provides a valuable biomarker for 
assessing therapeutic efficacy during both treatment and rehabilitation.

BL 40 (Kunlun) is an acupoint located on the Foot Taiyang Bladder Meridian. Stimulation at BL 40 has been shown 
to reduce apoptosis in lumbar muscle cells, enhance sarcoplasmic reticulum function, and improve local blood circula
tion; While focusing on spinal cord injury, the work of Choi et al sheds light on a potential anti-inflammatory pathway 
through which acupuncture promotes functional recovery, a mechanism that could be applicable to multifidus muscle 

Figure 2 The CSA of multifidus muscle in different body positions of the affected side was compared before and after treatment. 
Notes: *Significant difference was found in the CSA of the multifidus muscle before and after treatment in the resting state. # Significant difference was found in the CSA of 
the multifidus muscle before and after treatment in the contracted state.

Table 3 Comparison of MMT and MAR on the Affected Side 
Before and After Treatment

Condition Before Treatment After Treatment

Resting state MMT 9.15±1.49(mm) 11.50±1.41(mm)*

Contracted state MMT 10.77±1.61(mm) 14.04±1.23(mm)*
MAR (%) 18.28±8.41 22.79±9.24*

Note: compared with the condition before treatment,*P<0.05.
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repair.16 More directly, Sarafraz et al utilized ultrasound imaging to show that acupuncture significantly improves the 
functional status of the multifidus muscle in patients with lumbar disc herniation, lending direct empirical support to the 
role of BL40 in this process.17 However, evaluating the therapeutic effect of interventions targeting the multifidus muscle 
presents challenges due to its complex morphology. Currently, there is a lack of convenient and cost-effective imaging- 
based methods for this specific assessment. Clinical evaluation of paraspinal muscles in patients with low back pain 
primarily relies on modalities such as computed tomography (CT) and magnetic resonance imaging (MRI). The wide
spread application of these techniques is limited by factors such as high cost and, in the case of CT, ionizing radiation 
exposure. Conversely, ultrasonography offers significant advantages for musculoskeletal examination, including high 
accuracy, sensitivity, and the ability to assess biomechanical parameters dynamically. Consequently, ultrasound holds 
considerable promise as a practical modality for evaluating multifidus muscle morphology. Its implementation could 
provide a valuable diagnostic basis for managing low back pain and objectively assessing treatment efficacy.17

Özcan-Eksi et al18 identified significant bilateral asymmetry in morphological and mechanical parameters of the 
multifidus muscle within the same spinal segment of individual patients. This asymmetric atrophy of the lumbar 
multifidus is closely associated with intervertebral joint displacement in patients with low back pain.19 Such displacement 
places the multifidus muscle on the affected side under abnormal passive stretch, initially causing localized edema. 
Prolonged passive stretch leads to muscle dysfunction. Conversely, the contralateral muscle, subjected to chronic disuse, 
undergoes atrophy. Supporting this, Miki et al documented atrophy in the cross-sectional area (CSA) of the lumbar 
multifidus muscle specifically at levels corresponding to L4-L5 disc degeneration.20

Chan et al21 demonstrated the dynamic nature of the lumbar multifidus using musculoskeletal ultrasound in healthy adults, 
showing its biomechanical parameters change with posture. For instance, multifidus CSA increased from 190.66 mm2 at rest 
to 219.22 mm2 during postural change, reflecting muscle contraction. This underscores ultrasound’s value in evaluating 
multifidus morphology and its critical role in postural balance, where biomechanical parameters adapt dynamically.

Table 4 Comparison of VAS, JOA Scores and Temperature of 
LDH Patients Before and After Treatment

Clinical Outcomes Before Treatment After Treatment

VAS 6.35±1.15 1.42±1.27*

JOA scores 11.77±1.20 20.62±2.53*
Temp (°C) 31.09±0.95 32.32±0.85*

Note: compared with the clinical outcomes before treatment,*P<0.05.

Figure 3 The MMT and MAR in different positions of the affected side. (A) * Significant difference was found in the MMT before and after treatment in the resting state. # 
Significant difference was found in the MMT before and after treatment in the contracted state. (B) Significant difference was found in the mean value of MAR before and 
after acupuncture treatment. The mean value after treatment increased by 12.31% compared with pre-treatment (95% confidence interval: 1.73 to 7.70).

https://doi.org/10.2147/JPR.S566903                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2025:18 6926

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Following acupuncture treatment at BL 40 (Kunlun), significant improvements were observed in multifidus muscle 
parameters on the affected side: CSA: Increased from 190.66 mm2 to 251.88 mm2 at rest and from 219.22 mm2 to 
305.28 mm2 during contraction (P<0.05 for both). Muscle Thickness (MMT): Increased from 9.15 mm to 11.50 mm at 
rest and from 10.77 mm to 14.04 mm during contraction (P<0.05 for both). Muscle Activity Ratio (MAR): Increased 
from 18.28% to 22.79% (P<0.05). These findings indicate that acupuncture enhances multifidus thickness, cross-sectional 
area, and contractile activity (MAR), thereby improving spinal motion stability. Concomitant clinical improvements were 
also observed: VAS Pain Score: Decreased significantly from 6.35 to 1.15 (P<0.05). JOA Score: Increased significantly 
from 11.77 to 20.62 (P<0.05). Lower Lumbar Skin Temperature: Increased significantly from 31.09°C to 32.32°C 
(P<0.05). Acupuncture at BL40 is posited to promote Qi circulation and enhance local blood perfusion, which increases 
lumbar skin temperature and contributes to pain relief. These physiological effects are directly reflected in the ultrasound 
parameters: the improved perfusion underlies the structural restoration indicated by increases in CSA and MMT, while 
the enhanced neuromuscular regulation associated with Qi circulation corresponds to the functional improvement 
captured by the rise in the MAR. Consequently, the alleviation of clinical symptoms aligns with the coordinated recovery 
in both morphological and functional properties of the multifidus muscle.

This investigation has several noteworthy limitations. Firstly, the single-center design and modest cohort size may 
introduce selection bias and limit the generalizability of our findings. Secondly, the open-label study design without 
a sham-control group prevents us from discerning the specific therapeutic effects of acupuncture from potential placebo 
responses. From a methodological perspective, our reliance on 2D ultrasound imaging restricts comprehensive morpho
logical assessment; future studies would benefit from employing 3D reconstruction for volumetric analysis. Furthermore, 

Figure 4 VAS, JOA score and temperature of LDH patients. (A) Significant difference was found in the mean value of VAS score before and after acupuncture treatment, and the 
mean VAS decreased by 4.933 (95% confidence interval: −5.307 to −4.559). (B) Significant difference was found in the mean value of JOA score before and after acupuncture 
treatment, and the mean JOA increased by 8.850 (95% confidence interval: 8.260 to 9.440). (C) Significant difference was found in the mean value of temperature of Yaoyangguan 
(GV3) before and after acupuncture treatment, and the mean temperature of GV3 increased by 1.230 (95% confidence interval: 0.9988 to 1.461).

Figure 5 Infrared thermography of Yaoyangguan acupoint (GV3). (A) before-treatment (31.37°C). (B) after treatment (33.31°C).
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the absence of ultrasound elastography limited our ability to quantify tissue stiffness and characterize the muscle’s 
mechanical properties more comprehensively. Finally, future investigations could leverage artificial intelligence techni
ques to elucidate the complex relationships between global postural alignment, multifidus mechanical parameters, and 
therapeutic outcomes.

Conclusion
In summary, the lumbar multifidus muscle is essential for lumbar stability. Acupuncture stimulation at BL 40 (Kunlun) 
effectively mitigates multifidus atrophy in patients with lumbar disc herniation. Ultrasound imaging provides a valuable, 
non-invasive modality for objectively evaluating therapeutic efficacy during rehabilitation. This facilitates the develop
ment of more targeted treatment and rehabilitation strategies.
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