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Abstract

Accurate localization of meridian points is essential for effective acupuncture treatment, yet
conventional palpation-based methods suffer from variability across practitioners. We propose an
AR-assisted framework that overlays meridian maps onto patients * bodies using ultrasonic
computed tomography (UCT) for internal tissue guidance. A deep learning-based point cloud
segmentation network extracts bony landmarks from UCT scans, enabling precise anatomical
registration. In trials on 25 volunteers, localization error was reduced from 6.4 mm (manual
palpation) to 2.1 mm (AR-assisted). Setup time decreased by 35%, while user satisfaction scores
improved by 42%. Results suggest AR + UCT integration can standardize acupuncture practice
and enhance therapeutic accuracy.

Keywords: acupuncture; meridian localization; ultrasonic tomography; AR overlay; precision
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1. Introduction

Acupuncture is a core element of traditional Chinese medicine and has been increasingly
adopted in modern healthcare for pain management and rehabilitation [1]. The effectiveness of
treatment depends on accurate localization of meridian points, but palpation-based methods are
subjective and vary among practitioners [2]. With progress in medical imaging and augmented
reality (AR), new approaches have been developed to improve localization accuracy by combining
external visualization with internal anatomical information [3,4]. Ultrasonic computed tomography
(UCT) has been shown to identify both soft tissue and bone structures without radiation, making it
suitable for repeated and real-time guidance [5]. The MRUCT study demonstrated the clinical
potential of integrating ultrasonic computed tomography with mixed reality to improve internal
anatomical visualization, which directly motivates our exploration of AR-assisted meridian
localization for enhancing acupuncture precision [6]. At the same time, AR has been applied in
acupuncture training and clinical procedures, enabling real-time overlays of meridian maps and
anatomical features on the body surface [7]. Deep learning—based segmentation methods have also
improved the extraction of anatomical landmarks from multimodal imaging data [8]. Despite these
advances, several problems remain. Many studies are

based on small datasets collected under controlled conditions, which limits generalizability [9].
Current methods often emphasize external surface alignment but do not incorporate internal
structures that are important for acupuncture [10]. In addition, clinical validation focusing on
efficiency and patient-related outcomes is still limited [11]. These gaps have restricted the
standardization of acupuncture practice. To address these limitations, this study proposes an AR-
assisted framework that combines UCT with deep learning-based segmentation to extract bony
landmarks for anatomical registration, allowing real-time and accurate meridian localization. This
framework improves localization accuracy and efficiency, enhances user experience, and provides
evidence that AR with UCT can support the standardization and modernization of acupuncture
practice.
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2. Materials and Methods

2.1. Samples and Study Description

This study included 25 healthy adult volunteers (12 males and 13 females, aged 22—45 years)
recruited from a clinical training center. Participants had no history of surgery or acupuncture in the
tested body regions. Ultrasonic computed tomography (UCT) scans were performed on the forearm
and lower leg, which are common sites for acupuncture treatment. Scanning was conducted with a
7.5 MHz linear probe, providing a spatial resolution of 0.3 mm. All acquisitions were carried out in a
controlled room at 24 + 1 °C to reduce motion and temperature artifacts.

2.2. Experimental Design and Control Groups

Two groups were defined to compare conventional palpation and AR-assisted localization. The
control group used manual palpation guided by standard acupuncture textbooks, while the
experimental group used AR overlays combined with UCT-based anatomical landmarks. Each
participant underwent localization of 10 commonly used meridian points, such as LI4, ST36, SP6, PC6
and GB34. In total, 250 points were examined in each group. The same practitioners performed both
control and experimental tasks to reduce operator bias. Comparison between groups focused on
localization error, setup time and consistency [12].

2.3. Measurement Methods and Quality Control

Ground-truth point positions were determined by two senior radiologists with reference to UCT
scans and anatomical atlases. Localization error was defined as the Euclidean distance between the
estimated point and the ground-truth reference. Setup time was measured from the start of
positioning to the confirmation of the final point. User satisfaction was recorded on a 5-point Likert
scale. Each localization was repeated three times by the same operator, and the average value was
used for analysis. Quality control included calibration of the AR device before each session, fixed
positioning of the UCT probe, and assessment of annotation consistency using intra-class correlation
coefficients (ICC) [13].

2.4. Data Processing and Model Equations

Statistical analysis was performed using paired t-tests for localization error and setup time, with
a significance threshold of p < 0.05. User satisfaction scores were compared with Wilcoxon signed-
rank tests. All analyses were conducted in MATLAB R2023b and Python 3.9. The mean localization
error was calculated as [14]:

N
E=;V—zl s Py Pt

where N is the number of points, and (xi,yi,zi) and (xi ,yi ,zi*) dre the estimated and ground-truth
coordinates. Efficiency improvement was expressed as [15]:

R= %100%

¢ Le

c

where T and T, are the mean setup times of the control and experimental groups.
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3. Results and Discussion

3.1. Error Distribution and Central Tendency

Figure 1 shows that AR-assisted localization reduces both the average error and its variability
compared with manual palpation. The median error decreases from 6.4 mm in the manual group to
2.1 mm in the AR-assisted group. The interquartile range is narrower in the AR-assisted group, and
fewer outliers are observed. These findings indicate that AR combined with UCT improves precision
and stability of meridian localization [16].
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Figure 1. Boxplots of localization error for manual palpation and AR-assisted methods.

3.2. Multi-Metric Evaluation: Accuracy, Efficiency and User Experience

Figure 2 compares three performance measures. The mean localization error in the manual
group is 6.4 mm, while the AR-assisted group achieves 2. 1 mm. Setup time decreases by about 35%,
and user satisfaction increases by about 42%. These results suggest that AR-assisted methods are not
only more accurate but also more efficient and better received by practitioners [17].
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Figure 2. Comparison of mean error, setup time reduction, and user satisfaction across methods.

3.3. Robustness and Inter-Subject Consistency

In 25 volunteers with 250 localization points per group, AR-assisted localization demonstrates
smaller variation between subjects compared with manual palpation. Standard deviation of
localization error is nearly halved in the AR-assisted group. This improvement is likely due to the
use of internal anatomical landmarks identified by UCT, which provide a stable reference even with
differences in soft tissue thickness. Similar reductions in variability have been reported in MDPI
studies of imaging-guided navigation [18].

3.4. Clinical Usability and Implications

The 35% reduction in setup time suggests that AR-assisted methods can increase clinical
efficiency. The higher satisfaction scores imply lower cognitive workload for practitioners and better
acceptance in practice. Together, these results show that integrating AR overlays with UCT is a
practical way to standardize meridian localization. However, this study was limited to healthy
volunteers. Further clinical validation in patient populations is required to confirm its applicability
under real conditions.

4. Conclusions

This study introduced an AR-assisted meridian localization method that combines ultrasonic
computed tomography with deep learning-based landmark extraction. Compared with manual
palpation, the method reduced localization error from 6.4 mm to 2. 1 mm, decreased setup time by
35%, and increased user satisfaction by 42%. The results show that AR with UCT guidance improves
both accuracy and efficiency in acupuncture. The main innovation is the integration of UCT
landmarks with AR overlays, which provides internal and external anatomical references for
localization. This work has scientific importance because it links modern imaging and AR technology
with traditional acupuncture practice. The present study was limited to healthy volunteers. Further
studies with patient groups in clinical settings are required to confirm its applicability and long-term
benefits.
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