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Background: Postherpetic neuralgia (PHN) is the most common condition that can develop as a complication after herpes zoster
(HZ) infection, characterized by pain that persists for more than 3 months after the initial rash has resolved. In most patients with HZ,
the rash appears unilaterally. While the treatment of PHN is primarily focused on neural mechanisms due to HZ’s neurotropism nature,
recent evidence suggests that muscle tissues within the affected regions may also experience pathological changes that contribute to
the pain. These changes could reveal novel therapeutic targets and enhance patient prognosis. This study aims to investigate these
muscular changes and explore myogenic pain mechanisms in PHN patients. It employs ultrasound elastography to compare muscle
clasticity between the affected and unaffected sides and conduct muscle biopsies for pathophysiological analysis to uncover the
underlying mechanisms.

Materials and Methods: This comparative cross-sectional study aims to enroll 30 PHN patients. The primary outcome is the
comparison of muscle elasticity on the affected sides with unaffected sides. The secondary outcome is from muscle biopsies, which
are obtained and analyzed by histopathological techniques. Pain levels before and after therapy are assessed using the Numerical
Rating Scale (NRS), with follow-up to evaluate outcomes and satisfaction. Statistical analysis will employ paired #-tests or
Wilcoxon signed-rank tests to compare muscle elasticity, and correlation analysis to explore the relationship between elasticity
and pathological findings.

Hypothesis: The study hypothesis is that muscle elasticity on the affected side is significantly higher than on the unaffected side, with
the coexistence of myofascial pain. This myofascial pain may overlap with PHN pain and may be a source of discomfort in refractory
PHN cases. Furthermore, muscle biopsies are conducted to clarify pathological changes. This study may pave the way for novel
treatment strategies for PHN and establish a foundation for future research.

Study Registration: This study has obtained ethical approval from the Institutional Review Board of Peking Union Medical College
Hospital on 28 August 2023 (I-23PJ1409) and is registered at ClinicalTrails.gov. Written informed consent has been obtained from all
participants.

Keywords: postherpetic neuralgia, shear wave elastography, myofascial pain, muscle biopsy

Introduction

Postherpetic neuralgia (PHN) is the most common complication following herpes zoster (HZ) infection. PHN is
characterized by persistent pain — often burning, stabbing, or throbbing pains in the skin where the rash had occurred,
lasting for more than 3 months post rash resolution.' The incidence of HZ rises significantly in individuals over 50 years
of age, with the occurrence of PHN is being even higher in those over 60.* Typically, HZ manifests unilaterally, with
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roughly half the patients developing the rash on their thoracic skin, and the face, particularly the trigeminal nerve region
being the second most affected area.* PHN is a prevalent cause of neuropathic pain which is driven by reactivation of the
varicella-zoster virus (VZV) within the sensory ganglia causing neural inflammation, neural damage, central sensitiza-
tion, and even demyelination.” Such disruption in nerve function produces symptoms like allodynia and hyperalgesia.
Conventional treatments for PHN target neuropathic pain, they include antiviral therapy, dorsal root ganglion block,
intercostal nerve pulsed radiofrequency, and spinal cord stimulation.® Despite these interventions, many patients develop
refractory PHN, where pain persists even after aggressive neuropathic treatments. This causes a lot of suffering to both
the patients and their families. There is thus an urgent need to develop more comprehensive and effective treatments for
PHN patients.

Recent clinical observations and studies suggest that muscle-related factors may contribute to the persistence of pain
in patients with refractory PHN.” Evidence from certain case reports have shown that myofascial trigger point therapies
—typically used for muscle pain—support the hypothesis that muscular changes, possibly related to myofascial
dysfunction, may contribute to the pain experienced by these patients.® These observations have prompted
a reevaluation of the underlying mechanisms of PHN pain. This study thus proposes that PHN patients not only suffer
from neural problems but may present with myofascial trigger point-like muscle pathology as well, which could be a key
contributor to the persistence of their pain.

Elastography is a new ultrasound evaluation technique, effective in assessing and measuring muscle stiffness. It
exhibits strong repeatability and reliability and is often used in clinical settings to assess conditions like myofascial pain
syndrome, neck and shoulder pain, and low back pain.’ Shear wave elastography (SWE) is used to examine tissue
stiffness by analyzing the propagation speed of shear waves, which travel faster in stiffer tissues than in softer ones.'’
Previous studies have demonstrated the reliability of elastography in observing musculoskeletal changes related to pain
caused by myofascial issues and for assessing muscle stiffness.'’ '

The objective of this study is to assess the disparity in muscle elasticity compared with the unaffected sides in patients
with PHN. This is done using elastography ultrasound (EU) technology. The second objective is to elucidate the
pathological changes in muscles of PHN patients. This is achieved through a comprehensive histopathological examina-
tion, ranging from morphological to microscopic assessments of tissue obtained using a microbiopsy technique.'® The
anticipation is that this investigation will offer deeper insights on the effects of PHN on muscle tissue properties, offering
valuable guidance into the clinical management of the condition.

Methods and Analysis

Study Design

This study is designed as a 24-month prospective cohort study and is based at a single center, the Peking Union Medical
College Hospital. Given that HZ primarily manifests unilaterally, particularly in the thoracic region,'® SWE is to
employed to measure the elasticity of the intercostal muscles bilaterally and thus allow the comparison of the affected
and unaffected sides. To better understand the pathological muscle changes in PHN patients, a muscle biopsy is
performed using a biopsy needle. The extracted tissue undergoes histopathological examination using hematoxylin and
eosin (HE) staining to assess muscle morphology and the extent of inflammatory infiltration. Masson’s trichrome
staining, on the other hand, is used to detect fibrosis within the muscle. Finally, electron microscopy is employed to
identify ultrastructural changes in mitochondria and myofibril sarcomeres. This approach helps to identify coexisting pain
triggers in patients and improves treatment outcomes. Table 1 illustrates the detailed timeline and data recording
methods. Figure 1 depicts the procedural flow, highlighting the key interventions and assessments at each designated
interval. Figure 2 provides an overview of the study design.

Sample Size

A total of 30 patients will be included, with the unaffected side of each patient serving as the own control, which
effectively doubles the sample size for comparisons. This selection is based on pilot study practices and similar
studies.'” " This paired analysis design enhances statistical power by reducing variability and directly assessing
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Table | Assessment Schedule for PHN Muscle Elasticity and Pathology

Timepoint Enrolment/Baseline BIT AIT Follow-up
(Aff./Unaff.) | (Aff./Unaff.) 4w Sw

Eligibility screen X

Informed consent X

Inclusion/exclusion criteria X

Basic information X

Medical history X

Assessment

SWE XX XX

NRS XX XX X X

Muscle biopsy XIX

Histopathological analyses

HE staining XIX

Masson's trichrome staining XIX

Electron microscopy XIX

Patient satisfaction X X X

Abbreviations: W, week; BIT, before interventional therapy; AT, after interventional therapy; Aff., affected side; Unaff., unaffected
side; SWE, Shear wave elastography; NRS, Numerical Rating Scale.

differences within each patient. The goal is to evaluate the study’s feasibility and refine protocols for future studies.
Sensitivity analyses will be conducted to ensure the robustness and reliability of our findings despite the limited sample
size.

Recruitment: Inclusion Criteria
Recruitment began in August 2023, with data collection expected to conclude by July 2025 (Figure 1). Patients aged 18
years and older, diagnosed with PHN that affects the thoracic nerves and experiencing severe, refractory pain despite

Excluded (n=)
Fail to meet the inclusion criteria (n=)
Refuse to participate (n=)
A

PHN patients SWE imaging of intercostal Muscle biopsy (n=): . SWE imaging of intercostal
assessed for eligibility muscles on both affected HE staining, Mason's trichrome |-y{ Nterventional muscles on both affected
and unaffected sides (n=) staining and electron microscope therapy and unaffected sides (n=)

I

\ score ) ( )
\‘ o 4 \\NRS scorfe/

>
>

August 2023 July 2025

Figure | Flow chart. The horizontal axis represents the timeline, with corresponding procedures executed at designated intervals. The NRS scores are recorded at two
specific points.
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Electron microscope

o
Electron microscope

Figure 2 Schematic overview of the study design for exploring muscle elasticity and pathological characteristics in postherpetic neuralgia patients. This graphical summary
outlines the self-controlled comparative approach, integrating multi-modal assessments, including advanced elastography and muscle biopsy, to evaluate the affected and
unaffected sides in postherpetic neuralgia patients.

pharmacological treatment, who were in need of surgical intervention, have been recruited. Written informed consent was
obtained from all participants before inclusion. This study obtained ethical approval from the Institutional Review Board
of Peking Union Medical College Hospital on 28 August 2023 (I-23PJ1409) and is registered with ClinicalTrials.gov
(NCT05912738).

Exclusion Criteria

The exclusion criteria included patients with any of the following conditions: neuromuscular diseases; ongoing use of
muscle relaxants and/or other medications that impact muscles; allergy to local anesthetic; a body mass index (BMI) over
30kg/m?; malignant tumors; and pregnancy. Patients who previously had surgery in the PHN-affected area or had another
disease-causing muscle changes were considered ineligible. Additionally, patients currently using NSAIDs or antic-
oagulants who are unable to temporarily discontinue these medications at least 7 days, prior to the procedure will be
excluded. Provisions have been made to facilitate any patients who chooses to withdraw from the study for any reason.

Shear Wave Elastography (SWE) Procedure

Patients were positioned in a relaxed supine state for lesions located on the anterior chest wall, ensuring adequate
exposure of the thoracic intercostal lesion site for marking. The midline of the sternum served as the central reference
point, with corresponding symmetrical positions on the healthy side identified and marked. For posterior chest lesions,
the patient was positioned in a prone position to facilitate access to the back and ensure muscle relaxation during
elastography. For lateral chest lesions, the patient was positioned in a lateral decubitus position with the lesion side facing
upward, ensuring the affected muscles were relaxed for accurate imaging. SWE images of the intercostal muscles
(located between the pleura and the overlying skin) on both the affected and unaffected sides were assessed using the
Mindray Resona I9 ultrasound system (Shenzhen Mindray Biomedical Electronics Co., Ltd., Shenzhen, China). These
images were assessed to evaluate the elasticity of the intercostal muscles, with special attention paid to potential changes
indicative of myofascial trigger points or other pathological alterations. A small of ultrasonic gel was applied on the area
to be examined, ensuring that the ultrasound probe exerted no pressure on the tissue under examination. A linear probe at
L14-3Ws frequency was positioned parallel to the ribs on both sides of the lesion, targeting the intercostal muscles. The
probe’s angle was adjusted to align parallel to the long axis of the muscle fibers, with the central part positioned
perpendicularly to the fibers. The area of maximal pain, as described by the PHN patients, was identified, measured and
documented with a ruler. The corresponding site was marked on the contralateral side. SWE mode was activated, with
a rectangular region of interest (ROI) frame placed over the identified muscle. Within the ROI, three areas with the
highest elasticity on elastography were selected for measurement. The system was then switched to penetration mode,
with the focal area manually or automatically adjusted to the depth of the ROI. The image was then frozen once the
patient held their breath and the elastography image stabilized, and the ROI was color-filled to reflect the Young’s
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modulus magnitude. Each muscle was measured at least three times, and the mean values of these measurements were
recorded and analyzed in kilopascals (kPa). The elastography examination technique for the intercostal muscles on the
healthy side was the same as that on the affected side. All elastography imaging procedures were performed by the same
trained physician.

Muscle Biopsy and Histopathological Procedures

A local muscle biopsy is be performed using a MultiFire Disposable Biopsy Instrument (LEAPMED C1616,
16G*160 mm) in the area of maximal pain, which also has the highest elasticity, to obtain pathological insights.
Under EU-guided imaging, the selected muscle is identified, and the puncture needle inserted into the selected-muscle,
the device activated to retrieve the tissue sample. The same biopsy technique is used to obtain tissue samples on the
unaffected side for comparison. To minimize these risks associated with the biopsy procedure, such as bleeding,
infection, and local pain at the biopsy site, strict aseptic techniques are be applied during the procedure, and post-
procedure monitoring is conducted to quickly identify and manage any adverse events. Participants are closely monitored
for any signs of complications and provided with appropriate care if necessary. The samples are divided into several
portions, for which some are stained with HE, others Masson's trichrome, and others observed under the electron
microscope. Muscle samples are be fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned at 5 pm
thickness. The sections undergo staining using standard the HE and Masson’s trichrome protocols.?'** Another section is
fixed in 2.5% glutaraldehyde, post-fixed in 1% osmium tetroxide, dehydrated in ethanol, and embedded in epoxy resin.
Ultrathin sections (70 nm) are stained with uranyl acetate and lead citrate for examination under an electron microscope.
The HE and Masson’s trichrome staining will elucidate the cellular detail and help to detect fibrosis, respectively, while
the electron microscope will clarify ultrastructural changes in mitochondria and myofibril sarcomeres, all of which aid to
better understand the muscle changes in PHN patients.

Outcomes

Primary Outcome

Muscle elasticity of the affected side and the unaffected side in the PHN patients is the primary outcome. It is assessed
using SWE which has recently emerged as a promising assessment tool with the potential for diagnosing and monitoring
muscle changes in a noninvasive method.

Secondary Outcomes

The secondary outcomes include 1) a comparison of muscle elasticity between the affected and contralateral healthy sides
across different PHN stages, 2) a comparison of the before and after the interventional therapy of SWE measurements, 3)
a comparison SWE of measurements between groups receiving conventional treatment alone and those receiving
conventional treatment plus targeted muscle relaxation therapy, 4) a comparison of the histopathological data of the
muscle samples from the affected and the unaffected sides, using HE staining, Masson's trichrome staining and electron
microscope to observe morphological changes, and electron microscopy to examine intracellular mitochondrial and other
cellular alterations, and 5) a comparison of the NRS pain scores before and after the treatment, document the number of
treatment sessions, and analyze the duration of PHN.

Statistical Analysis

Data analysis will be performed using the SPSS software, version 26.0. Patient demographics, including gender, age,
height, weight, BMI and SWE, will be described by means + standard deviations. The intraclass correlation coefficient
(ICC) will be used to examine the feasibility of SWE by evaluating the consistency and reliability of repeated
measurements. Spearman correlation analysis will assess the relationships between variables and elasticity. Differences
in SWE measurements of the affected and unaffected sides muscle will be evaluated using the Mann Whitney U-test.
Normally distributed continuous data will be presented as means +standard deviations and assessed using Shapiro—Wilk
test. Paired #-tests will be used to compare SWE measurements before and after interventional therapy, while unpaired
t-tests will compare the SWE measurements of affected and unaffected sides. Pearson correlation coefficient will be used
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to evaluate the association between SWE elasticity before and after the interventional therapy, with statistical significance
set at p <0.05. Differences in pathological metrics—including inflammatory cell counts, muscle fiber degeneration/
necrosis percentages, mitochondrial density, and sarcomere and myofibril measurements—will be analyzed using paired
t-tests or Wilcoxon signed-rank tests, depending on data normality. The Shapiro—Wilk test will be applied to determine
normality, and the Bonferroni correction will be applied for multiple comparisons, with statistical significance considered
at p <0.05.

Data Collection and Management

All data are recorded in the standardized case report forms (CRF) specifically designed for this study. For elastography,
the three SWE measurements for both affected and unaffected muscle are entered directly into the CRF. Muscle biopsy
samples are collected by experienced clinicians under sterile conditions and processed and analyzed in a certified
pathology laboratory. Detailed findings from the biopsy analysis are also recorded in the CRFs. Signed informed consent
forms and CRFs are be stored on a secure server with restricted access, whose access is available to only the authorized
researchers. The data and documents will be retained for a minimum of 10 years.

Discussion
HZ infects unilateral nerves, often leading to neuropathic pain known as PHN.>* Various therapies for PHN have
emerged, including antiviral agents, paravertebral block, spinal cord stimulation, pulsed radiofrequency, or dorsal root

ganglion destruction,**?

etc. The pain in PHN patients can be clinically manifested in as, neuropathic pain (eg, burning,
throbbing, shooting) and myofascial pain (eg, trigger points, taut bands within the muscle).?®*” Despite the availability of
numerous PHN treatment options, a subset of the patients remains unresponsive even after utilizing combined therapeutic
approaches. This renders PHN to be a clinically challenging and refractory pain condition. Studies have found significant
correlations between PHN and myofascial trigger points (MTrPs), which are particularly evident in cases where chronic
pain following a HZ infection persists beyond one month. It is accompanied by hyperesthesia and distinct tender points in
the intercostal muscles that correspond to the affected nerve.® In another study, tender spots were found in the intercostal
muscles of PHN patients, highlighting the association between MTrPs and PHN.® In another, Volokitin et al found that
osteopathic manipulative therapy (OMT), which releases muscle and fascia tension, was beneficial as an adjunct therapy
in the cases of PHN.?® It is estimated that about 57% of PHN patients experience myofascial pain, which can be
alleviated by dry and wet needling.”*° The relationship between PHN and myofascial pain may be caused by protective
posture model of PHN patients prompting the muscle under HZ become strained and stiff. HZ leads to central and
peripheral sensitization of pain which may also exacerbate myofascial pain. Furthermore, elderly patients with degen-
erative scoliosis are more likely to experience spinal dorsal angle angulation or traction, making them more prone to
myofascial pain. In summary, it is highly probable that PHN and myofascial pain interact and influence each other.
Stimulation of the dorsal root ganglion may result in abnormal nerve discharge, causing abnormal muscle contraction and
myofascial pain. Conversely, myofascial dysfunction may induce peripheral sensitization by activating muscle nocicep-
tors, amplifying pain signals. Traditionally regarded as a neurological condition, PHN may also have a significant
myofascial component.?’ It thus only prudent to consider the complex pain derived from PHN as not only being
neurological but myofascial as well.

Myofascial pain syndrome (MPS) is often characterized by localized muscle stiffness, tenderness, and pain at trigger
points.*® SWE is a reliable method for assessing MPS'**! and monitoring the muscle stiffness in clinical situations.**
SWE works by tracking pulse-echo ultrasound and calculating the tissue modulus quantitatively. The shear-wave speed
correlates directly with the tissue stiffness.*® Being a non-invasive technique, SWE is capable of quantifying muscle
elasticity and distinguishing subtle changes in soft tissues, thus providing a unique advantage in assessing muscle lesions
in PHN patients. Although this study employs muscle biopsy, which is an invasive method, it is intended to validate the
muscle histopathological changes and establish a correlation with SWE. The combination of histopathological techniques
—including HE staining, Masson's trichrome staining, and electron microscopy—provides a robust framework for
a investigating muscle tissue at both the cellular and subcellular levels. This multifaceted approach ensures
a comprehensive data collection, which is crucial for correlating mechanical properties with underlying tissue changes.
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By comparing the muscle elasticity of the affected and unaffected sides and conducting detailed histopathological
analyses, this study aims to develop a comprehensive understanding the pathological mechanisms of muscle involvement
in PHN.

This protocol is significant as it addresses the gap in understanding the musculoskeletal contributions to PHN,
a condition which has been primarily approached from a neural perspective. By integrating the analysis of muscle
elasticity using ultrasound elastography with detailed histopathological examinations, this study seeks to provide
a novel approach on PHN’s pathophysiology. This dual approach allows for a comprehensive assessment that could
correlate previously overlooked factors contributing to PHN pain and potentially lead to more effective treatment
strategies. Despite efforts to minimize bias were made, the clinical presentation of PHN patients was heteroge-
neous, with variations in pain intensity and disease duration. This may affect the external validity of the study
results. Since the study’s participants are also limited to those requiring interventional therapy (patients with
moderate-to-severe pain), its finding may not fully represent all PHN patients, thereby affecting the generalizability.

The study hypothesizes that the muscle elasticity of the affected side will be significantly higher than that of the
unaffected side, possibly due to muscle fibrosis, inflammation, or neuromuscular changes associated with PHN. This
study protocol sets the stage for future research exploring the relationship between muscle elasticity and histopatholo-
gical changes in PHN. A promising future direction could integrate ultrasound elastography with sonomics, which
involves the comprehensive analysis of ultrasound data using advanced computational methods. This integration could
improve the ability to detect small changes in muscle tissue not visible to the naked eye, thus providing deeper insights
into the musculoskeletal involvement in PHN. By advancing the understanding of both neural and muscular factors in
PHN, this study aims to enhance diagnostic accuracy and develop targeted therapeutic interventions that can significantly
improve patient outcomes and quality of life. The finding may also reveal new therapeutic targets, such as enhancing or
restoring muscle function to alleviate pain symptoms in PHN, potentially shifting treatment from a purely neural
mechanism to a neuro-muscular approach.

Strengths and Limitations of This Study
This is a well-designed, prospective cohort study, focusing on muscle-related changes in PHN patients.

This study utilizes an innovative, non-invasive technique, ultrasound elastography, to compare muscle stiffness in
PHN patients.

By incorporating muscle biopsies, the study offers detailed pathophysiological insights, enhancing the understanding
of muscle changes in PHN patients.

This study may not fully represent the general population, as PHN incidence is higher in patients over 50 years.

Conclusion

This single-center prospective cohort study aims to compare changes in the bilateral muscle elasticity in PHN patients
using elastography. It seeks to elucidate the coexistence of altered muscle stiffness and myofascial pain, providing more
insight into the issue of myofascial pain in PHN patients with poor responses to neuropathic pain treatments. Muscle
biopsy is conducted to validate these findings. This protocol reveals a potential neuro-muscular pain mechanism and
clarifies pathological changes. This has the potential to offer a new therapeutic direction for refractory PHN patients and
provide additional diagnostic and treatment strategies for clinical practice.

Ethics and Dissemination

This study obtained ethical approval from the Institutional Review Board of Peking Union Medical College Hospital
(I-23PJ1409) and is registered with ClinicalTrials.gov (NCT05912738). This study will comply with the Declaration of
Helsinki. All participants have been informed about the study’s objectives, procedures, potential risks, and benefits.
Written informed consent was obtained from each participant before any study-related activities were conducted.
Participants’ privacy and confidentiality will be maintained throughout the study through anonymization and secure
storage of data. The results of this study will be disseminated through peer-reviewed scientific journal publication and
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presentation at relevant national and international conferences. The findings and data will also be shared with the study

participants upon reasonable request.
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