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Abstract: Objective: To evaluate the clinical efficacy of combining interference electrotherapy with rotary traction
manipulation in treating cervical spondylotic radiculopathy (CSR), and to assess its impact on cervical function and
prognosis. Methods: A retrospective analysis was conducted on the clinical data from 214 CSR patients who were
treated at Yueyang Central Hospital, Hunan University of Chinese Medicine, from April 2021 to October 2023. The
observation group (n=110) received combined therapy using interference electrotherapy and rotary traction ma-
nipulation, while the control group (n=104) received rotary traction manipulation alone. Before treatment, and at 2
and 4 weeks post-treatment, cervical function was assessed using the Neck Disability Index (NDI), and pain inten-
sity was measured using components of the Simplified McGill Pain Questionnaire (SF-MPQ), including Visual Analog
Scale (VAS), Present Pain Intensity (PPIl), and Pain Rating Index (PRI). Clinical efficacy was evaluated using the
modified Macnab criteria, and treatment safety was assessed. Both groups were followed up for one year to record
recurrence rates. Logistic regression was used to identify risk factors for recurrence. Results: Baseline characteris-
tics were similar between groups (P>0.05). After 2 and 4 weeks, the observation group showed significantly greater
improvements in NDI, VAS, PRI, and PPl scores compared to the control group (P<0.001). The total effective rate was
higher in the observation group (92.7%) than in the control group (80.8%) (P=0.017). However, the recurrence rate
was significantly higher in the observation group (7.3%) compared to the control group (20.2%) (P=0.006). Logistic
regression identified treatment regimen, patient age, and pillow height as independent risk factors for recurrence
(P<0.05). A recurrence risk scoring model based on these factors achieved an AUC of 0.897 (95% Cl: 0.844-0.951).
Conclusion: Combining interference electrotherapy with rotary traction manipulation significantly improves cervical
function and alleviates pain in CSR patients, yielding higher overall efficacy. However, this combination is associated
with an increased risk of recurrence, influenced by treatment method, patient age, and pillow height.

Keywords: Interference electrotherapy, rotary traction manipulation, cervical spondylotic radiculopathy, cervical
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Introduction

Cervical spondylosis is one of the most preva-
lent degenerative spinal diseases worldwide
[1]. A 2018 global epidemiological survey
ranked cervical spondylosis as the fourth lead-
ing cause of disability, following cardiovascu-
lar, cerebrovascular, and respiratory diseases,
affecting over 300 million individuals with chro-

nic neck pain lasting more than three months
[2]. According to WHO data, cervical spondylo-
sis is the second most common chronic disease
globally, with peak incidence between the ages
of 40 and 60, particularly in the fifth decade of
life [3]. In China, the prevalence ranges from
3.8% to 17.6%, with an increasing trend, affect-
ing younger populations [4]. Cervical spondy-
lotic radiculopathy (CSR) accounts for approxi-
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mately 60% of cervical spondylosis cases,
making it the most common subtype. CSR sig-
nificantly impairs patients’ quality of life and
work efficiency [5].

CSR primarily results from degenerative chang-
es in intervertebral discs, ligament calcifica-
tion, and bone hyperplasia, leading to compres-
sion or irritation of nerve roots. Additionally,
inflammatory factors released from interverte-
bral discs may cause nerve dysfunction [6].
Clinically, CSR presents neck and shoulder
pain, upper limb numbness, reduced muscle
strength, and limited neck mobility. An aging
population and modern lifestyle factors - such
as prolonged desk work, excessive use of elec-
tronic devices, poor posture, and lack of exer-
cise - contribute to the increasing incidence of
CSR [7]. While most patients experience symp-
tom relief through conservative treatments,
recurrence rates remain high, and some cases
may worsen, necessitating surgical interven-
tion [8]. However, surgery carries high risks,
costs, and uncertainties, making it suitable
only for patients with severe, refractory symp-
toms, or significant radiological damage. Stu-
dies suggest that conservative treatments
should be the first-line approach for CSR, with
symptom improvement or recovery rates of
90%-95% [9].

Current conservative treatments for CSR
include medication, cervical traction, acupunc-
ture, manual therapy, and physical therapy
[10]. Cervical traction effectively decompress-
€s nerve roots, increases intervertebral space,
and improves cervical curvature, yielding satis-
factory outcomes [11]. Interference electro-
therapy, a common physical therapy modality,
delivers low-frequency modulated currents
through medium-frequency currents in tissues,
relieving pain, enhancing local blood circula-
tion, and promoting tissue repair [12]. Rotary
traction manipulation, a traditional manual
therapy technique, adjusts cervical spine struc-
tures through traction and rotation, alleviating
nerve root compression, restoring cervical lor-
dosis, and mitigating clinical symptoms [13].
However, single therapies offer limited func-
tional improvement and pain relief, with unre-
solved risks of recurrence. Recently, the com-
bined use of interference electrotherapy and
manual therapy has gained attention, yet clini-
cal evidence remains insufficient, particularly
regarding its effect on reducing recurrence risk.
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Moreover, risk factors for recurrence are not
well defined. Accurately predicting recurrence
risk using scientific methods and implementing
targeted interventions remain significant chal-
lenges in clinical practice.

This study aims to evaluate the clinical efficacy
of combining interference electrotherapy with
rotary traction manipulation in treating CSR
and to analyze its impact on cervical function
and recurrence rates. By comparing outcomes
between the combined treatment group and
the single treatment group in terms of cervical
function, pain relief, and clinical efficacy, the
advantages of combined therapy will be further
assessed. Additionally, this study will utilize
logistic regression analysis to identify major
risk factors influencing patient recurrence.

Materials and methods
Sample size calculation

The sample size for this study was determined
based on the findings of Xie et al. [14], who
reported a recurrence rate of 17.8% in patients
with CSR. Utilizing the formula NN = Z2 [P (1-P)]/
E2, where Z is the standard normal quantile at a
95% confidence level (1.96), PPP is the estimat-
ed recurrence rate (0.178), and E is the allow-
able margin of error (0.05), the required sample
size was calculated to be approximately 225
cases (224.768 rounded up). This sample size
ensures statistical significance at a 95% Cl,
though the actual number of participants was
subject to clinical data availability.

Study design

This retrospective study included 214 patients
diagnosed with CSR who received treatment at
Yueyang Central Hospital between April 2021
and October 2023. Participants were divided
into two groups based on their treatment regi-
men: the observation group (n=110) received a
combination of interference electrotherapy and
rotary traction manipulation, while the control
group (n=104) underwent rotary traction mani-
pulation alone. The study was approved by the
Yueyang Central Hospital Ethics Committee.

Inclusion and exclusion criteria

Inclusion Criteria: (1) Diagnosis of CSR based
on established criteria [15]. (2) Presence of
neck and shoulder pain, radiating upper limb
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pain, or numbness. (3) Imaging evidence of
disc herniation, bone hyperplasia, or nerve root
compression. (4) Age between 18-75 years. (5)
Symptoms persisting for >4 weeks without
prior interventions. (6) Compliance with treat-
ment and follow-up protocols. (7) Complete
clinical and functional scoring records.

Exclusion Criteria: (1) Other types of cervical
spondylosis (e.g., myelopathy, sympathetic, or
mixed types). (2) History of cervical surgery or
treatments such as acupuncture or massage.
(3) Severe cardiovascular, neurological, or
malignant diseases. (4) Pregnant or breast-
feeding women. (5) Acute cervical trauma or
fracture-related pain.

Treatment protocol

Control group (rotary traction manipulation): (1)
Patients were positioned supine with their neck
relaxed. (2) Practitioners performed manipula-
tion techniques, including kneading and stret-
ching cervical muscles, side-bending toward
the healthy side, and rotational traction at 45°
on the affected segment. (3) The manipulation
involved flexion, extension, and lateral bending
movements to decompress the nerve root and
restore cervical alignment.

Observation group (interference electrothera-
py + rotary traction manipulation): (1) In addi-
tion to the rotary traction manipulation des-
cribed above, patients received dynamic inter-
ference electrotherapy using YSGO2C-V dy-
namic interferential therapy device (Henan
Xiangyu Medical Equipment Co., Ltd., License
No. 20150020). (2) Four adhesive electrodes
(two red, two white) were cross-placed over the
most painful region. (3) Treatment parameters
were set at a frequency of 4000 Hz (£100 Hz),
a beat frequency of 0-100 Hz, and a current
intensity of 0.5-2 mA. (4) Each session lasted
30 minutes and was administered twice daily.

Treatment duration: Both groups underwent
continuous treatment for 2 weeks, with 5 ses-
sions per week.

Clinical data collection

Clinical data were obtained from electronic
medical records and follow-up records. Baseline
data included age, sex, body mass index (BMI),
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disease duration, educational level, history of
cervical trauma, sleep duration, pillow height,
and frequency of physical exercise. Disease-
related metrics included baseline cervical func-
tion (NDI score), pain intensity (VAS score), pain
rating (PRI score), and present pain intensity
(PPI score). Follow-up assessments at post-
treatment 2 weeks, 4 weeks, and 1 year evalu-
ated functional recovery, pain relief, clinical effi-
cacy, and recurrence.

Functional scoring

1. NDI Score: Assesses cervical functional dis-
ability (range: 0-50), with higher scores indi-
cating greater impairment [16]. 2. VAS Score:
Measures pain intensity (range: 0-10), with
higher scores indicating greater pain [17]. 3.
PRI Score: Evaluates the nature, location, and
severity of pain (range: 0-45), with higher
scores indicating more severe and diverse
pain [18]. 4. PPI Score: Assesses current pain
intensity (range: 0-5), with higher scores indi-
cating greater pain severity [19].

Efficacy assessment

Clinical efficacy was evaluated using criteria
adapted from the Criteria of Diagnosis and The-
rapeutic Effects of Diseases and Syndromes in
Traditional Chinese Medicine [20]. Categories
included: (1) Clinical Recovery: Complete disap-
pearance of dysfunction and symptoms, with
normal cervical mobility. (2) Markedly Effective:
Substantial disappearance of dysfunction and
symptoms, with normal cervical mobility. (3)
Effective: Partial disappearance of dysfunction
and symptoms, with cervical and shoulder
mobility essentially restored to normal, and
minimal impact on daily life and work. (4)
Ineffective: No improvement in dysfunction or
symptoms, limited cervical mobility, a positive
brachial plexus traction test, and inability to
perform normal daily activities and work.

The total effective rate was calculated as the
sum of the clinical recovery, markedly effective,
and effective rates [14].

Follow-up

Follow-up data were collected via phone calls
and clinical visits to ensure completeness.
Recurrence was defined as the reappearance
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or worsening of symptoms (e.g., neck or shoul-
der pain, numbness, restricted mobility) during
the follow-up period, significantly impacting
daily life or work. Recurrence was determin-
ed based on: 1. Patient-reported reappearance
or significant worsening of pain, numbness, or
functional impairment affecting daily activities.
2. Recurrence of objective signs, such as a pos-
itive brachial plexus traction test or decreas-
ed muscle strength. 3. Comprehensive clinical
assessment confirming recurrence based on
patient-reported symptoms, physical examina-
tion findings, and medical history review. This
combined approach ensured a robust and clini-
cally meaningful evaluation of recurrence.

Observation indicators

Primary indicators: Improvements in NDI, VAS,
PRI, and PPI scores; clinical efficacy (cure rate,
effective rate, inefficacy rate, and total effec-
tive rate); recurrence rate evaluation.

Secondary indicators: Adverse reactions (e.g.,
skin irritation, dizziness, muscle soreness,
numbness); analysis of recurrence risk factors
(treatment protocol, age, pillow height).

Statistical analysis

Statistical analyses were performed using
SPSS 25.0. Data normality was assessed using
the Kolmogorov-Smirnov test (D). Normally
distributed data were expressed as mean %
standard deviation (Mean + SD) and analyzed
using independent sample t-tests (t) or paired
t-tests (t). Non-normally distributed data were
expressed as medians (IQR) and analyzed using
Mann-Whitney U tests (U). Categorical variables
were compared using chi-square tests (x?) or
Fisher's exact tests where appropriate. For
repeated measurements, repeated measures
analysis of variance (RM-ANOVA) was applied
to evaluate changes over time within and
between groups. When significant differences
were detected, post hoc Bonferroni tests were
used for pairwise comparisons. Multivariate
analysis was conducted using logistic regres-
sion, and odds ratios (OR) with 95% confidence
intervals (Cl) were calculated. The predictive
efficacy of the recurrence risk scoring model
was assessed using receiver operating charac-
teristic (ROC) curves and area under the curve
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(AUC) values. A p-value of <0.05 was consid-
ered statistically significant.

Results

Comparison of baseline data between the two
groups

Baseline characteristics between the two gro-
ups showed no statistically significant differ-
ences, including age distribution (P=0.716), sex
ratio (P=0.716), BMI classification (P=0.651),
disease duration (P=0.388), education level
(P=0.251), history of cervical trauma (P=0.441),
sleep duration (P=0.467), pillow height (P=
0.941), desk work duration (P=0.853), exercise
frequency (P=0.436), hypertension (P=0.713),
diabetes (P=0.514), and hyperlipidemia (P=
0.473). Detailed information is presented in
Table 1.

Changes in NDI scores before and after treat-
ment

Pre-treatment NDI scores showed no signifi-
cant difference between the two groups (P=
0.422). After 2 weeks of treatment, both groups
exhibited a significant decrease in NDI scores,
with the observation group demonstrating a
significantly greater reduction than the control
group (P<0.001). At 4 weeks, NDI scores fur-
ther decreased, and the observation group
continued to show superior improvement com-
pared to the control group (P<0.001). Compared
to pre-treatment scores, both groups showed
significant improvement 2 weeks and 4 weeks
after treatment (P<0.05), with scores at 4
weeks being significantly lower than at 2 weeks
(P<0.05). Detailed results are shown in Table 2.

Changes in simplified McGill pain question-
naire scores

Pre-treatment VAS, PRI, and PPI scores showed
no significant differences between the two
groups (P>0.05). After 2 weeks of treatment,
both groups exhibited significant reductions in
VAS, PRI, and PPI scores (P<0.001), with the
observation group showing significantly greater
improvements (P<0.001). At 4 weeks, scores
further improved, with the observation group
demonstrating superior improvement com-
pared to the control group (P<0.05). Both
groups showed significant reductions in VAS,
PRI, and PPI scores at 2 weeks and 4 weeks
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Table 1. Comparison of baseline characteristics between the two groups

Control Group Observation Group

Factors (n=104) (n=110) Statistic P-value
Age
>50 57 (54.81%) 63 (57.27%) 0.132 0.716
<50 47 (45.19%) 47 (42.73%)
Gender 0.132 0.716
Male 47 (45.19%) 47 (42.73%)
Female 57 (54.81%) 63 (57.27%)
BMI 0.857 0.651
18-21.9 24 (23.08%) 20 (18.18%)
22-24.9 59 (56.73%) 68 (61.82%)
>25 21 (20.19%) 22 (20%)
Disease duration 0.744 0.388
>6 months 44 (42.31%) 53 (48.18%)
<6 months 60 (57.69%) 57 (51.82%)
Education level 2.766 0.251
< Junior high school 26 (25%) 32 (29.09%)
High school 56 (53.85%) 64 (58.18%)
> College 22 (21.15%) 14 (12.73%)
History of neck trauma 0.593 0.441
Yes 29 (27.88%) 36 (32.73%)
No 75 (72.12%) 74 (67.27%)
Sleep duration 0.53 0.467
>8h 66 (63.46%) 75 (68.18%)
<8h 38 (36.54%) 35 (31.82%)
Pillow height (cm) 0.122 0.941
0-4.9 36 (34.62%) 39 (35.45%)
5-9.9 43 (41.35%) 43 (39.09%)
>10 25 (24.04%) 28 (25.45%)
Desk work duration (h/day) 0.317 0.853
0-3.9 28 (26.92%) 32 (29.09%)
4-7.9 56 (53.85%) 55 (50%)
>8 20 (19.23%) 23 (20.91%)
Physical exercise frequency (times/week) 0.608 0.436
>3 55 (52.88%) 64 (58.18%)
<3 49 (47.12%) 46 (41.82%)
History of hypertension 0.136 0.713
Yes 19 (18.27%) 18 (16.36%)
No 85 (81.73%) 92 (83.64%)
History of diabetes 0.425 0.514
Yes 12 (11.54%) 16 (14.55%)
No 92 (88.46%) 94 (85.45%)
History of hyperlipidemia 0.515 0.473
Yes 23 (22.12%) 20 (18.18%)
No 81 (77.88%) 90 (81.82%)
Note: BMI, Body Mass Index.
compared to pre-treatment scores (P<0.05), than at 2 weeks (P<0.05). Detailed results are
with scores at 4 weeks being significantly lower presented in Tables 3-5.
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Table 2. Comparison of NDI scores between the two groups before and after treatment

Observation Group  Control Group
(n=110) (n=104)

45.91+14.99 45.11+14.96 46.76+15.04 0.804 0.422

2-week NDI Score 26.00 [18.00, 33.75] 20.50+£10.57* 33.56+£13.82* 7.734 <0.001

4-week NDI Score 14.00 [9.00, 20.00] 11.00+5.66*,# 19.25+9.80* # 7.487 <0.001

F value 115.077 278.27

P value <0.001 <0.001

Note: *P<0.05, compared with pre-treatment; #P<0.05, compared with 2 weeks post-treatment; NDI, Neck Disability Index.

Variable Total Score Statistic P-value

Pre-treatment NDI Score

Table 3. Comparison of VAS scores between the two groups before and after treatment

Observation Group Control Group
(n=110) (n=104)
5.00 [5.00, 6.00] 5.50 [4.00, 6.00] 0.014 0.989

Variable Total Score Statistic P-value

Pre-treatment VAS 5.00 [5.00, 6.00]

2-week VAS 3.00[2.00, 4.00] 3.00 [2.00, 3.00]* 4.00 [3.00, 4.00]* 6.311 <0.001
4-week VAS 2.00[1.00,2.00] 2.00[1.00,2.00]*,# 2.00[1.00, 3.00]*,# 3.121 0.001
F value 217.76 333.192
P value <0.001 <0.001

Note: *P<0.05, compared with pre-treatment; #P<0.05, compared with 2 weeks post-treatment; VAS, Visual Analog Scale.

Table 4. Comparison of PRI scores between the two groups before and after treatment

Observation Group Control Group
(n=110) (n=104)

16.08+3.07 16.11+3.02 0.058 0.954

2-week PRI Score 9.00 [7.00, 11.00] 8.00 [7.00, 10.00]* 10.05+3.54* 3.325 <0.001

4-week PRI Score 4.00 [3.00, 6.00] 4.00[2.00, 5.00]*,# 5.25+2.37*,# 4.371 <0.001

F value 338.195 626.394

P value <0.001 <0.001

Note: *P<0.05, compared with pre-treatment; #P<0.05, compared with 2 weeks post-treatment; PRI, Pain Rating Index.

Variable Total Score Statistic P-value

Pre-treatment PRI Score 16.00 [14.00, 18.00]

Table 5. Comparison of PPI scores between the two groups before and after treatment

Observation Group Control Group

Variable Total Score Statistic P-value

(n=110) (n=104)
Pre-treatment PPl 3.00 [2.00, 4.00] 3.00[2.00, 4.00] 3.00[2.00, 3.00] -1.702 0.072
2-week PPI 2.00[1.00, 2.00] 1.00 [1.00, 2.00]* 2.00 [2.00, 3.007* 6.799 <0.001
4-week PPI 1.00[1.00,2.00] 1.00[1.00, 2.001*,# 1.00[1.00, 2.00]*,# 2.18 0.016
F value 84.479 191.161
P value <0.001 <0.001

Note: *P<0.05, compared with pre-treatment; #P<0.05, compared with 2 weeks post-treatment; PPI, Present Pain Intensity.

Clinical efficacy evaluation

Clinical efficacy evaluation showed differenc-
es in therapeutic outcomes between the two
groups. The cure rate in the research group
was 51.8%, significantly higher than 36.5% in
the control group (P=0.035). However, there
was no significant difference in the Signifi-
cant Effect rate between the two groups
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(P=0.186), while the control group had sig-
nificantly higher effective rate as well as
ineffective rate than the research group
(23.1% vs. 10.9%, P=0.028; 19.2% vs. 7.3%,
P=0.017). Notably, the total effective rate in
the research group (92.7%) was significantly
higher than in the control group (80.8%)
(P=0.017). Detailed outcomes are illustrated
in Figure 1.
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Clusters Clinical recovery Significant Effect Effective Ineffective Total effective number
Research
groups
Control
Group
chi-square 4486 e 1850 11 71t
value
P 0.035 0.186 0.028 0.017 0.017
value
. Yes
M

Figure 1. Clinical efficacy evaluation. This figure presents the clinical efficacy outcomes for the observation and
control groups, including clinical cure, marked efficacy, effectiveness, non-effectiveness, and total effective rate.

Adverse reactions

The occurrence of adverse reactions, including
skin irritation, dizziness, muscle soreness, and
localized numbness, showed no statistically
significant differences between the two groups
(P>0.05). Specifically, skin irritation occurred in
8.2% of the observation group versus 2.9% of
the control group; dizziness occurred in 9.1%
versus 6.7%; muscle soreness occurred in 7.3%
versus 4.8%; and localized numbness occurred
in 3.6% versus 5.8%. Detailed information is
shown in Figure 2.

Comparison of recurrence and risk factor
analysis

Comparison of baseline data between the
recurrence and non-recurrence groups revea-
led significant differences in treatment regi-
men, age, history of neck trauma, and pillow
height. Specifically: (1) Treatment Regimen: The
recurrence rate in the observation group was
significantly lower than in the control group
(7.3% vs. 20.2%, P=0.006). (2) Age: Patients
aged =50 years had a significantly higher re-
currence rate compared to those <50 years
(19.2% vs. 6.4%, P=0.007). (3) Neck Trauma:
Patients with a history of neck trauma had a
higher recurrence rate than those without
(23.1% vs. 9.4%, P=0.007). (4) Pillow Height:
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Patients using pillows >10 cm exhibited a
markedly higher recurrence rate compared to
those using lower pillows (41.5% vs. 0%-8.1%,
P<0.001).

Other variables, including gender, BMI, disease
duration, sleep duration, frequency of physical
exercise, and underlying conditions (hyperten-
sion, diabetes, hyperlipidemia), showed no sta-
tistically significant differences between the
two groups (P>0.05). Detailed results are pre-
sented in Table 6.

Logistic regression analysis identified treat-
ment regimen, age, and pillow height as
independent risk factors for recurrence: (1)
Treatment Regimen: Patients in the observa-
tion group had a significantly lower recurrence
risk than those in the control group (OR=
0.139, P=0.001, 95% Cl: 0.042-0.404), indi-
cating that combination therapy effectively
reduces recurrence risk. (2) Age: Patients aged
>50 years were at a significantly higher risk
of recurrence compared to those <50 years
(OR=0.300, P=0.038, 95% CI: 0.088-0.888),
suggesting that age is a critical influencing
factor. (3) Pillow Height: Patients using pillows
>10 cm had a significantly higher recurrence
risk compared to those using lower pillows
(OR=11.084, P<0.001, 95% Cl: 4.762-31.151),
highlighting high pillows as a primary risk factor

Am J Transl Res 2025;17(2):1005-1017
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Skin.Irritation Dizziness.and.Nausea Muscle.Soreness Local.Numbness

1.922 0.148 0.219 0.172

Clusters

Research
groups

Control
Group

chi-square
value

P

0.166 0.700 0.640 0.678
value

.Yes
.No

Figure 2. Adverse reactions statistics. This figure shows the incidence of adverse reactions in both groups, including
skin irritation, dizziness and nausea, muscle soreness, and local numbness.

Table 6. Comparison of baseline data and pre-treatment function scores between recurrence and
non-recurrence patients

Non-recurrent Recurrent X2/t/Z

Variable Total (n=184) (n=30) value P-value
Treatment regimen 7.617 0.006
Control Group 104 (48.6%) 83 (44.86%) 21 (72.41%)
Observation Group 110 (51.4%) 102 (55.14%) 8 (27.59%)
Age 7.353 0.007
>50 120 (56.07%) 97 (52.43%) 23 (79.31%)
<50 94 (43.93%) 88 (47.57%) 6 (20.69%)
Gender 1.723 0.189
Male 94 (43.93%) 78 (42.16%) 16 (55.17%)
Female 120 (56.07%) 107 (57.84%) 13 (44.83%)
BMI 0.009 0.995
18-21.9 44 (20.56%) 38 (20.54%) 6 (20.69%)
22-24.9 127 (59.35%) 110 (59.46%) 17 (58.62%)
>25 43 (20.09%) 37 (20%) 6 (20.69%)
Disease duration 0.740 0.390
>6 months 97 (45.33%) 86 (46.49%) 11 (37.93%)
<6 months 117 (54.67%) 99 (53.51%) 18 (62.07%)
Education level 0.853 0.653
< Junior high school 58 (27.1%) 49 (26.49%) 9 (31.03%)
High school 120 (56.07%) 106 (57.3%) 14 (48.28%)
> College 36 (16.82%) 30 (16.22%) 6 (20.69%)
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Neck trauma 7.231 0.007
Yes 65 (30.37%) 50 (27.03%) 15 (51.72%)
No 149 (69.63%) 135 (72.97%) 14 (48.28%)
Sleep duration 0.788 0.375
>8 h 141 (65.89%) 124 (67.03%) 17 (58.62%)
<8h 73 (34.11%) 61 (32.97%) 12 (41.38%)
Pillow height (cm) 49.27 <0.001
0-4.9 75 (35.05%) 75 (40.54%) 0 (0%)
5-9.9 86 (40.19%) 79 (42.7%) 7 (24.14%)
>10 53 (24.77%) 31 (16.76%) 22 (75.86%)
Desk work duration (h/day) 4.423 0.110
0-3.9 60 (28.04%) 54 (29.19%) 6 (20.69%)
4-7.9 111 (51.87%) 98 (52.97%) 13 (44.83%)
>8 43 (20.09%) 33 (17.84%) 10 (34.48%)
Physical exercise frequency (times/week) 0.123 0.725
>3 119 (55.61%) 102 (55.14%) 17 (58.62%)
<3 95 (44.39%) 83 (44.86%) 12 (41.38%)
History of hypertension 1.1 0.294
Yes 37 (17.29%) 30 (16.22%) 7 (24.14%)
No 177 (82.71%) 155 (83.78%) 22 (75.86%)
History of diabetes 0.221 0.638
Yes 28 (13.08%) 25 (13.51%) 3(10.34%)
No 186 (86.92%) 160 (86.49%) 26 (89.66%)
History of hyperlipidemia 0.007 0.931
Yes 43 (20.09%) 37 (20%) 6 (20.69%)
No 171 (79.91%) 148 (80%) 23 (79.31%)
Pre-treatment NDI 45.911+14.988 46.326+15.057 43.367+14.545 1.003 0.317
Pre-treatment VAS 5.00, 5.00, 6.00, 5.00, 5.00, 5.00, 6.00, 5.00, 5.00, 4.00, 7.00, 4.00, 0.762 0.446
6.00, 5.00, 6.00 6.00, 5.00, 6.00 7.00, 4.00, 7.00
Pre-treatment PRI 16.00, 14.00, 18.00, 16.00, 14.00, 18.00, 15.00, 13.00, 17.75, 1.462 0.144
14.00, 18.00, 14.00, 14.00, 18.00, 14.00,  13.00, 17.75, 13.00,
18.00 18.00 17.75
Pre-treatment PPI 3.00, 2.00, 4.00, 2.00, 3.00, 2.00, 4.00, 2.00, 3.00, 2.00, 3.00,2.00, 0.823 0.411
4.00, 2.00, 4.00 4.00, 2.00, 4.00 3.00, 2.00, 3.00
Note: NDI, Neck Disability Index; VAS, Visual Analog Scale; PRI, Pain Rating Index; PPI, Present Pain Intensity.
Table 7. Logistic regression analysis of recurrence risk factors
Variable Estimate SE P Value OR Value Lower Upper
Treatment regimen -1.971 0.575 0.001 0.139 0.042 0.404
Age -1.205 0.581 0.038 0.300 0.088 0.888
Neck trauma -0.904 0.528 0.087 0.405 0.140 1.130
Pillow height 2.406 0.475 <0.001 11.084 4.762 31.151
Intercept -1.641 1.82 0.367 0.194 0.005 6.244

Note: SE, Standard Error; OR, Odds Ratio.

for recurrence. Detailed regression results are
shown in Table 7.

Recurrence risk prediction and model valida-
tion

Based on logistic regression results, the recur-
rence risk scoring formula was constructed as:
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Risk =-1.971 x Treatment Protocol - 1.205 x
Age + 2.406 x Pillow Height - 1.641.

The recurrence group had significantly higher
risk scores than the non-recurrence group
(P<0.001, Figure 3A). ROC curve analysis de-
monstrated that the recurrence risk scoring
model had high predictive accuracy, with an
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Figure 3. Expression and predictive value of recurrence scores. A. Comparison of recurrence risk scores between
the two patient groups. B. ROC curve analysis for the predictive performance of the recurrence risk scoring model.
Note: ROC, receiver operating characteristic curve, ***P<0.001.

AUC of 0.897 (95% CI: 0.844-0.951), indicating
excellent discriminative ability (Figure 3B).

Discussion

This study offers valuable insights for optimiz-
ing conservative treatment strategies for CSR
by retrospectively comparing the clinical effica-
cy and recurrence rates of interference electro-
therapy combined with rotary traction manipu-
lation versus rotary traction alone. The findings
indicate that the combination therapy signifi-
cantly enhances cervical function and allevi-
ates pain symptoms in the short term, resulting
in a higher total effective rate. However, long-
term recurrence is influenced by multiple fac-
tors, including age, treatment approach, and
pillow height. By developing and validating
a recurrence risk model, this study provides
clinicians with scientific evidence to support
individualized treatment plans and preventive
interventions.

CSR is one of the most prevalent types of cervi-
cal spondylosis, with rising incidence and dis-
ability rates linked to an aging population and
lifestyle changes such as prolonged desk work
and excessive use of electronic devices [21].
Conservative treatment remains the corner-
stone of CSR management due to its low risk
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and cost-effectiveness, making it the first-line
approach for most patients [5]. Manual traction
and physical therapy are widely employed to
improve cervical biomechanics, relieve nerve
root compression, and alleviate clinical symp-
toms. However, single-modality therapies may
have limited efficacy in enhancing function and
reducing pain, and long-term outcomes, includ-
ing recurrence [22]. This study explored the
combined application of interference electro-
therapy and rotary traction manipulation to
enhance conservative treatment outcomes.

The study was designed as a retrospective
analysis of CSR patients treated at a single
hospital over two years. Although retrospective
studies have inherent limitations in establish-
ing causality and may introduce biases related
to data completeness and selection, the use of
rigorous inclusion and exclusion criteria, com-
prehensive medical records, and thorough fol-
low-up data helped minimize these biases.
Both groups had comparable baseline charac-
teristics, ensuring a balanced foundation for
evaluating treatment effects. Rotary traction,
used in the control group, provided a robust
baseline, while the observation group received
additional interference electrotherapy, allowing
for the specific assessment of the benefits of
interference electrotherapy [12].
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Evaluation metrics in this study included multi-
dimensional tools such as the NDI, VAS, PRI,
and PPI. These scales are highly sensitive and
reliable for assessing cervical function and
pain. NDI comprehensively reflects functional
disability in daily activities, while VAS, PRI, and
PPl quantify pain intensity, nature, and scope
from different perspectives. Additionally, the
modified Macnab criteria offered a comprehen-
sive evaluation of clinical efficacy. Short-term
follow-ups at 2 and 4 weeks captured immedi-
ate treatment effects, while the 1-year follow-
up enabled the analysis of recurrence and long-
term outcomes.

The results demonstrated that the combined
treatment significantly outperformed rotary
traction alone in improving cervical function
and reducing pain in the short term. The ob-
servation group showed significantly greater
improvements in NDI, VAS, PRI, and PPI scores
at both 2 and 4 weeks after treatment, indicat-
ing that interference electrotherapy acceler-
ates pain relief and functional recovery. This
may be attributed to interference electrothera-
py’s ability to generate low-frequency modulat-
ed currents in tissues through medium-fre-
quency currents, which help relax muscles,
promote blood circulation, and reduce inflam-
matory factors, thereby alleviating pain and
functional impairment caused by nerve root
compression. Supporting this, Yan Li et al. [23]
found that precise acupuncture targeting axil-
lary nerves rapidly alleviated shoulder and neck
dysfunction, suggesting that targeted interven-
tions may enhance early pain relief and func-
tional recovery. Similarly, Juan Yang et al. [24]
emphasized that treatments enhancing local
circulation, such as Huanggi-based acupunc-
ture for elderly CSR patients, demonstrate
effective mechanisms. These findings suggest
that diversified and precise interventions could
form an effective integrated treatment strategy
for CSR.

Beyond confirming the short-term benefits of
interference electrotherapy, this study identi-
fied key factors influencing mid-to-long-term
recurrence, including age, treatment approach,
and pillow height. Aging (=50 years) is associ-
ated with accelerated degeneration of interver-
tebral discs and ligaments, bone loss, and
muscle weakness, which reduce cervical spine
stability and tolerance to rehabilitation or rein-
jury [25]. The treatment protocol, as a modifi-
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able clinical factor, showed that multimodal
interventions (e.g., interference electrotherapy
combined with manual therapy) can stabilize
local biomechanics, alleviate nerve root pres-
sure, and reduce recurrence rates. In contrast,
single or incomplete treatments may not sus-
tain their therapeutic effects. Pillow height also
plays a critical role; using pillows =10 cm can
lead to prolonged poor cervical alignment dur-
ing sleep, exacerbating soft tissue tension and
nerve root irritation [26]. Therefore, targeted
treatment strategies that consider age and
emphasize lifestyle modifications, such as
proper pillow height adjustment and compre-
hensive rehabilitation, are essential for mini-
mizing CSR recurrence.

This study developed a recurrence risk predic-
tion model based on identified risk factors
and demonstrated its high predictive accuracy
(AUC=0.897) through ROC analysis. This model
provides clinicians with a quantitative tool to
predict recurrence risk, enabling early targeted
interventions for high-risk patients. Compared
to Keyue Xie et al. [14], who identified disease
duration, numbness, and numeric pain scores
as independent predictors of post-surgical
recurrence, this study’s model, which focuses
on different variables (treatment approach,
age, and pillow height), also exhibited high pre-
dictive accuracy. Both studies highlight the
complementary nature of identified risk fac-
tors, contributing to a more comprehensive and
precise prediction model.

Despite its valuable contributions, this study
has several limitations. First, as a single-center
retrospective study, it lacks the higher level of
evidence provided by prospective, randomized
controlled trials. Second, although the sample
size is substantial, larger multi-center studies
are necessary for further validation. The study
did not perform a stratified analysis of the
impact of different parameters of interference
electrotherapy or specific manual therapy de-
tails. Future research should explore the under-
lying mechanisms and optimize treatment pa-
rameters. Additionally, factors such as psycho-
logical state, socioeconomic status, and pa-
tient compliance were not analyzed. Future
multidisciplinary studies incorporating biologi-
cal, psychological, and social dimensions will
enhance the model’'s applicability and preci-
sion [12, 27].
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Conclusion

Interference electrotherapy combined with
rotary traction manipulation significantly im-
proves cervical function and alleviates pain in
patients with cervical spondylotic radiculo-
pathy, achieving a high total effective rate.
However, the risk of recurrence is significantly
influenced by the treatment approach, patient
age, and pillow height.

Disclosure of conflict of interest
None.

Address correspondence to: Jiangshan Li, College
of Acupuncture and Moxibustion, Massage and
Rehabilitation, Hunan University of Chinese Medi-
cine, No. 300, Xueshi Road, Xueshi Street, Yuelu
District, Changsha 410208, Hunan, China. E-mail:
001316@hnucm.edu.cn; Cui Zhou, Children’s Na-
tional Medical Center, Yueyang Central Hospital, No.
39, Dongmaoling Road, Yueyanglou District, Yueyang
414000, Hunan, China. E-mail: 13789007817@163.
com

References

[1] Theodore N. Degenerative cervical spondylo-
sis. N Engl J Med 2020; 383: 159-168.

[2] Hurwitz EL, Randhawa K, Yu H, Coté P and Hal-
deman S. The Global Spine Care Initiative: a
summary of the global burden of low back and
neck pain studies. Eur Spine J 2018; 27 Suppl
6: 796-801.

[3] Zou L, Zhong C, Xu X, Liu F, Wang C and Shi B.
Effect of Baduanjin exercise on cervical spon-
dylosis: a protocol for the systematic review of
randomized controlled trials. Medicine (Balti-
more) 2021; 100: e24813.

[4] lyer S and Kim HJ. Cervical radiculopathy. Curr
Rev Musculoskelet Med 2016; 9: 272-280.

[5] George D, Campbell L and Marra J. Diagnostic
uncertainty in cervical radiculopathy. Mil Med
2023; 188: €2797-e2801.

[6] Chapek M, Rand E and Kuwabara A. Rare
cause of cervical radiculopathy: a clinical vi-
gnette. Am J Phys Med Rehabil 2024; 104: e9-
ell.

[71 Plener J, Csiernik B, To D, da Silva-Oolup S,
Hofkirchner C, Cox J, Cancelliere C, Chow N,
Hogg-Johnson S and Ammendolia C. Conserva-
tive management of cervical radiculopathy: a
systematic review. Clin J Pain 2023; 39: 138-
146.

[8] Plener J, da Silva-Oolup S, To D, Csiernik B,
Hofkirchner C, Cox J, Chow N, Hogg-Johnson S

1016

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

and Ammendolia C. Eligibility criteria of partici-
pants in randomized controlled trials assess-
ing conservative management of cervical ra-
diculopathy: a systematic review. Spine (Phila
Pa 1976) 2023; 48: E132-E157.

Choi GH, Wieland LS, Lee H, Sim H, Lee MS
and Shin BC. Acupuncture and related inter-
ventions for the treatment of symptoms asso-
ciated with carpal tunnel syndrome. Cochrane
Database Syst Rev 2018; 12: CD011215.
PengY, Wu J, Wu Y and Chen F. Abdominal acu-
puncture therapy for cervical spondylotic ra-
diculopathy: a systematic review and meta-
analysis. Asian J Surg 2023; 46: 5776-5778.
Jellad A, Kalai A, Chaabeni A, Nasrallah CB,
Nsir AB, Jguirim M, Sriha AB, Frih ZBS and
Bedoui MH. Effect of cervical traction on cervi-
cogenic headache in patients with cervical ra-
diculopathy: a preliminary randomized con-
trolled trial. BMC Musculoskelet Disord 2024,
25: 842.

LinY, Zhong S, Huang C, Zhang G and Jiang G.
The efficacy of acupuncture therapies in cervi-
cal spondylotic radiculopathy: a network meta-
analysis. Heliyon 2024; 10: e31793.

Feng T, Wang X, Bu H, Sun K, Qin X, Xie R, Zhu
L and Wei X. Cervical rotation-traction manipu-
lation for cervical radiculopathy: a systematic
review and meta-analysis of randomized con-
trol trials. J Pain Res 2024; 17: 4055-4070.
Xie K and Wang Z. A predictive model for the
risk of recurrence of cervical spondylotic ra-
diculopathy after surgery. Pain Ther 2023; 12:
1385-1396.

Gebreyohanes A, Erotocritou M and Choi D. Ap-
praising the evidence for conservative versus
surgical management of motor deficits in de-
generative cervical radiculopathy. Global Spine
J2023; 13: 547-562.

Reisener MJ, Okano |, Zhu J, Salzmann SN,
Miller CO, Shue J, Sama AA, Cammisa FP, Gi-
rardi FP and Hughes AP. Workers’ compensa-
tion status in association with a high NDI score
negatively impacts post-operative dysphagia
and dysphonia following anterior cervical fu-
sion. World Neurosurg 2021; 154: e39-e45.

Li F, Zhu L, Geng Y and Wang G. Effect of hip
replacement surgery on clinical efficacy, VAS
score and Harris hip score in patients with
femoral head necrosis. Am J Transl Res 2021;
13: 3851-3855.

Wan BJ, Huang W, Zhang YX and Zhang HS. In-
fluence of electroacupuncture with penetra-
tion needling method on comprehensive pain
score in patients with cervical spondylotic ra-
diculopathy. Zhongguo Zhen Jiu 2013; 33:
407-410.

Lin T, Wang Z, Chen G and Liu W. Predictive
effect of cervical sagittal parameters on con-

Am J Transl Res 2025;17(2):1005-1017



Effect of interference electrotherapy combined with rotary traction manipulation

[20]

[21]

[22]

[23]

1017

servative treatment of single-segment cervical
spondylotic radiculopathy. World Neurosurg
2020; 134: e1028-€1036.

Han XJ, Liu MY, Lian ZH, Wang LY, Shi NN and
Zhao J. Clinical application evaluation of
Guidelines for Diagnosis and Treatment of In-
ternal Diseases in Traditional Chinese Medi-
cine. Zhongguo Zhong Yao Za Zhi 2017; 42:
3233-3237.

Mustafa R and Kissoon NR. Approach to ra-
diculopathy. Semin Neurol 2021; 41: 760-770.
Chiou-Tan FY. Musculoskeletal mimics of cervi-
cal radiculopathy. Muscle Nerve 2022; 66:
6-14.

LiY, WuY, Fan X and Sun Y. Clinical research of
shoulder-arm pain of cervical spondylotic ra-
diculopathy treated with acupunc- ture based
on the axillary nerve distribution. Zhongguo
Zhen Jiu 2016; 36: 135-138.

(24]

[25]

[26]

[27]

Yang J, Huang H, Shi J, He C, Zhang K, Chen Z,
Zeng R and Liu J. Qihuang needle therapy in
senile cervical spondylotic radiculopathy. Front
Aging Neurosci 2023; 15: 1140531.

Pu J, Cao W, Chen Y, Fan Y and Cao Y. Ultra-
sound-guided injection acupotomy as a mini-
mally invasive intervention therapy for cervical
spondylotic radiculopathy: a randomized con-
trol trial. Ann Med 2023; 55: 2233556.

He SH, Tan HS, Huang Y and Lai JY. Meridian
massage in the treatment of cervical spondy-
lotic radiculopathy. Zhongguo Gu Shang 2024;
37: 818-823.

Yao ZY and Fan SY. Clinical observation of ul-
trasound-guided acupotomy assisting percuta-
neous cervical disc nucleoplasty in the treat-
ment of cervical spondylotic radiculopathy.
Zhen Ci Yan Jiu 2024; 49: 604-610.

Am J Transl Res 2025;17(2):1005-1017



