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Abstract
Background: Different treatments with varying clinical e�cacies have been applied to treat knee
osteoarthritis (KOA). This study observes the effectiveness of deep hyperthermia combined with dynamic
traction in KOA treatment.

Methods: Deep hyperthermia and dynamic traction was administered to 60 patients with KOA. The
pretreatment and 20- and 40-day post-treatment visual analog scale (VAS) and Lysholm score, knee joint
cavity effusion, synovium thickness, and synovial blood �ow signal (by high-frequency ultrasound) of the
patients were recorded. The pretreatment and 20- and 40-day post-treatment Lysholm scores were 47.17 ±
5.07, 63.22 ± 3.44, and 81.98 ± 3.30 (P < 0.001), respectively.

Results: The pretreatment and 20- and 40-day post-treatment VAS scores were 5.67 ± 0.91, 2.92 ± 0.81, and
0.60 ± 0.72 (P < 0.001), respectively. The pretreatment and 20- and 40-day post-treatment articular effusion
was 5.41 ± 0.46 mm, 4.34 ± 0.34 mm, and 2.32 ± 0.32 mm (P < 0.001), respectively. The pretreatment and
20- and 40-day post-treatment synovial thickness was 3.44 ± 0.31 mm, 2.79 ± 0.15 mm, and 2.32 ± 0.32
mm (P < 0.001), respectively. The pretreatment and 20- and 40-day post-treatment grades of synovial blood
�ow signal exhibited a signi�cant difference (P < 0.001).

Conclusion: Deep hyperthermia combined with dynamic traction can signi�cantly improve the clinical
symptoms and pain degree in KOA, reduce joint cavity effusion, synovium thickness, and internal blood
�ow, and the effect improves with time. The changes in soft tissues observed by high-frequency ultrasound
are reliable and consistent with clinical signs.

Background
The knee joint is one of the largest synovial joints in the body and is composed of osseus structures,
cartilage, ligaments, and synovial membrane. Due to the high amount of stress and wear to the knee joint it
is highly likely to be affected by painful conditions such as osteoarthritis (OA). OA is a common joint
disorder and the most common cause of hip and knee replacement. It is one of the leading causes of
disability and has a signi�cant impact on physical and mental well-being [1]. The prevalence of
symptomatic knee OA (KOA) in adults above 60 years of age is approximately 10% in men and 13% in
women [2]. Various risk factors for KOA have been identi�ed; these include female gender, African–
American race, genetic predisposition, obesity, dietary exposure, physical activity, and high bone density and
mass, and occupational factors such as jobs requiring heavy manual labor. The pathogeneses of KOA
include injuries and in�ammation of the knee joint caused by various factors. These long-term injuries could
induce articular cartilage degeneration [3]. KOA mainly occurs in middle-aged or elderly individuals, and its
progression may result in severe complications such as pain and loss of mobility of the knee joint [4, 5].

Extensive studies have investigated the epidemiology and treatment of KOA; nevertheless, there is no
consensus on the ideal therapy. As KOA is multifactorial, it is in�uenced by local, systemic, and external
factors and its response to treatment or progression show wide range of variation between patients [6]. It is
also a progressive condition, and regression of the condition and restoration is unlikely. Thus, most current
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treatment approaches tend to focus on management of symptoms. Several treatments with varying clinical
e�cacies have been applied for KOA. Different guidelines and recommendations have been put forth by
different professional bodies, such as the Osteoarthritis Research Society International (OARSI), American
College of Rheumatology (ACR), and the American Academy of Orthopedic Surgeons (AAOS).
Recommendations for treatment of KOA include transcutaneous electrical nerve stimulation (TENS),
exercise in water and on land, weight control, oral nonsteroidal anti-in�ammatory drugs (NSAIDs) [7]. In
recent years, deep thermotherapy (external high-frequency thermotherapy) has been used to treat malignant
tumors, and exhibited superior clinical e�cacies for aseptic in�ammation [8]. High-frequency ultrasound
has emerged as a novel tool to monitor the effectiveness of KOA treatment due to its several advantages
such as convenience, speed, non-irradiative property, and ability to be used for the dynamic monitoring of
clinical e�cacy [9]. Dynamic traction can adjust the line and angle at which the patient's knee is stressed in
patients with KOA.

The present study attempted to investigate the effectiveness of deep thermotherapy combined with
dynamic traction in patients with KOA after diagnosis with high-frequency ultrasound.

Patients And Methods

Patients
The study prospectively enrolled 60 consecutive patients with KOA who were treated at the Rehabilitation
Department of Cangzhou Hospital of Integrated TCM-WM, Hebei between May 2018 and December 2019.

The inclusion criteria were: 1) clinical manifestations including pain, stiffness, and swelling in the knee joint
for less than 5 months; 2) no history of joint surgery; and 3) with unilateral grade III/IV KOA on radiological
assessment using Kellgren-Lawrence X-ray grading standard. The Kellgren-Lawrence X-ray grading standard
is as follows [10]: Grade 0: normal; Grade I: suspicious narrowing of the joint space and suspicious
osteophytes; Grade II: suspicious narrowing of the joint space and obvious osteophytes; grade III: signi�cant
narrowing of the joint space, moderate osteophytes, and some bone sclerosis or wear; Grade IV: signi�cant
narrowing of the joint space, numerous osteophytes, severe bone sclerosis, and obvious wear and
deformity.

The exclusion criteria were: 1) severe cardiocerebrovascular diseases or organ failure who could not tolerate
stimulation; 2) psychiatric diseases; 3) neuromuscular conditions (such as stroke, brain trauma, spinal cord
injury, spinal diseases, cerebral palsy, and Parkinson's disease) leading to abnormal gait; 4) tumor,
tuberculosis, infection, or rheumatoid diseases; 5) disease of the vertebra, hip, ankle, or feet that could
in�uence the gait measurement; or 6) joint pain preventing walking autonomously and requiring assistance.

This study was approved by the Ethics Committee of Cangzhou Hospital of Integrated TCM-WM, Hebei, and
informed consent was obtained from all patients.

Diagnostic criteria for KOA
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KOA was diagnosed according to the “Guidelines for the Diagnosis and Treatment of Osteoarthritis (2007
edition)” that were revised and issued by the Chinese Orthopaedic Association [5]: 1) repeated knee joint
pain within the past month; 2) X-ray (standing position or weight-bearing position) exhibiting reduced joint
space, osteosclerosis, or cystic degeneration of subchondral bone, and osteophyte formation at joint
margin; 3) clear and sticky synovial �uid (in at least two measurements) with WBC < 2000/mL; 4) middle-
aged or elderly patients (≥ 40 years old); 5) morning stiffness ≤ 3 min; and 6) bony crepitus during
activities. The patients were diagnosed with KOA if they met the items of 1 + 2, 1 + 3 + 5 + 6, or 1 + 4 + 5 + 6.

Rehabilitation treatments
Regular skin traction was performed for the rehabilitation treatment. The �xation point was set at the
ankles, using traction weight as the weight-bearing material. The traction weight was placed on the
expansion piece to allow the adjustment of the interval time. The traction frame was �xed to the end of the
deep thermotherapy bed, and the traction angle (60°–80°) was selected according to the severity of knee
joint movement limitation, joint space, and biomechanical direction. The weight of traction was 4–6 kg
according to the muscle strength and tolerability of the patients. An ex-vivo high-frequency thermotherapy
machine (HG-2000II, HoKai, Zhuhai, China) was used for ex-vivo heating, with the ring electrode placed at
the knee joint. The frequency was set at 13.56 MHz to generate high-frequency oscillation (HFO) by high
frequency electromagnetic �eld, and thus apply vertical radiation to the joint to allow heating. For the deep
thermotherapy under dynamic traction, the patients were placed in sitting position, and the knee joint
expansion piece was set as follows: traction 10 s and resting 10 s. Each thermotherapy lasted 30 min, and
one treatment was performed per day. One cycle constituted 10 days of therapy, and the patients were
treated for a total of 4 cycles.

Procedures for high-frequency ultrasound examination
The MYLAB60 color Doppler ultrasound diagnostic apparatus and the equipped probes (Esaote, Italy) were
used for examination. The frequency was set at 5–13 Hz. The patients were placed in the supine position
for examination, the knee joint was bended at 30°–90° to the bed board, and then the cross-sections of the
knee joint were scanned clockwise. The patients were then placed in the prone position, and the entire
popliteal fossa was scanned by the probe. The joint effusion was evaluated according to the Ribbens
diagnostic criteria [11], with joint effusion considered if the depth of anechoic area in the suprapatellar
bursa was ≥ 1 mm and �uid sonolucent area appeared at the tendon of quadriceps femoris muscle and
anterior of the lower femoral bone. The blood �ow for the synovium was classi�ed into four grades
according to the Alder criteria [12] (Supplementary Table 1).

Outcomes
High-frequency ultrasound was used to assess the pretreatment and 20- and 40-day post-treatment knee
joint effusion, thickness of the synovium, and blood �ow signal in the synovium. The visual analog scale
(VAS) was used to evaluate the pain intensity in the knee joint [13]. The Lysholm scoring system [14], which
consisted of questions regarding eight items including limping, supporting, leg scissors, stability, pain,
swelling, climbing, and squatting, was used to evaluate knee joint functions. The total possible score was
100 points, and a higher score was indicative of better knee joint function.



Page 6/13

Statistical analysis
Statistical analysis was performed using SPSS 21.0 software. Quantitative data were described as means ± 
standard divisions and compared using one-way repeated measures analysis of variance followed by post-
hoc pair-wise comparison (Bonferroni). Qualitative data were described as percentages (%) and compared
using non-parametric rank-sum test. P < 0.05 was considered statistically signi�cant. The sample size was
calculated using the formula N = [(Zα/2 + Zβ)σ/δ]2, where σ = 9.45, δ = 3.7, α = 0.05, β = 0.10, one side, and N 
= 57. σ was the estimated standard deviation of the 40-day post-treatment Lysholm score minus the
preoperative Lysholm score, and δ was the permissible error. Considering a lost-to-follow-up rate of about
15%, we planned to enroll 67 patients.

Results

General characteristics of the patients
Initially, 67 patients were recruited according to the inclusion criteria. Of these, 2 were excluded due to
history of stroke, and 5 were lost to follow up due to treatment discontinuation and early discharge. Thus,
60 patients were included in the analysis. There were 37 (61.7%) men and 23 (38.3%) women. The mean
age of the patients was 58 (range: 50–69) years. The general characteristics of the 60 patients are
presented in Table 1.

Table 1
General characteristics of the patients
Characteristics N = 60

Age (years) 58 (50–69)

Sex (male) 37 (61.6%)

Affected side (right) 27 (45.0%)

KOA course (months) 29 (12–47)

Comparison of the pre- and post-treatment VAS and Lysholm
scores
The 20-day post-treatment Lysholm score increased by 16.05 points [95% con�dence interval (CI): 14.92–
17.18 points] than pre-treatment score (P < 0.001), and the 40-day post-treatment score increased by 18.76
points (95% CI: 17.64–19.89) at than the 20-day post-treatment score (P < 0.001). The 20-day post-
treatment VAS score decreased by 2.75 points (95% CI: 2.53–2.97 points) relative to the pre-treatment score
(P < 0.001), and the 40-day post-treatment score decreased by 2.32 points (95% CI: 2.10–2.54) relative to the
20-day post-treatment score (P < 0.001) (Table 2).
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Table 2
Knee function and soft tissue changes before and after the treatment (n = 60)

  Before
treatment

20d after
treatment

40d after
treatment

F Partial
η2

P ∆1
(95%CI)

∆2
(95%CI)

Lysholm
score

47.17 ± 
5.07

63.22 ± 
3.44a

81.98 ± 
3.30ab

1391.082 0.959 < 
0.001

16.05
(14.92–
17.18)

18.76
(17.64–
19.89)

VAS score 5.67 ± 
0.91

2.92 ± 
0.81a

0.60 ± 
0.72ab

936.145 0.912 < 
0.001

2.75
(2.53–
2.97)

2.32
(2.10–
2.54)

Joint
effusion
(mm)

5.41 ± 
0.46

4.34 ± 
0.34a

2.32 ± 
0.32ab

2010.413 0.971 < 
0.001

1.07
(0.97–
1.17)

2.02
(1.95–
2.10)

Thickness
of
synovium
(mm)

3.44 ± 
0.31

2.79 ± 
0.15a

2.32 ± 
0.32ab

283.738 0.828 < 
0.001

0.65
(0.58–
0.72)

0.47
(0.37–
0.57)

∆1: differences between 20d after treatment and before treatment; ∆2: differences between 40d after
treatment and 20d after treatment and before treatment.

a: P < 0.05 compared with Before treatment; b: P < 0.05 compared with 20 days after treatment.

Comparison of the pre- and post-treatment joint effusion and
synovial thickness
The 20-day post-treatment joint effusion decreased by 1.07 mm (95% CI: 0.97–1.17) (P < 0.001) relative to
the pre-treatment value, and the 40-day post-treatment value decreased by 2.02 mm (95% CI: 1.95–2.10) (P 
< 0.001) relative to the 20-day post-treatment value.

The 20-day post-treatment synovial thickness decreased by 0.65 mm (95% CI: 0.58–0.72) (P < 0.001)
relative to the pre-treatment, and the 40-day post-treatment value decreased by 0.47mm (95% CI: 0.37–0.57)
(P < 0.001) relative to the 20-day post-treatment value (Table 2).

Comparison of the grade of blood �ow signal in synovium
before and after the treatment
The pre-treatment and 20- and 40-day post-treatment grades of synovial blood �ow signal exhibited a
signi�cant difference (P < 0.001) (Table 3). Additionally, the grade of blood �ow signal in the synovium at
20-day post-treatment signi�cantly differed from the pre-treatment grade (P = 0.030). However, the post-
treatment grade of blood �ow signal in the synovium did not signi�cantly differ between 20 and 40 days (P 
= 0.055).
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Table 3
Blood �ow signal in synovium before and after the treatment (n = 60)

Grade Before treatment 20d after treatment 40d after treatment F P

0 28 (46.7%) 39 (65.0%) 48 (80.0%) 16.162 < 0.001

1 17 (28.3%) 13 (21.7%) 9 (15.0%)

2 12 (20.0%) 8 (13.3%) 3 (5%)

3 3 (5.0%) 0 (0%) 0 (0%)

Discussion
A total of 60 patients with KOA were treated with deep thermotherapy combined with dynamic traction in
this study. The results revealed signi�cant increases in the post-treatment Lysholm score and signi�cant
decreases in the post-treatment VAS scores (20-and 40-day post-treatment scores; P<0.001 in both cases)
relative to the pre-treatment values, indicating that the thermotherapy combined with dynamic traction led to
signi�cant improvements in knee joint function and signi�cant reduction in pain, respectively. Similarly,
results of the high-frequency ultrasound revealed a signi�cant difference in the grade of synovial blood �ow
signal between the pre- and post-treatment grades, a signi�cant decrease in synovial thickness at 20 and 40
days post-treatment relative to the pretreatment value (P<0.001), and signi�cant decrease in joint effusion
at 20 and 40 days post-treatment relative to the pretreatment score (P<0.001).

Currrently, evidence for the use of heat in treating KOA is limited. However, cold application for KOA has
been shown to decrease pain, increase joint range, improve the knee’s functional capacity, and increase
quality of life [15, 16]. In a study on 100 patients with bilateral KOA treated with short-wave diathermy, the
patients exhibited signi�cant decreases in the VAS and Lequesne index scores and better muscle strength
compared to patients in the control group [17]. In one study, 110 patients with bilateral primary KOA were
received physical treatments with or without heat, diathermy, and ultrasound, and found better improvement
in the heat-treated group [18]. However, that study also found no difference in pain and functional
parameters in patients treated with short-wave diathermy but instead found improvements in the group
treated with hot packs. These results suggest that the approach for heat treatment (i.e. hot pack, short-wave
diathermy, or high-frequency thermotherapy) may also in�uence how the heat is generated and transmitted
to the knee joints, consequently affecting the results.

X-ray, computed tomography (CT) scanning, and magnetic resonance imaging (MRI) have been currently
used to evaluate effectiveness of treatment of KOA [19]. However, these methods have several limitations.
For example, CT scans do not provide much information about cartilage status unless advanced OA has
already set in [20]. High-frequency ultrasound examination is more useful to visualize non-bony structures
than X-ray [21] because it can be used to observe changes in lesions and blood supply from various angles,
and can thus evaluate the pathological changes of KOA more comprehensively [22]. Additionally, it is more
rapid and cost-effective than MRI, and can be performed repeatedly. However, it is highly technique-
sensitive, and the operator’s skill could in�uence the examinations and evaluations substantially. Thus,
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improving operator skills and standardizing the evaluation procedures could effectively improve the
accuracy of evaluation. Azma et al. [23] and Qvistgaard et al. [24] exhibited that high-frequency ultrasound
could accurately detect lesions in articular cavities and display the conditions of intercondylar cartilage,
synovium, and surrounding soft tissues. Wan et al. [25] and Huang et al. [26] demonstrated that high-
frequency ultrasound could directly display the severity of knee joint cartilage and the lesion characteristics
of the synovium and bursa mucosa of the knee joint during rehabilitation treatment of arthritis of the knee
joint, assisting in the early detection of cartilage diseases. They also demonstrated that high-frequency
ultrasound could be used to measure the depth of joint effusion and synovial thickness and evaluate KOA
rehabilitation. Therefore, we used high-frequency ultrasound in the present study to determine joint effusion,
synovial thickness, and synovial blood �ow grade to evaluate the effectiveness of the treatment.

The present study exhibited that deep thermotherapy combined with dynamic traction could signi�cantly
reduce the pain intensity of KOA patients. Cai et al. [27] reported that the degree of both pain and swelling in
patients with KOA improved signi�cantly after traction combined with Pu garlic moxibustion, which were in
agreement with the �ndings of this study. Ma et al. [28] used high-frequency ultrasound to observe the pre-
and post-treatment changes in KOA treated with needle-knife therapy, and observed that the VAS score
decreased and that the joint effusion, synovial thickness, and synovial blood �ow improved signi�cantly
after the therapy, which were concurrent with our �ndings. The present study exhibited that joint effusion
and thickness of synovium and synovial blood �ow signal decreased signi�cantly. These �ndings were
mirrored by a study by Guo et al. [29], suggesting that high-frequency ultrasound could provide objective
evidence to evaluate changes in disease condition and to determine treatment e�cacy.

The present study used intermittent dynamic constant-force skin traction combined with deep
thermotherapy, which could assist the exertion of the effects of deep thermotherapy. Alternating between
traction and relaxation could allow the high-frequency electromagnetic �eld to in�uence tissue �uids[30],
thus increasing the �ow exchange rate, blood circulation, the phagocytic ability of white blood cells, the rate
of tissue repair, reducing the tension in muscles and connective tissues surrounding the knee joint [31]. The
traction could immobilize and rest the affected limb, and also utilize the creep properties of viscoelastic
bodies (such as ligaments and muscles), releasing the spasm of muscles surrounding the knee joint,
increasing joint space, reducing intra-joint pressure, increasing the range of joint motion, adjusting the line
of biomechanical force of the joint [32]. Thus, pain was reduced, and knee joint functions and physiological
conditions of the soft tissues were improved.

This study has several limitations. First, this was a single-center study with a small sample size. Second,
this is a one-arm study with no control group. Third, the follow-up time of this study was relatively short.
Future multicenter randomized control trials with larger sample sizes and longer follow-up durations can
help verify the �ndings of the present study.

Therefore, the effectiveness of deep thermotherapy combined with dynamic traction is evident in treating
KOA. High-frequency ultrasound has evident advantages in evaluating the treatment outcomes, and joint
effusion, thickness of synovium, and blood �ow signal in synovium could be indicators for accurate
evaluation.
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