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ABSTRACT:

Knee osteoarthritis (OA) causes functional limitation in weight-bearing activities including
walking. To investigate the multimodal impact of acupuncture, exercise therapy, and concurrent
functional electrical stimulation (FES) on knee osteoarthritis. We designed a multidisciplinary
treatment package including acupuncture; home based exercise therapy, and concurrent functional
electrical stimulation during treadmill walking. Outcomes measurements included the numerical
rating scale (NRS), the Knee Injury and Osteoarthritis Outcome Score (KOOS), and the Tampa
Scale of Kinesiophobia (TSK). Measurements were completed at baseline and following the
treatment phase which consisted of six individual sessions. A 48-year-old male, office worker
presented with a history of chronic right knee. During the previous year, he was diagnosed with
knee osteoarthritis after clinical physical examination by a sports medicine physician. Following
our novel training intervention, the patient reported a reduction in pain intensity from 8 to 2 on the
NRS, improved in all KOOS subscale scores, and improved in the TSK scale (reduction from 15
to 11). In addition, the patient reported that he was able to return to work and undertake normal
activities of daily living with reduced knee pain. This case report showed that our novel multimodal

intervention including six sessions of acupuncture, exercise therapy, and treadmill walking with



functional electrical stimulation (FES) had a positive impact on knee pain and function in a middle-
aged male with knee osteoarthritis.
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Introduction

Osteoarthritis (OA) is the most common cause of chronic knee pain, affecting millions of
people worldwide [1]. It occurs due to a degeneration of protective cartilage at the bone-ends over
time. Although osteoarthritis can impact any joint in the body, it commonly affects joints in the
hands, knees, hips, and spine [1, 2], however, prevalence is greatest in the hips and knees [3].
Numerous management strategies exist for the treatment of knee OA [4]. Current therapeutic
approaches include non-pharmacological and pharmacological methods [5]. Pharmacological
approaches are generally limited to the use of acetaminophen or non-steroidal anti-inflammatory
agents (NSAIDs) [5], despite the use of these drugs, the majority of patients report persistent
pain.[5] Physical therapy [5], exercise [6], weight loss [2], acupuncture [7] and methods of
unloading joints including the use of canes and walkers [5] are frequently used as initial approaches
to therapy, or as adjuncts to pharmacological approaches [4].

Acupuncture is one of the non-pharmacological treatment techniques used to manage
chronic pain in patients with OA of the knee [8]. Few robust, well designed studies exist, through
early indications would suggest that acupuncture appears to be effective for reducing pain and
improving function in patients [9, 10]. A recent meta-analysis showed that acupuncture can
contribute to shorter- and long-term improvements in knee function in patients with chronic knee
pain due to osteoarthritis [7]. Functional Electrical Stimulation (FES) is a rehabilitation device
used to facilitate muscular action [11]. The FES device produces a skeletal muscle

contraction through the percutaneous stimulation of peripheral nerves, aiming to preserve



muscle mass and strength and prevent muscle atrophy [12, 13]. It has been used in combination
with gait training for patients following stroke, and in patients with multiple sclerosis and
Parkinson’s disease to improve gait function [14, 15]. We have developed a unique multimodal
approach to chronic knee pain which combines exercise therapy, acupuncture, and concurrent FES
during treadmill walking. This case report describes the outcomes of this approach following a
short-term (6 sessions) intervention on knee pain and function in a middle-aged male patient
suffering from OA in the right knee. To our knowledge, there are no published reports that have

combined these therapies into one multimodal treatment battery.

Materials and methods
Case history

Study approval was obtained from the Research Ethics Committee of the Sports Medicine
Research Center, Tehran. A 48-year-old male office worker who consistently stood for around 8
hours per day during working days, was admitted to the sports medicine research center,
neuroscience institute. His stature was 1.79m, and his body mass was 111 kg (body mass index of
34.6 kg'm2). The patient had a history of right knee pain for approximately 1 year. His pain
worsened while standing for long periods. He complained of muscle cramps in his right quadriceps
for the past 3 months. One year ago, he was admitted to an emergency department because of an
acute right knee joint effusion. The effusion was aspirated and, at that point, he underwent knee
arthrocentesis due to suspicion of septic knee arthritis. However, subsequent fluid culture ruled
out sepsis. The rheumatologist also undertook a pulmonary CT scan, blood, and urinary analysis,

at which point he was admitted to hospital for one month. None of the investigations revealed a



specific cause. At this time, the patient failed to undertake any rehabilitative exercise during the

admission. His knee pain re-started after discharge from hospital.

Evaluation
In his first visit to the clinic, the physical examination indicated that the patient had no joint
effusion, had full active range of motion in the right knee, and right medial joint line tenderness in
palpation. The patella was laterally tilted, valgus and varus stress test was normal, the McMurray
test was negative, anterior and posterior drawer test was normal. He was diagnosed with knee
osteoarthritis according to American College of Rheumatology (ACR) Clinical Classification
Criteria for Osteoarthritis of the Knee [16]. His osteoarthritis was Grade 1 based on Kellgren

Lawrence grading (Fig. 1) [17].

We assessed his pain and function by two questionnaires. The Knee Injury and
Osteoarthritis Outcome Score (KOQOS), has been shown to have acceptable levels of reliability and
validity [18]. The KOOS consists of 5 subscales; pain, other symptoms, function in daily living
(ADL), function in sport and recreation (Sport/Rec) and knee related Quality of Life (QoL). The
Tampa Scale of Kinesiophobia (TSK) was also utilised as it was developed for quantifying fear of
injury especially in patient with knee injuries [19]. This questionnaire includes 17 statements in
which each question is provided with four-point Likert scale ranging from 0 (strongly disagree) to
3 (strongly agree). The total score that can be achieved is 51, with higher scores associated with
greater fear. It is noteworthy, 4 items (4, 8, 12, and 16) were negatively worded and reverse scored.
Previous studies have demonstrated the validity and reliability of TSK in patients with chronic
musculoskeletal disorders [20, 21]. We asked the patient to rate his pain on a 0 to 10 scale. The

NRS has been shown to have acceptable levels of reliability and validity [22].






Figure 1.

a. Anteroposterior standing radiograph of knee joint (right side)
b. Anteroposterior standing radiograph of knee joint (left side)
c. Lateral view of knee joint radiography (right side)

d. Lateral view of knee joint radiography (left side)

e. Sunrise view of knee radiography (right side)

f. Sunrise view of knee radiography (left side)

Multimodal intervention

We designed a specific treatment package including acupuncture (Fig. 2), concurrent functional
electrical stimulation (RehaMove, Hasomed, Germany) with treadmill (TechnoGym, Italy)
walking (Fig.3), supervised strengthening exercises, and home based isometric exercises for six
sessions (Table 1). The first therapy session was performed in the clinic, and we asked the patient
to perform the same exercises at home every day. Based on current evidence [23-26], apuncture
was directed on acupoints of the stomach (ST36) or zu san li, ST33, ST 34, ST 35, spleen (SP9),
SP10, extra lower extremity (Ex-LE 4), (Ex- LE2), and gallbladder (GB) 34 in the first session,
and we also checked the patient for quadriceps trigger points and existence of pes anserine
tenderness. We applied needles on pes anserine tender points and quadriceps trigger points. (Fig.
4) [27]. The number of needles in the first session was based on the trigger points and the location
of pain. During the treatment sessions, the numbers of needles on the quadriceps trigger points (4
needles), and pes anserine tender points (4 needles), were decreased, so, by the third session of
treatment, there was no trigger point, and we only applied six needles on the aforementioned
accupoints . An experienced sports medicine specialist, with cooperation of an experienced

physiotherapist and neurorehabilitation specialist was responsible for the needle application.



Table 1. Package of treatment

Sessions

Protocols

Details and duration

Sessions 1-6

1)Acupuncture (Fig.2)

2) Functional

electric

stimulation

(RehaMove, Hasomed, Germany) and
treadmill (TechnoGym, Italy) walking

(Fig. 3)

3) Strengthening exercise therapy

4)Home based exercises

Stainless steel needles (size, 25x2.5 mm;
SMC, Seoul, Korea) were inserted into
quadriceps muscle and acupoints LlI4,
ST36, SP9, Xiyan, SP10, ST33, and pes
ancerine insertion tender point in and out for
20 mins.

Six electrodes (RehaTrode, Reusable FES
Electrode, Hasomed Gmbh, Germany) were
placed around the treatment area
(quadriceps, abductors, peroneals). The
frequency of simulation was 50 Hz, pulse
duration was 450 psec, amplitude was 42
mA, and interpulse interval was 0.6 sec, the
total time of stimulation was 20 min.

Supervised quadriceps leg extension
exercise (Impulse, UK); 3 sets of 12
repetitions were completed per session.

A. Quadriceps isometric exercise

B. Hip abductor isometric exercise




Fig.2 Location of acupuncture points: 1. Quadriceps trigger points (4 needles), 2. ST-34 (1 needle), 3.Ex-
LE 2 (1 needle), 4. Ex-LE 3 (1 needle), 5.Medial knee joint line tender points (2 needles), 6.ST-35 (1
needle), 7.Ex-LE 4 (1 needle), 8. GB-34 (1 needle), 9. ST-36 (1 needle), 10.SP-9 (1 needle), 11. Pes

anserine tender points (4 needles).



Fig 3. Functional electrical stimulation and treadmill walking.

Results
At baseline, the KOOS pain score was 72, symptoms 82, KOOS ADL 68, KOOS Sport/Rec was
20 and KOOS QOL was 44 (Table 2) [28]. TSK score was 15 before treatment. The pain severity
was scored “8” based on the NRS. All measurements were repeated after the sixth (and final)
session of intervention. The patient reported much less pain during walking and the NRS pain scale
fell by six points to 2 points after the intervention. His KOOS pain score was 89, symptoms 86,

KOOS ADL 82, KOOS Sport/Rec was 80 and KOOS QOL was 50. Our patient improved in all



subscales of KOOS following our treatment package (Table 2). Finally, the TSK was reduced from

15 to 11. In addition, the intervention also led to a reduction in fear of re-injury (Table 2).

Table 2. Pain intensity and questionnaire sub-scales before and after the intervention

Variable Pre-intervention Post-intervention
Numeric rating scale 8 2

KOOS subscales 72 89
Pain 68 82
Symptoms 20 80
ADL 68 82
Sport/Rec 44 50
QOL

TSK 15 11

Discussion

There is little agreement regarding the optimal therapy for pain reduction in patients with knee OA

[5, 29]. Our case report showed that a multimodal treatment package including acupuncture,

exercise therapy, and FES during walking produced a significant reduction in knee pain and

function after six therapy sessions. In our view, it is difficult to distinguish which of the individual

approaches was the most effective. Our study tested each approach in combination, therefore, we

could only speculate which one was the most effective. Further research studies with differing

designs, comparing techniques in isolation and in combination would be required to answer this

question.

Acupuncture is used to improve pain and function as a treatment technique to manage knee OA

[30]. A systematic review reported positive effects on knee pain and emphasized its safety in

comparison to standard pharmacological therapy [31].




Studies have shown that exercise therapy results in the reduction of knee pain, although no general
consensus exists regarding the most efficacious approach [29]. The effectiveness of exercise
programs within clinical trials are variable and are difficult to compare; the interventions differ
substantially in terms of type of exercise (aerobic, strengthening, etc.), intensity of exercise,
duration of intervention, and number of sessions per week [32]. Furthermore, the patients included
are often heterogeneous in age, sex, body mass index (BMI), radiographic severity of OA [32]. In
our intervention, we used a combination of isometric (for home-based exercise) and isotonic (for

facility-based exercise), in addition, treadmill walking was also included.

Rosemffet et al. reported that therapeutic electrical stimulation applied in combination with
exercise was a useful therapeutic alternative for patients with OA of the knee [33]. However, a
recent systematic review revealed that neuromuscular electrical stimulation had no benefits on
pain reduction [34]. Matsuse et al. included walking exercise simultaneously combined with
neuromuscular electrical stimulation of the quadriceps and hamstring for 12 weeks; they reported
improvement in muscle strength, physical function, and knee pain in symptomatic knee
osteoarthritis [35]. In our case study, gait training with FES lead to a significant improvement after
only six sessions [36]. Different treatment modalities including foot bracing and quadriceps
strengthening has previously been shown to improve the walking ability [37]. Combined therapy
could improve coordination between different muscles and help facilitate the co-ordination of
complex movements [38]. In patients with knee OA, walking is associated with an increased
mechanical loading of the ankle, knee and hip joints; mostly in frontal plane [37]. Hence patients
with knee OA may require specific hip abductor moments for controlling pelvic level unless they

cannot control the medial compartment load of the knee, increasing the risk of OA progression



[37]; Moreover, maximum inversion moments of the ankle, during the stance phase have been
reported. Since this abnormal increase may produce a greater split in the knee cartilage, a treatment
which focuses on these two compartment muscles seems to be effective [37]. In addition, the
importance of quadriceps strength cannot be underestimated in patients with OA of the knee.
Quadriceps weakness is a well-established risk factor of knee pain and is associated with balance
and postural sway deficiency [39]. We acknowledge that other studies have emphasised the longer
term benefits of low frequency stimulation, and this may be more effective than high frequency

stimulation for longer lasting pain relief [40, 41].

Conclusion

In conclusion, our short-term (6 sessions) multimodal treatment package led to a significant
improvement in knee pain and function in our patient. However, these results, should be interpreted
with caution, as our findings are based on a sample size of one. Future studies focused on robust

experimental design should be developed in order to strengthen the existing evidence-base.
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