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Abstract

Introduction. Postmenopausal knee pain, due to lack of oestrogen, is an important medical and socioeconomic problem that
affects the quality of life. The most important symptom is pain during walking. The purpose of the study was to compare the
effect of interferential current therapy vs. cryotherapy on knee pain in postmenopausal women.

Methods. Overall, 30 postmenopausal women with knee pain, aged 50-60 years, were assigned randomly into 2 equal groups.
Group A received interferential current therapy for 4 weeks, while group B received cryotherapy for 4 weeks. General knee pain
severity, knee pain severity during walking, and femoral neck bone mineral density (BMD) were assessed before and after treat-
ment through visual analogue scale, walking pain scale, and dual-energy X-ray absorptiometry, respectively.

Results. Statistical analysis revealed a significant reduction in knee pain severity generally as well as during walking and a signifi-
cant increase of femoral neck BMD after treatment in both groups (p = 0.0001). When comparing both groups post-treatment,
there was a highly significant reduction in knee pain severity generally as well as during walking (p = 0.0001) in favour of group A,
while a statistically non-significant difference was observed in the increase in femoral neck BMD between the groups (p > 0.05).
Conclusions. Interferential current therapy is more effective than cryotherapy in reducing the severity of knee pain, both generally

and during walking, in osteoporotic postmenopausal women.
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Introduction

Menopause is experienced by 1.5 million women each
year and often involves troublesome symptoms, including
vasomotor symptoms, insomnia, fatigue, and joint pain [1].
Postmenopausal women are at risk for osteoporosis, which
manifest clinically as pain and physical disability [2].

Joint pain is mostly correlated with changes that take
place during menopause, which affect oestrogen levels and
the vasomotor system. Joint pain becomes intense, includes
swelling, redness, and tenderness, and the area becomes
deformed [3]. Musculoskeletal pain is more common in
women than men; sex hormones, as well as psychosocial
factors are related to increased perception of pain in wom-
en compared with men [1]. The prevalence of widespread
knee pain is clearly related to age, with a significant increase
in subjects over 50 years of age. In a population study, long-
standing knee pain in women was more often part of wide-
spread pain than in men (68% vs. 40%) [4].

Current therapies for knee pain are directed towards pain
relief and reduction of secondary functional disability. Firstly,
they include physical agents such as interferential current
therapy and cryotherapy [5].

Interferential therapy is characterized by the interference
of 2 medium frequency currents, which are combined to pro-
duce an effective current with lower impedance to the skin
and deeper penetration into tissue [6]. Interferential therapy

is used for the treatment of acute and chronic pain and plays
an important role in the treatment of knee pain [5].

Physiological and neurological responses to cryotherapy
in musculoskeletal tissues have been extensively examined
in the literature. Decreasing temperature in skin, muscle,
and/or intra-articular structures results in relief in clinical prob-
lems such as acute inflammatory processes, pain, swelling,
muscle spasms, and symptoms of delayed-onset muscle
soreness [6]. Cryotherapy was found, however, to have det-
rimental effects on motor function, including nerve conduction
velocity and synaptic transmission, muscle spindle sensitivity,
firing rates, muscle strength, postural control, and function-
al performance [7].

Unfortunately, the literature review was unable to identify
any study comparing the effect of interferential current thera-
py vs. cryotherapy on knee pain in osteoporotic postmeno-
pausal women. Consequently, we conducted the presented
study to compare their different impacts on postmenopausal
knee pain in female patients.

Subjects and methods
Study design
The study was designed as a prospective, randomized,

controlled trial. It was conducted between May and Novem-
ber 2018.
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Participants

A total of 30 postmenopausal women were recruited from
the orthopaedic department of El Sahel Teaching Hospital,
Cairo, Egypt. The inclusion criteria were postmenopausal
osteoporosis confirmed by dual-energy X-ray absorptiom-
etry (DEXA) (T-score < -2.5) and knee pain for at least 12
weeks. The patients’ age ranged from 50 to 60 years and
their body mass index (BMI) was up to 25 kg/m?. The partici-
pants were excluded if they had other causes for knee pain
(traumatic, metabolic, or neurological causes, as well as
morbid obesity) or history of collagen diseases and if they
used any kind of medications that could influence bone me-
tabolism, as shown in Figure 1.

Randomization

Each participant was informed about the nature, purpose,
and benefits of the study, the right to refuse or withdraw at
any time, and the confidentiality of any obtained data. The
postmenopausal women were randomly assigned into 2
equal groups (A and B) with the use of a computer-based
randomization program. No dropping out of subjects from
the study was reported after randomization. The patients were
blinded to their allocation.

Interventions

Group A was composed of 15 postmenopausal women
who received interferential current therapy for 4 weeks.
Group B consisted of 15 postmenopausal women who re-
ceived cryotherapy for 4 weeks (3 sessions per week for both

groups).

Patients Excluded (n = 5)
assessed ‘
for eligibility * Not meeting inclusion criteria (n = 5)
(n = 35)

4

Pre-study assessment of outcomes
(n=30)

Randomization (n = 30)

- =

Group A (n =15) Group A (n =15)
Interferential

current therapy %ﬁthi‘rgsg
for 4 weeks w

—

Post-treatment evaluation of outcome measures
and statistical analysis (n = 30); no drop-outs

Figure 1. Flow chart of the study

Instrumentation

The following instruments were used:

— DEXA, to measure bone mineral density (BMD);

— interferential current therapy: Chattanooga Intellect
Mobile Combo (ENDOMED 182, the Netherlands) with 2/4
pole interferential current;

— cryotherapy: Gymna Cryoflow ICE-CT (Uniphy Elektro-
medizin GmbH & Co. KG, Germany).

Evaluation procedure

The evaluation procedure was performed for all patients
in the 2 groups before starting the program and after 4 weeks
of treatment.

Pain assessment

Pain was evaluated by using the visual analogue scale
(VAS). Each subject was made aware that VAS constituted
a 10-cm horizontal line with one end described as ‘no pain’ (0),
and the other end as ‘the worst pain | have ever felt’ (10). The
patients were asked to mark a point on the line between the
extremes that related to their level of pain.

Assessment of walking pain

Walking pain was assessed with a walking pain scale.
Each subject was made aware that the scale constituted
a horizontal line with indications from 0 to 4. The patients
were asked to mark a point on the line between the extremes
that related to their degree of pain.

Assessment of bone mineral density

DEXA was used to measure BMD before and after the
course of treatment. The patient lay in the supine position with-
out any movement and was exposed to dual-energy X-ray.
The examination provided information on the presence of
osteoporosis or osteopenia. It may also help identify women
likely to develop osteoporosis.

On the day of the examination, the patients followed their
normal diet and avoided taking any calcium supplements,
wearing any garments with zippers, belts, or buttons made
of metal. They were instructed to wear a gown during the
examination. Any jewellery and any metal objects or clothing
that might interfere with the X-ray images had to be removed.
The subjects were asked to inform the physician if they had
recently had a barium examination or had been injected with
a contrast material for a computed tomography or radioiso-
tope scan.

Treatment procedure
Group A

Each postmenopausal woman in group A received in-
terferential current therapy, 3 sessions per week for 4 weeks.
The patients lay in a comfortable supine position. The skin
overlying the affected knee was wiped with alcohol. Two pairs
of electrodes, covered with padding, were placed: two elec-
trodes lateromedially and the other two anteroposteriorly. The
four electrodes were secured with a Velcro strap around
the knee joint for 20 minutes. The intensity of the stimulus
was gradually increased until the women felt an appreciable
sensation. The frequency was 100 Hz for the first 15 minutes
and 80 Hz for the next 5 minutes [8].
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Group B

Each postmenopausal woman in group B received cryo-
therapy, 3 sessions per week for 4 weeks. The temperature
during sessions was 16°C. The cryotherapy device contin-
ued to work until reaching vasoconstriction. Then, the device
stopped to allow the temperature to return to normal in order
to provide vasodilation, causing washing out of waste prod-
ucts. This procedure was applied for 20 min.

Outcome measures
General knee pain severity

It was assessed for all postmenopausal women in both
groups through VAS, before and after treatment. VAS is the
most widely used scale in the evaluation of pain in the clini-
cal setting and has been reported to be sensitive and reli-
able [9]. The scale represents the intensity dimension by
a 10-cm horizontal line, as described above.

Knee pain severity during walking

It was assessed for all postmenopausal women in both
groups through a walking pain scale, before and after treat-
ment. The walking pain scale is a horizontal line with the fol-
lowing indications: 0 — no pain, 1 — mild pain, 2 — moderate
pain, 3 — severe pain, and 4 — worst possible pain.

Femoral neck bone mineral density

DEXA was used to measure the femoral neck BMD for all
postmenopausal women in both groups, before participa-
tion in the study to confirm their diagnosis of osteoporosis and
after the end of the treatment.

Statistical analysis

Statistical analysis was conducted with the SPSS for
Windows software, version 22 (SPSS Inc., Chicago, USA).
Prior to final analysis, the data were screened for normality
assumption, homogeneity of variance, and presence of ex-
treme scores. This exploration was performed as a pre-reg-
uisite for parametric calculations of the analysis of difference.
VAS, walking pain scale, and femoral neck BMD data were
normally distributed, as assessed by the Shapiro-Wilk’s test
(p > 0.05). The Levene’s test reported homogeneity of vari-
ances (p > 0.05) for almost dependent variables (VAS, walk-
ing pain scale, and femoral neck BMD). Accordingly, 2 x 2
mixed MANOVA test was used to compare the tested vari-
ables of interest at different measuring periods in both groups.
The value of p < 0.05 was considered significant and p < 0.01
was considered highly significant. The sample size was de-
termined by the availability of participants that could be re-
cruited within the fixed time of data collection.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the institutional review board at Faculty of
Physical Therapy, Cairo University (No. P.TREC/012L002197).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

The groups were similar at baseline (p > 0.05) with regard
to age, weight, height, BMI, and all outcome measures (Ta-
bles 1-4).

The general knee pain severity showed a highly statisti-
cally significant reduction (p = 0.0001) within groups A and B.
Also, the post-treatment comparison of both groups revealed
a highly statistically significant decrease in the severity of gen-
eral knee pain (p = 0.0001) in favour of group A (Table 2).

The knee pain severity during walking showed a highly
statistically significant reduction (p = 0.0001) within groups A
and B. Also, the post-treatment comparison of both groups
revealed a highly statistically significant decrease in knee
pain severity during walking (p = 0.0001) in favour of group A
(Table 3).

The femoral neck BMD showed a highly statistically sig-
nificant increase (p = 0.0001) within groups A and B. However,

Table 1. Baseline characteristics of postmenopausal women
in groups A and B

Group A Group B Comparison
Characteristics S
Mean + SD | Mean + SD | t-value |p-value

Age (years) 52.93 + 14.88 | 56.53 + 3.68 | -0.909 | 0.371 | NS
Body mass (kg)| 65.1 +4.35 | 65.33+2.49|-0.18 | 0.858 | NS
Height (cm) 163 +4.3 |[162.73+3.28| 0.191| 0.85 NS
BMI (kg/m2) 2463+0.89 | 2521 +1.33|-1.409| 0.17 NS
BMI — body mass index, SD — standard deviation,

S - significance, NS — non-significant

Table 2. General knee pain severity by VAS in groups A and B
Senerall Pre-test Post-test
nee pain VD Percentage e

severity of change

by VAS Mean + SD | Mean + SD

Group A 6.86 £ 0.74| 2.4+0.63| 4.46 65% 0.0001"s
Group B 7.4+0.82| 353+0.51|3.87 | 5229% |0.0001"
MD -0.54 -1.13

p-value 0.074Ns 0.0001Hs
NS p > 0.05, non-significant, # p < 0.01, highly significant
VAS - visual analogue scale, SD — standard deviation,
MD — mean difference

Table 3. Knee pain severity during walking by walking pain scale

in groups A and B

Knee pain

severity Pre-test Post-test

during Percentage

walking MD 1ot change | P ~value
by walking | Mean + SD | Mean + SD

pain scale

Group A 34+05 |1.46+0.51 | 1.94 57% 0.0001"8
Group B 3.6 +0.48 2+0.1 1.6 44% 0.0001Hs
MD -0.2 —0.542

p-value 0.153Ns 0.0001Hs

NS p > 0.05, non-significant, # p < 0.01, highly significant
SD - standard deviation, MD — mean difference
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Table 4. Femoral neck BMD in groups A and B

Femoral Pre-test Post-test Percentage

neck BMD MD f ch g p-value
(g/cm?) Mean + SD | Mean + SD RUCIENYE

Group A | 0.73+0.09 | 0.82+0.08 |-0.09| 12.32% |0.0001"s
GroupB | 0.69+0.12 | 0.76 £0.13 |-0.07| 10.14% |0.0001"s
MD 0.04 0.06

p-value 0.297Ns 0.176Ns

NS p > 0.05, non-significant, ¢ p < 0.01, highly significant
BMD — bone mineral density, SD — standard deviation,
MD - mean difference

the post-treatment comparison of both groups revealed
a statistically non-significant difference (p > 0.05) (Table 4).

Discussion

One of the economic and health problems affecting nearly
80% of the general population is knee pain, a leading cause
of disability. It has a significant economic impact not only on
lost productivity, but also on health care expenditure. Knee
pain is ranked first as a cause of disability and inability to
work, and is expected to affect most adults at some point
during their lifetime [10].

Several modalities are used for treatment of knee pain,
including interferential current therapy and cryotherapy, with-
out clear evidence about their efficacy. There are several
advantages of these techniques, as they are non-addictive,
non-invasive means of analgesia that are simple to use and
portable, and can provide continuous pain relief for a variety
of conditions [10]. This study was conducted to compare the
effect of interferential current therapy vs. cryotherapy on knee
pain in osteoporotic postmenopausal women.

The results revealed a highly significant reduction in knee
pain severity both generally and during walking, as well as
a highly significant increase in femoral neck BMD within both
groups. When comparing both groups post-treatment, a highly
significant reduction was observed in knee pain severity gen-
erally as well as during walking in favour of group A, while
there was a non-significant difference in femoral neck BMD.

Interferential therapy is an electrotherapy modality thought
to decrease pain, increase the range of motion, and reduce
oedema [11]. It provides better pain management and allows
the underlying knee pain condition to be more comfortably
treated with patterned muscle stimulation [12]. It is used in
managing acute and chronic pain of different origin. It causes
stimulation at the sensory level with higher frequencies of
about 100 Hz, which impact on pain gate mechanisms, there-
by masking pain symptoms. Stimulation with lower frequen-
cies up to 10 Hz, at motor level intensities, can be used to
activate the opioid mechanism, providing a degree of relief
owing to decreased activity of the sympathetic ganglion and
sympathetic nerves in cases of sympathetically-maintained
pain [13].

Interferential current therapy has a greater depth because
of the body tissue’s better tolerance of medium-frequency
currents. It could stimulate local nerve cells through blocking
the transmission of pain signals or by providing the release
of pain-reducing endorphins. It stimulates large diameter af-
ferent fibres and inhibits input from small diameter afferent
fibres in the substantia gelatinosa of the spinal cord [11].

It exerts a motor stimulating effect combined with analgesic
one. Many authors have reported a relationship between

muscle strength and increasing BMD, and attributed it to the
mechanical effect of muscle contraction produced by electri-
cal stimulation on the bone that stimulates osteoblastic de-
position of bone. The deposition of bone at the stressed area
has been suggested to be caused by piezoelectric force [14].
Interferential therapy also results in active hyperaemia, ac-
celeration of lymph flow, and activation of cell functions. It
enables the restoration of normal tissue reactions in addi-
tion to activation of electrolyte metabolism (Ca, K, Na) [6].

Raisz and Prestwood [15] investigated the effect of in-
terferential current therapy on bone healing and concluded
that there was an altering of temperature in the treated tis-
sue and an increase in hydroxyproline, amino acids, and
collagen, which led to raised calcification activity. Interfer-
ential therapy accelerated callus formation with strong min-
eralization and stimulation of both endosteal and periosteal
callus formation [15].

Joint cryotherapy may be a safe treatment that would not
inhibit the normal motor function, dynamically supported by
a joint. There have been interesting findings regarding its
therapeutic potential to improve functional performance in
individuals [16, 17]. Cryotherapy has been combined with
muscle strength rehabilitation programs in patients with joint
pathology in the lower extremity. It was observed to be an
effective modality not only to reduce pain, swelling, and
secondary hypoxic injury during immediate care, but also to
induce analgesic effects during the early stage of rehabilita-
tion to facilitate the initiation of active therapeutic exercise
[18]. Knee joint cooling increased quadriceps activation in
effusion conditions. Neurophysiological response following
cold application included a reduction in nerve conduction
velocity, discharge rate of receptors, and receptor sensitivity.
Cryotherapy also decreases mechanoreceptor sensitivity,
which helps relieve muscle spasm and muscle tone [18].

Cooling the skin over the knee joint might cause a sys-
temic or centrally mediated change in the excitability or
threshold level at the motor neuron pool. This change, in
turn, could lead to more neural drive to the neuromuscular
junction and facilitate motor neuron activation in knee mus-
cles [19]. Significantly increased voluntary activation and
peak knee extension torque, as well as changes in maximal
voluntary contractions were found following 20-minute
knee joint cryotherapy. These results show that the increase
in voluntary contractions may be due to a rise in volitional
activation, resulting from the facilitated motor neurons [20].

Collectively, joint cryotherapy can be a promising tool to
maximize muscle activation and strength for patients with
joint pathology. It is suggested to use joint cryotherapy prior
to exercise to have the opportunity to utilize increased motor
neuron activation that provides more neural drive to the neu-
romuscular junction, resulting in greater muscle strength [21].

As mentioned before, there is a relationship between
muscle strength and increasing BMD, attributed to the me-
chanical effect of muscle contraction on the bone that stim-
ulates osteoblastic deposition of bone. The deposition of
bone at the stressed area has been suggested to be caused
by piezoelectric force [14].

A total of 10 professional rugby players of the ltalian na-
tional team, submitted to single daily sessions of whole body
cooling for 5 consecutive days (-110°C, 2 min), were com-
pared with 10 players who completed the same training
protocol without whole body cooling [22]. Bone metabolism
was studied with the use of biochemical parameters. The solu-
ble receptor activator of nuclear factor «B ligand (RANKL)
and its decoy receptor osteoprotegerin (OPG) constitute
a fundamental cytokine system connecting the immune sys-
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tem and bone metabolism in order to link pro- and anti-inflam-
matory balance to calcium stores. RANKL is released from
osteoblasts and lymphocytes and activates osteoclasts,
inducing bone resorption. Osteoclasts express RANK, spe-
cific receptor of RANKL, which induces an intracellular signal
to reabsorb bone. The effect of RANKL on RANK is blocked
by OPG [22]. Whole body cooling did not affect plasma RANK
or RANKL concentrations in the athletes, but increased OPG,
thus causing the OPG/RANKL ratio, an index of resorption-to-
formation balance, to grow as well. The increased osteogenic
potential may have a role in post-fracture recovery, but also
in the prevention of more insidious stress fractures [23].

Limitations

The study lacked follow-up of the rehabilitation program
to evaluate the long-lasting effect.

Conclusions

Both interferential current therapy and cryotherapy are
valuable methods in reducing knee pain severity and increas-
ing femoral neck BMD in osteoporotic postmenopausal wom-
en. The former leads to better effects in decreasing pain se-
verity.
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