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Abstract

Introduction The adequate, pathogenetically substantiated pain management is essential for treatment
of early stages of deforming osteoarthritis of the knee joint. There is a need to explore the effectiveness
and mechanisms of modern methods of electrical therapy and their impact on the quality of life due to close
cause-and-effect relationship between the pain, inflammatory and destructive components of osteoarthritis
(OA) as one of the most common conditions.

The objective was to evaluate the effect of interstitial electrical stimulation (IES) as a monotherapy
in the course of conservative treatment of early stages of gonarthrosis based on clinical and biochemical
findings.

Materials and methods Radiographic findings, skin electrometry (objective parameters of pain intensity),
limb weight-bearing capacity, biochemical parameters of connective tissue matrix degradation in blood serum
and 24-hour urine samples, and treatment satisfaction were explored in 43 patients. Patients who received
a course of IES were assigned to the treatment group (n = 22) and patients who received standard treatment
without IES constituted the control group (n = 21).

Results Electrometric analysis showed a higher effectiveness of pain relief in the treatment group compared
to the controls with asymmetry coefficient measuring 3.2 +0.31 versus 1.9 = 0.4 at p > 0.05. The weight-bearing
scored 3.59 £0.34 versus 3.26 0.2 at p > 0.05. The treatment group showed shorter treatment length
with 13.21 £ 1.2 days versus 18.3 + 1.2 days in the control group at p > 0.05 and a higher degree of satisfaction
with outcomes scored 96.2 = 2.59 in the treatment group versus 86.2 = 3.17 in the control group. A statistically
significant difference (p > 0.05) was established in the levels of free and total hydroxyproline characterizing
the different intensity of collagen breakdown in the groups at the end of treatment.

Discussion The IES used as an analgesic and anti-inflammatory therapy was shown to be highly effective
with changes in the hydroxyproline level in the media suggesting a chondroprotective effect. The analysis
and comparison of objective parameters demonstrated high effectiveness of IES in the treatment of early
stages of gonarthrosis in middle-aged and elderly adults.

Conclusion The IES used for treatment of early stages of gonarthrosis helps pain reducing the intensity
of collagen destruction and improving weight-bearing.
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INTRODUCTION

Knee osteoarthritis is a degenerative musculoskeletal disease [1] and is diagnosed
in nearly 240 million people globally [2]. The prevalence of knee OA is 40-70 % in individuals aged
60 to 70 years with 40 to 65 % of cases being associated with a genetic factor [3]. With the known
prevention and treatment measures, the incidence of knee OA is rising and there is an increase
in the incidence of arthritis affecting young people that impairs the quality of life in all aspects [4].
Althoughmore effective treatments are available osteoarthritis (OA) isassociated with an extremely
high economic burden and has an economic impact of 2.5 % of GDP in industrialized countries [5].
There is a search for pathogenetically substantiated methods of treating primary knee OA based
on a complex set of biochemical and structural changes that involve all articular components
including hyaline cartilage and subchondral bone [6-8]. Different methods for treating the painful
and inflammatory components of OA and their combinations including intra-articular injections
of blood components, bone marrow and various pharmacological and physiotherapeutic
modalities have been shown to be effective. The problem of pain relief in OA is not completely
solved and, therefore, is relevant. Bone tissue is rich in osteoreceptors that respond to a decrease
in the partial pressure of oxygen in bone vessels, caused by hypoxia and venous stagnation
in the subchondral bone [9, 10]. Poor circulation causes chronic bone pain, characteristic of knee
OA. It has been proven that the worse the blood supply to the bone, the more intense the pain.
Impaired subchondral microcirculation leads to a sharp decrease in the diffusion of essential
nutrients into the cartilage matrix. Reduced intraosseous pressure eliminates one of the obstacles
to adequate trophism of hyaline cartilage, which is confirmed clinical and biochemical findings.
The purpose of the work was to evaluate interstitial electrical stimulation as a monotherapy
option in the course of conservative treatment of early knee OA based on clinical and biochemical
findings.

MATERIAL AND METHODS

The study included a cohort of patients of both sexes aged 45-65 years (n=43). The clinical
examination included a specific assessment of anthropometric parameters and calculation of body
mass index (BMI) using the well-known formula:

m
=13
where I is body mass index, m is body weight in kilograms, h is height in meters. To rule out obesity,
we were guided by body mass index, the presence and severity of concomitant diseases, according
to the Clinical Guidelines for the treatment of gonarthrosis (Approved by the Ministry of Health
of the Russian Federation on September 3, 2021). The numerical parameter of the comorbidity index
(CI) was calculated using the “Environmental Comorbidity Calculator” [11].

I kg/m?,

Inclusion criteria included:

— a history of an established diagnosis of “knee OA”, “arthrosis of the knee joint” (code M17
according to ICD-10);

— disease grade I-1II (according to Kellgen-Lawrence) [12];
— one-sided involvement.
Exclusion criteria:

— systemic, allergic, rheumatoid and tumor lesions of joints, aseptic necrosis, obesity grade 1
and over;

— a musculoskeletal pain phenotype being different from mechanical;

— knee surgical interventions;
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— kidney pathology;
— diseases of a tumor and endocrine nature;
— Hauser Ambulatory Index of less than 5 [13].

Based on treatment methods, the patients were divided into 2 groups. The control group
(n=21) consisted of patients who received treatment including medications, physiotherapy
and kinesiotherapy, as featured in the current Order of the Ministry of Health of Russia dated

October 27, 2022 No. 706 “On approval
of the standard of medical care for adults
with gonarthrosis (diagnosis, treatment

Table 1

Characteristics of the patients in the groups

and dispensary observation)". Individuals Description Treatment group Controls
who received interstitial electrical abs. 10 10
stimulation (IES) as monotherapy Male % 455 476
according to Gerasimov were assigned - :

to the treatment group (1=22). | fpemale 0% 12 1
The distribution of the parameters show % 54.5 524
that the groups are comparable (p < 0.05) Age (years) 70.00 * 2.65 69.60 + 2.93
(Table 1). CI (score) 9.42 +0.86 9.7% % (.42
The duration of treatment BMI (score) 23.85+3.24 23.33%2.3

and the number of procedures were  Note: CI, comorbidity index; BMI, Body Mass Index

individual (from 7 to 21 days) and varied

based on the need and condition of the patient. Subjective assessment of the pain intensity was
measured with visual analog scale VAS (from 0 to 10 points). Characteristics of pain intensity
were determined by skin electrometry according to Gerasimov [14]. The SupportTest original
software was used to calculate the lower extremity support ability [15]. The examination was
performed with floor scales. The subject stood with one foot on the scales and the other foot on
the stand. The scale readings were recorded every 15 seconds within 5 min. The patient’s body
weight (P) was previously determined on the same scales and was taken as 100 %. The mean P1
was calculated based on the readings of the scales for the leg standing and then the value of the

limb’s support ability (X) was determined using the formula:

_P1x100

The percentage of body weight distribution to the other leg was calculated by subtracting
the resulting value from 100 %. The weight-bearing ability of a limb was considered restored
if the parameters of the affected limb reached a value of at least (80 = 10) % of the healthy
one. In the absence of impairments and with complete (100 %) restoration of OS, 5 points
were awarded; 4, 3 and 2 scored for values of 90, 80 and 70 %, respectively. Markers of cartilage
tissue degradation (free and total hydroxyproline) were explored with blood serum and
24-hour urine according to the method offered by Sharaev [16]. Biological material was
collected before the treatment and at 45 days of the last procedure or stay in the rehabilitation
department. Similar parameters of healthy individuals aged between 45 and 65 years were used
as reference values. Satisfaction with treatment was determined according to a personalized
assessment of treatment results [17] using the WOMAC (Western Ontario and McMaster
University Osteoarthritis Index) scale as the base scale. The research results were processed
by nonparametric methods of variation statistics for small samples. Statistical significance
of differences was confirmed at p < 0.05. The parameters were tested for normality using
the Shapiro — Wilk and Tietjen — Moore tests.
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RESULTS

Standard radiographs of patients in both groups revealed radiological signs characteristic
of the knee OA as described by ]. Kallgren and J. Lawrence [12] with a zero value indicating
the absence of changes, with a value of I (doubtful degree) showing minor osteophytes.
Grade II (minimal) is characterized by clearly defined osteophytes. Minimal narrowing of the joint
space (less than 2/3 compared to normal values) was seen in 11 patients with subchondral cysts
and minor marginal bone growths noted. No visible changes in bone structure or joint anatomy
were detected in 32 cases (Fig. 1).

m No changes
 Questionable
Minimum degree

Treatment group (n = 22) Controls (n = 21)

Fig. 1 Distribution of patients according to the Kellgren & Lawrence classification

Objective parameters characterizing the ability to support the limb and the pain were comparable
in both groups (Table 1). Preoperative locomotion testing demonstrated impaired ability to support
the limb in 70 % of patients in the treatment group and 70 % controls. A comparative analysis
of the parameters at a long term revealed a statistically confirmed difference in the values (p < 0.05)
which indicated a more effective restoration of limb support in the treatment group: (3.59 £ 0.31)
versus (3.26 = 1.2). Preoperative measurements of the skin electrical potential showed presence
of pain of varying intensity (from moderate to severe) in the majority of the patients. An objective
quantitative measurement of electrical potential in the form of the coefficient of asymmetry
(CA) consistently correlated (r = 0.97) with similar subjective VAS parameters (Table 2). A clinical
and electrometric study confirmed the presence of pain of varying intensity in an equal number
of patients, with static and night pain experienced by 55 % (n = 11) of patients in the treatment
group and 57 % (n = 11) of controls. Pain relief was achieved in all patients of the treatment group
and in 65 % of controls. Comparison the numerical values of CA at a long term, the presence
of mild to moderate pain was established in 15 controls and in 2 patients of the treatment group.
The result was confirmed by VAS score. A statistically confirmed difference (p < 0.05) was revealed
in parameters characterizing the presence and degree of pain intensity at a long term indicating
a higher effectiveness of pain therapy in the treatment group.

Table 2
Distribution of anthropometric, locomotor, electrometric and clinical parameters during different periods
of treatment
Description Treatment group (n = 22) Controls (n = 21)
Pre-op Post-op Pre-op Post-op
VAS (score) 6.7%2.6 0.6 £0.02 6.5%2.3 4.6 +0,02*
CA (score) 3.2+0.3 1.1£0.1 3.1+0.3 1.9+0,4*
LSA (score) 3.4+0.31 3.59+0.14 3.21+0.2 3,26 £0,15*

Note: CA, coefficient of asymmetry; VAS, visual analogue scale; LSA, limb support ability; *, differences between groups
are significant at p < 0.05

Similar findings were obtained in biochemical parameters in young healthy individuals aged
30-45 years, who made up the reference group (n=20) and were used as reference values.
Preoperative biochemical analysis revealed equally elevated levels of the serum total and free
hydroxyproline in both groups (p > 0.05). The free hydroxyproline in 24-hour urine tests was
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increased, and the values obtained differed from those in the controls indicating increased
collagen destruction in both groups (Tables 3, 4).

Table 3
Comparative analysis of biochemical findings in patients' blood serum
Description Referen_ce group | Treatment group (n = 22) Controls (n = 21)
(n=20) pre-op post-op pre-op post-op
Total hydroxyproline (mmol/1) 3.28+0.11 3.43+0.08 | 3.31+0.07* | 3.46+0.07 | 3.06*0.05
Free hydroxyproline (mmol/1) 0.29£0.10 0.25+0.13 | 0.27+0.06 | 0.24+0.09 | 0.28+0.06

Note: *, differences between groups are significant at p < 0.05

Table 4
Biochemistry of 24-hour urine collection from patients of both groups
Treatment group (n = 22 Controls (n=21
Description Refererlc%group group ( ) ( )
(n=20) pre-op post-op pre-op post-op
Free hydroxyproline (mmol/1) 0.12£0.01 0.17£0.04 | 0.12+0.05 | 0.17+0.02 | 0.15*0.02*

Note: *, differences between groups are significant at p < 0.05.

A comparative analysis of preoperative and postoperative biochemical parameters measured
at a long term of 45.3 £ 1.22 days in the treatment group and at 44.1 = 1.03 days in the controls
revealed statistically significant differences (p > 0.5) indicating improved biochemical parameters
of connective tissue metabolism in the treatment group. Personalized assessment of treatment
results [17] showed different degrees of treatment satisfaction in the treatment and control groups
(p < 0.05). The WOMALC score was used as a baseline for assessing knee function [18]. The patients'
expectations included pain relief, improved weight-bearing ability, functionality and quality
of life. Higher rates of treatment satisfaction were recorded in 95 % of patients in the treatment
group and in 55 % of controls. Based on the results of the introductory testing, each group was
divided into 2 subgroups (Table 5). The “A” subgroup consisted of patients whose expectations were
in the “excellent” range or at the upper limit of the “good” (n = 21). The IE scored > 85. Subgroup
“B” included patients whose expectations were at the lower limit of the “good”. The “B” subgroup
included patients whose expectations were at the lower limit of the “good”. The subgroup consisted
mostly of elderly patients with impaired limb support. The IE scored < 84 in the patients. Analysis
of the treatment effectiveness revealed different degrees of treatment satisfaction in patients
of the treatment and control groups. The majority of patients in the treatment group were satisfied
with outcomes with the intended effect being superior in 25 %. There were less patients in the control
group being satisfied with outcomes as compared to those in the treatment group. Two poor outcomes
were identified due to low effectiveness of analgesic and anti-inflammatory therapy. Interstitial
electrical stimulation and the course of treatment were terminated in the treatment group due
to pain relief and the restored limb support. The treatment length differed in the groups measuring
13.21 £ 1.2 days in the treatment group versus 18.3 + 1.2 days in the control group.

Table 5
Personalized assessment of the results and duration of treatment
L Treatment group Controls
Description

An=11 B,n=6 C,n=21 An=12 B,n=7 C,n=22
IE (score) 91.8+3.8 77.5+6.09% | 87.05+8.28 | 96.2+3.25 | 85.5£5.68% | 92.6*6.59
RO (score) 96.2+3.25 | 85.5+5.68% | 92.6*2.59 89.1 +3.68 81.1£2.79 |86.21 £3.17**
CR (score) 104.9+4.43 | 110.89+11.3| 106.9+7.66 | 97.9+597 | 106.9+5.15 | 101.24+£7.1
(Tc{gs)tme“t length|  g9412 | 113%22 | 1321+12 @ 10223 | 13534 | 18.3%1.2%

Note: A, a group of patients with expectations in the “excellent” range or at the upper limit of the “good”; B, patients
whose expectations are at the lower limit of the “good”; C, a group of patients with expectations of “excellent” and “good”;
IE, intended effect; RO, result obtained; CR, cumulative result; *differences between A and B subgroups are significant
at p < 0.05; ** differences between C subgroups of the treatment and control groups are significant at p < 0.05.
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DISCUSSION

Early stages of OA are characterized by chronic bone pain of varying intensity and accompanied
by characteristic changes in the biomechanical and strength bone properties caused
by restructuring and changed quality. Our own clinical observations, confirmed by literature data,
indicated the most intense pain being localized in the bradytrophic zones of the bones forming
the knee joint (tibial metaphysis ) [1, 4]. In addition to pain relief IES can help to restore local
microcirculation of the bone and cartilage tissue in the early stages of OA [19]. The previous
polarographic and rheographic findings showed a significantly accelerated latent period of oxygen
delivery and utilization in bone tissue after a course of electrical stimulation. Restoration
of microcirculation and vascularization enhances the activity of energy metabolism processes
leading to the elimination of local foci of aseptic inflammation of the bone and restoration
of the piezoelectric and biochemical properties [19]. The specificity of markers of degradation
and synthesis of cartilage tissue and subchondral bone as the main pathogenetic links of OA is
reported [20] with the relationship between structural disorders of the hyaline cartilage and systemic
manifestations of the inflammatory response to various (including preclinical) stages of the disease
explored [22, 23]. The destruction of collagen fibers is accompanied by an increased excretion
of hydroxyproline and an increased content in the blood serum. Hydroxyproline tested in blood
serum and urine is a product of collagen breakdown with the free fraction of GP being considered
as a marker of destruction, and the bound fraction being a marker of connective tissue metabolic
activity [23-26]. A decrease in the total and free hydroxyproline in the blood serum and daily urine
was observed in patients of the treatment group after a course of interstitial electrical stimulation
suggesting a more active inhibition of the processes of collagen breakdown and restoration
of the metabolic activity of connective tissue in this cohort of patients [27, 29]. The biochemical
markers we explored had low specificity and high diagnostic significance being an indirect sign
of inhibition of collagen breakdown. However, changes in biochemical markers in combination
with clinical and electrometric findings suggested a chondroprotective effect of interstitial electrical
stimulation with a high degree of probability.

CONCLUSION

IES used for early stages of knee OA can help pain relief reducing the intensity of collagen
destruction and improving weight-bearing capacity. Interstitial electrical stimulation is an effective,
pathogenetically substantiated method of treating patients with knee OA accompanied
by chronic pain.
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