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Abstract

Background. Among the many causes of plantar heel pain, the most common is proximal plantar
fasciopathy (PF), second only to ligamentous injuries of the foot. The disease reduces the quality of
life and is difficult to treat, as its pathogenesis remains unexplored.

The aim of the study — to conduct a comparative evaluation of treatment outcomes in patients with
proximal plantar fasciopathy using extracorporeal shock wave therapy, as well as minimally invasive
bipolar radiofrequency ablation, both with and without the described modification.

Methods. We analyzed the treatment outcomes of 36 patients who sought medical care for chronic
heel pain caused by proximal PF in the period from 2018 to 2023. Among the patients, there were
14 (38.8%) women and 22 (61.2%) men, with a median age of 55.4 [46.7; 61.7] years. All patients
were randomly assigned to three groups of 12 patients each. In Group 1 (control), extracorporeal
shock wave therapy (ESWT), which had not been used at previous stages, was used for treatment;
in Group 2 (comparison) — minimally invasive bipolar radiofrequency ablation (BRFA); in Group 3
(main) — minimally invasive BRFA using a method modified by the authors. Comparative evaluation
of the results was carried out at 1, 3, 6 and 12 months after surgery in Groups 2 and 3 and after the
completion of ESWT course in Group 1.

Results. The median plantar fascia thickness of the affected limb did not differ between the groups at
3 months after the completion of treatment. At 6 months, these indicators were significantly different
between the control and main groups (p = 0.001). In the intergroup analysis of the dynamics of pain
syndrome and foot functionality, the treatment results in the main group showed a statistically
significant advantage compared with control and comparison groups after 1, 3 and 6 months of
follow-up (p < 0.05).

Conclusions. The modified minimally invasive radiofrequency ablation method for the treatment of
patients with proximal plantar fasciopathy demonstrated superior early clinical outcomes compared
to the standard ablation technique and a course of extracorporeal shock wave therapy. The results
obtained appear promising and suggest that the modified technique may be considered a preferred
treatment option in cases where all types of conservative therapy fail within a six-month period.
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Pedepar

AxmyansHocms. Cpenyi MHOKECTBA IIPUUMH TTOAOIIBEHHO IMSTOYHOM GOIM MPOKCHMMAaIbHAS MOAOIIBEHHAS
(acumonaTuss HaxoAUTCS Ha BTOPOM MeCTe, YCTYTIAs JIUIIb OBPEKAEHMSIM CBSI30YHOTO arapara CTOITbI. 3a-
6oseBaHMe CHIKAET KAUeCTBO KU3HU U TPYIHO MOIaeTCs JIEUeHNIO, TAK KaK ero MaToreHe3 OCTAeTCs 40 KOHIIA
He Y3yYeHHbBIM.

Lleny uccnedosanus — CpaBHUTENIbHAS OLlEHKA Pe3yabTATOB JIEUeHUS MAIMEHTOB C ITPOKCUMMAJIbHONM MOJ0-
IIBEHHOJ (haciyonaTueii ¢ IpMMeHeHMeM yIApPHO-BOJIHOBOJ TepaIum, a TaKsKe MUHM-MHBAa3VBHOI OUIIONSp-
HOJI paiiouacTOTHOJ abnsiuy ¢ MoguduKaLyeii u 6e3 Hee.

Mamepuan u memodst. [IpoBeieH aHAIN3 Pe3yJIbTaTOB JeUeHNST 36 MALMEeHTOB C IMPOKCUMAJIbHOJ IOIONIIBEH-
HOV dacuyonarueii B mepuog ¢ 2018 mo 2023 r. Cpeay maiueHToB 6but0 14 (38,8%) skeHmiuH u 22 (61,2%)
MY>KUMHBI, MeAMaHa BO3pacTa cocTaBuia 55,4 roma [46,7; 61,7]. Bce mamyeHTsl CTydaifHbIM 06pa3oM 6bUIM pac-
npefeneHbl Ha TP IPYIIIbI O 12 MAlMEHTOB B KaXKO0M. B 1-11 (KOHTPOIBbHOI) rpyIine AJjs JIedeHMS UCITOIb30-
BaJIaCh He MPMMEHSIBIIASICS Ha MPeIbIAyIIMX 3Tanax yaapHo-BoiaHoBas Tepanus (YBT), Bo 2-i1 rpymrie (CpaB-
HEHMUS) — MUMHU-MHBa3VBHAsI OUIIOJISIPHAST paiyiouyacTOTHAs abusumst, B 3-if (OCHOBHOI) — MUHM-VMHBAa3MBHAs
OUITONAPHAS PAAMOYACTOTHAS abSIIMS TI0 MOOMMUITMPOBAHHO aBTOpamu MeToAuKe. CpaBHUTETbHYIO OI€H-
KY pe3yabTaTOB OCYILECTBIISUIM B CPOKM 1,3, 6 1 12 MecC. CO IHS OTIepaTMBHOTO JIeYeHMS BO 2-1 U 3-71 TpyInax u
€0 oH okoHuaHus Kypca YBT B 1-71 rpymre.

Pezynomamei. MenyaHbl IT0Ka3aTesIeii TOMIIVHbI ITOAOIIBEHHOIO allOHEBPO3a CTOIIBI C 60JIBIO Uepes 3 Mec. Io-
Cjie 3aBepIleHMs JJeUueH s MeXTPYIIIIOBBIX OT/IMUMIA HE UMEJN, Yepes3 6 MeC. — MEXKAY KOHTPOIbHO 1 OCHOBHOM
IPYIIIaMM 3TY Pasanums 66U cTaTucTuuecky sHauuMsbl (p = 0,001). ITpy MeKTpyIImoBOM aHaIM3e TUHAMMUKI
6071eBOTO CMHAPOMA ¥ (PYHKIMOHATBHBIX BO3MOKHOCTEI CTOTIBI Pe3y/IbTaThl JIeYeHMsI B OCHOBHOI TPYIIIIe 1MO-
Kasaau CTaTUCTUYECKM 3HAYMMOe IMPEUMYIIEeCTBO IO CpPaBHEHMIO C TPYIIIaMy KOHTPOJISI M CpaBHeHUS uepes 1,
3u 6 mec. (p < 0,05).

3axnouenue. MoguUIMPOBaHHbIN MUHNU-VHBA3MBHBINA METOJ, PaAMOYaCTOTHON abisLyy IIpU JIUeHUN T1a-
LIMEHTOB C IMPOKCUMMAJIBHON TTOAONIBEHHOI dacionaTneit mokasasl Jyullie UTOTOBbIe Pe3y/bTaThl B 60ee
PaHHME CPOKM B CpaBHEHMM CO CTAHIAPTHOIM METONVKOV absiyu ¥ KypcoM yaapHO-BOJIHOBO Tepamnuu. ITo-
JIydeHHbIe Pe3Y/IbTAThI BHIIISIOAT 0OHAIeKMBAOIIMMY, M METOA, MOKET PaCCMAaTPUBATHLCS B KAUECTBE ITPUOPH-
TETHOTO BapMaHTAa JIeYeHNs B TeX CYJasix, KOTAA B TeueHue 6 MecC. ObLIM MCUepIIaHbl BCe BApMaHThI KOHCEPBA-
TUBHOM Teparuu.

KinioueBble cj10Ba: IMIPOKCUMAaJIbHAS TTOMOMIBEHHAS (acMONaTHs; ITOOMIBEHHbIN allTOHEBPO3; MOIOIIBEHHAS
MISITOYHAsI 60JIb; OUITOSIPHAST PaIMOYaCTOTHAS ab/sIysl; (PYHKIIMOHATbHBIN MHIEKC CTOIThI; GYHKIMOHATbHOE
COCTOSIHME CTOITbI ¥ TOJIEHOCTOITHOTO CyCTaBa.
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OUIOSIPHOM  PagMOYacTOTHOM abmsiumuyu Yy TalMeHTOB C TPOKCUMMAIbHON TMOJOLIBEHHON dacumonarueii.
Tpasmamonozust u opmonedus Poccuu. 2025;31(3):84-95. https://doi.org/10.17816/2311-2905-17712.

DK] Cunanmoes Badum Hukonaesuy; e-mail: silantjev@yandex.ru
Pykomuch momydyeHa: 17.04.2025. Pykomvich ogo6pena: 25.06.2025. CTaThs ony6mkoBaHa oHtaiiH: 04.08.2025.

© CunanTtbeB B.H., [I3106a I.I., Katnna M.M., 2025

85 2025;31(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

CLINICAL STUDIES

INTRODUCTION

Proximal plantar fasciopathy (PF) is the most
common cause of heel pain and ranks second in
prevalence among all causes of foot pain, second
only to pain syndrome resulting from ligamen-
tous injuries of the ankle joint [1, 2]. The term
“plantar fasciopathy” most accurately reflects the
true nature of the condition, commonly referred
to as “heel spur”, “plantar fasciitis”, or “fasciosis”,
since the degenerative and inflammatory changes
of the plantar fascia that occur at various stages of
the pathological process and gradually progress
are difficult to detect and differentiate [3].
Chronic pain syndrome associated with proximal
PF proves resistant to standard conservative
treatment options in 10-20% of cases, and
patients with proximal PF increasingly demand
not only more efficient treatment modalities and
shorter recovery time, but also more satisfactory
outcomes [4].

To date, no consensus has been reached among
foot and ankle surgeons regarding the type and
extent of surgical intervention for long-standing
proximal PF. In clinical practice, a significant
variety of surgical techniques for proximal PF
are used, ranging from different approaches
to minimally invasive exostectomy to open or
endoscopic release of the plantar fascia [5]. These
procedures align with the current surgical trend
focused on the development and widespread
adoption of minimally invasive techniques aimed
at preserving the integrity of the soft tissues of
the foot as much as possible [6].

In light of emerging data indicating that
the underlying pathogenesis of proximal
PF is predominantly degenerative and non-
inflammatory, a new surgical approach has been
introduced — bipolar radiofrequency ablation
(BRFA) of the proximal portion of the plantar
fascia. This method, originally developed for
transmyocardial and percutaneous myocardial
revascularization, aims to stimulate collagen
regeneration and improve vascularization [7].
A specially designed bipolar needle electrode
was used to deliver radiofrequency energy to
the fascia. Following BRFA, elevated levels of
fibroblast growth factor and vascular endo-
thelial growth factor have been observed at
the pathological site, resulting in an increa-
sed number of endothelial cells migrating
through the vascular wall and promoting revas-
cularization and tissue regeneration [8].

This etiopathogenetic approach provides an
optimal foundation for further research into the
condition, as it not only reduces tension in the
plantar fascia but also facilitates the resolution
of reversible, heteromorphic, and heterochronic
changes in its connective tissue structures,
thus restoring their morphological integrity.
The previously proposed BRFA technique for
the proximal plantar fascia using a bipolar
needle electrode involves performing a series of
microperforations [9]. However, in our opinion,
this procedure leads to insufficient elongation
of the plantar fascia. The modification of
the method consists in supplementing the
microperforation series with several marginal
microtenotomies, which allow for more
substantial elongation and, consequently, a
greater reduction in fascia tension. Combined
with the regenerative stimulation effect, this
modification represents a new stage in the
evolution of surgical techniques for treating
proximal PF.

The aim of the study — to conduct a
comparative evaluation of treatment outcomes
in patients with proximal plantar fasciopathy
using extracorporeal shock wave therapy, as well
as minimally invasive bipolar radiofrequency
ablation, both with and without the described
modification.

METHODS

Study design

Type of study: randomized prospective open-
label comparative cohort study.

Between 2018 and 2023, a study was
conducted at the Department of Traumatology
and Orthopedics of RZD-Medicine Clinical
Hospital (Omsk), involving 36 patients who
sought medical care for chronic heel pain caused
by proximal PF.

Patients

Among the patients included in the study, there
were 14 (38.8%) women and 22 (61.2%) men. The
median age at disease onset was 55.4 [46.7; 61.7]
years.

Inclusion criteria: diagnosis of proximal PF
lasting 6 months or longer and ineffectiveness of
prior conservative treatment.

Patients with BMI > 35, significant biomecha-
nical abnormalities of the foot (posterior hind-
foot pronation > 5 mm; medial longitudinal arch
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angle < 125° or > 140°), hypermobile first ray
(sagittal mobility > 10 mm), contracture of the
gastrocnemius-soleus complex, autoimmune or
other systemic diseases were not included in the
study.

Patients were randomly assigned into three
equal groups of 12 participants each. The groups
were comparable in terms of inclusion criteria,
gender, and age. Group 1 (control group) included
12 patients (7 men and 5 women), with a median
age of 49 [38; 56] years, who underwent a course
of extracorporeal shock wave therapy (ESWT).
Group 2 (comparison group) included 12 patients
(7 men and 5 women), mean age 50 [38; 62]
years, who received a single session of minimally
invasive BRFA of the proximal plantar fascia using
the standard technique. Group 3 (main group)
included 12 patients (8 men and 4 women), mean
age 54 [48; 68] years, who underwent minimally
invasive BRFA of the proximal plantar fascia
using a modified technique developed by the
authors (patent RU 2702867).

The main difference between the proposed
and standard technique lies in the addition
of 4 to 6 marginal microtenotomies, each no
longer than 2 mm, performed along the medial
edge of the proximal fascia, in addition to the
standard series of 18-24 microperforations
made with the same bipolar needle electrode.
This modification resulted in greater elongation
of the plantar fascia and, consequently, more
effective reduction in tensile stress.

All patients underwent a comprehensive
evaluation of complaints and medical history,
including a detailed account of previous treat-
ment for proximal PF, functional status, as well
as assessment of occupational and recreational
activities. A thorough physical examination of
the foot and ankle was performed, which included
inspection, palpation, percussion, assessment of
range of motion and muscle strength. The scope
of laboratory and instrumental examination was
determined in accordance with current medical
diagnostic standards.

All surgical interventions in Groups 2 and 3
were performed using a minimally invasive
approach, under regional (ankle block) anesthe-
sia and tourniquet-induced ischemia.

Postoperative management was standardized
across all groups. During the first two days,
patients were advised to limit foot movements
and avoid weight-bearing. From day 7, passive and

active range-of-motion exercises were initiated,
and protected ambulation in an offloading boot
was recommended. A gradual return to normal
activities at home and at work was permitted
within the first two months, provided that sports
and physically demanding work were completely
avoided. In the third postoperative month,
intensive training and prolonged axial loading
were restricted for professional athletes and
individuals engaged in heavy physical labor.

Methods of examination

Ultrasound examination of the plantar fascia
structure was performed using an ACUSON
X300 PE ultrasound system (Siemens). The
following parameters were assessed: thickness,
uniformity, echotexture, and echogenicity of the
plantar fascia. Among the evaluated parameters,
the dorsoplantar thickness of the fascia at its
insertion site on the calcaneal tuberosity was
considered the most informative and objectively
comparable. Therefore, this specific parameter
was selected for comparative and statistical
analysis at three time points: before treatment,
and 3 and 6 months after the completion of
therapy.

Outcome assessment methods

Pain intensity was assessed using the pain
subscale of the Foot Function Index (FFI) [10].
This subscale enables the evaluation of foot
pain in various situations, such as walking
barefoot or in shoes, and provides both total and
subscale scores. The Minimal Detectable Change
(MDC) was set at 2.42 points, as established by
B.R. Martinez et al. for conditions such as plantar
fasciopathy, metatarsalgia, and chronic ankle
instability [11].

The analysis of function and daily activity in
patients with foot and ankle disorders to assess
treatment effectiveness was conducted using
the Foot and Ankle Ability Measure (FAAM)
assessment system [12]. In the clinical study,
we used one subscale: Activities of Daily Living
(ADL), consisting of 21 items. Each item had five
response options and an additional “no answer”
option (if the patient was unable to respond).
The total score was obtained by summing the
item scores and calculating the proportion
relative to the maximum possible score, taking
into account the number of “no answer”
responses. The final score ranged from 0 to
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100 points, with higher scores indicating better
function, and the MDC threshold was 5.7 points
[13]. The FFI questionnaire was administered
before treatment, and at 1 month (Timepoint 1),
3months (Timepoint 2), 6 months (Timepoint 3),
and 12 months (Timepoint 4) after treatment.
The FAAM (ADL) assessment in all groups was
performed before treatment, and at 3 months
(Timepoint 1), 6 months (Timepoint 2), and
12 months (Timepoint 3) after treatment.

Statistical analysis

Statistical processing of the obtained data was
performed using MS Excel 2007, Statistica 10,
and NCSS 2022 software packages. Descriptive
statistics for the study groups were presented
as median (Me) and interquartile range [Q; Q,].
To assess the statistical significance of diffe-
rences between groups, the Mann-Whitney
U test was used for independent samples, and
the Wilcoxon signed-rank test was applied to
evaluate changes within the same group over
time at different study timepoints. A p-value
< 0.05 was considered statistically significant.
The correlation between study parameters
was assessed using Spearman’s correlation
coefficient with calculation of the exact p-value.
To build mathematical models describing the
relationship between ultrasound parameters
on the affected side at Timepoints 2 and 3 and
various predictors, multiple linear regression
analysis was performed using NCSS 2022.

The minimum sample size for this study
was calculated using Altman’s nomogram
with the following input parameters: standard
deviation (SD), which determines the minimal
standardized quantitative difference. In the
pilot study, SD = d/s, where d is the absolute
value of the minimal clinically significant mean
difference, and s is the parameter obtained
from the pilot study (the 6-month reduction
in plantar fascia thickness in the BRFA group).

For the parameter “plantar fascia thickness”, SD
=1mm/ 1.1 mm = 0.90. Thus, SD was set at 0.90;
the significance level at p < 0.05; and the study
power at 80%. According to Altman’s nomogram,
the minimum required sample size was 12 pa-
tients per group, for a total of 36 patients

RESULTS

Short-term and mid-term treatment outcomes
in patients with plantar heel pain caused by
proximal PF were analyzed and assessed across
all three study groups. The follow-up period in all
groups was12 months.

One of the most objective indicators of the
reparative processes in the structure of the plan-
tar fascia was its thickness at the calcaneal inser-
tion site as measured by ultrasound. A compari-
son of ultrasound parameters on the unaffected
limbs showed that the median plantar fascia
thickness in Group 1 was 3.2 [2.80; 3.33] mm, in
Group 2 - 3.25 [3.05; 3.40] mm, and in Group 3 -
3.4[3.175;3.800] mm, with no statistically signifi-
cant differences between Group 1 and Group 2
(p = 0.817), Group 1 and Group 3 (p = 1.000),
or Group 2 and Group 3 (p = 0.150). This indi-
cated initial homogeneity of the study groups.

Changes in plantar fascia thickness in patients
with plantar heel pain (PHP) during treatment
are presented in Table 1.

According to the obtained data, at the first
assessment point, the thickness of the plantar
fascia in the painful foot was statistically
significantly greater than that of the contralate-
ral foot in all study groups (p < 0.001 for all three
groups), but there were no statistically significant
intergroup differences (p > 0.05).

Within-group dynamics of plantar fascia
thickness demonstrated heterogeneous posi-
tive trends. In Groups 1 and 2, a significant
reduction in fascia thickness was achieved by
6 months. In Group 1: between Timepoints 1
and 2, p = 0.358; between Timepoints 2 and 3,

Table 1

Thickness of changed plantar fascia at the calcaneal insertion site, mm (Me [Q,; Q.])

Timepoint Group 1

Group 2 Group 3

1 (before treatment) 6.300 [5.675; 6.650]

2 (3 months after) 5.350[5.175; 6.125]

3 (6 months after) 4.950 [4.425; 5.950]

6.750 [6.225; 6.925] 7.050 [6.575; 7.700]

5.650 [5.250; 6.000] 5.400 [4.975; 6.025]

4.500 [4.125; 4.750] 3.800 [3.600; 4.125]

88 2025;31(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

p = 0.645; between Timepoints 1 and 3, p = 0.035.
In Group 2: between Timepoints 1 and 2,
p = 0.193; between Timepoints 2 and 3,
p = 0.254; between Timepoints 1 and 3, p =0.012.
In Group 3, a statistically significant impro-
vement was observed in 3 months: between Time-
points 1 and 2, p = 0.085; between Timepoints 2
and 3, p=0.035; between Timepoints 1 and 3,
p =0.002.

The median plantar fascia thickness in the
symptomatic foot before treatment showed no
statistically significant difference between Groups
1 and 2 (p=0.260) or between Groups 2 and 3
(p=1.000). However, statistically significant
difference was found between Groups 1 and 3
(p =0.010), which was attributed to a longer,
more persistent, and treatment-resistant course
of the pathological process in the main group.
At Timepoint 2, no statistically significant
differences were found between Groups 1 and 2
(p=0.839), 1 and 3 (p=0.583), or 2 and 3
(p=0.686). A different picture emerged at
Timepoint 3: while there were still no significant
differences between Groups 1 and 2 (p = 0.126)

Group 1

4- .

Plantar fascia thickness, mm
Plantar fascia thickness, mm

01
Timepoint 1 Timepoint 2 Timepoint 3
Group 3
4 o
E 8. o
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4 Rl
o
2
.g 4
8
g 2|
] ‘
a
O -
Timepoint 1 Timepoint 2 Timepoint 3

or between Groups 2 and 3 (p = 1.000), the diffe-
rence between Groups 1 and 3 reached statistical
significance (p = 0.001).

The lowest final absolute values of plantar
fascia thickness were observed in Group 3, despite
this group having the highest baseline values of
the measured parameter (Figure 1).

To verify the obtained results, two
mathematical models were constructed to assess
the dependence of ultrasound measurements
in the symptomatic foot at Timepoints 2 and 3
on the ultrasound parameters of the contralateral
foot, on the previous measurement point of the
symptomatic foot, and on the type of treatment.

For this purpose, Spearman’s rank correlation
coefficient was calculated:

— At Timepoint 2, the ultrasound measure-
ment on the symptomatic foot demonstrated a
moderate direct correlation with the ultrasound
measurement on the healthy side (T = 0.71;
p < 0.05), as well as a moderate direct correlation
with the baseline value on the symptomatic
side (Timepoint 1, before treatment) (T = 0.74;
p < 0.05).

Timepoint 1 Timepoint 2 Timepoint 3

Figure 1. Changes in plantar fascia thickness according to the
results of ultrasound:

Timepoint 1 - before intervention;

Timepoint 2 — 3 months after intervention;

Timepoint 3 — 6 months after intervention
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- At Timepoint 3, the ultrasound measu-
rement showed a weak direct correlation with the
ultrasound value of the healthy side (T = 0.38,;
p < 0.05), a weak direct correlation with
the baseline value of the symptomatic side
(T = 0.31; p < 0.05), and a moderate direct
correlation with the ultrasound measurement
at Timepoint 2 (T = 0.82; p < 0.05).

A mathematical model was developed to as-
sess the dependence of the ultrasound measure-
ments on the symptomatic foot at Timepoint 2
on: 1) the ultrasound values of the healthy side;
2) the baseline values of the symptomatic side
(Timepoint 1, before treatment); 3) the type of
treatment.

The model parameters were calculated using
NCSS 2022 software. A linear multiple regression
equation was applied.

The equation of the mathematical model at
Timepoint 2 was as follows:

R =-0.005+0.262B+0.772C+D,

where R is the ultrasound measurement at
Timepoint 2; B is the ultrasound measurement
on the healthy side; C is the ultrasound measure-
ment on the symptomatic side at Timepoint 1,
D = 0 for the control group, D = -0.286 for
the comparison group, and D= -0.945 for
the main group.

A similar

Timepoint 3:
N =-0.381+0.980E+D,

where E is the ultrasound measurement on
the symptomatic side at Timepoint 2; D = 0 for

equation was developed for

the control group, D = -0.652 for the comparison
group, and D =-1.090 for the main group.

The equation shows that, all other conditions
being equal, at Timepoint 2 the ultrasound
measurement in the comparison group is
0.29 mm lower than in the control group,
and 0.96 mm lower in the main group. At
Timepoint 3, the ultrasound measurement in
the comparison group is 0.65 mm lower than
in the control group, and 1.1 mm lower in the
main group.

Comparative results of pain assessment (FFI),
function, and activities of daily living in patients
with foot and ankle disorders (FAAM (ADL)),
across all groups are presented in Table 2.

When comparing FFI (pain subscale) and
FAAM (ADL) scores between groups prior to
treatment, no statistically significant differences
were observed, which was consistent with the
hypothesis of group comparability.

In the intergroup analysis of FFI (pain
subscale), at Timepoint 1, Group 3 demonstrated
a statistically significant advantage compared
with Groups 1 and 2. At Timepoint 2 (3 months
after treatment initiation), Group 3 again showed
a statistically significant advantage over Groups
1 and 2. At Timepoint 3 (6 months after treatment
initiation), pain scores in Group 3 continued
to demonstrate significantly better results
compared with Groups 1 and 2. At Timepoint 4
(12 months after treatment initiation), Groups
2 and 3 showed identical results (p = 1.0) and a
statistically significant advantage over Group 1
(p = 0.003 for both Groups 2 and 3).

Table 2
Comparative analysis of the medians of daily activity indicators
Group (Me) Mann-Whitney U test (p)
Parameter
1 2 3 1 2 3
FFI Before treatment 68.0 67.5 70.0 0.120 0.100 0.661
1month 31.0 19.0 17.5 0.008 0.007 0.036
3 months 35.0 12.0 4.5 0.004 0.000 0.000
6 months 41.0 5.0 0.0 0.002 0.000 0.000
12 months 60.5 0.0 0.0 0.003 0.003 1.000
FAAM Before treatment 49.0 46.5 47.5 0.305 0.579 0.923
(ADL) 3 months 67.0 85.0 90.5 0.006 0.003 0.042
6 months 66.0 94.5 99.5 0.055 <0.001 0.002
12 months 57.0 100.0 100.0 0.003 0.003 1.000

Empirical value of the Mann-Whitney U test and the exact p-value in 1 - comparison of indicators for Groups 1 and 2;
2 — comparison of indicators for Groups 1 and 3; 3 — comparison of indicators for Groups 2 and 3.
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In the intergroup analysis of FAAM (ADL)
scores, at Timepoint 1 (3 months after treatment
initiation), Group 3 demonstrated a statistically
significant advantage compared with Groups
1 and 2 (vs. Group 1: p = 0.003; vs. Group 2:
p = 0.042). At Timepoint 2 (6 months after
treatment initiation), Group 3 also showed a
statistically significant advantage over Groups
1 and 2 (vs. Group 1: p = 0.001; vs. Group 2:
p = 0.002). At Timepoint 3 (12 months after
treatment initiation), Groups 2 and 3 showed
identical results (p = 1.0) and a statistically
significant advantage over Group 1 (p = 0.002
for both Groups 2 and 3).

DISCUSSION

Plantar heel pain is a common clinical issue that
remains both relevant and, in many respects,
controversial. Due to the complex anatomical
structure of the heel and foot, the etiology
of pain, as well as the associated dysfunction
and alterations in foot biomechanics, may be
attributed to a variety of factors [14]. Traditio-
nally, three main categories of causes of PHP are
distinguished: mechanical — related to pathology
of the proximal, middle, or distal portions of the
plantar fascia, its ruptures, or stress fractures
of the calcaneus; rheumatologic - development
of localized pain syndrome in the setting of
ankylosing spondylitis, Reiter’s syndrome, or
other seronegative  spondyloarthropathies;
neurologic — occurring in cases of L5-S1 radicu-
lopathy or compression of the first branch of the
lateral plantar nerve (Baxter’s nerve) [15].

The focus of the present study was PHP
caused by pathology of the proximal portion of
the plantar fascia. According to J. Perry’s concept,
this condition arises due to the overstress of the
plantar fascia during heel lift-off and weight
transfer to the forefoot while walking. In his
view, because of the fascia’s low elasticity,
tensile forces are primarily exerted on the
calcaneal tuberosity during the push-off phase,
and these forces increase with dorsiflexion of
the metatarsophalangeal joints. In addition, the
gastrocnemius-soleus muscle complex further
concentrates stress in the area of the plantar
fascia, significantly enhancing the overall
loading effect [16]. Morphological changes in the
structure of the proximal plantar fascia, resulting
from a tendinosis cycle triggered by chronic foot
overload, include decreased collagen synthesis

or progressive collagen degeneration, tenocyte
death, and matrix degradation. These changes,
in turn, further increase the fascia's susceptibi-
lity to injury [17].

Pain chronification and the ineffectiveness
of traditional conservative treatment protocols,
which include functional stretching and
strengthening of the foot’s extensor apparatus,
use of orthopedic supports, anti-inflammatory
therapy, various local injection and cell-based
therapies, as well as physical and radiation
modalities, necessitate consideration of more
invasive therapeutic approaches. At the same
time, ESWT, which has proven highly effective
during the acute phase of the condition, remains
a relevant treatment option in cases of PHP
relapse or when the patient declines surgical
intervention.

According to M. Thiel, ESWT is a
pathogenetically justified treatment modality
as it optimizes reparative processes through
microtrauma of avascular or poorly vascularized
tissues, which in turn leads to the release of local
growth factors, stimulation of revascularization,
and ultimately more effective tissue remodeling
[18]. Several multicenter studies evaluating the
efficacy of low-energy ESWT for chronic heel
pain have reported up to 86% favorable outcomes
[19, 20]. D.S. Hammer et al. demonstrated
similar results — 80% of 49 patients with heel
pain experienced complete or near-complete
relief after three weekly ESWT sessions [21].
M.IL. Ibrahim et al. reported that during a two-
year follow-up, all patients noted a 90%
reduction in pain compared to baseline [22].
C. Schmitz et al., based on a systematic review,
recommended that all patients aged 18 and older
with proximal PF undergo a course of ESWT
prior to surgical intervention [23]. However,
H. Gollwitzer et al. argued that the efficacy of
ESWT remains controversial, and the procedure
does not guarantee clinical improvement in
cases of chronic PHP [24]. Published series of
studies have also reported highly heterogeneous
results with high-energy ESWT, ranging from 56
to 94% success rates [25].

Conclusions regarding the relatively low
efficacy of ESWT in chronic pathological
processes were presented in the study by T. Erden
et al. [26]. The sonographic and functional results
of our study confirmed the reduced effectiveness
of ESWT in treating PHP caused by proximal PF.
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Despite the statistical identity of the absolute
values of plantar fascia thickness in the affected
limb across all groups at baseline, as measured
by ultrasound and exceeding the corresponding
values of the contralateral limb by 1.7-2.1 times,
the plantar fascia thickness in the ESWT group
increased by the third month of the study and
only decreased by 6.6% by the sixth month after
treatment completion. This value remained
significantly higher than the thickness of the
intact fascia, indirectly indicating a continuing
degenerative process.

The recurrent nature of the disease course
was also confirmed by the analysis of pain
severity using the FFI. Following ESWT, a more
than twofold reduction in PHP was observed
during the first month after treatment. However,
pain intensity increased at 3 and 6 months,
and by the 12-month follow-up, the values had
nearly returned to baseline, showing only an
11% reduction. Functional assessments of the
foot during activities of daily living and various
work-related tasks demonstrated a similar
pattern: an increase of 25.5 and 29.0% during
the first month, stabilization at this level over
the next 6 months, followed by a gradual decline
between months 6 and 12, ultimately exceeding
baseline values by 18.0 and 21.0%, respectively.
These findings indicate an almost complete
loss of the initial therapeutic effect. Overall,
our results suggest a low efficacy of ESWT in
treating patients with chronic proximal PF.

Bipolar radiofrequency ablation affects
regenerative processes in the plantar fascia
differently. Rapid pain relief immediately
following treatment is primarily due to
denervation, followed by subsequent
regenerative processes, including stimulation
of angiogenesis in the avascular fibrous fascia
through increased secretion of fibroblast
growth factors and vascular endothelial growth
factor. Radiofrequency treatment does not
significantly compromise the mechanical
strength of the fascia, does not cause serious
complications, and demonstrates favorable
early outcomes in the treatment of PHP [27].
F. Yapici et al. unequivocally recommended
switching to alternative treatments, with BRFA
being the preferred option, in cases where ESWT
was ineffective [28].

In a 2023 study, N.P. Tas and O. Kaya compared
outcomes of 79 patients treated with BRFA and
80 patients receiving ESWT on the plantar fascia.
The authors reported that both procedures
significantly reduced pain, disability, and activity
limitation. ESWT was particularly effective in
early painreduction, whereas BRFA demonstrated
a more pronounced effect on reducing disability
and activity limitation [29].

Our study also demonstrated superior
treatment outcomes with BRFA compared
to ESWT. The analysis of the ultrasound
measurements of the dorsal-plantar dimensions
of the proximal plantar fascia revealed
significant positive changes by the end of the
third month post-treatment. By six months,
fascia thickness had decreased by one-third
compared to baseline, showing statistically
significant improvement over the corresponding
values observed with ESWT. Unlike the findings
reported in the aforementioned study, BRFA in
our investigation led to a significant reduction in
the FFI as early as the first month of treatment,
with a sustained positive effect throughout the
follow-up period and marked alleviation of PHP
by the sixth month. This contrasted sharply with
the outcomes following ESWT. Moreover, during
the initial three months of the follow-up, only
minor functional limitations of the foot and
ankle during walking and various work-related
activities persisted, enabling patients to restore
mobility and work capacity. From months 6 to
12, functional outcomes approximated those
of the healthy limb, fully satisfying all study
participants.

Alternative treatment methods to BRFA that
lead to pain reduction and improvement of foot
biomechanics include surgical procedures based
on the concept of plantar fascia lengthening
aimed at reducing its tension [30]. Endoscopic
plantar fascia release is considered a safe and
effective alternative; however, its significant
drawback is poor visualization and a high risk
of unintentional excessive transection [31].
A.M. Brugh et al. demonstrated that regardless
of the surgical technique chosen, transection of
more than 50% of the plantar fascia diminishes
its supportive function and results in overload
pain in the dorsal and lateral aspect of the foot,
leading to the development of the so-called
“lateral column syndrome” [32].
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The short- and long-term outcomes of open
release and percutaneous BRFA were reported by
Y. Yuan et al. According to their data, both surgical
procedures demonstrated equivalent long-term
therapeutic effects, with a mean follow-up dura-
tion of 58.77 months. However, the authors noted
that percutaneous BRFA was superior in terms
of reduced operative time and an uncomplicated
postoperative course. Additionally, patients
undergoing percutaneous BRFA experienced a
shorter recovery period for the restoration of
normal motor function compared to those treated
with open plantar fascia release [33].

In our opinion, it is also important to consider
that the therapeutic effect of surgical lengthening
may partly result from the enforced period of
rest dictated by the postoperative protocol.
At the same time, mere reduction of plantar
fascia tension without stimulation of collagen
regeneration is likely to create conditions for
a more prolonged disease course and patient
socialization. Taking this into account, the
concept of combining microperforations with
marginal microtenotomies performed using a
bipolar needle radiofrequency electrode allows:
first, to achieve a faster analgesic effect through
denervation of pathological nerve endings;
second, to achieve greater lengthening of the
plantar fascia, thereby further reducing its
tension; and third, to potentiate regeneration,
consequently ensuring a more complete and
earlier restoration of limb function.

Ultrasound imaging with analysis of plantar
fascia thickness, echotexture, and echogenicity
is widely recognized by most authors as
an accessible method for diagnosing and
objectively assessing treatment outcomes in
patients with proximal PF [34]. The results of our
study confirmed this assumption. Sonographic
measurements of fascia thickness in the main
group, which initially showed high baseline
values, demonstrated superior dynamics with
complete normalization of fascia dimensions by
the sixth month of treatment. Moreover, only in
the main group did the plantar fascia thickness
of the affected limb become not only closest
to that of the intact limb but also statistically
indistinguishable from it (p = 1.0). Meanwhile,
among the wide range of subjective methods

for monitoring treatment efficacy, assessment
of pain reduction and restoration of foot and
ankle function remains the most informative
[35]. According to the pain subscale of the FFI,
by the third month, only patients in the main
group had scores that exceeded MDC by less
than two times, in contrast to the comparison
group (almost eightfold MDC exceedance) and
the control group (MDC exceedance by 12.8
times). Complete pain relief was achieved
within the first six months of follow-up, earlier
than in patients of the other groups. In our
opinion, sufficient recovery of foot function and
daily activity had already been achieved by the
3-month follow-up (a clinically insignificant
exceedance of MDC in the FAAM (ADL) by 1.54
times).

Study limitations

The limitation of our study is the relatively small
sample size, which is attributable to the strict
inclusion and non-inclusion criteria, as well
as the limited follow-up period of 12 months.
Further research is needed to evaluate the
long-term outcomes of the proposed treatment
method over a five-year period.

CONCLUSIONS

The modified minimally invasive bipolar
radiofrequency ablation technique proposed
in this study for the treatment of refractory
proximal plantar fasciopathy demonstrated
superior clinical outcomes, including complete
resolution of plantar heel pain and earlier
restoration of foot function, when compared
to both standard bipolar radiofrequency
ablation and a course of extracorporeal shock
wave therapy. The use of modified bipolar
radiofrequency ablation helped to interrupt
the degenerative cycle of tendinopathy by
applying an etiopathogenetic approach, which
successfully combined reduction of plantar
fascia tension with partial denervation and
activation of collagen regeneration. These
findings appear promising and suggest that
the modified technique may be considered a
preferred treatment option in cases where all
types of conservative therapy fail within a six-
month period.
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