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Introduction. Plantar fasciitis (PF) is a multifactorial pathology that restricts an athlete’s training and competitive activities, leading to premature termination
of a sports career in some cases. The search for optimal conservative treatment methods that may improve the overall therapy effectiveness represents an
important task of sports medicine.

Objective. Development of a differentiated approach to conservative treatment of athletes suffering from PF, taking the biomechanical features of the disease
into account.

Materials and methods. The study involved 82 athletes, including 37 men and 45 women suffering from unilateral PF with a median age of 30 (23; 34) years.
The participants were divided into four groups depending on the type of therapeutical action: Group 1 — shock wave therapy (ESWT); Group 2 — vibration
therapy combined with myofascial release of the muscles of the posterior thigh and shin; Group 3 — individual orthoses of the feet; Group 4 — a combination
of vibration therapy, myofascial release, individual orthoses of the feet. The tested therapeutic measures were assessed by the dynamics of pain syndrome,
the results of baropodometry, the severity of tension in the thigh and shin muscles, and changes in the thickness of plantar aponeurosis.

Results. All the studied treatment methods showed varying degrees of effectiveness in reducing pain (p < 0.001), reducing the thickness of plantar apo-
neurosis (p < 0.05), normalizing plantar pressure in the posterior and anterior parts of the affected foot (p < 0.05), and increasing the postural stability of
athletes according to objective indicators (p < 0.05). The use of ESWT resulted in the most pronounced reduction in pain. In Groups 2 (vibration therapy and
myofascial release) and 3 (individual foot orthoses), a statistically significant decrease in muscle tension in the posterior shin group was observed (p < 0.05).
In addition, in Group 2, the angle of dorsiflexion of the ankle joint increased significantly (o < 0.05). Group 4 (combined treatment) demonstrated the highest
level of biomechanical stability.

Conclusions. ESWT demonstrates a high effectiveness in relieving a pronounced acute process. In cases where an athlete experiences some biomechanical
disorders or deformities of the foot, orthoses of the feet are advisable. In case of tension of the shin muscles and limitation of dorsiflexion, vibration therapy
combined with myofascial release is recommended.
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QPOEKTUBHOCTb KOHCEPBATUBHBLIX METOAOB JIEYEHUA NMNAHTAPHOIO ®ACLIUNTA
Y CNNOPTCMEHOB

A.B. Cnveun'?¥, B.B. KapmasuH!, K.A. LLnbikos®, C.A. MNapacTaes'?

T ®epepanbHbIin HayYHO-KIMHUYECKIMA LLEHTP CMOPTUBHOM MeauLnHbl 1 peabunuTaumnm GeaepansHoro Meamnko-ouonorndeckoro areHTcTea, Mocksa, Poccus
2 PoccuiicKmnii HaumoHanbHbIN MccneaoBaTeNbCKUin MeANLMHCKINIA yHUBepcuTeT uM. H.W. Muporosa, Mocksa, Poccust
3 KnuHnka octeonaTun 1 Knaccu4eckon MeanumHbl «OcTeononnknmHnk», Mockea, Poccus

BeepeHue. MnaHTapHbi hacummT (MNP) — MHOrohakTopHasa NaTonorns, OrpaHnYMBatoLLLas TPEHNPOBOYHYIO 1 COPEBHOBATENBbHYIO AEATENBHOCTb CNOPT-
CMeHa, a B HEKOTOPbIX Clly4asx 06yCnoBAnBatoLLas NpexaeBpeMeHHOe 3aBepLUEeHVe CMIOPTUBHOM kapbepbl. [ONCK onTUManbHbIX METOLOB KOHCEPBaTVB-
HOro BO3AENCTBISA, KOTOPbIE MO3BONAT NMOBLICUTL 3(MMEKTUBHOCTb NIEHEHUNS, ABNSETCS BaXKHOW 3aa4ei CNOPTUBHON MEANLIMHBI.

Llenb. Paspabotka andhepeHUmpoBaHHOrO NOAX04a K KOHCEPBATUBHOMY JIEYEHMIO CMOPTCMEHOB C [P ¢ y4eToM BroMexaHN4eCcKnx 0COOeHHOCTeN 3a-
6oneBaHus.

MaTtepuanbl n metogbl. B rccnegoBaHny NpuHANK ydacTre 82 cnopTcMeHa (37 My>drH 1 45 >xeHLUWH, meguara BospacTta — 30 (23; 34) neT) ¢ ogHo-
CTOPOHHUM [P, KoTOpbIE ObINM PasaeneHbl Ha 4 rpynnbl B 3aBUCUMOCTI OT TUNa TepaneBTU4eCcKoro BO3AENCTBMA: rpynna 1 — ygapHo-BonHOBast Tepanvs
(YBT), rppynna 2 — B1bpauroHHOe BO3[AENCTBYE B COHETAHUM C MrOMacLmanbHbIM PenrM3oM MblLLL, 3a4Hen rpynnbl 6edpa v ronexHn, rpynna 3 — nHavBuay-
anbHble OpTE3bI CTOM, Fpynna 4 — KOMMIEKC BMOPaLMOHHOr0 BO3AENCTBIS, ModacLmanbHOro pennsa, MHAnBNayansHbIX OpTe30B CTomn. TepaneBTu4eckme
MepPONpPUATAS OLIEHMBANNCHE MO ANHaMKKe 60EBOr0 CMHAPOMA, pe3yrsTataM 6aponofoMeTPUHECKOro 06CNef0BaHNS, BbIPAXKEHHOCTM HANPSXKEHNS MbILLIL,
6efpa v roneHn, N3MeHeHMIo TONLLMHBI MOAOLLBEHHOMO anoHeBpo3a.

Pe3ynbTratbl. Bce nccnegyemble MeToAbl BO3AEVCTBMSA NMokasanu pasdnmyHyto cteneHb 3MeKTUBHOCTH B OTHOLLEHNUM CHKEHNA 6onm (p < 0,001), ymeHb-
LEeHNs TONLLMHbBI MOAOLWBEHHOrO anoHesposa (p < 0,05) 1 HopManuaaummn NoAOLWBEHHOIO AaBMNEHNS 3aQHErO 1 NepedHero OTAEN0B NOPaXKeHHON CTOmMbI
(p < 0,05), NOBbILLEHNS NOCTYpPasIbHOW YyCTOMHMBOCTN COPTCMEHOB MO 06 bEKTUBHbBIM NokadaTensMm (p < 0,05). Havbonee BbipaXkeHHOe CHUKeHVe 60NeBOro
cuHapoma 6bIno oTMeYeHo Npw ncnonbdosaHuy YBT. B rpynnax 2 (BubpaunoHHoe BO3aencTBIMe 1 MrodacumanbHbii penns) u 3 (MHAMBuayanbHble opTesbl
CTOM) OTMEYEHO CTATUCTUHECKM 3HAYMMOE CHIDKEHNE HANPSKEHMSA MbILLLL 3a4HeRn rpynnbl roneHn (p < 0,05); kpome Toro, B rpynne 2 3Ha41Mmo yBenmymsasncs
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yron gopcudnekcum roneHoCcTonHoro cyctasa (p < 0,05). Mpynna 4 (koMnnekcHoe BO3AENCTBIE), MO AaHHbIM OOBEKTVBHbBIX MOKa3aTenew, xapakTepn3osa-
nacb nyuLuer 6uoMexaHn4eckon cTabunbHOCTBIO.

BbiBoAbl. B Kyn1MpoBaHu1 Bblpa>keHHOro OCTPOro npoLecca BbICOKYIO 3hdeKTVBHOCTb AeMoHCTpupyeT YBT. Mpu Hannyum y cnopTcMmeHa briomexaHmnye-
CKWX HapyLLeHW / gedpopmMaLinin CToMbI LeNecoobpasHo NCnob30BaTb OPTE3bl CTOM, @ B CllyHYae HanpPsKeHNS MbILLUL, FONEHN 1 OrpaHnYeHns 4opcudnex-
Ccun — BMBpPaLMOHHOE BO3AEVICTBIE B COHETaHUM C MUOoacLmanbHbIM Penvaom.

KntoyeBble cnoBa: nnaHTapHbii hacummT; CropT; yaapHO-BONHOBas Tepanus; BUubpaLMoHHOe BO3AenCTBIMe; opTedbl CTOM; MModacLumanbHbii penns; 6uo-
MexaHvKa

Ansa untnposanus: CnaveuH A.B., KapmasuH B.B., LLnbikos K.A., MapacTaes C.A. OdHeKTUBHOCTb KOHCEPBATVBHbIX METOA0B JIEHEHNSA NMIaHTapHOro dac-
LummnTa y CnopTeMeHoB. MeauuuHa akcTpemaribHbix cutyarmi. 2025;27(1):1156-123. https:/doi.org/10.47183/mes.2025-270
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INTRODUCTION

Plantar fasciitis (PF) is an urgent and widespread problem
in sports that hinders the training process. Both conserva-
tive and surgical methods of treatment can be used to treat
this pathology [1]. However, due to the prolonged recovery
period and postoperative complication risks, conservative
methods are recognized as the first line of therapy in clinical
practice [2].

It has been repeatedly noted that the main problem
faced by a physician in the treatment of athletes with PF
is the low effectiveness of conservative interventions, in-
cluding insufficient duration of pain relief [3]. Conservative
treatment methods widely employ approaches of physi-
cal and rehabilitation medicine; however, none of the
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Fig. 1. PF prevalence in various sports in the research sample

available PF treatment methods have been supported by
convincing scientific evidence [4]. This may be related to
biomechanical disorders underlying the development of
degenerative changes in plantar aponeurosis, thus re-
sulting in a significant heterogeneity of treatment out-
comes.

Despite the wide range of correction methods tested in
PF, including athletes, an integrated approach to combin-
ing therapeutical measures is yet to be developed. Tools
for monitoring the effectiveness of therapeutic effects and
tactics for managing athletes with PF should be improved
in order to correct not only pain syndrome, but also to pre-
vent disease recurrence.

In this connection, the assessment of disease risk fac-
tors and impaired biomechanical patterns is extremely im-
portant for PF in general and among athletes in particular
[5]. The impact on key steps in the pathogenesis of the
disease will make it possible to personalize therapeutical
approaches and, accordingly, improve the outcome of
therapeutic effects, and reduce the rehabilitation time for
athletes.

In this study, we set out to develop a differentiated ap-
proach to the conservative treatment of athletes suffering
from PF, taking the biomechanical features of the disease
into account.

MATERIALS AND METHODS

The study included 82 athletes (37 men and 45 women)
representing various sports: athletics, football, basketball,
rugby, tennis, handball, volleyball, bobsleigh, fencing, and
some others (Fig. 1). The median age of athletes was 30
(23; 34) years. The athletes underwent rehabilitation treat-
ment at the Federal Research and Clinical Center of Sports
Medicine and Rehabilitation during the 2023-2024 period.

The criteria for inclusion in the study were: clinical diagno-
sis of PF with unilateral localization of the process, age from
16 to 50 years, presence of sports qualifications. Criteria for
non-inclusion of athletes in the study were: excluded diag-
nosis of plantar fasciitis, presence of systemic connective
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tissue diseases, age that does not meet the inclusion cri-
teria (less than 16 years and more than 50 years), inability
to perform diagnostic and correction programs due to cir-
cumstances beyond their control (severe injuries, diseases,
epidemic risks leading to interruption of a sports career), lack
of athletic qualifications, refusal to participate in the study.

Criteria for exclusion of athletes from the study were: injury to

the musculoskeletal system that occurred during the study

period, refusal to further participate in the study.

All athletes with PF were divided into four groups de-
pending on the type of therapeutic measures performed:

e Group 1 (n = 27) — athletes who were treated with ex-
tracorporeal shock wave therapy (ESWT);

e Group 2 (n = 20) — athletes who were treated with vi-
bration therapy combined with myofascial release (MFR)
of the muscles of the posterior thigh and shin;

e Group 3 (n = 19) — athletes who underwent treatment
using individual orthoses of the feet;

e Group 4 (n = 16) — athletes who were treated with vi-
bration therapy combined with MFR of the muscles of
the posterior thigh and shin, as well as with the use of
individual orthoses.

Focused ESWT was performed on a BTL-6000 FSWT
device (UK) with an energy flow area of 0.65 mJ/mm? and
a frequency of 4-6 Hz. A course vibration exposure last-
ing 9-10 days was performed on a Vibrosphere device
(Sweden) with a sequential increase in the frequency range
from 20 to 45 Hz. The myofascial release of the muscles
of the posterior thigh and shin was carried out by athletes
independently using a roll with a ribbed surface. For the
manufacture of individual orthopedic insoles, Formthotics
blanks (New Zealand) were used.!

The effectiveness of curative services was assessed
by the dynamics of pain syndrome, determined using
the Russian version of the Visual Analog Scale Foot and
Ankle — VAS FA [6]; the muscle pain in the posterior thigh
and shin; evaluation of ankle joint range of motion by the
angle of ankle joint dorsiflexion; baropodometry (in static
and dynamic tests); and changes in the thickness of the
plantar fascia. The muscle tenderness of the posterior
thigh and shin was palpated, and the angle of ankle joint
dorsiflexion was measured in a supine position with the
knee joint extended by goniometry. Baropodometry was
performed using the WINTRACK hardware and software
complex (Medicaptures, France) according to an algorithm
consisting of static and a series of dynamic tests (sagit-
tal, frontal, forefoot lifting and jumping tests) [7]. In addi-
tion, changes in the center of pressure (CoP) velocity in the
frontal and sagittal planes, as well as the statokinesiogram
area, were evaluated: the CoP velocity in the frontal plane
was evaluated in the sagittal dynamic test, and in the sagit-
tal plane — in the frontal test; the statokinesiogram area
was studied in the jumping dynamic. The thickness of the
plantar fascia was determined using magnetic resonance
imaging, which was performed on a SIGNA Creator instal-
lation 1.5 T (General Electric, USA). The measurement was
performed on sagittal sections 1 cm distal to the place of
attachment to the calcaneal protuberance. The effective-
ness of curative services was evaluated after 7 and 14
days. On day 28 after the completion of curative services,
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an additional reassessment of the pain severity was per-
formed. As an additional method for determining the pres-
ence and severity of foot pronation, the foot posture was
assessed using the FPI-6 scale (Foot Posture Index — 6).

Statistical data analysis was carried out using the IBM
SPSS Statistics 23 application software package. To as-
sess the type of distribution of quantitative feature values,
the Kolmogorov-Smirnov and Shapiro-Wilk criteria with a
critical significance level of 0.05 were used. In the case of
differences in the distribution from the normal, nonpara-
metric analysis methods were applied. Descriptive statis-
tics of quantitative data are given in the form of medians
and quartiles; descriptions of qualitative features are given
in the form of relative frequencies and their confidence
intervals. The nonparametric Mann-Whitney U-test was
used for comparative intergroup analysis; the Wilcoxon test
was used for intragroup analysis. A comparison of discrete
quantities was carried out using the x? criterion. The signifi-
cance level for all calculations of less than 0.05 was taken
to be statistically significant.

RESULTS

The largest number of PF cases was observed in athletes
involved in athletics, football, basketball, rugby, and tennis
(Fig. 1). More detailed information about the study groups
evaluated before the onset of curative services is presented
in Table 1.

The study did not reveal any statistically significant dif-
ferences in the sample by age, BMI, and sports experience.
An assessment of the pronation degree on the FPI-6 scale
found that the foot of athletes with PF was moderately pro-
nated, with all the studied groups of athletes being compa-
rable in this parameter.

Group 1, i.e., the athletes treated with ESWT, showed
the lowest angle of ankle joint dorsiflexion, amounting to
15°. This indicates a more pronounced tension of the shin
triceps muscle compared to other groups before the onset
of curative services.

The analysis of the pain syndrome assessed by VAS FA
revealed a statistically significant (o < 0.001) decrease in
the pain syndrome intensity in all the studied groups in the
follow-up period during the intragroup analysis. The corre-
sponding data is shown in Fig. 2. Thus, in Group 1, the ath-
letes reported a decrease in pain by 63%, in Group 2 — by
14%, in Group 3 — by 61%, and in Group 4 — by 18%. In
the follow-up observation of athletes with PF, no statistically
significant decrease in the VAS FA score was observed 28
days after the completion of therapy, which indicates the
stability of the achieved therapeutic effect.

In all the studied groups, an evaluation of the effective-
ness of curative services found no statistically significant
decrease in muscle tenderness of the posterior thigh group
on palpation on days 7 and 14 of therapy compared with
the period before the onset of the study. The correspond-
ing data is shown in Fig. 3A.

At the same time, athletes from Groups 2, 3, and 4
showed a statistically significant decrease in tenderness
and tension of the posterior shin muscles on palpation af-
ter 14 days compared with the period before treatment by

' Ponomarenko GN, Hajduk AA. The use of individual foot orthoses Formthotics in clinical practice. Guidelines. St. Petersburg; 2015 (In Russ.).
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Table 1. Summary of athletes’ characteristics in groups before the onset of therapeutical measures

Parameter ((;’:(;“;7; ((5';’1“;0? C(E’:Zufg? ((E;c;u1p6;l
Age, years 31 (23; 37) 27.5 (24; 35) 27 (21; 36) 30 (25; 33)
Body mass index, kg/m? 22.1 (21; 23) 21.8 (21; 24) 22.2 (21; 24) 22.8 (21; 25)
Sports experience, years 22 (18; 30) 20 (17; 25) 19 (16; 25) 20.5 (17; 22)
Pronation degree, FPI-6 score 6(5;7) 6(4;7) 6 (5; 6) 6(5:7)
Ankle joint dorsiflexion angle, degree (°) 15 (12; 18) 20 (17; 23) 19 (15;22) 19 (17: 22)

Table prepared by the authors using their own data

Note: the data is presented as a value median (Me) of the lower and upper quartiles Q [25-75%)].

63%, 59%, and 61%, respectively (p < 0.05). The corre-
sponding data are shown in Fig. 3B.

In an intragroup analysis of changes of ankle joint dor-
siflexion angle in follow-up (prior to treatment/14 days of
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Fig. 2. Effectiveness of curative services in athletes with PF by VAS FA pain
assessment
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Fig. 3. Effectiveness of therapeutic measures in athletes with PF by parameters

treatment), athletes showed a statistically significant in-
crease in the ankle joint range of motion in Groups 2 (vi-
bration therapy and myofascial release) (p < 0.05) and 4
(vibration therapy, myofascial release, and individual foot
orthoses) (b < 0.01) by 15% and 26%, respectively. No sta-
tistically significant dynamics was observed in other study
groups (Fig. 4).

Table 2 presents the analysis of changes in plantar pres-
sure on the support surface in the anterior and posterior
parts of the affected foot before/after treatment according
to baropodometry. During corrective actions, athletes in all
groups showed normalization of the distribution of plantar
pressure in the static test (p < 0.05). At the same time, in
Groups 1 (ESWT) and 3 (individual orthoses of the feet),
an increase in the pressure of the posterior part of the af-
fected foot was detected by 37% and 18%, respectively. At
the same time, Groups 2 (vibration therapy and myofascial
release) and 4 (vibration therapy, myofascial release, and
individual orthoses of the feet), conversely, showed a de-
crease in plantar pressure by 17% and 13%, respectively,
compared to the measurements prior to treatment.

The analysis of baropodometric parameters in dynamic
tests in athletes with PF compared before/after treatment
(Fig. 5) revealed a decrease in the CoP velocity in both
the frontal and sagittal planes, as well as the statokine-
siogram area (p < 0.05). Thus, in athletes from Group 1,
the decrease in CoP velocity in the frontal plane was 31%,

B [ Group1 [ Group 2 1 Group 3 [ Group 4

100 — p<0.05

Athletes amount, %
[e)) ~
o (6]
] ]

nN
(&)
1

0 T L o L
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Note: A — muscle tenderness of the posterior thigh group; B — muscle tenderness of the posterior shin group.
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in athletes from Group 2 — 21%, in patients from Group
3 — 26.6%, and in athletes from Group 4 — 39%. At the
same time, the decrease in CoP velocity in the sagittal
plane in athletes from Group 1 was 29.4%, in patients from
Group 2 — 16.6%, in athletes from Group 3 — 27.7%, and
in patients from Group 4 — 37%.

There was also a decrease in the statokinesiogram area
by 8.7% in athletes from Group 1, in Group 2 — by 12.7%,
in Group 3 — by 16.3%, in Group 4 — by 9.2%.

The most pronounced decrease in the CoP velocity
was observed in athletes in Group 4 (vibration therapy,
myofascial release, and individual orthoses of the feet): by
39% of the CoP velocity in the frontal plane, by 37% of
the CoP velocity in the sagittal plane (Fig. 5G). The statoki-
nesiogram area significantly decreased in Group 3 — by
16.3% (Fig. 5B).

Figure 6 shows the results of baropodometry of athletes
with PF in follow-up (before treatment/14 days of treatment),
reflecting changes in the pressure general vector (PGV) and
plantar pressure.

Attention should be drawn to the increase in plantar
pressure of the posterior part of the foot in the static test
(Fig. 6A), a decrease in the area of PGV distribution and
pressure vectors under the feet in the sagittal dynamic test
(Fig. 6B), the PGV centralization after curative services in
the frontal (Fig. 6C), as well as a decrease in the area of
PGV distribution in the jumping dynamic test (Fig. 6D).

The dynamics of changes in the plantar fascia thickness
is shown in Fig. 7. In all groups, a statistically significant
decrease in the plantar fascia thickness was observed:
Group 1 — by 4.8% (p = 0.001), Group 2 — by 5.8%
(p = 0.037), Group 3 — by 8.5% (p = 0.008), and Group
4 — by 12.5% (p = 0.012). However, in Groups 1 (ESWT)
and 2 (vibration therapy and myofascial release), the
change in plantar fascia thickness was less pronounced
than in athletes from Groups 3 (individual foot orthoses)
and 4 (vibration exposure, myofascial release and individual
foot orthoses).

Despite statistically significant changes in the plantar
aponeurosis thickness, their pronounced character does
not point definitely to clinically significant differences (in
particular, in Groups 1 and 2).

DISCUSSION
Our study established a statistically significant decrease

in pain by VAS FA in all groups of athletes, which gener-
ally indicates the effectiveness of PF corrective measures.
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Fig. 4. The effectiveness of curative services in athletes with PF by the ankle
joint dorsiflexion angle

Thus, ESWT has been successfully used for PF treatment
by some foreign and domestic authors [8, 9]. Mendes et al.
reported a positive effect of individual orthopedic insoles in
terms of pain reduction in patients with PF [10], which was
subsequently confirmed by other authors [11, 12]. Kirmizi
et al. noted the effectiveness of a combined therapy with
therapeutic exercises and foot orthoses in reducing pain in
patients with PF and flat feet [13].

In our research, pain in the muscles of the posterior shin
group decreased statistically significantly in the participants
of Group 2, whose therapy used vibration and myofascial
release, and Group 3, who used individual orthoses of the
feet. This fact can be explained by a significant impact of
vibration therapy and individual orthoses of the feet on the
activation of the internal and external muscles of the foot,
thus contributing to their facilitated inclusion in the act of
walking. It was previously suggested that the tenderness
and tension of the triceps muscle of the shin, mainly its me-
dial head, may be associated with increased stress on the
muscle due to compensation for the insufficient function of
the external muscles of the foot, in particular the posterior
tibial muscle [14, 15]. Moreover, Zhou et al. reported that
measures aimed at reducing stiffness and tension in the
medial portion of the gastrocnemius muscle could be help-
ful in reducing the severity of pain in PF patients [15].

The ankle joint dorsiflexion angle increased statistically
significantly in Groups 2 (vibration therapy and myofascial

Table 2. Intragroup analysis of changes in plantar foot pressure in athletes with PF in various groups

Anterior part, % Posterior part, %
Athlete groups P p
before treatment after treatment before treatment after treatment
Group 1 (n =27) 27 (24; 29) 24 (23; 24) <0.001 19 (14; 21) 26 (23; 27) <0.001
Group 2 (n = 20) 20.5 (17; 23) 23 (22; 24) 0.001 35 (29; 39) 29 (27; 31) 0.001
Group 3 (n=19) 26 (23; 28) 23 (23; 24) 0.008 22 (18; 29) 26 (25; 27) 0.024
Group 4 (n = 16) 21 (19; 24) 23 (22; 24) 0.046 31.5 (29; 37) 27.5 (26; 29) 0.002

Table prepared by the authors using their own data

Note: the data is presented as a value median (Me) of the lower and upper quartiles Q [25-75%].
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Fig. 5. Changes in baropodometry values in dynamic tests before/after treatment in athletes with PF, depending on the intervention type
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!

Figure prepared by the authors using their own data

Fig. 6. Baropodometry results of athletes with PF in follow-up
Note: A — in a static test; B — in the jumping dynamic test; C — in the sagittal dynamic test; D — in the frontal dynamic test.
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release) and 4 (vibration therapy, myofascial release, and
individual orthoses of the feet). This seems logical due to
vibration and myofascial effects on the muscles of the pos-
terior shin group, which improve their softness and plastic-
ity. In combination with stretching, these measures allowed
the volume of ankle joint posterior flexion to be significantly
increased, as previously reported by some authors [15-20].
However, Landorf et al. did not find the aforementioned
connection [21].

According to the results of baropodometry in PF, nor-
malization of plantar pressure on the affected foot was
noted. Thus, in athletes with low plantar pressure in the
posterior part of the foot, it increased to normal values,
and in athletes with initially high plantar pressure in the
posterior part of the foot, on the contrary, decreased. The
redistribution of pressure in the posterior part of the foot
was also accompanied by normalization of plantar pres-
sure in the anterior part of both the affected foot and the
intact (contralateral) foot, in which plantar pressure had
previously been compensationally impaired. In addition to
the normalization of plantar pressure, all athletes with PF
showed an improvement in both general postural stability
and local stability during corrective measures, which were
assessed based on the results of dynamic tests. At the
same time, in Groups 2 (vibration therapy and myofas-
cial release) and 4 (vibration therapy, myofascial release,
and individual orthoses of the feet), a greater decrease
in the statokinesiogram area in the jumping test was
observed, which may indicate the influence of vibration
therapy on the overall postural balance by influencing the
proprioceptive apparatus. This fact is particularly interest-
ing concerning the possibility of important effects of the
pathobiomechanics of the overlying parts of the organs
of support and movement (pelvis) on the underlying ones
(feet). A similar effect was previously reported by some
authors [22-24].

The plantar aponeurosis thickness tended to decrease
in all the studied groups, which indicates a decrease in the
fascia edema severity. This, in turn, may reflect a decrease
in the load on plantar aponeurosis and a decrease in de-
generative-inflammatory changes [25, 26]. The slight de-
crease in the plantar fascia thickness can be explained by a
short follow-up period (14 days), insufficient to identify clear
morphological changes accompanying a clinically signifi-
cant improvement in athletes with PF. At the same time,
Drake et al. noted that changes in the plantar aponeurosis
morphology may not always correspond to the patient’s
clinical examination data [27].

In our study, the athlete groups were formed by sim-
ple randomization, based on the analysis of changes in the
observation dynamics. Therefore, it can be concluded that
ESWT allows the most effective relief of severe pain in ath-
letes. In addition, individual orthoses of the feet also show
significant effectiveness. However, significant risk factors
may also influence the choice of the recommended ther-
apeutic agent [28]. Such factors include flat feet, exces-
sive foot pronation, limited ankle joint dorsiflexion, tension
and tenderness of the muscles of the posterior shin group,
hammer toe deformity [29-32]. Thus, vibration therapy,
myofascial release, and individual feet orthoses showed
the most pronounced action on correcting/compensating
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Fig. 7. Plantar fascia thickness before/after treatment in the observation groups

for existing biomechanical risk factors for this disease in
athletes. In this connection, it seems advisable to use lo-
cal treatment methods in the case of an acute process,
in order to achieve an anti-inflammatory effect followed by
correction of the pathobiomechanics that had triggered the
disease. In the case of a sluggish process, correction of
impaired biomechanical patterns will not only prevent the
development of disease relapses in the future, but also to
relieve pain.

Further research should focus on assessing the sus-
tainability of the achieved clinical results in the sports popu-
lation with a longer follow-up period (12-18 weeks) and the
role of therapeutic exercises in preventing possible recur-
rence of the disease.

CONCLUSION

Our study found that all the therapeutic methods used
showed moderate effectiveness in PF treatment in the
sports population. The choice of a therapeutic method
should be primarily determined by the pain syndrome se-
verity, as well as the foot structural and functional features,
identified during a biomechanical examination on a baro-
podometric platform.

In athletes, the use of a differentiated approach based
on a combined therapy aimed at correcting all existing risk
factors seems justified. If necessary, ESWT is highly ef-
fective for relieving an acute pain syndrome. For achieving
good therapeutic effects in the presence of foot deformi-
ties, it is advisable to use individual feet orthoses. In the
case of limited ankle joint dorsiflexion and muscle tension
of the posterior shin group, vibration action in combination
with MFR of the muscles of the posterior shin group proves
highly effective.

Treatment of athletes with PF is a challenging and
lengthy process that does not always result in the resump-
tion of full-fledged sports activities. The use of a combined
and algorithmized personalized therapeutic strategy, ac-
counting for significant risk factors for the disease in the
sports population, can significantly reduce the duration of
rehabilitation treatment for athletes with this pathology, as
well as reduce the rate of disease recurrence.
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