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CQ Elektronik System
Nowoczesna diagnostyka WWW.Cq. Co m. P I

Terapia rehabilitacy jna

ZESTAW APARATURY DO LABORATORIUM KOMPUTEROWEJ DIAGNOSTYKI | KOREKCJI POSTAWY CIALA

Fofogramefn'a Przesfrzenna 3D
Druga kamera catosylwetkowa
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jednoi DWUPLYTOV:/E
z analizg wyskoku dla SPORTOWCOW

CQ-Stopy3D
CAD-CNC
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Eksport projektu STL
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Bezposrednie, szybkie, skanowanie przestrzenne (3D) stép (===
System komputerowego wykonywania indywidualnych wktadek KOMPUTEROWE FREZOWANIE WKLADEK
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jedyny aparat do fali uderzeniowej bez kosztow eksploatacii!

efekty terapeutyczne nawet po pierwszym ~ leczenie obejmuje zwykle 3-5 zabiegow
zabiegu w tygodniowych odstepach

terapia nieinwazyjna, w wielu przypadkach = krotkie, kilkuminutowe sesje terapeutyczne
Zapobiega interwencji chirurgicznej

Wskazania do stosowania:

ostroga pietowa ~ tokie¢ tenisisty
kolano skoczka = punkty spustowe
biodro trzaskajace = hallux - paluch koslawy

zespot bolesnego barku

Dowiedz sie wiecej na stronie: www.rosetta-eswt.pl

Skontaktuj sie z nami, by przetestowac aparat za darmo w swoim gabinecie:
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bardomed 721121314 biuro@bardomed.pl www.bardomed.pl
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Poczuj sie bezpiecznie

INTER Fizjoterapeuci

Dedykowany Pakiet Ubezpieczen

Zaufaj rozwigzaniom sprawdzonym w branzy medyczne;.
Wykup dedykowany pakiet ubezpieczen INTER Fizjoterapeuci, ktory zapewni Ci:

— ochrong finansowg na wypadek roszczen pacjentow — odszkodowanie w przypadku fizycznej agresji pacjenta

~ NOWE UBEZPIECZENIE OBOWIAZKOWE OC — ochrong finansowa zwigzang z naruszeniem praw pacjenta

— ubezpieczenie wynajmowanego sprzetu fizjoterapeutycznego — odszkodowanie w przypadku nieszczesiwego wypadku

— profesjonalng pomoc radcow prawnych i zwrot kosztow
obstugi prawne;

Nasza oferta byta konsultowana ze stowarzyszeniami zrzeszajgcymi fizjoterapeutow tak, aby najsku-
teczniej chronic i wspieraé Ciebie oraz Twoich pacjentow.

» Skontaktuj sie ze swoim agentem i skorzystaj z wyjatkowej oferty!
Towarzystwo Ubezpieczen INTER Polska S.A.

Al. Jerozolimskie 142 B O
02-305 Warszawa | ! I !l

www.interpolska.pl UBEZPIECZENIA




RoboGait 38 Technomex

RoboGait to system do terapii chodu z asystg robota stosowany na kazdym etapie rehabilitacji u pacjentdw
z niedowtadem lub porazeniem koriczyn dolnych w szczegdlnosci u pacjentéw z urazami mdézgu, rdzenia kregowego,
po przebytych udarach mézgu oraz ze schorzeniami ortopedycznymi.

Zobacz ten produkt na stronie:
neuroreedukgacja.pl/robogait
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Cechy kluczowe
Uniwersalna orteza dla pacjentéw dorostych i pediatrycznych
Regulacja sity wspomagania pacjenta
Regulowany uchwyt na miednice pozwalajgey na prace zaréwno z petng stabilizacjg miednicy,
jok i z jej petnym uwolnieniem
Dynamiczne odcigzenie pacjenta (od O do 100 kg - mozliwos¢ regulacji bez przerywania treningu)
Biofeedback zapewniajgey funkcjonalne srodowisko, zwiekszajgce motywacje wykonywanych éwiczen
Narzedzia oceny oraz raporty
32 4010 350 wew. 57 A PHU Technomex Sp. z 0.0. f facebook.com/technomex
% M btas@technomex.pl ul. Szparagowa 15, @ instagram.com/technomexpl
technomex.pl 44-141 Gliwice, Poland > youtube.com/phutechnomex
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SPRZEDAZ | WYPOZYCZALNIA ZMOTORYZOWANYCH SZYN CPM ARTROMOT?®

Nowoczesna rehabilitacja CPM stawu kolanowego, biodrowego, tokciowego,
barkowego, skokowego, nadgarstka oraz stawow palcow dtoni i kciuka.

H

ARTROMOT-K1 ARTROMOT-5P3 ARTROMOT-53 ARTROMOT-E2 &

Najnowsze konstrukcje ARTROMOT zapewniajg ruch bierny stawdéw w zgodzie
z koncepcjg PNF (Proprioceptive Neuromuscular Facilitation).

KALMED Iwona Renz tel. 61 828 06 86 Serwis i catodobowa
ul. Wilczak 3 faks 61 828 06 87 pomoc techniczna:
61-623 Poznan kom. 601 64 02 23, 601 647 877 tel. 501 483 637

ARTROSTIM
www.kalmed.com.pl kalmed@kalmed.com.pl service@kalmed.com.pl FOCUS PLUS
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PhysioGo.Lite Laser

S ergonomiczny aparat

naswlatlanie wszare zajetago stawu

i do laseroterapii

¥ laczenia
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R biostym ul acyj nej

« wbudowana ilustrowana encyklopedia zabiegowa
« 175 programoéw dla popularnych jednostek chorobowych
- réwnoczesne podpiecie trzech akcesoriow

- dotykowy panel sterowania

- praca w trybach: manualnym i programowym
» petne statystyki zabiegowe

« mozliwosc zasilania akumulatorowego

400IR BORD SHN2-400

wsparcie merytoryczne
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ASTAR. producent nowoczesnej

aparatury fizykoterapeutycznej
ul. Swit 33
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healthcare within reach
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DC-30 DC-40 full HD

Mindray Medical Poland Sp. z 0. o.
ul. Cybernetyki 9, 02-677 Warszawa, Polska

2 info-pl@mindray.com @ MindrayPoland mindray.com/pl
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Nowy wymiar wygody dla stop z problemami y
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WSKAZANIA

« haluksy - wkiadki specjalistyczne - palce miotkowate, szponiaste « cukrzyca (stopa cukrzycowa) - reumatoidalne zapalenie stawdw
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ULTRASONOGRAFY

DLA FIZJOTERAPEUTOW I

i HONDA 2200 e

profesjonalne

kilkudniowe
szkolenie
GRATIS!

CHCESZ MIEC W GABINECIE?
- najlepszy, przenodny ultrasonograf b/w na Swiecie,
- nowoczesne 128-elem. gtowice,

-3 lata gwarangji i niskg cene!

CHCESZ MIEQ?
- szybkq i trafng diagnoze narzadu ruchu i skutecznie dobrang terapie
- sonofeedback w leczeniu schorzen i rehabilitcji pod kontrolg USG,

- wyselekcjonowanie pacjentdw juz na pierwszej wizycie

(rehabilitacja czy skierowanie do szpitala).

CHCESZ ISC NA PROFESJONALNE SZKOLENIE
dla fizjoterapeutow kupujac USG?

CHCESZ MIEC SUPER WARUNKI LEASINGU
i uproszczong procedure przy zakupie USG?

NIE CZEKAJ, AZ INNI CIE WYPRZEDZA!

Made in Japan

ULTRASONOGRAFIA
W UROGINEKOLOGII !!!

£+ _ szybko diagnozowaé specyficzne i niespecyficzne béle

ledZzwiowo-krzyzowe i zaburzenia uroginekologiczne,

LLJ - odczytywad, interpretowac obrazy usg i leczy¢ podstawy pecherza moczowego,
iesnie dna mi n ieénie brzucha, rozejscie kresy biatej,

voim gablneue i praktycznie wykorzystywac

AF HONDA 2200
LNE SZKOLENIE !!!

. mg, dostarczymy aparat, przeszkolimy!
cyjna i pogwarancyjna!
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Partner Polskiego Zwigzku Narciarskiego
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dla fizjoterapii
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i umow sie na bezptatne testy wybranego aparatu.
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"3 '!7{“" f" medycznej w 15 minut bez wychodzenia z gabinetu. Umowa podpisywana SMS-em.




s (izjoterapia polska

Dynamic Limit of Stability and Ankle Joint Function
Following Neuromuscular Training of Unstable Ankle
Joints

Dynamiczna granica stabilno$ci i funkcji stawu skokowego po treningu nerwowo-mies$niowym
niestabilnych stawéw skokowych

Abeer R. Ibrahim'2ABD.F) Amira A. A. Abdallah3(¢.D.EF)

'Department of Basic Sciences, Faculty of Physical Therapy, Cairo University, Egypt
’Department of Physiotherapy, College of Applied Medical Sciences, Umm Al-Qura University, Saudi Arabia
3Department of Biomechanics, Faculty of Physical Therapy, Cairo University, Egypt

Abstract

Purpose. This study investigated and correlated between the dynamic limit of stability and functional level of the ankle
joint in patients with unilateral chronic ankle instability after receiving neuromuscular training.

Material and Methods. Forty patients of both sexes were examined. They were assigned into two equal groups;
experimental (Group A) and control (Group B). The Biodex Balance system was used for assessing the dynamic limit of
stability and the ankle joint functional assessment tool (AJFAT) was used for assessing the functional level of the ankle
joint before and after a 4-week period during which Group A received neuromuscular training.

Results. Mixed Design MANOVArevealed that the dynamic limit of stability test duration decreased and the AJFAT score
increased significantly in Group A after training compared with before (p < 0.05). Similarly, the dynamic limit of stability
test duration decreased and the AJFAT score increased significantly in Group A compared with Group B after training (p <
0.05). Pearson correlation showed significant strong negative correlation between the dynamic limit of stability test
duration and AJFAT score in Group A (p < 0.05).

Conclusion. Improvement in dynamic stability and functional joint stability level was perceived with neuromuscular
training. This improvement reflects the ability of training to enhance ankle joint sensorimotor capabilities.

Key words:
Neuromuscular training, Dynamic stability, Ankle joint function, Chronic ankle instability

Streszczenie

Cel. W badaniu zbadano i skorelowano dynamiczng granice stabilnosci i poziom funkcjonalny stawu skokowego

u pacjentéw z jednostronng przewlektg niestabilnoscig stawu skokowego po treningu nerwowo-mie$niowym. Materiat

i metody. Przebadano czterdziestu pacjentow obojga ptci. Uczestnicy zostali przydzieleni do dwéch rownych grup: grupa
eksperymentalna (grupa A) i grupa kontrolna (grupa B). Do oceny dynamicznej granicy stabilnosci wykorzystano system
Biodex Balance, a do oceny poziomu funkcjonalnego stawu skokowego przed i po 4 tygodniach, w ktérych Grupa

A przeszia trening nerwowo-mie$niowy, wykorzystano narzedzie oceny funkcjonalnej stawu skokowego (AJFAT). Wyniki.
Projekt Mixed Design MANOVA wykazal, Ze dynamiczna granica czasu trwania testu stabilnosci zmniejszyta sie, a wynik
AJFAT wzroést istotnie w grupie A po treningu w poréwnaniu z wynikiem przed treningiem (p < 0,05). Podobnie,
dynamiczny limit czasu trwania testu stabilno$ci zmniejszyt sie, a wynik AJFAT wzrdst istotnie w grupie A w poréwnaniu
z grupa B po treningu (p < 0,05). Korelacja Pearsona wykazata istotng silng ujemna korelacje miedzy dynamiczng granica
czasu trwania testu stabilnosci a wynikiem AJFAT w grupie A (p < 0,05).

Wnhnioski. Poprawe stabilnosci dynamicznej i poziomu stabilnosci funkcjonalnej stawéw zaobserwowano podczas treningu

nerwowo-miesniowego. Ta poprawa pokazuje, ze trening moze poprawic zdolno$ci czuciowo-ruchowe stawu skokowego.
Stowa kluczowe:

trening nerwowo-mie$niowy, stabilno$¢ dynamiczna, funkcja stawu skokowego, przewlekta niestabilnos¢ stawu
skokowego

68 doi.org/10.56984/8ZG140A83 www fizjoterapiapolska.pl



Introduction

Chronic ankle instability (CAI) clinically refers to recurrent
ankle sprain injuries. At least 30% of individuals who expe-
rience an ankle sprain will suffer from CAI[1]which is either
mechanical or functional. Although there is no agreement on
the factors that contribute to CAI development with so many
controversies being reported [2], different factors were sugge-
sted. These factors include joint laxity, muscle weakness [3],
impaired proprioception [4], impaired postural control [5],
and/or impaired neuromuscular control [6]. Mechanical insta-
bility results from joint laxity while functional instability re-
sults from all other factors which may or may not be
accompanied by joint laxity [7].

Repetitive ankle sprains result mostly from impaired proprio-
ception rather than mechanical instability and/or loss of musc-
le strength [8]. Damage of joint capsule and ligament
receptors occurs resulting in impairment of proprioceptive af-
ferent information “deafferentation” [8]. Proper propriocep-
tion is an essential constituent of neuromuscular control. With
proper proprioception, one can timely anticipate and determi-
ne the speed and magnitude of perturbation and respond with
proper muscle activation and joint motion [9].

Although extensive research work has been conducted over
the past decades in an attempt to reduce the incidents of initial
and recurrent ankle sprains, it is still unclear what rehabilita-
tion protocol is most effective. Balance/postural training is the
most commonly conducted rehabilitation protocol for ankle
instability [9]. Yet, there is a great controversy regarding the
effect of conducting balance training (e.g., single limb stan-
ding, standing on unstable surfaces) with much research work
reporting positive therapeutic effects [10-14]while others dec-
laring disagreement with these positive effects [15,16]. In the
“Clinical Practice Guidelines” published recently, a panel of
experts concluded that the evidence on conducting balance ac-
tivities on unstable surfaces is weak (grade of recommendation
“C”) [17]. Even though if balance training is beneficial in re-
ducing the incidents of ankle sprains, it is suggested to be due
to improved muscle and ligament strength and stiffness not
due to improved neuromuscular control [9].With repetitive an-
kle sprain being mostly due to impaired proprioception rather
than loss of muscle strength as reported above [8], there is
a need for involving neuromuscular control training in chronic
instability rehabilitation. Knowing that impaired neuromuscu-
lar control caused by impaired ankle joint proprioception is in-
volved in the high recurrence rate of ankle sprain [17, 18], it is
anticipated that improving neuromuscular control may be ef-
fective in reducing this rate.

One distinguished form of neuromuscular control training has
recently attracted attention, known as “Sensorimotor training
(SMT)”. SMT is a special form of proprioceptive and balance
training that is utilized for management of chronic musculo-
skeletal pain syndromes. Many of these syndromes are cha-
racterized by muscle imbalance that causes movement
impairment which in turn changes motor programming within
the central nervous system (CNS). SMT involves progressive

www.fizjoterapiapolska.pl
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challenges to the sensorimotor system with the aim of restoring
normal motor programs, muscle firing patterns and reflexive
stability that are compromised in these syndromes [8]. It is ba-
sed on the concept that instead of emphasizing the isolated
strength of a group of muscles around a joint, normal CNS
function is restored through motor-relearning [8, 9-21]. Maxi-
mal afferent information is ensured through increasing sensory
input at three specific places in the body that are rich in pro-
prioceptors (the foot, sacroiliac joint, and cervical spine)
[19].Increasing proprioceptive input aims at stimulating sub-
cortical pathways, facilitating automatic coordinated move-
ment patterns [8], and improving postural control and motor
response in dynamic situations [22, 23]. This is achieved thro-
ugh progression through static, dynamic and functional phases
using simple rehabilitation tools [8].

Although dynamic balance is mainly affected in CAI, very li-
mited studies examined it after SMT in such patients [24].
Even though, Filipa et al. [24] examined dynamic balance
using the Star Excursion Balance Test not the Biodex Balance
system, and tested a small sample size with the tested sample
being healthy individuals and group allocation not being ran-
domized. Thus, this study was conducted to examine the effect
of SMT on dynamic balance and ankle joint function in pa-
tients with CAI. It was hypothesized that SMT will have posi-
tive effects on both the dynamic balance and ankle joint
function level in patients with unstable ankle joints.

Material and Methods

Study design

Pre-test Post-test Control group design was adopted in this stu-
dy in which patients were assessed for both dynamic stability
and ankle joint functional level before and after the 4-week
study period. The work described has been carried out in ac-
cordance with The Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki) with clinical trial registry
(PACTR201809487841211).

Participants

Upon receiving the Institutional Review Board approval of the
Faculty of Physical Therapy, Cairo University (Approval num-
ber: P.T.REC/012/002038).Forty male and female college stu-
dents suffering from unilateral functional ankle instability
participated in the study. The patients’ age, weight and height
ranged from 17 to 22 years, 52 to 79 kg and 150 to 186 c¢cm re-
spectively. All patients were diagnosed by the same therapist.
Each patient had at least one significant lateral ankle sprain of
either ankle, but not both, within the previous year, and one re-
peated injury or a “giving way” sensation in the affected ankle
without being rehabilitated on. All patients had not any surge-
ries or fractures that require re-alignment in either limb of the
lower extremity or acute injury to the musculoskeletal structu-
res of other joints of the lower extremity in the previous three
months. These criteria were specified by the International An-
kle Consortium [25]. All patients had positive Single Leg Stan-
ding test. This is a valid test that is used to identify patients
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with chronic ankle instability that can benefit from rehabilita-
tion that targets postural stability regain [26].

Randomization

Upon arrival to the institutional “Balance Assessment Labora-
tory”, all inclusion criteria were verified by the same therapist
for all patients. A brief orientation session about the study, its
purposes and the tasks to be accomplished was provided to
each patient and personal data were taken. Patients were ran-
domly assigned to either group through drawing one of 40
folded papers of the tested group, placed in a container; half
of which had a note “experimental group” and the other half
had a note of “control group” by a blinded and an indepen-
dent researcher. Informed consents were taken before partici-
pation.

Outcome measures

Dynamic limit of stability

A Biodex Balance System (Biodex Medical Systems Inc,
Shirley, NY, USA was used to assess dynamic stability. This
system with its multiaxial platform that permits surface tilt of
up to 20 degrees creates a dynamic situation that is similar to
actual functional activities that cause instability [27]. The re-
liability of the Biodex Balance system was documented with
an intraclass correlation coefficient (ICC) of 0.65-0.85 [28].
For dynamic balance assessment, patients stood on the device
platform, bare footed, dressed in untaught short pants and T-
shirts. They were instructed to stand in natural stance trying to
keep balance while the platform is being released (becoming
unstable). Initially, they were allowed to support themselves
using the device handrails. Once they became able to master
their stability, they were instructed to stand unsupported. Each
patient was asked to center the body on the platform by shi-
fting feet positions trying to keep the cursor (displayed on the
device screen grid) centered. Upon mastering this stable posi-
tion, the platform was stabilized and the feet positions on the
platform were identified and the feet coordinates were recor-
ded. Foot coordinates were measured from the center of the
back of the heel. The foot angle was determined by finding
a line on the platform that is parallel to the line that bisects the
foot (a line that connects the center of the heel with the se-
cond toe). Three trials were initially conducted before actual
testing, for familiarization. The dynamic limit of stability test
duration was the recorded variable. To assess the test duration,
eight boxes were displayed on the device screen around
a central box. One box was displayed at once in a random
place. The patient was asked to move the platform trying to
point the cursor at the box upon its appearance then return
back to the central box. The time taken to point at the eight
boxes and return back to the central box after pointing at each
box was recorded. A decrease in the test duration indicates in-
creased stability. For all patients, the ankle joint functional le-
vel was assessed first followed by dynamic balance
assessment.

Ankle joint functional assessment tool (AJFAT)
The ankle joint functional assessment tool (AJFAT) was used
for assessing the ankle joint functional level. It is an excellent
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tool for discriminating between stable and functionally unsta-
ble ankles. It has high test-retest reliability as well as precision.
The intraclass correlation coefficient equals 0.94 and the stan-
dard error of measurement equals 1.5 points [29].

Regarding ankle joint function assessment, each patient was
asked to fill-in the AJFAT. One answer to each of the 12 qu-
estions of the AJFAT that best suited the ankle status at time of
assessment was chosen. Each question has five answers; each
answer was assigned a point value ranging from 0-4. The ove-
rall AJFAT score was recorded.A high AJFAT score indicates
high ankle joint functional level.

Intervention

Participants were randomly assigned into two equal age-, we-
ight-, and height-matched groups. Group A (Experimental) had
SMT for four weeks while Group B (Control) had not any
form of training.

Rocker and wobble boards were used for neuromuscular tra-
ining. Both are designed to facilitate balance, automatic postu-
ral reactions and reflexive righting movements through
providing unstable sensory-stimulating surfaces [30].
Regarding the neuromuscular training that was conducted for
Group A, it involved three respective stages; static, dynamic
and functional. Within each stage, patients progress through
exercises that elicit automatic reflexive muscular stabilization.
This challenges patients to maintain postural control in diffe-
rent positions that require proper neuromuscular control [8,
31]. Training was conducted six times per week for four we-
eks. Each session lasted for about 30 minutes. Patients were
trained under the supervision of the same therapist to ensure
accurate training performance. A detailed description of the
training program is provided by Page [8].

Sample size calculation

Due to lack of previous studies on the effect of SMT on dyna-
mic stability with the consequent inability to calculate the ef-
fect size, a pilot study was conducted for a sample of 10
patients. The statistical analysis test (2x2 Mixed Design MA-
NOVA) conducted on this sample size revealed a Pillai value
of 0.715 that was used to detect the effect size using G*power
program (G*power 3.0.10). Power analysis revealed that 12
patients were sufficient to produce a power level of 96% with
a detected effect size of 1.58. With the fear of losing patients
during the 4-week study duration, we examined all available
patients during the whole study period. Forty patients comple-
ted the whole study duration. Power analysis was conducted
again on the whole 40 patients to determine the actual power
level of the study. It revealed that a sample size of 17 patients
was needed to produce the actual power of the study which
was 97% with a calculated effect size of 1.23.

Results

A total of 45 patients were examined, three of which didn’t
meet the inclusion criteria and two declined to participate.
Hence, forty patients were examined. These forty patients were
randomly assigned to two groups (20 in Group A and 20 in
Group B). All forty patients completed the 4-week study dura-
tion and their data were used for analysis (figure 1).
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Figure 1. CONSORT flow chart of patient enrollment

Regarding the patients’ demographic data, the mean + stan-
dard deviation values for the age, weight and height were
19.15 +£1.66 vs 19.6 + 1.5 years, 65.3 + 9.52 vs 68.5 + 6.87 kg,
and 170.4 + 8.29 vs 170.1 + 8.83 cm for Group A Vs Group
B. Unpaired t-tests showed no significant difference in betwe-
en (p > 0.05).

Initially, data were screened for normality and homogeneity
of variance assumptions. Once both assumptions were assured
not to be violated, Mixed Design MANOVA was conducted.
The alpha level was set at 0.05.

The subsequent multiple pairwise comparison tests, conduc-
ted with Bonferroni adjustment, revealed that the dynamic li-
mit of stability test duration decreased significantly and the
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Analysed (n=20)
+ Excludedfrom analysis(n =

AJFAT score increased significantly in Group A compared with
Group B post-training (p < 0.05). Similarly, the dynamic limit
of stability test duration decreased significantly and the AJFAT
score increased significantly post-training compared with pre-
training in Group A (p < 0.05). No other significant differences
were found (tables 1).

Pearson correlation showed significant strong negative cor-
relation between the dynamic limit of stability test duration
and AJFAT score in Group A (r = —0.647, p = 0.000) with
a regression equation of dynamic limit of stability test dura-
tion = 4.69 —0.086 (AJFAT score). No significant correlation
was found for Group B (r = —0.048, p = 0.389) (figures
2&3).
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Table 1. Descriptive and Inferential Statistics of the Dependent Variables in The Experimental and Control Groups Pre and
Post the Four-Week Study Period

Dependent variables

Mean + SD
Experimental group Control group
Pre Post Pre Post
Syt st @i gl et dlvr o (e59) 3.32 £0.96 2.05 +£0.61 3.32 +0.63 3.36 £0.71
172 +3.14 29.65 +5.57 16.33 +2.09 15.78 £1.99

AJFATY score
Pre testing vs. Post testing (p values and effect size estimates)

Experimental group Control group
p-value = 0.0001* p-value = 0.737
Dynamic limit of stability test duration (sec)
Cohen’s d =1.581 Cohen’s d =-0.072
p-value = 0.0001* p-value = 0.506
AJFAT? score
Cohen’s d =—2.754 Cohen’s d =273

Experimental vs. Control (p values and effect size estimates)

Dynamic limit of stability test duration (sec) AJFAT? score
p-value = 0.997 p-value = 0.329
Pre treatment
Cohen’s d=0.0012 Cohen’s d = 0.325
p-value = 0.0001* p-value = 0.0001*
Post treatment
Cohen’sd=-1.99 Cohen’sd=3.317

Data are expressed as mean + SD, * Significant at alpha level < 0.05.
T AJFAT: Ankle Joint Functional Assessment Tool

Dynamic Limit of Stability Test Duration

6.00]

10.00 2000 30.00 40.00

Ankle Joint Function Tool Score

Figure 2. Correlation between dynamic limit of stability test duration and ankle joint function tool score in the experimental group
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Figure 3. Correlation between dynamic limit of stability test duration and ankle joint function tool score in the control group

Discussion

The significant decrease in the dynamic limit of stability test
duration and significant increase in the AJFAT score recorded
in Group A after four weeks of SMT compared with before
together with the similar findings recorded for Group A com-
pared with Group B after the 4-week period as well as the si-
gnificant strong negative correlation between the dynamic
limit of stability test duration and the AJFAT score in Group
A indicate improvement in the dynamic and functional joint
stability levels. Improvement is anticipated to have occurred
by virtue of SMT that plays an important role at the sensory
(proprioceptive), and motor (motor control) levels with em-
phasis on motor re-learning (programming).

It has long been believed that chronic musculoskeletal pain, as
that present in CAI, is mediated centrally within the CNS
where motor programming is changed. The altered program-
ming is caused by movement impairment that results from
muscle imbalance [32]. Janda [32] believed that this move-
ment impairment could be corrected through normalizing the
peripheral proprioception, correcting muscle imbalance and
enhancing correct motor programming.

When injury first occurs with the concomitant damage of the
mechanoreceptors of the lateral structures of the ankle joint
and the consequent reduction in proprioceptive input, central
affection occurs (altered supraspinal motor control mechani-
sms) [33]. The altered proprioceptive input results in reduced
strength of the ankle muscles [3], or arthrogenic muscle inhi-
bition [34]. In addition, the damaged proprioceptors may cau-
se delay in conduction of the afferent signals and consequent
delay in the efferent signals causing delay in the corrective
muscle contractions required to address perturbation [35]. The
insufficient and delayed activation of the supporting ankle
muscles could result in inadequate joint motion control cau-
sing repetitive episodes of instability [34].

With SMT, joint proprioception is improved [36]. SMT incre-
ases proprioceptive input at three sites of the body that are
rich in proprioceptors (foot, sacroiliac joint, and cervical spi-
ne). This aims at stimulating subcortical pathways and facili-
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tating automatic coordinated movement patterns. The increased
inflow of proprioceptive information reaches the three speciali-
zed and somatotopically organized areas of the motor cortex
which are connected to the motor neurons present in the spinal
cord [37]. These areas are involved with encoding the muscles
that should be activated, quantifying the amount of force to be
produced, identifying the direction of motion, organizing and
preparing motor commands, and programming the sequence of
movements that are produced by groups of muscles [38].
Interpretation of proprioceptive information by higher brain
centers improves nervous system’s ability to generate fast and
optimal muscle firing patterns and stimulates central mechani-
sms responsible for dynamic joint stability [31]. In that study
conducted by Gruber et al. [31], a complex activation pattern
in the ankle muscles was found after four weeks of SMT. Si-
gnificant increases in the contractile impulses and rate of force
development during maximum isometric plantar flexion toge-
ther with early recruitment of large motor units were also fo-
und after the four-week training period. These increases were
postulated to be related to neural adaptation as similar effects
were found with supramaximal nerve stimulation.

In the same context, retraining the altered afferent pathways
with the consequent improvement of proprioception using
SMT is suggested to enhance joint position sense in patients
with functional ankle instability [36].Enhancing joint position
sense helps restore the neuromuscular control of the ankle joint
which is crucial for regaining dynamic joint stability and retur-
ning back to pre-injury functional levels [4].

SMT permits improvement of kinaesthetic awareness on both
stable and unstable surfaces. In SMT, patients are trained to ad-
opt and maintain correct foot, lumbopelvic and cervical posi-
tions during the three stages of training (static, dynamic and
functional) together with performing active range of motion
exercises in different positions. Kinaesthetic awareness of proper
segment positions activates the “deep stabilization” system. Ma-
stering proper segment positions in static and dynamic situations
helps in generating new patterns of motion. This improves ba-
lance and reaction times in daily living activities [30].

73

doi.org/10.56984/8ZG140A83



s (izjoterapia polska

Motor control is further enhanced by improved muscle agonist/
antagonist balance. Proper muscle balance is one of the key fac-
tors of proper dynamic joint stability [39]. Normally, concentric
eversion is required to counteract the violent inversion that oc-
curs during ankle sprain injury. If the evertors are not strong
enough to counteract the inversion moment, injury of the lateral
ligaments could occur as their tensile strength are exceeded [3].
A concentric eversion/eccentric inversion ratio is used to reflect
the functional capacity for providing dynamic ankle joint stabi-
lity. SMT was found to increase the isokinetic eversion/inver-
sion strength ratio in patients with functional ankle instability
[36], thus reducing muscle imbalance. Co-contraction and mo-
tor control were trained through closed-chain exercises. Patients
were instructed to consciously manipulate their ankle position
during various exercises while keeping balance. To incorporate
visual and vestibular inputs, patients were trained with eyes
opened then closed, while sitting then standing, on firm then
soft surfaces, and on stable then unstable surfaces.

As mentioned earlier, SMT emphasizes restoration of the cen-
tral nervous system function through motor-relearning rather
than treating isolated structures. Two stages of motor re-lear-
ning are being stressed on; voluntary control of movement
that becomes automatic upon learning followed by an uncon-
scious “feedforward” mechanism. Once voluntary control of
movement is learnt, the new coordinated movement pattern
becomes programmed in the subcortical region, becoming au-
tomatic and much quicker. Herein, the “feedforward” mecha-
nism occurs unconsciously which is essential for preparing
the body before movement initiation through activation of the
stabilizing joint muscles [32].

Successful rehabilitation programs were previously proposed
to incorporate activities that address the three levels of motor
control (spinal cord, brain stem and cerebral cortex levels).

Since SMT incorporates these three levels of motor control, it
could be considered a successful program. SMT involves acti-
vities that focus on sudden changes in joint position with refle-
xive stimulation of neuromuscular control (reflex joint
stabilization responses at the spinal cord level). In addition, it
involves balance and postural activities conducted with and
without visual input (motor control at the brain stem level). Fi-
nally, SMT involves joint repositioning activities, specially
performed at joint end ranges (motor control at the cerebral
cortex level). Training at the cerebral cortex level enhances the
conversion of conscious motor programming to unconscious
one. As one repeats these activities, the cerebral cortex beco-
mes able to determine the most appropriate motor pattern to
a given task, considering the proprioceptive information ga-
ined in previous attempts during training [40].

Conclusion

To sum it up and as we hypothesized, SMT could be conside-
red beneficial in improving dynamic joint stability and functio-
nal level of the ankle joint in patients with chronic ankle
instability. Hence, with improved stability the incidence of re-
current sprains is anticipated to be reduced. Attention should
be taken that the findings of our study could be generalized to
patients with functional ankle instability. Further studies are
needed to examine the long term effect of SMT on dynamic jo-
int stability and recording the frequency of ankle sprain re-in-
jury after SMT.
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