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Ankle Dorsiflexors Strength Improves Bdlance
Performance in Elderly: A Corelational Study

Shehab Mahmoud Abd El- Kader', Eman M. Salah El-Den Ashmawy?

ABSTRACT

The physical ability to maintain balance when moving and the ability to move independently are central requisites for indepen-
dent living and are thus two important focuses in geriatric rehabilitation. It has been suggested that a decrease in the ability to
generate force in the lower extremity muscles contribute to balance impairment and falling. The purpose of this study was to
detect balance performance response to improved strength of dorsiflexors muscles in elderly. Fifty healthy elderly subjects, their
age ranged 65-75 years, participated in this study. Twenty five subjects (training group) were trained with resisted exercises plus
electrical nerve stimulation of ankle dorsiflexors muscles, three times a week for 8 weeks. The control group, included twenty
five subjects, received no treatment intervention except encouragement for performing their usual activity of daily living over
the 8 weeks of the study. The ankle dorsiflexors muscles force was measured by the hand held dynamometer in Kg and the balance
control was measured by the Berg Balance Scale (BBS), the Functional Reach Test (FRT) and the Timed Get Up-Go Test (GUG).
These measurements wevrbre applied for both groups before and after 8 weeks. The BBS, FRT and GUG values showed significant
changes (12.9%, 35.7% and 51.9% respectively) following training in the trained group. There were no significant changes (0.67%,
6.95% and 14.4%) in the same measures of the control group after 8 weeks. Improved ankle dorsiflexors strength enhances balance
performance in elderly
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Ayak Bilegi Dorsofleksér Kuvvetlendirmesi Yaslilarda Denge Performansini Artirir: Bir Korelasyon Calismasi
OZET

Hareket sirasinda dengeyi saglama fiziksel yetenegi ve bagimsiz hareket etme yetenedi bagimsiz yasamak icin ana gerekliliklerdir
ve geriatrik tibbin iki 6nemli odak noktasidir. lleri siiriilmiistiir ki, alt eksremite kaslarinda kuvvet olusturma yetenegindeki diisiis
denge bozuklugu ve diismeye neden olmaktadir. Bu calismanin amaci yaslilarda dorsifleksor kaslarda yapilan kuvvet gelistirmeye
kars1 denge performansi degisimini arastirmakti. Elli saglikli yasli birey, yaslari 65-75 arasinda dedisen, calismaya alindi. Yirmi bes
bireye (egzersiz grubu) 8 hafta, haftada 3 kez direnc egzersizi arti ayak bilegi dorsifleksor kaslara elektrik sinir uyasi uygulandi.
Yirmi bes kisiden olusan kontrol grubuna calisma stiresi olan 8 hafta boyunca rutin giinliik yasam aktivitelerini yapmaya tesvik
disinda herhangi bir tedavi girisimi uygulanmadi. Ayak bilegi dorsifleksor kas glicli kg olarak elle tutulan dinamometre ile 6lclildi
ve denge kontrolii Berg denge Skalasi (BDS). Fonksiyonel Reach Testi (FRT) ve Timed Get up Go Test (GUG) testi ile olclildi. Bu
olctimler her iki gruba baslangicta ve 8 hafta sonra uygulandi. Calisma grubunda calismay1 takiben BDS, FRT ve GUG degerlerinde
belirgin dedisiklik gortildii (sirasiyla %12.9 %35.7 ve %51.9%). Sekiz hafta sonunda kontrol grubunun ayni él¢iim degerlerinde
belirgin dedisiklik goriilmedi (%0.67, %6.95 ve %14.4). Artirilmis ayak bilegi dorsifleksor kuvveti yaslilarda denge performansini
gelistirir.

Anahtar kelimeler: Denge, ayak bilegi dorsifleksor kuvveti, direnc egzersizi, elektrik sinir uyarisi, yasli
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INTRODUCTION

Falls are among the most common and serious problems
facing elderly persons as 25%-35% of adults aged 65 years
and older fall each year (1,2). After the age of 75 years,
the rates are higher (3). Falling is associated with in-
creased mortality, morbidity, reduced functioning, loss
of independence and premature hospital and geriatric
admissions (4).

Diminished balance ability is multifactorial. It can be due
to degeneration of visual and vestibular sensory systems,
degeneration of proprioception or impairment of cen-
tral processing or a combination of these factors. Lower
extremity strength is a common factor associated with
balance impairment in elderly fallers (5).Reduced lower
extremity strength has been associated with reductions
in gait speed, balance, stair-climbing ability and getting
up from a seated position (6).

Muscle weakness is consistently associated with falls in
the elderly people. It is becoming increasingly clear that
adequate muscle strength is a key element for stable pos-
tural control. Indeed, epidemiological surveys have con-
sistently identified muscle weakness as an important risk
factor for falls in the elderly people .However, very little
is known about the pathophysiology of instability and falls
in such patient populations. Moreover, even less is known
about how muscle weakness affects postural stability
and leads to falls (7). Indeed, only very few studies have
studied balance control in subjects with muscle weakness
(8, 9). It has been shown before that muscle strength is
a consistent risk factor for falls (7) and an independent
predictor of postural sway in healthy older adults dur-
ing standing on an unstable surface (10). The association
between weak leg muscles and falling has led to a num-
ber of studies of strength training to enhance balance
in balance-impaired older adults. These programs have
evaluated the effects of strength training alone or in
combination with other activities such as tai chi, aerobic
exercise, and balance training (11-13). Dorsiflexion at
the ankle joint and the tibialis anterior play important
roles in maintaining balance (14). However, Lord et al .
found that ankle dorsiflexion strength was 1 of 3 variables
that significantly discriminated between older adults who
had no falls or one fall and those with a history of mul-
tiple falls (15) .

The purpose of this study was to detect balance per-
formance response to improved strength of dorsiflexors
muscles in elderly.
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MATERIALS AND METHODS
Subjects

Participants were community-dwelling elderly men, 60
to 65 years of age and because of the complex nature
of balance control, exclusion criteria were extensive,
they included health issues that could put subjects at
risk for serious injury such as myocardial infarction
in the last 6 months, recent angina, and poorly con-
trolled hypertension (blood pressure >160/90 mm Hg).
Factors that could confound research data including
diabetic neuropathy, history of cerebral vascular acci-
dent (stroke), severe congestive heart failure, Parkinson
disease, diagnosed vestibular disorders, lower extrem-
ity joint replacements, or dementia were all reasons
for exclusion. Potential participants were excluded if
they used medicines known to impair balance ability,
such as neuroleptics or benzodiazepines, or medications
known to impair strength, such as prednisone. In addi-
tion, subjects needed to be ambulatory and were ex-
cluded if they were unable to walk ten meters without
assistance. All participants were allowed to keep their
routine regarding medications previously prescribed by
their physicians.

Participants were divided into two equal groups; group
(A) received electrical stimulation and resisted exercise
training for ankle dorsiflexor muscles & group (B) re-
ceived no physical therapy intervention. Subjects were
presented with a consent form before screening.

Methods
Evaluated parameters
Clinical Measurement of Balance Ability

The three balance measures were the BBS, FRT and GUG.
The BBS consists of 14 tasks which are: (1) sit to stand,
(2) standing unsupported, (3) sitting on stool, (4) stand
to sit, (5) transfers, (6) standing with eyes closed, (7)
standing with feet together, (8) reaching forward with
an outstretched arm, (9) retrieving an object from the
floor, (10) turning the trunk with feet fixed, (11) turning
360 degrees, (12) stool stepping, (13) tandem standing
and (14) standing on one limb. These are scored from 0
to 4, where 0 indicates an inability to perform the task
and 4 indicates the task was performed correctly and in-
dependently. The maximal possible score on this test is
56 (16) .The FRT was measured as the maximal distance
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Table 1.

Characteristic Mean +SD T-value Significance
Group (A) Group (B)

Age (y) +62.253.31 +60.873.75 1.3 P >0.05

Height (cm) 168.63+7.42 170.32+6.14 1.1 P >0.05

Weight (kg) 70.65+4.93 68.98+5.12 1.2 P >0.05

BMI (kg/m2) 24.65+2.46 23.87+2.65 1.1 P >0.05

Table 2. Mean values of BBS, FRT, GUG and ankle dorsiflexion muscles strength of group (A).

Mean +SD T-value Significance
Before After
BBS 48.13+1.30 54.40+1.68 8.78 P <0.05
FRT (cm) 38.40+1.84 46.53+2.06 8.21 P <0.05
GUG (sec) 14.47+1.19 9.20+1.21 7.48 P <0.05
Ankle Dorsiflexion Muscle Force (Kg) 12.33£1.9 18.73+1.67 8.69 P <0.05

FRT: Functional Reach Test.
BBS: Berg Balance Scale.

GUG: Timed Get Up Go Test

that subjects could reach forward horizontally beyond
arm’s length while maintaining a fixed base of support
in the standing position. The distance was measured (in
centimeters) on a tape measure fixed to a wall. The G
U G, measures the time in seconds taken for subjects
to rise from an armchair, walk three meters, turn and
return to the chair (17).

Ankle dorsiflexion muscles force

Hand held dynamometer (Penny and Giles, Biometrics
Division, Blackwood Gwent NP2 YD United Kingdom) was
used for measuring ankle dorsiflexor and plantarflexor
muscles strength. A stabilization frame was used for leg
muscles strength with the subject in a long sitting posi-
tion with the hip flexed between 70 and 80 degrees and
the knee extended. The end piece of the dynamometer
was applied to the dorsal surface of the foot proximal to
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Figure 1. Mean values of Participant demographics in
group (A) and group (B).

Group (B)
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the metatarsophalangeal joints to measure dorsiflexors
muscle strength and on the plantar surface of the foot
and also proximal to the metatarsophalangeal joints to
measure plantarflexors muscle strength. Leg strength
measurements were done in mid the range of the ankle
joint and the subject asked to exert maximum force
during the test. The mean of the three measurements
was used for data analysis (18).

Strength-Training Protocol

Neuromuscular Electrical Stimulation program: Self
adhesive electrodes were placed over common pero-
neal nerve near to the head of the fibula and over a
motor point in the tibialis anterior muscle. The skin
was marked with a permanent marker to standardize
electrode placement across sessions. A sine wave with
2500 HZ carrier frequency was delivered in 80 bursts per
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Figure 3. Mean values of BBS, FRT, GUG and ankle
dorsiflexion muscles strength of group (B).
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Table 3. Mean values of BBS, FRT, GUG and ankle dorsiflexion muscles strength of group (B).

Mean +SD T-value Significance
Before After
BBS 47.20+1.47 48.60+1.72 1.69 P>0.05
FRT (cm) 37.40+2.56 40.00+3.48 1.55 P>0.05
GUG (sec) 14.87+1.60 12.73+2.12 1.80 P>0.05
Ankle Dorsiflexion Muscle Force (Kg)  11.67+1.39 13.1321.64 1.97 P>0.05

FRT: Functional Reach Test.
BBS: Berg Balance Scale.

GUG: Timed Get Up Go Test

Table 4. Mean values of BBS, FRT, GUG and ankle dorsiflexion muscles strength of group (A) and group (B) at the

end of the study.
Mean +SD T-value Significance
Group (A) Group (B)
BBS 54.40+1.68 48.60+1.72 6.59 P <0.05
FRT (cm) 46.53+2.06 40.00+3.48 4.59 P <0.05
GUG (sec) 9.20+1.21 12.73£2.12 4.1 P <0.05
Ankle Dorsiflexion Muscle Force (Kg) 18.73+1.67 13.13+1.64 6.55 P <0.05

FRT: Functional Reach Test.

GUG: Timed Get Up Go Test

BBS: Berg Balance Scale.

second. The bursts frequency was reported to be most
comfortable by the subject. The current was adjusted
to the highest level tolerated by each participant during
each session, which lasted for twenty minutes.

Resisted Exercise Training for ankle dorsiflexor
muscles: Each patient received an individualized exer-
cise program addressing the specific impairments and
functional disabilities identified during the assessment.
During exercise training, patients positioned in supine
lying position, where resistance was applied to the dor-
sum of the foot just above the toes to resist dorsiflexion
, while stabilization was applied to the lower leg. The
amount of resistance increased gradually to be suitable
to the participant tolerance. Each subject rested for
thirty seconds after each contraction to avoid fatigue.
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Figure 2. Mean values of BBS, FRT, GUG and ankle
dorsiflexion muscles strength of group (A).
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Duration of exercise training was twenty minutes, three
sessions per week for eight weeks.

Statistical analysis

The mean values of BBS, FRT, GUG and ankle dorsiflexor
and plantarflexor muscles strength obtained before and
after two months in both groups were compared using
paired "t" test. Independent "t" test was used for the
comparison between the two groups (p<0.05). Pearson’s
product moment correlation coefficients (r) were ap-
plied to examine the degree of correlation among ankle
dorsiflexion muscle force, BBS and TUG.

mBBS

WFRT (cm)

OGUG (sec)

O Ankle dorsiflexion muscle force (Kg)

Group (A) Group (B)

Figure 4. Mean values of BBS, FRT, GUG and ankle
dorsiflexion muscles strength of group (A) and group
(B) at the end of the study.
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Table 5. Shows the Pearson’s correlation coefficients
test value and the relationship between the grade of
BBS, FRT, GUG and ankle dorsiflexion muscle force in

the training group.

Table 6. Shows the Pearson’s correlation coefficients
test value and the relationship between the grade of
BBS, FRT, GUG and ankle dorsiflexion muscle force in

the control group.

Test Pearson’s value  Relationship to ankle Test Pearson’s value  Relationship to ankle
dorsiflexion muscle force dorsiflexion muscle force

BBS 0.94 Strong direct relationship BBS 0.95 Strong direct relationship

FRT 0.95 Strong direct relationship FRT 0.96 Strong direct relationship

GUG -0.88 Strong inverse relationship GUG -0.89 Strong inverse relationship

RESULTS activities of daily living. Increasing the FRT scores and

There were no statistically significant differences in
age, height, weight, or body mass index between sub-
jects in both groups (Table 1). The mean values of BBS
, FRT and ankle dorsiflexor strength were significantly
increase , where GUG was significantly decreased in
group (A) (Table 2, Figure 2) , while changes in group (B)
were not significant(Table 3, Figure 3) .Also; there were
significant differences between both groups at the end
of the study (Table 3, Figure 3). The Pearson’s correla-
tion coefficients test for the relationship between BBS
and ankle dorsiflexor muscles strength in both groups
showed a strong direct relationship (Table 4, Figure 4).
While, there was an inverse direct relationship GUG and
ankle dorsiflexor muscles strength in both groups (Table
5 and Figure 5).

DISCUSSION

The selection of ankle dorsiflexors in this study depends
on the results of the previous studies in this field which
indicated that ankle dorsiflexors force was a predictor
of balance and fall status. Balance and muscle force
deteriorate with aging, it has been suggested that a
decrease in the ability to generate force in the lower
extremity muscles contributes to balance impairment
and falling (19, 20).

The results of this study indicated that resisted exer-
cise training and neuromuscular electrical stimulation
resulted in improvement of ankle dorsiflexors strength
and balance measures among elderly subjects and there
was a strong direct correlation between improvement
of ankle dorsiflexors muscle strength and balance tests.
The improvement of the total scores BBS test after eight
weeks of training indicated more control of the body
segments, posture and muscles during performing the
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decreasing the time measured in GUG test reflected in-
crease in muscle force, joints flexibility, balance control
as well as self confidence and psychological well being.

The results were consistent with the recently published
studies which demonstrated that exercise can help to
improve balance, reduce falls or fall risk and ability to
transfer safely in community- dwelling older adults (21-
23). It was reported an improvement in balance follow-
ing high intensity strength training in older adults after
a six weeks program of aerobic walking improved bal-
ance among older adults, but changes in falls were not
reported (24-25). Also, it was reported improvements
in static balance in women over the age of sixty years
(26), but not in men after three months of strength and
flexibility training. Also, exercise training in older adults
resulted in decrease in stance postural sway and the
exercise group had fewer falls during their experimental
tests of balance compared with subjects who did not
exercise (27).

The mechanisms for the increased force generating
ability following training with electrical stimulation are
still unknown. During volitional activation, type | fibers
are believed to be recruited first due to small diameter
neuron depolarization. Depending on the intensity and
duration of the effect and the fatigue level occurring,
type Il fibers are then recruited according to the size
principle. There has been a suggestion that electrical
stimulation results in a reversed recruitment order of
motor units with earlier and selective activation of type
Il as decreased force production in elderly is related to
decreased muscle mass, decreased muscle fiber number
and size (particularly type Il fiber atrophy) (28) .

In conclusion, improved strength of dorsiflexors muscles
enhanced balance performance in elderly.
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