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Background: High altitude environments can cause a range of physiological
changes in the body, and adolescents may be particularly vulnerable to the
effects of altitude sickness. Acetazolamide has been shown to be an
effective treatment for altitude sickness, but further research is needed to
determine its impact on physiological variables among adolescents at high
altitude.

Aim: The aim of this study was to investigate the effects of acetazolamide in
adolescents over 17 days at high altitude.

Materials and Methods: Twenty-five healthy adolescents volunteered for this
study and were randomly separated into control group (CG, n=12) and
acetazolamide group (AG, n=13). AG took 250mg of acetazolamide. Resting
Heart Rate (RHR) and Acute Mountain Sickness (AMS) using the Lake Louise
guestionnaire were measured each morning and afternoon during field
testing; Resting Blood Pressure (RBP) was measured each afternoon. Pre-
and post-blood samples (haemoglobin (Hb) and haematocrit (Hct)) were
taken at sea level (SL) one week before departure and within 40 hours on
return to SL.

Results: Significant differences between groups for RHR on days 2, 3 and 5;
systolic blood pressures for day 4 and 13 (P<0.05). No significant difference
between groups for diastolic blood pressure, pre- and post-altitude for Hb,
Hct and PV. AMS scores did not differ from the two groups except on
morning of day 12 (P<0.05).

Discussion and Conclusion: Results revealed that acetazolamide did not
significantly induce changes to adolescents’ AMS scores and physiological
changes. However, adolescents may consume acetazolamide to achieve
lower RHR that may enable them to accommodate to HA, prolonging
exercise in similar environments.
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The effects of acetazolamide on physiological variables among adolescents at high altitude

1. Introduction

High elevation or high altitude (HA) from
8,000 feet to 12,000 feet above sea level
(SL) could start to bring about altitude
sickness; very HA is from 12,000 feet to
18,000 feet; and extremely HA is 18,000
feet and above [1]. Acetazolamide is a
sulphur-based drug, carbonic anhydrase
inhibitor (CAl), approved by the Food and
Drug Administration that has been
scientifically proven to prevent or treat
acute mountain sickness (AMS)/ altitude
sickness that came to medical use in 1952
[2, 3, 4, 5]. HA travelling and trekking is
common and trekkers want to shorten the
duration of acclimatisation [6].

Carbonic anhydrase is an enzyme that
catalyses the conversion of carbon dioxide
(CO2) and water (H20) to carbonic acid
(H2COz3). Therefore, there is interference
with CO; transport when acetazolamide is
administered.  Renal  excretion  of
bicarbonate occurs, causing intracellular
acidosis, which stimulates respiration [7, 8,
9, 10]. Mature infants have 4086 unitsemL"
! packed cells of carbonic anhydrase
activity and as adults, it increases to 23 809
unitsemL™? [11]. The carbonic anhydrase
activity in infants and children increases
with age [12].

Moreover, acetazolamide also
stimulates ventilation, which brings greater
volume of air into the lungs, therefore, this
increases the amount of oxygen entering
into the body and eases acclimatisation at
HA. At HA, the mean oxygen saturation
(SpO2) increases during children’s growth
[13]. Acetazolamide also regulates blood
pressure at HA and prevents increase in
blood pressure in healthy individuals [14].
Furthermore, this causes CO: retention in
the tissues and metabolic acidosis, which
also causes a rise in cerebral extra-cellular
fluid partial pressure of CO> (PaCOz) and

(H)+. This also results in a stimulation of
ventilation, presumably via both peripheral
and central chemoreceptors, thus lowering
PaCO; and increasing partial pressure of
oxygen (PaO.). Grissom et al. (1992) found
a significant correlation between the change
in the PaCO. — PaO; difference and AMS
[15]. Furthermore, acetazolamide has been
proven to reduce the production of
cerebrospinal fluid and aqueous humor,
therefore decreasing the creation of
intracranial pressure and intraocular
pressure [16].

A proper acclimatisation through
gradual ascent could prevent AMS. To ease
or speed up this process, the use of
acetazolamide is also effective for the first
4-6 days at HA [7]. The effectiveness of
acetazolamide in the prevention and
treatment of AMS has been clearly
established in adults in a number of well-
controlled studies since the mid 1960°s [15,
17, 18, 19, 20]. Although few clinical trials
of acetazolamide have been conducted on
adolescents, there may be no concluding
evidence to suggest that its use would not be
effective [10]. However, a recent study
concluded that acetazolamide did not affect
the children’s emotions during a trek up a
Taiwan mountain at altitude of 3886m [21].
Most scientific research at HA involved
mostly male adults, therefore, there may be
limited research on adolescents at HA.

The purpose of this study was to
investigate the effects of a CAl,
acetazolamide, on  the  following
physiological responses; resting heart rate
(RHR), resting blood pressure (RBP),
systolic blood pressure (SBP), diastolic
blood pressure (DBP), haemoglobin (Hb)
and haematocrit (Hct) in 15-year-olds on a
HA trek in Ladakh, India. The results will
serve as an indication if acetazolamide will
also prevent or treat AMS in adolescents at
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HA as little research has revealed its
effectiveness and side effects in children

[22].

2. Methods

A total of 25 fifteen-year-old healthy
students, 17 females and 8 males, residents
in Singapore volunteered for this study.
They exercised 2 to 3 times weekly and had
no experience at HA. This study was
ethically approved by the Ethical Review
Board at the Physical Education and Sports
Science, National Institute of Education,
Nanyang Technological University (NTU),
Singapore. Informed consent was sought
from the participants and their parents or
legal guardians and anthropometric
measurements were taken. The participants
were randomly assigned into a control
group (CG) (n= 12, height: 1.72+8.7 m,
weight: 62.6+7.8 kg, body mass index
(BMI): 21.242.2 kgem?)  and
acetazolamide group (AG) (n= 13, height:

1.62+6.1 m, weight: 58.3 = 9.2 kg, BMI:
21.8 + 2.5 2.2 kgem?; Table 1). For safety
and ethicalt reasons,e thee participants’t
parents were informed that acetazolamide is
a sulphur-based drug and if any of the
participants is sensitive or have any allergic
reactions will be precluded from the study
immediately or will be given immediate
medical care if any complications occurred.

2.1. Days at high altitude

Both AG and CG were monitored for
changes in RHR, RBP and AMS scores
during the first 13 days at altitudes from
3,500 to 5,100m. Participants spent 17 days
at HA; whereby the initial 3 days were spent
at 3,500m for acclimatisation purposes,
followed by a 10-day trek. The HA on
Markha Valley ranges from 3000m to
5200m above SL with specific locations
indicated during the 17 days (Figure 1;
Table 2).

Table 1. Descriptive statistics of participants (n = 25)

Control (n=12)  Acetazolamide (n = 13)

Height (m) 1.72 £8.7 1.62+6.1*
Weight (kg) 62.6 + 7.8 58.3 £9.2
BMI (kgem™) 21.2+22 218 +£25
Sea level RHR (beatsemin™) 67 £7 72+7

Sea level SBP (mmHg) 117 £10 113 £9

Sea level DBP (mmHg) 74+9 72+ 6
Pre-Hct (%) 40+ 2.7 420+22(n=12)
Post-Hct (%) 47.2+3.9 46.9% 3.0 (n =12)
Pre-Hb (g/dl) 144 +1.3 147+ 0.8
Post-Hb (g/dl) 15.4 + 1.6** 15.6+ 1.2**

Values are mean + SD for height (meters), weight (kilograms), Body Mass Index (BMI) (kgem-2), Sea level

Resting Heart Rate (RHR), beats per minute (beatsemint); Sea level Systolic Blood Pressure (SBP), millimetres

of mercury (mmHg); Sea level Diastolic Blood Pressure (DBP) millimetres of mercury (mmHg); Pre-Hematocrit

(Hct), percentage (%); Post-Hematocrit (Hct), percentage (%); Pre-Haemoglobin (Hb), grams per decilitre (g/dl);

Post-Haemoglobin (Hb), grams per decilitre (g/dl).

* indicates significant difference (P < 0.05) bet control vs Acetazolamide for height, weight, BMI, RHR, SBP
and DBP.

** indicates significance differences bet pre- vs post-, control vs acetazolamide (P < 0.0).

Sport Sciences and Health Research, 2022, 14(1) 117
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Figure 1. Altitude during Markha Valley Trek

Table 2. Altitude, location and time during the 17-day Markha Valley Trek

1(am) 3500 Leh
1(pm) 3500 Leh
2(am) 3500 Leh
2(pm) 3500 Leh
3(am) 3500 Leh
3(pm) 3500 Leh
4(am) 3500 Leh
4(pm) 3750 Rumbak
5(am) 3750 Rumbak
5(pm) 4150 Yurutse
6(am) 4150 Yurutse
6(pm) 4300 High camp
7(am) 4300 High camp
7 4920 Ganda La
7(pm) 3700 Skiu
8(am) 3700 Skiu

8(pm) 3850 Markha
9(am) 3850 Markha
9(pm) 4000 Hankar
10(am) 4000 Hankar
10(pm) 4650 Nimaling
11(am) 5200 Kangyatze
11(pm) 4650 Nimaling
12(am) 4650 Nimaling

12 5030 Kongmaru La
12(pm) 4050 Chogdo
13(am) 4050 Chogdo
13(pm) 3505 Hemis

14 3500 Leh

15 3500 Leh

16 3500 Leh

17 3500 Leh

18 0 Delhi

pm — afternoon, am — morning

2.2. Acetazolamide

AG consumed 125mg of acetazolamide
(recommended by J. B. West and J.
Dallimore via email communication [22];
twice daily (6-7 am and 6-7 pm) from day 1
to the morning of day 7. These time frames
were selected as on day 8 at HA,

participants would ascend to a HA of
4950m followed by a descent to 3500m,
which was the same altitude that the
participants started on day 1. Therefore,
both groups would have achieved similar
levels of acclimatisation by this stage
(Table 2, Figure 1). Other authors also
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recommended 250-500mg doses for short-
term use in adults [7, 10]. Pollard &
Murdoch ~ (1997)  recommended a
consumption of 5mg/kg body weight every
8-12 hours for children [10] whereas Harris
et al. (1998) suggested a dosage ranging
from 250mg-1000mg per day starting 12-24
hours before climb and to continue for 4-5
days [23]. In this study, the time period of 6
and a half days coincided with the 3-day
acclimatisation period at 3500m, and the
highest altitude gained was on day 7
(4950m) followed by a descent to 3500m.

2.3. Resting heart rate, resting blood pressure
and AMS

RHR and AMS were recorded twice daily
during field testing, once in the morning
before rising (5.30-7.00am) and once in the
afternoon (5-6 pm). An Omron automatic
digital blood pressure monitor HEM-703C
(Omron Asia Pacific Pte Ltd., 83
Clemenceau Ave. Singapore 239920) was
used to measure RBP in the afternoon. Polar
Accurex Plus heart rate monitors (Polar
Electro Inc: 99, Seaview Boulevard, Port
Washington, NY11050) was used to
measure RHR. The Lake Louise AMS
questionnaire was used to measure AMS
symptoms every morning and evening [2,
24]. Participants had an hour of complete
rest prior to data collection.

2.4. Blood samples

A Hemoglobin Meter Hb-202 (Optima
INC, Japan) measured blood samples that
were taken one week prior to departure and
within 40 hours on return to SL. The 10ml-

blood sample was taken by a clinically
trained staff. A Micro-hematocrit centrifuge
(Hawksley, England) was used to measure
Hct. PV changes were calculated based on
Dill and Costill’s (1974) PV correction
formula [25].

2.5. Statistical analyses

An independent t test was used to calculate
the differences between AG and CG for
RHR and RB. AMS scores were analysed
by non-parametric Mann-Whitney U test
and Bonferroni adjustment was utilised for
multiple comparisons. A paired dependent t
test was used to analyse AG and CG results
for significant differences between pre- and
post-HA for Hb, Hct and PV. Pearson
product moment coefficient of correlation
(r) was used to analyse -correlations
between AMS vs HA, RHR vs HA and RBP
vs HA. All data analysis was performed
using Microsoft Excel. The level of
significance for all statistical analysis was
set at P< 0.05.

3. Results

Table 3 indicates the SL values for RHR,
SBP and DBP for AG and CG. RHR was
always significantly different from SL
(P<0.05) except for the morning of day 4
(AG) and the morning of day 10 (CG)
(Table 4).

RHR was significantly higher in CG on
days 2, 3 and 5 during drug administration.
SBP was always significantly greater at HA
for both groups (P<0.05 or less) with the
exception of day 10 (CG and AG) and day
11 (CG) (Table 5).

Table 3. Groups’ sea level values for resting heart rate, systolic blood pressure and diastolic blood pressure

RHR (beatsemin™) SBP (mmHg) DBP (mmHg)
CG (n=12) 67 7 117 +£10 74+ 9
AG (n=13) 7247 113 +9 72+ 6

Values are means + SD for Resting Heart Rate (RHR), beats per minute (beatsemin); Systolic Blood Pressure
(SBP), millimetres of mercury (mmHg); Diastolic Blood Pressure (DBP), millimetres of mercury (mmHg).

Control Group (CG), Acetazolamide Group (AG).
* indicates significant difference (P < 0.05).

Sport Sciences and Health Research, 2022, 14(1)
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Table 4. Resting heart rate data at high altitude

Day am/  Altitude CG CG RHR AG AG CGv
pm (m) (beatsemin?) (beatsemin?>SL)  (beatsemin™) (beatsemin1>SL) AG
1 pm 3500 77.2+10.2 10.1+9.7* 79.2+£10.7 7.0+ 114*
2 am 3500 786+7.2 11.5+ 10.6* 76.2+14.2 3.3+11.1* fal
2 pm 3500 92.3+14.2* 25.3+13.9 94.4+11.0 21.5+10.6*
3 am 3500 822+124 15.1+£12.7* 77.8+10.6 4.9+9.7* **
3 pm 3500 87.2+11.0 20.1 + 16.0* 89.2+ 120 16.3£13.9*
4 am 3500 773114 10.3 £ 14.5* 76.5+12.8 3.7+11.2
4 pm 3500 104.4 £13.8 37.3+14.5* 102.0 £ 14.7 29.2 +10.8*
5 am 3500 78.1+£99 11.0+ 12.2* 83.0+121 10.2 + 12.8*
5 pm 3940 102.8+8.8 35.8+11.8* 95.0+11.9 222+ 12.1* fal
6 am 3940 78.1+124 10.9 + 12.6* 81.6+11.1 8.8+ 12.4*
6 pm 4600 90.0+17.1 22,9+ 17.6* 92.6+11.9 19.8+11.9*
7 am 4600 85.8 + 14.3 18.6 £ 16.9* 83.7+10.8 109+ 11.7*
7 pm 4600 99.4+10.9 32.3+10.7* 102.3+13.2 29.5 + 13.5*
8 am 4600 78.6+12.1 11.5+£13.2* 83.0+9.6 10.2£11.9*%
8 pm 3500 90.4+13.9 23.3+12.4* 93.3+12.3 20.5+ 10.5*
9 am 3500 729+9.2 58+ 11.8* 789176 6.1+7.8*
9 pm 3800 84.0+12.2 169+ 147 87.6+12.6 148+ 11.7*
10 am 3800 71.6+11.4 45+ 14.1* 75470 2.5+6.0*
10 pm 4000 88.8+16.4 21.7+16.3 98.8 + 10.7 25.9+11.9
11 am 4000 72.8+9.2 58+11.8* 78.7+6.6 5.9 +8.2*
11 pm 4800 86.3 + 14.7 19.3+154 94.6 +15.0 21.8+14.7*
12 am 4800 76.2+11.3 9.1+153* 80.6+9.2 7.8+10.5*
12 pm 4800 90.5+12.3 23.4+11.4*% 90.7+12.2 17.9 + 13.0*
13 am 4800 74.6 £7.25 75+119* 789156 6.1+9.9*
13 pm 3700 95.5+14.6 28.4 + 16.4* 95.2+14.9 22.4 +13.0*
Values are mean + SD for Resting Heart Rate (RHR), beats per minute (beatsemin); Control Group (CG);
Acetazolamide Group (AG); Sea Level (SL); Afternoon (PM); Morning (AM).
* Indicates significant differences above sea level (P<0.05).
**Indicates Control Resting Heart Rate (RHR) significantly greater than act (P<0.05).
Table 5. Systolic blood pressure at high altitude
Day am/ Altitude SBP CG SBP CG SBP AG SBP AG CGvAG
pm (m) (mmHg) (mmHg > SL) (mmHg) (mmHg > SL)
1 pm 3500 120+11.8 3.2+10.3* 120.8 + 10.6 8.0 £ 16.0* -
2 pm 3500 116.1+ 115 -1.2+'7.2 117.3+14.6 3.4 +17.2*% -
3 pm 3500 124.7+£11.2 7.5+8.0% 1206+ 7.8 7977 -
4 pm 3500 127.2+13.8 10.0 + 8.9* 116.4+85 2.6 £6.6* CG>AG**
5 pm 3940 129.0+12.2 11.8 +12.9* 1199+94 5.9+9.6* -
6 pm 4600 126.9+£16.9 9.7+ 17.7* 1246+11.3 11.0+13.1* -
7 pm 4600 130.1 +15.7 12.8+9.8* 120.8 + 8.6 7.1+11.6% -
8 pm 3500 127.8 +14.2 10.6 £11.3* 119.4+8.3 5.2 +10.3* -
9 pm 3800 130.7 + 15.8 134+11.3* 121.4+10.0 7.6 £6.8* -
10 pm 4000 116.1 +11.7 -1.2+10.3 118.6+7.3 5.0+10.6 -
11 pm 4800 1276 £18.1 13.5+9.7 128.1+9.8 14.5 + 10.8* -
12 pm 4800 1276 £18.1 10.3+13.1* 1276+ 8.7 13.9+ 13.9* -
13 pm 3700 120.8 £ 14.7 3.6 +£15.9* 129.2+8.0 15.2+12.3* AG>CG**

Values are mean £ SD for Systolic Blood Pressure (SBP), millimetres of mercury (mmHg); Control Group (CG);
Acetazolamide Group (AG); Morning (AM); Afternoon (PM); Sea Level (SL); Meters (m).
* Indicates significant differences above sea level (P<0.05).

** Indicates significant differences between groups (P<0.05).
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On day 4, CG’s SBP was significantly
greater than AG’s SBP; this was reversed
on day 13 (P<0.05). DBP was significantly
greater than at SL (CG: days 6, 7, 9, 11, 12,
and 13; AG: days 3 to 9 and 11 to 13)
(P<0.05; Table 6). The groups did not differ
significantly from each other on any
occasion.

analysed whereby Hb and Hct groups were
significantly different to SL values
(P<0.01; Table 7). There was no significant
difference between the groups’ pre- and
post-altitude for Hb and Hct. PV decreased
(CG: 18.4 + 11.3 %; AG: 14.0 + 10.0 %)
with no significant difference found
between groups (Table 8).

The pre- and post-blood analysis were

Table 6. Diastolic blood pressure at high altitude

Day am/ Altitude DBP Control DBP Control DBP Act. DBP Act Con
pm (mmHg) (mmHg > SL) (mmHg) (mmHg >SL) v Act
1 pm 3500 74.7+14.7 07+128 78.3+9.9 6.0+126
2 pm 3500 70.1+10.3 -3.9+13.38 74.0+11.8 1.7+£13.0
3 pm 3500 78.4+10.2 44+97 76.5+6.7 35+7.7*
4 pm 3500 779199 39+115 80.0+8.8 7.1+£10.7*
5 pm 3940 79.1+114 52+14.4 77684 5.3 +10.6*
6 pm 4600 82.1+12.6 8.1+115* 86.1+74 13.2+9.2*
7 pm 4600 85.1+95 11.1+10.8* 844147 11.5+9.5*
8 pm 3500 78.2+13.2 42+132 780172 4.7+9.7%
9 pm 3800 84.8+9.6 10.8 + 6.6* 86.6 £ 9.7 13.8+8.7*
10 pm 4000 77.8+8.7 3.8+9.0 76.4+85 3.6+82
11 pm 4800 86.5+9.0 12.5+8.2* 86.6 + 9.0 13.8+8.7*
12 pm 4800 821+74 8.1+7.7* 85.2+85 12.4+£10.8*
13 pm 3700 80.6+7.4 6.6 +7.1* 84.0+7.7 114482

Values are mean + SD for Diastolic Blood Pressure (DBP), millimetres of mercury (mmHg); Acetazolamide
Group (AG); Control Group (CG); Sea Level (SL).
* Indicates significant differences above sea level (P<0.05).

Table 7. Hematocrit and haemoglobin data of subjects

Control (n=12) Acetazolamide (n=12)

Variables Pre Pre Post
Hematocrit (Hct) (%) 40.3£ 2.7 472 £3.9 42.0 £2.2 46.9 £3.0
Haemoglobin (Hb) (g/dl) 144 *1.3* 154 + 1.6* 14.7 £0.8* 15.6 £1.2*

Values are mean = SD for Hematocrit (Hct), percent (%); Haemoglobin (Hb), grams per decilitre (g/dl).
* indicates significance differences pre- and post- altitude in both groups (P<0.01).

Table 8. Plasma volume change of subjects
% change in PV (CG) % change in PV (AG)

-184 + 85 -14.0 £ 10.0
Values are mean + SD for percent change in
Plasma Volume (PV), percent (%) between Control
Group (CG) and Acetazolamide Group (AG).
* indicates significant difference between groups
(P<0.05).

AMS scores were recorded using the
Lake Louise questionnaire throughout the

stay at HA. There was no significant
difference between groups except on day
11(am) when the AMS scores of AG were
significantly greater than CG (Table 9). A
trend of low scores was seen for several
days in both groups after the first HA point
(4900 m) had been crossed. The
correlational data for AMS v HA, RHR v
HA and RBP v HA are indicated in Table
10.

Sport Sciences and Health Research, 2022, 14(1)
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Table 9. AMS scores at high altitude

Day  ampm Altitude AMS AMS
(m) CG AG
1 pm 3500 2.1+0.67 23+15
2 am 3500 18+17 1.0+17
2 pm 3500 15+16 20+1.3
3 am 3500 28+2.6 15+16
3 pm 3500 12+13 09+1.2
4 am 3500 22+1.8 21+25
4 pm 3500 19+2.1 11+16
5 am 3500 14+2.1 19+2.1
5 pm 3940 14+17 15+16
6 am 3940 13+21 19+18
6 pm 4600 20+25 1.8+23
7 am 4600 1.6+1.9 25+1.8
7 pm 4600 16+1.4 09+1.2
8 am 4600 14+19 19+15
8 pm 3500 0.5+0.9 0.6+0.8
9 am 3500 0.5+0.9 0.6+0.8
9 pm 3800 0.8+0.9 04+0.7
10 am 3800 08+1.1 0.6+1.0
10 pm 4000 0.2+0.4 0.2+0.4
11 am 4000 09+1.2 07+12
11 pm 4800 07+15 1.6+1.7
12 am 4800 1.0+1.0 15+15
12 pm 4800 07+1.2 13+15
13 am 4800 14+16 15+2.0
13 pm 3700 09+17 11+14

Values are means + SD for Acute Mountain Sickness (AMS), Afternoon (PM), Morning (AM), Meters (m),

Acetazolamide Group (AG), Control Group (CG).
No significant difference was found between AG and CG (P<0.05).

4. Discussion

Table 10. Correlation of physiological variables
and high altitude

Act Control
r r
RHR v HA 0.69 0.83
DBP v HA 0.7 0.71
SBP v HA 0.59 0.45
AMS (am & pm) v HA 0.03 -0.26
AMS (am) v HA -0.29 0.21
AMS (pm) v HA -0.04 -0.14

Values are coefficient of correlation for Resting
Heart Rate (RHR), High Altitude (HA), Diastolic
Blood Pressure (DBP), Systolic Blood Pressure
(SBP), Acute Mountain Sickness (AMS), Morning
(am), Afternoon (pm), Coefficient of Correlation

().

4.1. Resting Heart Rate (RHR)

RHR has been shown to increase at HA [7,
26, 27] and in this study, AG showed
significantly lower RHR on three occasions
during drug administration during the first 5
days at HA (day 2: morning, day 3:
morning, and day 5: afternoon) (P<0.05;
Table 4). This increase was due to
stimulation of the systemic circulation by
the sympathetic nervous system whereby
RHR (69.5 beatsemin™to 91.5 beatsemin™)
and blood pressure can increase after 48
hours at 3,800 mean [7]. In addition, resting
and exercise HR were found to have rose
with altitude, specifically a significant
increase in RHR ranging from altitudes
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5,400-6,300m and greatest increase at
6,300m [27, 28]. However, one study
reported no significant increase in RHR and
RBP above SL at altitudes of 2,700m and
3,700m (P<0.01) [29]. Interestingly,
increases in RHR were less pronounced
with slow ascent [26]. Therefore, we can
conclude that RHR increases with HA.

Acetazolamide acts primarily as a
ventilatory stimulant (CAI) [8, 9, 10].
Acetazolamide may reduce the
physiological impact of hypoxia on the
body; whereby HA causes a rise in blood
pressure, however, it can be reduced when
an individual consumes acetazolamide [30].
Some studies have suggested that
acetazolamide at a larger dose (750mg/day)
is more effective [31]. However,
administration ~ of  acetazolamide to
adolescents should also be carried out with
caution as there are known side effects (e.g.
depression, nausea, anorexia, paraesthesia,
weight loss and fatigue) [3, 4].

In two out of the three mornings, AG
had a significantly lower RHR (P<0.05)
than the CG and on the afternoon of day 5
after the first major gain in altitude from
3,500 to 3,940m had taken place (Table 4).
This could be due to effects of
acetazolamide that causes the vasodilation
in the human forearm [32] and increases the
oxygen supply to the heart in hypoxia [33].
Beyond day 5, no significant difference was
found for RHR between the two groups.

CG’s RHR were significantly
correlated to altitude r=0.83 (CG) versus r=
0.69 (AG) (Table 10) which indicated that
acetazolamide has the effect of “lowering”
altitude by increasing alveolar and arterial
oxygen tension. Morning RHR were only
used in this analysis. Despite an hour’s rest
prior to data collection, afternoon RHR may
have been elevated by other factors such as
heat, exertion and dehydration that may not

lead to accurate results. Therefore,
administration of acetazolamide may also
prevent elevation of RHR and its
relationship with altitude would be
expected to be less than in CG.

4.2. Resting Blood Pressure (RBP)

There is no immediate change in the rise in
BP upon arrival at HA [34], progressive
rises occurred during the first few days. In
Wolfel et al.’s (1994) study on systemic
hypertension at 4,300m, the authors found
that participants with the greatest increases
in BP also had highest Ilevels of
norepinephrine, which had a
vasoconstrictive  action  [34].  They
concluded that this may have cause a
change in sympathetic neural activity in
some participants and brought about an
increase in BP.

The results of this study found that SBP
had mostly significantly greater values than
SL values whereas increases in DBP values
were less consistent. Although not
conclusive, there is some suggestion that
systolic pressure is more affected than
diastolic pressure [7]. On ascent to 4,300m,
SBP in another group of participants, rose
from pre-ascent values of 103 mmHg to 121
mmHg and remained raised with no change
in DBP [9]. Another factor in elevation of
blood pressure is a decrease in atrial
natriuretic peptide (ANP) secretion. ANP
causes vasodilation, however, secretion of
this hormone is reduced under hypoxic
conditions and this may be partly
responsible for increases in BP [35].

4.3. Acute Mountain Sickness (AMS)

It was noted that from day 8 (pm) to day 11
(am), AMS showed lower rated scores than
at any other time for both groups. At this
stage, both groups had completed the first
high pass (4,900 m) and were at relatively
lower altitudes (3,500-4,000 m) (Table 9)
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feeling much better acclimatised. Anecdotal
observations of the participants being in
good spirits at this stage also supported this.
From days 11 (pm) to 13 (pm), increases in
altitude were accompanied by an increase in
AMS scores although these increases were
much less pronounced than at the start of the
trip. AG rated higher scores on AMS during
the latter stage of the trek (Table 9).

Many previous studies have found that
AMS symptoms such as nausea, headache,
insomnia, lassitude and dizziness were
reduced in adults taking acetazolamide [15,
17, 22, 36]. Ten in the latter study had
previously climbed up to 5,400m.

The adolescents in this study were
fifteen-year olds who seemed to experience
similar degrees of AMS regardless whether
or not they consumed acetazolamide. It may
be the case that participants of this age
combined with little HA experience made it
difficult for them to discriminate between
the effects of fatigue and the effects of
altitude. This study found that on the
morning of day 12 after a night at 4,800 m
(highest altitude overnight camp), AG had
significantly higher AMS scores than CG.
This may be a statistical outlier that has no
merit for further discussion; or, given that
the study involved three major ascents in
altitude, rather than a constant ascent. The
first descent being within the drug
administration period, the second and third
after drug administration. Perhaps further
studies would indicate how long before
complete acclimatisation takes place under
these conditions.

These findings may also suggest that
adolescents or children who are not
acclimatized to HA tend to have lower
oxygen saturation of Hb and higher HR, as
compared to those who grow up on HA tend
to have a better degree of acclimatization to
altitude [37].

4.4. Blood Analyses

Hct increased by 5-7%, which was similar
to a study by Stokke et al. (1986) where 10
male participants at a mean altitude of
4,100m for 20 days showed an increase of
5.4% in Hct. Results were also similar in
this study where pre- and post-altitude
blood analyses in both groups showed a
significant increase (P<0.05) after 17 days
at HA (3, 500-5, 100 m). A decrease in PV
leads to hemoconcentration at HA, which
could be misinterpreted as increased
erythropoietic activity. Their data showed
wide individual variation with one
participant recording very high Hct levels
(69%), which required hemodilution [38].

Hb concentration also increased in this
study after exposure to HA by about 1g/dl
or 6-7% for both groups (Table 7). Other
studies have shown greater increases in Hb;
Boning (1997) reported increases of 14% 7-
8 days after return to SL, however their
study lasted 26-29 days at 4,700-7,600m
which lasted longer and altitude was higher
than this study, consisting of 12
experienced male  mountaineers  as
participants [35].

Regardless of methodology,
haemoconcentration occurred at HA in
response to decreases in plasma volume; the
longer the stay at altitude and higher the
elevation, the greater the response [39].
During the first 3-4 weeks at HA
erythrocyte volume, it was stable but PV
reductions were apparent whilst longer
stays of several months showed an increase
in erythrocytes [39].

This study involved a 17-day stay at
HA which would fall into the first stage
described by Sawka et al. (2000) [39]. Data
obtained by Robach et al. (2000) supported
the theory that an increase in red cell
volume takes more than 2 weeks despite
immediate increases in levels of
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erythropoietin (EPO) [40].

4.5. Plasma volume

Decreases in PV after ascent to HA have
been attributed to dehydration, diuresis,
plasma protein loss and increased capillary
hydrostatic pressures. Sawka et al. (1995)
found 11% and 9% decreases after day 1
and 9 at HA respectively. The authors
concluded that PV decreases were mediated
by protein loss that reduces vascular oncotic
pressure  (pressure  from  circulating
proteins) [41]. Their study carefully
monitored fluid intake, so it is unlikely that
dehydration was the sole cause of PV
losses, they calculated that even if
dehydration had occurred it would only
account for 2% of PV losses.

The participants in this study had blood
samples taken 40 hours after departure. PV
losses were due to dehydration that may
only account for a small percentage. Other
possible reasons for PV losses were likely
to be related to HA exposure, namely
plasma protein loss, increased capillary
permeability and diuresis[40]. Longer
sojourns at higher altitude have found
different results regarding PV; whereby
prolonged stays at extreme altitudes could
cause salt and water retention due to an
increase in circulating stress hormones,
which reduces renal blood flow [38]. The
results of this study corroborate with other
studies that a short duration (2-3 weeks) at
HA causes a significant decrease in PV.

In addition, these adolescents were still
undergoing puberty and have yet to reach
their full maturation growth, whereby their
physiological attributes (i.e. aerobic,
anaerobic and strength power) have distinct
potential to grow with training [42].
Therefore, their physiological adaptations
and perceptions differ from adults during
the climb. Although the greatest increase of
cardiovascular capacity occurs between 11-

15 years of age, these participants were
lacking in experience in hiking HA terrains.
Simultaneously, maximal oxygen
consumption (VO2zmax) of an individual also
reduces at HA but increases at a lower
altitude [42, 43, 44]. Therefore, these
reasons may suggest the insignificant
difference between both AG and CG. This
may also explain the significant difference
between  adults’ and  adolescents’
consumption of acetazolamide, where the
former experienced significant
improvements in AMS scores.

5. Limitations

For many of the participants, the experience
of trekking at HA was a new and
challenging one. Initially, the participants
were unable to distinguish between
symptoms caused by fatigue or exertion and
symptoms caused by HA. Some
participants may have overestimated their
symptoms. However, participants seemed
to have acclimatised and were able to
distinguish between symptoms.
Additionally, during this study, PV changes
during the drug administration period could
not be analysed as it was not possible to take
blood samples during the HA stay.

6. Conclusions

Taking moderate doses (250 mg/day) of
acetazolamide may cause less pronounced
increases in adolescents’ RHR. SBP
showed significant increases on exposure to
HA, however, consuming acetazolamide
did not significantly affect this increase
(P<0.05). DBP often showed significant
increases at HA although not as consistently
as SBP (P<0.05). There was no evidence to
suggest that taking acetazolamide affected
DBP. Results also indicated that there was
no significant difference between AG and
CG’s AMS scores and Hct during the drug
administration period. Adolescents may not
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react  physiologically to  hypoxic
environments in the same way as adults,
especially during travel and trekking at HA.
An adolescent’s perception of AMS may be
different to an adult and may be affected by
factors such as the ability to cope with
fatigue from walking in a hot dry
environment for up to 10 hours a day and
dealing with extreme temperatures. Given
that the predominance of literature is on
acetazolamide on adult males’ physiology
responses at HA, the findings from this
investigation could add to the limited
literature on HA physiology responses
among adolescents.
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Article Info Abstract

Background: Low back pain is a common musculoskeletal condition that can
impact a person's ability to walk and move comfortably. Pronated foot
posture has been suggested as a potential contributor to low back pain, and
this study examines its impact on muscle activity during gait in individuals
with low back pain.
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and foot pronated) groups. The experimental group did resistance training

with Thera-band for 12 weeks, 3 sessions per week. A wireless

Original Article

Article history:

Keywords: electromyography system with 9 pairs of bipolar surface electrodes was
electromyography, used to record the electromyography activity timing of back and lower limb
foot pronation, muscles (sample rate: 2000 Hz). Two-way ANOVA was used for statistical
intervention, analysis.

low back pain, Results: Significant between-group differences were found at baseline onset of
training. EMG activity timing for gastrocnemious medialis (P<0.001), gluteus medius

(P<0.001) and erector spinae at 3rd lumbar vertebral level (P=0.001)
muscles. Results indicated significant main effects of “Time” for erector
spinae at 3rd lumbar vertebral level offset (P=0.023), significant main
effects of “group” for tibialis anterior offset (P= 0.039) and for erector
spinae at 3rd lumbar vertebral level offset (P= 0.010).

Conclusion: The selected training program changed the timing of erector
spinae at 3rd lumbar vertebral level in older adults with both low back pain
and pronated feet during walking.
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The effect of a selected exercise protocol on trunk and lower limb muscle activity of older adults

1. Introduction

Low back pain (LBP) is among the most
common health problems seen in primary
care [1]. Because of its frequency and its
mostly benign character, LBP is often seen
as a trivial problem compared to other
afflictions that generate a higher mortality
risk, like cancer or infectious diseases [2].
The first episode of LBP occurs between 20
and 40 years of age [3], and the prevalence
is high at ages from 35 to 55 years old [4].
LBP is among the four most commonly
reported symptoms in the elderly [5]. It has
been reported that up to 84% of older adults
suffer from LBP [6]. Despite its high
incidence, there is no clear consensus on its
etiology.

One possible cause leading to LBP is
abnormal foot function [7, 8]. Abnormal
foot pronation, which is pronation
occurring in an excessive way, causes
increased tibia and femur internal rotation
[8, 9], anterior inclination of the pelvis [8,
10], and therefore increases mechanical
forces on the lumbar spine [8, 11]. This
increases tension on the muscles of this
region and rotation of the lumbar vertebrae
during gait [12]. Therefore, pronated foot
(PF), in association with other factors,
should be taken into account when
evaluating imbalances in the LBP patients
with PF [13].

Pronated foot along with LBP may
develop from a lack of muscle strength and
stability or from overuse. To quantitatively
evaluate the eff. cts of LBP along with PF
on lower extremity biomechanics, existing
studies have principally focused on three
measurement techniques: electromyography
(EMG), kinematics, and kinetics. With
regard to Kkinetics, LBP along with PF is
associated with increased vertical reaction
forces and loading rate, impulse in
posterior-anterior reaction force, and

positive peak free moments during walking
[14]. Also, LBP along with PF is associated
with decreased ankle plantar flexion
moment, hip flexion moment, and peak
positive ankle power during walking [15].
Concerning kinematics, LBP with PF is
associated with a decreased peak ankle
inversion, peak knee flexion, internal
rotation, and peak hip internal rotation [15].
Concerning EMG, LBP along with PF is
associated with higher activity of
gastrocnemius medialis, gluteus medius,
erector spinae and internal oblique muscles
during stance phase of walking [15].
Different treatments are often
recommended to control excessive PF and
LBP [15]. However, their biomechanical
mechanism of action on LBP patients with
PF is still not fully clear.

Various treatment programs, such as
rest, medications, exercise therapy, traction,
osteopathic ~ treatment,  manipulation,
massage, and electrotherapy  (e.g.,
diathermy, laser, musculocutaneous and
nerve  electrical stimulation,  and
interferential currents) have been suggested
for patients with LBP [16]. Among them,
exercise protocols have received more
attention within the past 2 decades [16, 17].
This program is commonly used for its
short- and long-term advantages, including
pain reduction and facilitation of the
neuromuscular control at lumbar spine [16,
18].

van Tulder et al. (2000) reported a
significant effect of exercise therapy on
chronic LBP [19]. Recently, exercises that
are related to the engagement of stabilizing
muscles such as transverse abdominis
(TrA), lumbar multifidus (MF), and internal
oblique (10) have received more attention
[16]. These muscles provide segmental
stabilization by maintaining a neutral
intervertebral position during exercises and
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functional activities unlike erector spinae
and rectus abdominis (which seem to be
involved in movement production) [16].
Co-contraction of deep muscles such as
TrA, lumbar MF, and 10 as well as pelvic
floor muscles produce a force that may
contribute to the stability of the spine
through  thoracolumbar  fascia  and
interabdominal pressure mechanisms [16].
Accordingly, these muscles play a
supportive role for the spine. For example,
lumbar MF muscle resists the force coming
from outside by engagement during the full
range of spine movement and also during
movements of upper and lower extremities.
Because these muscles are always active
during daily activities, they do not provide
much power. However, good endurance and
coordination are required to keep the back
in normal position through their constant
activities (they don't furnish a whole lot
power, in spite of the fact that desirable
perseverance and coordination are essential
to preserve the back in expected function
via their constant activities) [16, 20].
Specific exercises that activate abdominal
and/or back extensor muscles are advocated
to reduce pain and disability [21]. It is
claimed that there is a link between local
muscle dysfunction and low back pain, with
the development of clinical instability in
which there is an excessive range of
abnormal segmental movement without
muscular control [22]. A trunk stabilization
training program reduced low back pain in
pain developers, but only corrected gluteus
medius co-contraction in males [23, 24].
Although, several studies have
investigated the effect of exercises on
reducing pain and/or improving muscle
function in patients with LBP, the effect of
exercise on electromyography of the lower
limb and trunk muscles in the LBP patients
with PF is very scarce in the literature.

Therefore, the aim of this study is to
investigate the effect of a special training
program (reinforcing ankle anti-pronators,
knee and hip external rotators, and
abdominal muscles) on timing of muscle
activity of the lower limb and trunk muscles
in the LBP patients with PF during walking.

2. Methods

2.1. Participants

In this experiment study, 15 male older
adults with PF only (age: 26.0 + 2.9 years;
height: 174.5 + 5.5 cm; mass: 78.7 £ 9.9 kg;
body mass index: 25.9 + 3.2 kg/m?) formed
the control group and 17 other male older
adults with both LBP and PF formed the
experimental group (age: 25.3 + 2.7 years;
height: 173.8 £ 4.9 cm; mass: 79.4 + 10.0
kg; body mass index: 26.3 + 3.0 kg/m?).
Participants were recruited from a local
clinic. All subjects were right foot dominant
as determined by kicking ball test.

An orthopedic surgeon in the local
clinic assessed all subjects prior to
selection. For any of both the control and
experimental groups, subjects required a
navicular drop of more than 10mm, and a
foot posture index of greater than 10 [25].
Navicular drop was measured as the
difference in navicular height between nol
weight bearing and full weight bearing
conditions of the foot in standing position
[26]. Additional inclusion criteria were a
LBP index of>30 based on visual analog
pain scale, and a disability index of>10

based on Roland-Morris  disability
questionnaire [27].

For all groups, the exclusion criteria
were a history of major musculoskeletal
surgery at trunk and/or lower limbs,
neuromuscular  disorders,  orthopedic
related diseases or postural disorders
(except feet pronation for experimental
groups, and LBP for PF+LBP), limb length
discrepancies of greater than 5 mm, and if
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heavy physical tasks or exercises leading to
fatigue were performed in the previous two
days prior to the experimentation. The
research protocol was approved by the
ethical committee of Medical Sciences
University of Ardabil (IR-ARUMS-REC-
1397-031). All subjects gave their informed
consent to participate in the study.

2.2. Apparatus

A portable EMG system (BIO SYSTEM,
UK) with nine pairs of bipolar pre-gelled
AQ/AgCIl surface electrodes (circular in
shape with 11 mm in diameter; 25 mm
center-to-center distance; input impedance
of 100 MQ; and common mode rejection
ratio of>110 dB at 50-60 Hz) was used to
record the activity of the tibialis anterior
(TA), gastrocnemious medialis (Gas-M),
long head of biceps femoris (BF), vastus
lateralis (VL), gluteus medius (Glut-M),
erector spinae at 3rd lumbar vertebral level
(ESL3), rectus abdominus (RA), external
oblique (EO), and internal oblique (10)
muscles of the right side at a sampling
frequency of 2000 Hz.

Skin surface over the selected muscles
was shaved, cleaned with alcohol (70%
Ethanol-C>HsOH) and abraded gently,
according to the SENIAM recommendations
prior to the electrodes placement [28].

The electrodes' location for TA, Gas-M,
BF, VL, and Glut-M muscles was
determined based on the recommendation
by SENIAM [8, 28]. For ESLs muscle
electrodes were placed vertically on the
skin, 3 cm lateral to the related spinous
process [8, 28, 29, 30]. For the RA muscle,
electrodes were placed 3 cm from the
midline of the abdomen and 2 cm above the
umbilicus [8, 31]. The electrodes for 10
muscle were placed 2 cm inward and distal
to the anterior superior iliac spine oriented
toward umbilicus at an angle of 45° [15].

2.3. Task, procedure, and data processing

Subjects had ifve minutes for warm up
exercises including walking. During both
pre- and post-test, the starting point was set
appropriately so that the subject had at least
eight steps before entering the calibrated
space and stepped on the force plate with his
right foot. Three successful barefoot
walking trials were analyzed during both
pre- and post-test. A trial was considered
successful if the foot was landed in the
middle of the force plate, all markers were
visible, and the EMG signals of all muscles
were recorded correctly, EMG signals were

processed as described in Farahpour et al.

(2018) [15].

2.4. Corrective Exercise Intervention

Elastic resistance bands (Thera-Band®,
Akron, Ohio, US) ranging from very low to
very high resistance (yellow, red, green,
blue, black and silver) were used in this
intervention. The 1 m long elastic bands
were stretched to twice their resting length
prior to each exercise [32, 33]. Following
the pre-test, the experimental group
performed resistance band exercises for
both legs three times per week for eight
weeks (i.e., 24 strength training sessions).
The participants were familiarized with the
exercises prior to training. Each exercise
session consisted of a general warm-up (10
min), followed by a resistance training
session (35-40 min) and was completed
with a cool-down routine. Following an
adaptation phase of two weeks using low
external resistance (yellow TheraBand®,
unless the participant was obviously
unchallenged, 1 set of 14 repetitions per
exercise [34, 35]), exercise intensity was
progressively increased by adapting the
resistance of the elastic band (based on the
Thera-Band® force elongation table [35]
from yellow to red, and further to black). In
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addition, the exercise volume was extended
by increasing the number of sets from one
to two. The rate of progression was based
on individual improvements (band colour
was changed if participants were able to
perform 16 repetitions or more in the
second set) and reported that they were
below seven on the OMNI resistance for
active muscle scale (0 extremely easy to 10
extremely hard [36]). The movement
velocity during exercises was very low.
The intervention in the experimental
group was conducted individually in a
physiotherapy clinic, with every session
being supervised by a physiotherapist to
ensure the correct technique or to modify
the exercise or the progression to suit the
participants' needs. After the intervention,
participants of the experimental group were
re-evaluated following the same procedure
as the first evaluation. The re-evaluation
was scheduled six days after the final
intervention session to guarantee that acute
physiological responses to training did not

interfere with the measurements [8, 37].
The control group did not perform any
exercise and was re-evaluated after 8
weeks. All participants were asked not to
participate in any other forms of sports or
exercise during the intervention period.

2.5. Statistical analysis

The normality of the distribution for
outcome measures was confirmed by the
Shapiro-Wilk test. Independent t tests were
used to analyze any significant differences
on the timing of selected muscles between
two groups. Statistical within-and between-
group differences were assessed by a mixed
ANOVA (TimexGroup). The effect sizes
(Cohen's d) were computed as a ratio of the
mean difference divided by the pooled
standard deviation. Statistical significance
was set at p<0.05. Data were analyzed using
the SPSS version 28 software (SPSS Inc.,
Chicago, IL). All values are reported as
mean (standard deviation).

Table 1. Corrective exercise program used in this research

Movement

Description

Four exercises: in the side-lying position with limb to be strengthened on
top; in the standing position; side-stepping with elastic resistance in the

Hip abductor strength training

distal region of the thigh [38], and the exercise was performed seated on
massage table adjusted to position the hip at 60° (from this position, the

participant was instructed to activate the hip abductors while keeping the

knee at about 90°)

Invertor strength training

The invertors were strengthened in side-lying position [38].

After a light warm-up, subjects performed 2 sets of 8 repetitions of the

Abdominal strength training

abdominal crunch, right/ left oblique crunch, abdominal drawing-in, and
abdominal bracing. Subjects were instructed to hold each contraction for 5

sec, and a 2-min rest followed each set [39]

Hamstring strength training

In standing position, their legs up from the back upwards and doing the
extension of the hip against resistance [40]

Hip external rotation training

This exercise was performed on the hip external rotation muscles while the
subject was sitting on a table with a 90° flexion angle [40]

3. Results

The between-group differences on age,.

height, mass, and body mass index were not

signiifcant .P>0.05). The difference.

between the navicular drop of PF (12.15 +

1.51 mm) and PF+LBP (12.24 = 1.54 mm)

groups was also not signiifcant [P>0.05).
Significant between-group differences
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were found at the baseline onset of EMG
activity for Gas-M (P<0.001), Glut-M
(P<0.001) and ESi3 (P<0.001) muscles
(Table 2).

Table 3 describes pre-and post-data for
the onset and offset of EMG activity in the
trunk and lower limb muscles. The

statistical analyses indicated significant
main effects of “Time” for ES_3 offset (P=
0.023; d=0.873) muscle. The statistical
analysis indicated significant main effects
of “group” for TA offset (P= 0.039; d=
0.773) and for ES.3 offset (P= 0.010; d=
1.000) muscles.

Table 2. Group-specific baseline values of reported timing of selected muscles electromyography amplitude

Muscles Timing CG EG P-value
TA Onset -271.5+£177.4 -300.9£192.9 0.659
Offset 225.1+69.0 256.3+73.3 0.226

Gas-M Onset 364.24+83.9 213.1+101.2 <0.001*
Offset 659.5+74.1 657.1+67.9 0.926
BE Onset -146.2+28.6 -129.9+31.8 0.139
Offset 282.2+76.45 245.1+81.2 0.196
VL Onset -105.6+86.2 -65.1+46.8 0.104
Offset 360.1+84.5 424.0£178.9 0.201

GIUt-M Onset -87.2458.8 18.0+66.7 <0.001*
Offset 510.4+117.6 515.9+121.6 0.897

ESLs Onset -237.0+238.4 21.6+98.2 0.001*
Offset 104.1+250.5 202.9450.8 0.154

Note: CG = control group; EG = experimental group; TA = tibialis anterior; Gas-M = gastrocnemious medialis;
BF = biceps femoris; VL = vastus lateralis; Glut-M = gluteus medius; ES| 3 = erector spinae at 3rd lumbar

vertebral level.
*Significant level P<0.05

Figure 1. Effects of selected exercises on timing amplitude for trunk and lower limb muscles activity during

walking

134

Sport Sciences and Health Research, 2022, 14(1)


https://sshr.ut.ac.ir/article_91576.html

Alavi Mehr SM, Mousavi SH, Jafarnezhadgero AA.

Table 3. Selected exercises effects on timing amplitude of trunk and lower limb muscles activity during walking

CG (n=15) EG (n=17) p-value (Partial Eta Square)
Muscles Timing Pre-test Post-test A Pre-test Post-test A el:c/]lcz::r:. el\f/;z::r:. Interaction:
M SD M SD (%) M SD M SD (%) Time  Group TimexGroup
0.367 0.654 0.995
A Onset -2715 177.4 -251.4 197.4 -7.4 -3009 1929 -2805 2019 -6.7 0.02)  (0.00) (0.00)
x|
Offset 225.1 69.0 188.4 55.8 16.3- 256.3 73.3 245.9 91.3 -4 0.161  *0.039 0.429

(0.06) (0.13) (0.02)
0559  0.956 0.798
Gas-M  Offset 659.5 74.1 6467 623  -l94 6571 670 6521 1284 076 ("N oo (0.00)

0.978 0.239 0.985

o Onset -146.2 28.6 -146.7 37.4 0.3 -129.9 31.83 -130.0 75.39 769.8 (0.00)  (0.04) (0.00)
0.932 0.481 0.147

Offset 282.2 76.2 260.5 89.6 -7.6 245.1 81.2 264.5 54.7 7.9 (0.00)  (0.01) (0.06)

0.060 0.091 0.841

" Onset -105.6 86.2 -79.3 41.9 -24.9 -65.1 46.8 -43.8 916 -32.7 (0.11)  (0.09) (0.00)
Offset 360.1 84.5 338.8 97.9 -5.9 4240 1789 408.2 1447 -3.7 0.388  0.128 0.897

(0.02) (0.07) (0.00)
0.689  0.950 0.882
Glut-M Offset 510.4 117.6 522.1 109.6 2.29 5159 121.6 5213 1346 104 (0.00)  (0.00) (0.00)
0.023* *0.010 0.121
(0.16)  (0.20) (0.07)
Note: CG = control group; EG = experimental group; TA = tibialis anterior; Gas-M = gastrocnemious medialis; BF = biceps femoris; VL = vastus lateralis; Glut-M = gluteus
medius; ES. 3 = erector spinae at 3rd lumbar vertebral level; M = mean; SD = standard deviation.

*Significant level P<0.05, 2-w ANOVA

ESLs Offset 104.1 250.5 8.4 185.9 -91.9 202.9 50.8 183.8 575 -941
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4. Discussion

The aim of this study was to investigate the
effect of a special training program
(reinforcing ankle anti-pronators, knee and
hip external rotators, and abdominal
muscles) on timing of muscle activity of the
lower limb and trunk muscles in the LBP
patients with PF during walking.

In this study, significant between-group
differences were found at baseline onset of
EMG activity for Gas-M, Glut-M and ESi3
muscles. In describing pre and post data for
onset and offset of EMG activity in trunk
and lower limb muscles, the statistical
analyses showed significant main effects of
“Time” for ESps offset muscle. Also, the
statistical analysis indicated significant
main effects of “group” for TA offset (P=
0.039; d= 0.773) and for ES.3 offset (P=
0.010; d= 1.000) muscles.

An increased activity of the ESy 3 [15,
41, 42] and hamstring [15, 43] muscles was
reported in LBP patients. Besides, in LBP
patients with PF, higher activity of Gas-M,
Glut-M, ESi3, and 10 muscles compared
with healthy controls was reported [15]. In
the early stance phase, TA acts to decelerate

the ankle plantar lfexion allowing a smooth[’

Ifat foot phase.[15, 44].

In the loading response phase, the onset
time of BF and ESi3 muscles in
experimental group during post-test was
signiifcantly sooner than during pristest.
Also, in the loading response phase, the
onset time of TA, Gas-M, VL and Glut-M
muscles in experimental group during post-
test was signiifcantly later than during pri(+
test. In the loading response phase, the
offset time of TA, Gas-M, VL and ES.3
muscles in experimental group during post-

test was signiifcantly sooner than during.

pre-test. Also, in the loading response
phase, the offset time of BF and Glut-M
muscles in experimental group during post-

test was signiifcantly later than during pre-
test. Some studies have postulated that the
higher muscle activity in LBP patients is a
neuromuscular response to reduce pain by
better lumbopelvic stabilization [15, 41, 45,
46, 47]. However, this higher muscle
activity in the lumbopelvic region could be
associated with trunk inclination control
that normally occurs in walking [48].

Ntousis et al. (2013) reported that
pronating or supinating bilaterally or
unilaterally a normal foot, did not alter the
EMG activity of the RA muscle in a quiet
standing position [49]. The statistical
analyses yielded significant “TimexGroup”
Interaction during mid-stance for EO
muscle and during push off phase for RA
muscle.

Murley et al. (2009) [50], and Hunt,
Smith and Torode (2004) [51] also reported
higher TA activity in PF individuals
compared to healthy control group during
walking. In the early stance phase, TA acts
to decelerate the ankle plantar Ifexion(]
allowing a smooth Ifat foot phase.[15, 44,
50, 51]. The activity of TA muscle in this
phase was not associated with the strong
coupling co-activation of tibialis posterior
muscle [15, 51]. It appears that the higher
TA muscle activity in PF individuals is a
neuromuscular adaptation to compensate
the PF. Since the higher activity of TA
muscle was observed in both PF with and
without LBP, it should be excluded as an
indication of LBP.

5. Conclusion

The selected training program changed the
timing of erector spinae at 3rd lumbar
vertebral level in older adults with both low
back pain and pronated feet during walking.
Since erector spinae muscles play an
important role in low back pain and lumbar
stability in daily activities, this study’s
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training program may improve recruiting
motor units of erector spinae muscles,
resulting in improvement of low back pain
and lumbar stability.
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