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Resumo: Introdugio: O uso de celulares durante a caminhada altera parametros biomecanicos, po-
rém pouco se sabe sobre os ajustes fisioldgicos e alteragdes na percepgao subjetiva de esforco. Obje-
tivos: Avaliar a percepgao subjetiva de esforgo, respostas biomecanicas e fisiologicas de individuos
adultos durante caminhada em esteira digitando no celular. Métodos: Trinta homens saudaveis rea-
lizaram em ordem aleatoria cinco minutos de caminhada em esteira enquanto digitavam em um
celular (TYP) ou cinco minutos em sessao controle (caminhada sem digitar no celular [CON]). Fo-
ram avaliadas a frequéncia cardiaca, pressao arterial sistdlica, pressao arterial diastdlica, percepcao
subjetiva de esforgo, frequéncia da passada e comprimento da passada. Resultados: A pressao arte-
rial sistolica foi similar apos CON e TYP, porém foi maior do que no repouso. Nao foi encontrada
nenhuma diferenga significativa entre a pressao arterial diastélica no repouso, apés CON e apos
TYP. A frequéncia cardiaca apds CON e TYP foi 29,7% e 39,2% maior do que no repouso, respecti-
vamente, porém nao foi encontrada diferenga significante entre as sessdes. A percepgao subjetiva
de esfor¢o ap6s TYP foi maior do que apés CON. O comprimento da passada durante TYP foi menor
do que durante CON. A frequéncia da passada durante TYP foi maior do que durante CON. Con-
clusdo: Cinco minutos da sessao TYP aumentaram a percepgao subjetiva de esforgo e alteraram pa-
rametros biomecanicos em homens saudaveis quando comparados a sessaio CON. Contudo, os pa-
rametros fisiolégicos mensurados nao se alteraram.

Palavras-chave: celular; caminhada; marcha; respostas fisioldgicas; respostas biomecanicas

Abstract: Introduction: The use of smartphones during walking changes biomechanical parameters,
but less is known about rating of perceived exertion and physiological adjustments to walking ac-
tivity. Objective: To evaluate rating of perceived exertion, biomechanical and physiological re-
sponses during gait on treadmill while typing on a smartphone. Methods: Thirty men performed
five minutes of walking on a treadmill while typing on a smartphone (TYP) or during control con-
ditions (walk without type on a smartphone, [CON]) in random order. Heart rate, systolic blood
pressure, diastolic blood pressure, rating of perceived of exertion, stride frequency and stride length
were evaluated. Results: Systolic blood pressure after CON and TYP was significantly higher than
at rest, but there was no significant difference between conditions. There was no significant differ-
ence between diastolic blood pressure at rest, after CON, and after TYP. Heart rate after CON and
TYP was 29.7% and 39.2% higher than at rest, respectively, but there was no significant difference
between conditions. Rating of perceived of exertion after TYP was greater than after CON. Stride
length during TYP was shorter than during CON. Conclusion: In conclusion, five minutes of walking
while use smartphone changed rating of perceived exertion and biomechanics but not physiological
parameters during gait.
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1. Introduction

The use of smartphones has become common in modern society'. Over half the pop-
ulation in developed countries relies on them daily, and this rate is expected to reach 80%
by 2020'. In some developed countries (e.g., Switzerland), nearly all adolescents (98%)
own a mobile phone, most of which (97%) are smartphones?. In developing countries, such
as Brazil, 77.9% of people aged 10 years or more have at least one mobile phone?®. In addi-
tion, it is estimated that 73.6% of Brazilians use their cell phones to access the internet and
communicate, whether through voice or text messaging applications?.

In the daily routine, use of mobile phones while performing other activities such as
walking*? or driving is common®”. Previous studies have shown that the risk of accidents
affecting pedestrians and drivers is higher while a phone is being used®” and that dual-
task walking changes the characteristics of the stride (a complete cycle of two consecutive
steps), increasing the risk of falls*.

In addition, the use of a smartphone during walking can change biomechanical pa-
rameters®® such as reducing gait velocity®. Moreover, in most pathologic conditions, steps
tend to be even shorter and to present a higher cadence (steps/minute) than is physiolog-
ically necessary for the lower speed that is adopted. In fact, previous studies showed
there is a relationship between in biomechanical and physiological variables during gait
in healthy and clinical populations. For example, children are less efficient walkers than
adults, because they have a faster cadence to compensate for a shortened stride length; as
consequence, they present higher oxygen cost (in ml/kg/meter)!''2 and higher heart rate
than adults™. In clinical population, when walking speed was held constant (80 m/min),
the oxygen uptake increased 23% when subjects walked with the knee immobilized?3. Re-
stricting knee extension cause rise in the oxygen uptake during walking!'. In athletes, bio-
mechanical variables can be used to discriminate between recreational and well-trained
runners at various submaximal speeds'%. Therefore, it is reasonable to assume that the use
of a smartphone during walking can change physiological parameters, including cardio-
vascular variables.

However, to best of our knowledge, no studies have investigated the possible
changes in physiological responses when walking while using a mobile phone. Among
physiological variables, those related to the cardiovascular system, such as heart rate and
blood pressure, are important measures that reflect cardiovascular responses to exercise.
In addition, the assessment of rating of perceived of exertion (RPE) is also an easy and
low-cost tool for providing information about exercise intensity516.

Considering that the use of smartphones is highly prevalent in modern society and
that it has previously been shown that the use of such devices during gait changes biome-
chanical parameters, studies that investigate RPE and physiological measures are war-
ranted. Thus, the main aim of the current study was to evaluate the RPE and physiological
measures during walking of healthy adults while typing on a smartphone. The secondary
aim was to evaluate biomechanical variables in order to confirm results from previous
studies. It is hypothesized that RPE, physiological and biomechanical measures will
change during gait with the use of a smartphone compared to a walking control condition.

Methods
Participants

Thirty healthy male adults (a convenience sample) were recruited among students
from the Faculty of Physical Education and Dance of the Federal University of Goias
(Goiania, Brazil). Participants were recruited through social media and direct contact. The
age and anthropometrical characteristics of the participants are presented in Table 1.

Inclusion criteria were: (i) being a user of a smartphone and the WhatsApp® messaging
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application, (ii) being a male aged between 18 and 30 years and (iii) be familiarized with
walking on a treadmill. The exclusion criteria were: (i) contraindication to physical activity
screened using the Physical Activity Readiness Questionnaire (PAR-Q) and (ii) to
present neurological, cognitive and orthopedic. All participants were informed of the
intent, experimental procedures, benefits and risks of the study, and an informed consent
was obtained from all individual participants. All experimental procedures were
approved by the University Human Research Ethics Committee (April 25, 2017, no.
1.459.010) and conformed to the principles outlined in the Declaration of Helsinki. There
were no medical complications during experimental procedure and none participants
withdrew their consent.

Table 1. Characteristics of the participants (n = 30).

Variables Mean * standard deviation ~Minimum-maximum
Age (years) 23.1+29 19.3-29.2
Height (m) 1.78 £ 0.06 1.68-1.92
Body mass (kg) 744+9.8 56.8-97.5
Body mass index (kg/m?) 235+24 17.5-27.9
Study design

This was a cross-sectional crossover study. The study involved two tests performed
on the same day in a randomized order. The tests lasted five minutes and consisted of a
normal walk (without type on a smartphone, [CON]) and a walk while typing into a mes-
saging application (WhatsApp®, USA) on a smartphone (TYP) (Figure 1). The participants
used their own smartphones because they were familiar with the devices. Although in the
CON conditions, the participants did not text on their smartphone, they remained with
the phone in one hand. Each test lasted five minutes because this is sufficient for physio-
logical variables to attain a steady state in most healthy people 8. Immediately after each
test, systolic and diastolic blood pressure (SBP and DBP) were measured with the partici-
pants seated, and RPE was monitored. Heart rate and stride length were monitored at all
times in both tests. Recovery time between tests was set at a minimum of 20 minutes, since
that period allows physiological variables to return to resting values'. During this period

the participants remained seated quiet in a chair. Participants were directed to eat a stand-
ardized meal, not to participate in any strenuous exercise, and not to consume any stim-
ulant or alcohol in the 24 hours preceding the testing session. The temperature and relative
humidity in the testing laboratory ranged from 21 to 23 °C and 55% to 65%, respectively.
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Figure 1. Walking without typing (A) and while typing on a smartphone (B).

Walking tests

Both tests were performed on a motorized treadmill (ATL, Inbramed, Brazil) with 0%
slope and at 5 km/h. After one of the two tests, the participant remained seated for 20
minutes for the heart rate to return to the pre-test value. After this period, the participant
performed the other test. We chose a walking modality because it is the main form of
human locomotion and is frequent in activities of daily life; 5 km/h was used because it is
the average walking speed used by most healthy adults® and because some studies have
compared comprehensively self-selected pace treadmill walking with fixed speed tread-
mill walking and showed that gait patterns were comparable between self-selected pace
(~5km/h) and fixed speed treadmill walking (~5km/h)2.22,

Assessment of physiological and perceptual measures

Heart rate responses were evaluated using a heart rate monitor (model RS800CX,
Polar, Finland) coupled at the height of the xiphoid process of the participants. SBP and
DBP were measured before and immediately after each test using a validated automatic
digital blood pressure monitor (OMRON, HEM-7113, China). The blood pressure monitor
was used according to the manufacturer’s instructions. Participants” RPE was recorded
immediately after each test using the Borg scale of 6-20 points’>. Borg scale is composed
by a quantitative scale ranging from 6 to 20 points, and also is composed by a qualitative
scale ranging from a “very, very light” to “very, very hard” exercise intensity'>. Moreover,
Borg’s RPE is an affordable, practical and valid tool for monitoring and prescribing exer-
cise intensity, independent of gender, age, exercise modality, and physical activity level.

Assessment of biomechanical measures

The biomechanical variables measured were length and frequency of stride. Both
walking tests (CON and TYP) were recorded using a digital camera (ST77, Samsung, Bra-
zil) attached to a tripod and positioned two meters away on the right side of the treadmill.
After that, the number of strides was counted by a trained examiner, and the average
stride length of the participant during each test was calculated using the following equa-
tion: stride length (m) = velocity (m/s)/frequency of strides [18].

Smartphone and instant messaging service for smartphones

During TYP, an excerpt from one of Paulo Coelho’s books was dictated (available in
the supplementary material). The participant was instructed to type on the smartphone
using two hands in order to enter as many words as possible through the messaging ap-
plication. The participant was not allowed to use Swype mode to type on the
smartphone’s keyboard.2.1. Smartphone and instant messaging service for smartphones.

Statistical analysis

Data are presented as number and percentage for categorical variables; continuous
data are expressed as mean + standard deviation. According to the Shapiro-Wilk test, all
variables presented a normal distribution. Student’s t-test was used to compare the RPE
after CON and TYP, and stride length and stride frequency during CON and TYP. Re-
peated-measures ANOVA was used to compare physiological variables (heart rate, SBP
and DBP) at rest, after CON and TYP. Bonferroni post hoc testing was used where signif-
icance was indicated. In addition, carryover tests were performed for all variables to pro-
vide information about the effect of test order (CON vs. TYP or TYP vs. CON). Pearson’s
correlation coefficient was used to determine correlations between RPE and heart rate.
Correlations below 0.49 were described as “poor”, from 0.50 to 0.69 as “moderate,” and
0.70 to 0.89 as “high,” and from 0.9 and above as “very high”?. Cohen’s d effect size for
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differences between CON and TYP conditions were calculated using the following for-
mula: Cohen’sd = MD/(SDyp/+/2x (1 —71)). Where, MD, SDmp and r represents the
mean difference (TYP value — CON value), standard deviation of mean difference, and the
coefficient of correlation, respectively. The magnitude of the Cohens’ d effect size was
classified as “trivial” (d <0.2), “small” (0.2<d <0.5)”, “medium” (0.5 <d <0.8), and “large”
(d = 0.8)%. Statistical Package for the Social Sciences (SPSS) version 23 (IBM Corp., USA)
was used for statistical analysis, and a significance level of .05 was set for all statistical
tests.

3. Results

Physiological and perceptual measures

Examination of SBP indicated a significant difference (F [2,58] =9.130; p <.001) for the
three conditions (rest, after CON and after TYP). SBP evaluated after CON and TYP was
4.8% (A: 2+9 mmHg; p =.007; d = 0.60) and 5.6% (A: 1 +7 mmHg; p =.001; d = 0.74) higher
than at rest conditions, respectively. However, no significant difference in SBP (p > .05; d
=-0.10) was found between after CON and TYP (Table 2). Examination of DBP indicated
a non-significant difference between conditions (F [2,58] = 1.068; p = .350) at rest and after
CON and TYP (Table 2).

Table 2. Physiological, perceptual and biomechanical responses to CON and TYP (n = 30).

Variables Rest CON TYP p? Cohen’s d
SBP (mmHg) 125+10 131 +11* 132 +13*  1.000 -0.10 [trivial]
DBP (mmHg) 67 +7 69 +9 68 +8 1.000  0.12 [trivial]

Heart rate (bpm) 74+ 14 96 +21*% 103 + 13* 191 -0.35 [small]

RPE (6-20) N/A 8+1 9+2 <001 1.27[large]

Stride length (m) N/A 1.46 +0.06 1.45+0.07  .036 -0.40 [small]
Stride frequency

N/A 5725+236 57.69+257 .026  0.43 [small]
(strides/minute)

Examination of heart rate for the three conditions (rest, after CON and after TYP) indi-
cated a significant difference (F [2,58] = 55.817; p < .001). Heart rate after CON and TYP
was 29.7% (A: 23 £ 19 bpm; p <.001; d = 1.17) and 39.2% higher (A: 29 + 7 bpm; p <.001; d
= 3.98) than heart rate in rest conditions. However, heart rate during TYP was similar
compared to CON (A: -6 + 18 bpm; p = .191; d = -0.35). In addition, TYP resulted in a sig-
nificantly higher RPE (A: 1.7 + 1.3; p <.001; d = 0.63) as compared with CON (Table 2).
There was evidence of carryover effect of the session order to the DBP (p =.016) but not to
the SBP (p = .283), heart rate (p = .301), and RPE (p = .195).

There was a poor positive correlation between RPE and heart rate during TYP (r =
0.48; p =.008) but not during CON condition (r = 0.26; p = .163).

Biomechanical measures

Examination of stride length revealed that stride length during TYP was ~1% shorter
than during CON (A: -0.01 + 0.03 m; p =.036; d = -0.40), whereas stride frequency was ~1%
higher in TYP than during CON (A: 0.44 + 1.02 strides/minute; p = .026; d = 0.43) (Table 2).
There was no evidence of carryover effect of the session order to the stride length (p =
0.730) and stride frequency (p = 0.890).
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4. Discussion

This study analyzed the RPE, physiological and biomechanical responses during
walking while typing on a smartphone. Our hypothesis was that RPE, physiological and
biomechanical measures would suffer alterations with the use of a smartphone compared
to a walking control condition. Our results partially confirmed our initial hypothesis, since
we found a higher RPE in TYP condition when compared to CON condition. We also con-
firm the findings from previous studies with regard to biomechanical changes while dual-
task walking. However, heart rate, SBP and DBP were similar between TYP and CON
conditions.

Previous studies have already demonstrated that biomechanical measures are influ-
enced by walking while texting. Lamberg and Muratori? reported that walking while typ-
ing on a smartphone decreased velocity by 33% and increased lateral deviation by 61%.
Parr et al.’ found a reduction of 16% in gait velocity during typing on a smartphone. De-
mura and Uchiyama? showed a 17% decrease in gait velocity when able-bodied young
adults used the e-mail function on a cellular phone. Hollman et al.?® reported an average
decrease in gait velocity of 12% for individuals while spelling a five-letter word backward.
Harshish et al.?? found reductions of 2 + 0.2 cm and 1 + 0.2 cm in the single-step vertical
heel clearance during stair descent and ascent, respectively. In addition, previous studies
have shown the association between cognitive performance/abilities and gait characteris-
tics?031, Altogether, it is clear that dual-task walking (including mobile phone use) changes
biomechanical variables related to gait. Different from other studies, we opted to keep
speed constant in order to analyze biomechanical variables independently of velocity
changes. By doing this, our findings on biomechanical variations confirmed results found
in previous studies, since we found that stride frequency and length were influenced
(small changes) during gait using a smartphone.

On the other hand, Magnani et al.? verified the effects of attentional dual tasks per-
formed by 20 young people under four conditions: while using a cell phone during a 4-
minute walk at 4 km/h on a treadmill looking forward at a fixed target 2.5 m away, talking
on a cell phone with unilateral handling, texting messages on a cell phone with unilateral
handling, and looking forward at the aforementioned target while listening to music with-
out handling the phone. The authors did not find a significant difference in step length
between any conditions. In the present study, participants walked at a greater velocity (5
km/h), which may explain the small changes found in the biomechanical variables inves-
tigated. Pizzamiglio et al.® analyzed stride length and frequency and walking velocity of
18 individuals (7 men and 11 women), and found a reduction in walking speed due to
increased stride frequency rather than length. One important difference in our study is
that we collected data using a motorized treadmill; therefore, the velocity remained con-
stant independent of conditions (walking while texting or not), which increased stride
frequency and consequently may have reduced the time per step, providing less time for
a reaction to a possible perturbation.

A possible explanation for our results is that arm swing helps stabilize the trunk and
control lateral stability of the body during walk, thus reducing the metabolic cost 34. Dur-
ing walking while texting, arm swing is impaired; therefore, it was expected that TYP
condition could provide perturbations in the movement pattern. Altogether, the cognitive
requirement of typing on a cell phone and non-movement of the arms may have been the
factors responsible for the reduction in stride length and increased stride frequency.

Another relevant point of the present study is that, to the best of our knowledge, no
previous study had assessed RPE, physiological and biomechanical variables when the
concomitant task was texting on a smartphone. Kodesh and Kizony% conducted a study
in which 25 young adults (14 men and 11 women) performed an experimental protocol
which included three conditions, each with and without performing a cognitive second-
ary task (solving puzzles), for a total of six tasks. The three conditions were: rest (sitting),
walking over ground at a comfortable self-selected speed, and walking on a treadmill at
a fast speed. The results showed that there were no significant differences in heart rate
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and oxygen uptake between walking and walking while solving puzzles. These results
agree with the results of the present study, in which heart rate was similar between TYP
and CON conditions. In thin sense, although the participants needed to pay attention to
the text being dictated and then type the text into the smartphone, and the participants
needed to look at the cell phone and not forward, which changes the normal movements
of the trunk and head?, it was not sufficient to increase participants’ heart rate.

Another physiological variable evaluated was blood pressure. We did not find a sig-
nificant difference in blood pressure between CON and TYP conditions. The absence of
difference in blood pressure between the two conditions can be explained because the
exercise intensity corresponded to a very light intensity®, as reflected by the modest val-
ues for heart rate. It is known that to bring about changes in blood pressure through rhyth-
mic exercise, the intensity needs to be at least moderate to intense®. On other hand, as
expected, SBP reached greater values in both walking conditions than during rest condi-
tions, and DBP did not differ in any conditions (rest, CON or TYP).

On the other hand, we found that RPE measured immediately after TYP was higher
than after CON condition, which correspond to a very light-fairly light exercise intensity
and very light exercise intensity, respectively. Moreover, our results showed a poor posi-
tive correlation between RPE and heart rate during TYP. Indeed, RPE scale has been cor-
related (r = 0.80-0.90) with several physiological measures of performance effort, includ-
ing heart rate during activity®; however, we believe that the dissociation found in the
present study between RPE and heart rate (different RPE and similar mean heart rate)
may be explained by difficult of the participants differentiate RPE from discomfort. In
addition, RPE measured immediately after TYP and CON conditions

Our study is not without limitation. First, other physiological measures, like oxygen
uptake, were not measured due lack of specific equipment. The assessment of other phys-
iological measures could bring further insight into the topic, since there is evidence about
a negative relationship between cell phone use and cardiorespiratory fitness%. Second,
our study sample is based only on a cohort of healthy male adults with mean age of 23.1
years old. Considering that healthy adults present normal or high aerobic physical fitness,
it is reasonable to assume that walk while typing in clinical people, such as older adults
and people with non-communicable disease, perform this dual-task may represent a high
fraction of maximal aerobic fitness. Thus, future studies must be conducted to elucidate
this matter. Also, as young individuals usually have better coordinate ability than elder-
lies, future studies are need with this population. Third, the stride length measure used is
not the best method to measure a fundamental biomechanical feature; however, it was not
possible to use a more robust method in our laboratory. Finally, stride parameters were
measured during a treadmill walking and therefore, it may not represent a real-life walk-
ing. Nevertheless, we believe that these limitations do not prevent the study from drawing
conclusions.

5. Conclusion

Five minutes of TYP at constant smartphone use changed rating of perceived exertion
and biomechanics but not physiological parameters during gait on treadmill in healthy
men compared to a walking control condition.
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