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R E S E A R C H A R T I C L E

The Effect of Torsional Shoe
Flexibility on Gait and Stability
in Children Learning to Walk
Melanie A. Buckland, PT, DPT, ATP, C/NDT; Corinne M. Slevin, PT, DPT, MS; Jocelyn F. Hafer, MA; Cherri Choate, DPM;
Andrew P. Kraszewski, MS; Hospital for Special Surgery Pediatric Research Team

Leon Root MD, Motion Analysis Laboratory (Dr Buckland, Dr Slevin, Ms Hafer, and Mr Kraszewski), Hospital for Special
Surgery, New York, New York; California College of Podiatric Medicine (Dr Choate), Oakland, California.

Purpose: To examine the effects of different torsional flexibilities of shoes on gait and stability in children
who are newly walking. Methods: Twenty-five children walking 5 months or less were evaluated barefoot
and in 4 shoes with different torsional flexibilities (UltraFlex, MidFlex, LowFlex, and Stiff). Gait pattern was
assessed using GaitMatII. Stability was determined by the number of stumbles/falls during functional tasks.
Results: Stance time was shorter barefoot compared with all shoe conditions (P = .000). Stance time was
shorter in UltraFlex than in LowFlex (P = .000). Step width was wider in UltraFlex than in MidFlex and LowFlex
(P = .028). Velocity, step length, and the number of stumbles/falls did not differ significantly across shoe
conditions. Children walking for 2 months or less had significantly more stumbles and falls than children
walking more than 2 months (P = .003). Conclusions: Stance time and step width differ across shoe conditions.
Stability does not differ across shoe conditions. (Pediatr Phys Ther 2014;26:411–417) Key words: child, gait,
infant, shoe, torsional forces, walking

INTRODUCTION AND PURPOSE

Many parents and health care professionals question
which shoe is best for children who are beginning to walk.
Walking is a complex process requiring active neural con-
trol and involves a series of interactions between 2 mul-
tisegmented lower limbs whose alignment is dynamically
changing. Many factors including strength, lower extrem-
ity alignment, shoes, and the developmental level of the
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neural control system are likely to be involved.1-3 The foot
is known to play an important role in upright stability,
shock absorption, and propulsion during ambulation.1 The
plantar surface of the foot also plays a key role in proprio-
ception. Therefore, the type of shoe worn could affect gait
patterns and stability.

The most appropriate type of shoe for children be-
ginning to walk is controversial. Limited data are available
on walking with either stiff or flexible shoes. The amount
of sensory feedback given by a flexible shoe may affect
a child’s experience when learning bipedal locomotion.
Staheli4 stated that optimal foot development occurred
in the barefoot environment and recommended that chil-
dren’s shoe selection be based on the barefoot model. He
further stated that stiff and compressive footwear may be
detrimental, causing deformity, weakness, and loss of mo-
bility. Flexible shoes may offer enhanced sensory feedback
for children learning to walk in comparison to stiffer shoes.
However, limited quantitative data are available to support
either of these viewpoints.

In a prospective trial, Gould et al5 studied 125 chil-
dren who were newly walking (1 to 5 years) who were
randomized to receive arch supports or no arch supports.
Physical examinations, x-rays, and pressure mapping were
used to quantify pedal physical parameters. Investigators
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found that arches developed regardless of the footwear
worn, but development was faster when arch support
footwear was worn during the first 2 years. However, Gould
and colleagues did not examine the effect of footwear or
an arch support on the gait pattern or stability.

Gould also found that only 19% of toddlers he stud-
ied (n = 79) could be properly fit into a medium width
sneaker.6 Most toddlers actually required a wider width
shoe. To accommodate this need, they were typically given
one that was slightly too long.6 In a separate study, chil-
dren grew half a shoe size every 2 to 4 months until 5 years
of age.7 Shoe fit may be a very important factor for proper
foot function, which makes the child who is developing
especially challenging.

The shoe-ground interface may also be an important
factor. A videotape-based assessment was performed on 8
toddlers between 11 and 16 months of age. Falling was
found to be 3 times more frequent on a tile surface and 5
times more frequent on a rug surface in sneakers than in
shoes.6

Epidemiological studies of flatfoot suggest that wear-
ing closed-toe shoes in childhood is associated with a
greater prevalence of pes planus.8,9 Unger and Rosenbaum
evaluated anthropometric data and plantar pressures of 42
children who were healthy over the course of 1 year.10 They
found sex-specific differences of the foot shape and dy-
namic loading parameters during the first year of walking.
They also stated that foot disorders are not only caused by
hereditary factors, but may be due to disturbances during
foot growth and development.10 Given that modern daily
living encourages enclosed shoe gear for general protection
from environmental hazards, shoe designers should con-
sider growth-related anatomical and biomechanical needs.
In accordance with Unger and Rosenbaum’s study, proper
shoe fit to the foot’s anatomical shape is considered very
important for children by the time they begin to walk.

The purpose of this investigation was to examine how
shoes with different torsional flexibilities affect the gait
pattern and stability of children who have been walking
independently for 5 months or less. The hypotheses were
that (1) footwear conditions (barefoot and 4 types of shoes
varying in torsional flexibility) will affect gait pattern, par-
ticularly step length, stance time, step width, and velocity;
(2) footwear conditions will affect the number of stumbles
and falls when a child executes functional activities; (3)
good interrater reliability will be found among clinicians
when assessing stumbles and falls; and (4) the length of
time since first starting to walk (eg, walking for ≤2 months
vs walking for >2 months) will affect the number of stum-
bles and falls observed in all conditions.

METHODS

Study Design

This investigation was a cross-sectional, repeated-
measures design in which each test subject served as
his/her own control. Data were collected at one time point

without follow-up. This study was part of a larger proto-
col, which included a clinical biomechanical examination,
structural biomechanical shoe assessment, high-definition
video during functional activities, quantitative gait test-
ing session composed of temporal-distance foot-fall pa-
rameters, barefoot plantar pressure, and in-shoe plantar
pressure assessments. This article focuses on the clinical
biomechanical examination, quantitative gait testing com-
posed of temporal-distance foot-fall parameters, and high-
definition video of functional activities. The assessment of
plantar pressures (in-shoe and barefoot) and biomechani-
cal shoe assessment was described previously.11

Shoes

Four types of commercially available shoes were used
in this study. All of the shoes used in this study were
lace-up sneakers. The torsional flexibility of the shoes was
assessed with a structural testing machine (Instron, Nor-
wood, Massachusetts) and a custom jig.11 The testing de-
vice determined the amount of force needed to impart an
angular rotation on each shoe. Five pairs of each type of
shoe were tested. The slope of the resulting angle ver-
sus moment data served as the torsional flexibility. Each
shoe had different torsional flexibilities. The shoes were
then named in accordance to their torsional flexibility as
the following: UltraFlex, MidFlex, LowFlex, and Stiff (the
most flexible shoe was named UltraFlex and the least flex-
ible shoe was named Stiff). The assessment of torsional
flexibility was described previously.11

Participants

Twenty-six toddlers (17 males and 9 females) were re-
cruited who were healthy and typically developing, rang-
ing from 9 to 24 months of age, and without neurolog-
ical, musculoskeletal pathology or developmental delay.
Recruitment occurred within the community via posters,
word of mouth, and a local newspaper advertisement. The
investigation received human subject approval from the
Hospital for Special Surgery Institutional Review Board.
The project was explained to each parent and, upon agree-
ment to participate, the parent signed informed consent
forms. The toddlers were included if they had walked in-
dependently for 5 months or less. Children were excluded
if they had a current neurological, orthopedic, or rheuma-
tological pathology, or developmental delay, which was
screened by a pediatric physical therapist (PT). Parents
were asked whether their child walked before 18 months
to rule out developmental delay.12 Children whose parents
were unable to understand and sign the informed consent
form were excluded.

Clinical Biomechanical Examination

The clinical biomechanical examination was con-
ducted by pediatric PTs to characterize the test subjects.
A 1◦ resolution goniometer was used to measure angles of
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ankle dorsiflexion in subtalar joint neutral (with and with-
out the knee extended), hindfoot eversion, forefoot to rear-
foot relationship, and resting calcaneal stance position.13

In addition, anthropometric measurements—foot length
(cm), forefoot width (cm), calcaneal width (cm), ball-to-
heel length (cm), height (in), and body weight (lb)—were
obtained with a 1.0-mm resolution tape measure and a
scale.11

Quantitative Gait Testing

The gait pattern, specifically step length, stance time,
step width, and velocity, of each subject was measured with
GaitMatII (EQ Systems, Glenside, Pennsylvania) with the
child barefoot and wearing each of the 4 shoes (UltraFlex,
MidFlex, LowFlex, and Stiff). Two pediatric PTs and a re-
search engineer at the Leon Root, MD Motion Analysis
Laboratory of the Hospital for Special Surgery conducted
these tests. GaitMatII is a microcomputer-controlled sys-
tem composed of a matrix of pressure-sensitive switches
(38 columns × 256 rows) used to detect foot ground con-
tact. Custom software collects and analyzes these data and
creates databases of the resulting information. Three com-
plete walking trials were collected. Frequent breaks, as well
as the use of toys, snacks, videos, and caregiver support,
were used to facilitate data collection for this age group.

Step length (meters) was defined as the distance from
the first switch closure of the ipsilateral footprint to the first
switch closure of the contralateral footprint. Stance time
(seconds) was defined as the time from the earliest switch
closure to the latest switch opening of the same footprint.
Step width (meters) was defined as the distance across the
mat from the innermost switch closure for the ipsilateral
footprint to the innermost switch closure of the contralat-
eral footprint. Velocity (meters/second) was defined as the
spatial distance between the first and last footprint switch
closures divided by the corresponding time.

Video Assessment of Functional Activities

The children walked through an obstacle course while
barefoot, and in 4 different shoes (UltraFlex, MidFlex,
LowFlex, and Stiff). The order of shoe testing was random-
ized with the aid of a random number table to minimize any
learning effect. The testers were not blinded to the order
of shoe testing. The obstacle course (Figure 1) represented
functional activities, including sit-to-stand, turning, walk-
ing on a tile surface, stepping up and down a 2′′ height onto
an uneven surface (mat), and walking up and down a ramp.
The seat used was an adjustable bench (model SA1, Kaye
Products Inc, Hillsborough, North Carolina); the uneven
surface was an unfolded 0.17′′ × 4′′ × 8′′ nylon-covered
polyethylene foam mat (model #612480, Flaghouse Inc,
Hasbrouck Heights, New Jersey); the ramp was constructed
from laminated 0.75′′ plywood, with a 39′′ long, 11.0◦ in-
cline to an 8′′ high, 44′′ × 44′′ landing with alternating
nonskid strips on its surface. The obstacle course testing
was conducted by 2 pediatric PTs. Each child was closely

Fig. 1. Obstacle course. This figure is available in color in the
article on the journal website, www.pedpt.com, and the iPad.

followed to prevent any “hard contact” with the floor if the
child lost his/her balance. In an effort to standardize the
data collection process and make the children feel more
comfortable, 1 pediatric PT served as the “starting point”
for the child, and the parent served as the “destination
point,” encouraging the child to move through each part
of the obstacle course. Two high-definition video cameras
were used to record the children’s performance through
the obstacle course (model XHA1, Canon, 480p resolu-
tion, 30fps, full color, 16:9 aspect ratio). The 2 cameras
were mounted on tripods approximately 3.0′ high with
fields of view fully zoomed out and positioned to cover the
width of the obstacle course. Each camera’s perspective was
perpendicular to the other to provide alternative views of
the test subjects performing the functional activities. The
cameras streamed bilateral video data to a PC computer
via Firewire R© interfaces where Dartfish software (Dartfish
ProSuite, v5.5) recorded the live video in the MPEG format
directly to the hard drive. Using Dartfish the video trials
were synced, cropped, and exported using compression
(WMV format, Windows Media HDD setting) to decrease
file size and increase computer compatibility among raters.

Two raters (a PT and a podiatric physician) analyzed
each toddler’s video, for all shoe conditions. The raters
were not blinded to shoe conditions. The raters docu-
mented the combined number of stumbles (loss of stability
without contacting the ground) and falls (loss of stability
with contacting the ground) observed in each functional
activity and tabulated their findings in an Excel spread-
sheet for each shoe condition and test subject. Interrater
reliability when assessing the number of stumbles and falls
was also analyzed.

Statistical Analysis

All statistical analyses were conducted using the SPSS
statistical analysis package, version 19.0 (SPSS, Chicago,
Illinois).
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Hypothesis 1—footwear conditions (barefoot,
UltraFlex, MidFlex, LowFlex, and Stiff) will affect gait
pattern, particularly, step length, stance time, step width,
and velocity—was evaluated with descriptive and inferen-
tial statistics. Descriptive statistics (means and standard
deviations) were calculated for each gait pattern parameter
for each footwear condition. Shapiro-Wilk tests and Q-Q
plots were performed to assess the normality of the gait
pattern parameters for each shoe condition. Shapiro-Wilk
tests yielded P values greater than .05, and Q-Q plots were
approximately linear for all shoe conditions. Therefore,
parametric testing was used. Because normality was
observed for these variables, hypothesis 1 was tested with
a generalized estimating equation model that employed a
linear identity link function to determine whether each
dependent variable was significantly different across shoe
conditions. The generalized estimating equation model
permitted the inclusion of bilateral data by accounting for
the covariance between potentially dependent measures
(eg, right and left feet). The general χ2 was calculated for
each dependent variable with significance set at α < 0.05.
Upon achieving significance, a standard least significant
difference post-hoc test was performed with Bonferroni
correction, which set the significance at α < 0.005 to
account for multiple comparisons across barefoot and the
4 shoe conditions.

Hypothesis 2—footwear conditions (barefoot, Ultra-
Flex, MidFlex, LowFlex, and Stiff) will affect the number
of stumbles and falls when a child executes functional
activities—was evaluated with descriptive and inferen-
tial statistics. Descriptive statistics (means and standard
deviations) were calculated for each footwear condition.
Shapiro-Wilk tests and Q-Q plots were performed to assess
the normality of the number of stumbles and falls for each
shoe condition. Because the Shapiro-Wilk tests yielded P
< .05 and the Q-Q plots were nonlinear for all conditions,
the number of stumbles and falls was not considered nor-
mally distributed and a nonparametric equivalent model
(Friedman’s analysis of variance by ranks) was used for
this repeated-measures test.

Hypothesis 3—good interrater reliability will be
found among clinicians when assessing stumbles and
falls—was tested with an interclass correlation coef-
ficient (ICC [2,1]) 2-way random effects model.14,15

ICC values were tabulated for relative and absolute

conditions with the corresponding 95% confidence
intervals.

Hypothesis 4—the length of time since first starting to
walk (walking for ≤2 months vs walking for >2 months)
will affect the number of stumbles and falls observed in
all conditions—was evaluated with an unpaired t test. A
Levene’s test revealed unequal variance, which was ac-
counted for in the test.

RESULTS

Twenty-six toddlers (9 females and 17 males) par-
ticipated in this study. Of the 26 subjects recruited, only
25 were included for data analysis because of incomplete
data of 1 subject. Table 1 summarizes the clinical biome-
chanical examination findings. The average age was 15.2
± 2.0 months; average weight was 25.1 ± 2.9 lb, and av-
erage height was 30.7± 1.5 inches. All children displayed
a pes planus foot type as evidenced by the valgus hindfoot
(resting calcaneal stance position = 8.7◦ ± 2.8◦) and varus
forefoot (forefoot to rearfoot = 13.3◦ ± 2.8◦) as expected
at this age.

Table 2 summarizes temporal-distance gait parame-
ters for all conditions. Average step length across all shoes
and barefoot for this age group was 0.276 m. Average step
width was 0.082 m. Average stance time was 0.372 sec-
ond. Average velocity was 0.860 m/s. When comparing

TABLE 1
Summary of Clinical Measurements and Age

Clinical Measurements Right Left

Dorsiflexion (knee angle = 0◦) 29.3 (3.2) 29.8 (3.1)
Dorsiflexion (knee angle = 90◦) 36.3 (3.7) 36.9 (3.5)
Hindfoot eversion, ◦ 11.5 (2.4) 11.5 (2.4)
Forefoot-rearfoot relationship, ◦

(+ varus)
13.3 (2.8) 13.2 (2.8)

Resting calcaneal stance
position, ◦ (+ valgus)

8.8 (2.3) 8.6 (2.8)

Foot length, cm 12.4 (0.6) 12.4 (0.7)
Forefoot width, cm 5.5 (0.5) 5.5 (0.5)
Calcaneal width, cm 4.0 (0.5) 4.1 (0.5)
Ball-to-heel length, cm 8.9 (0.8) 8.6 (0.9)
Height, inch 30.7 (1.5)
Weight, lb 25.1 (2.9)
Age, mos 15.2 (2.0)

TABLE 2
Temporal-Distance Footfall Parametersa

GEE χ2 Post Hoc
Parameters Barefoot UltraFlex MidFlex LowFlex Stiff P Value (P < .005)

Step length, m 0.263 (0.043) 0.281 (0.037) 0.281 (0.057) 0.274 (0.044) 0.281 (0.037) .062 NA
Step width, m 0.085 (0.025) 0.088 (0.027) 0.080 (0.024) 0.075 (0.028) 0.083 (0.023) .028 5, 6
Stance time, s 0.270 (0.059) 0.382 (0.061) 0.403 (0.070) 0.411 (0.060) 0.393 (0.052) .000 1, 2, 3, 4, 6
Velocity, m/s 0.873 (0.197) 0.877 (0.189) 0.857 (0.191) 0.831 (0.193) 0.860 (0.162) .541 NA

Abbreviations: GEE, generalized estimating equation; NA, not applicable.
aPost-hoc code: barefoot vs UltraFlex = 1; barefoot vs MidFlex = 2; barefoot vs LowFlex = 3; barefoot vs Stiff = 4; UltraFlex vs MidFlex = 5; UltraFlex
vs LowFlex = 6; UltraFlex vs Stiff = 7; MidFlex vs LowFlex = 8; MidFlex vs Stiff = 9; LowFlex vs Stiff = 10.
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gait parameters between conditions, step width was wider
in UltraFlex than in LowFlex and MidFlex (P = .028).
Stance time was shorter in barefoot compared with all
shoe conditions. Stance time was also shorter in Ultra-
Flex than in LowFlex (P = .000). Velocity (P = .541)
and step length (P = .062) were not significantly differ-
ent among conditions. A post hoc power analysis for a
general χ2 test was done using G*Power version 3.1.7,
which demonstrated that step length, step width, and
stance time had powers (1-β) of 0.65, 0.76, and 0.96 re-
spectively. Velocity resulted in a power of 0.25. A much
larger sample size would be required to properly power this
effect.

The cumulative number of stumbles and falls dur-
ing the functional obstacle course (Table 3) was not sig-
nificantly different between shoe conditions (P = .804).
A post hoc power analysis for a nonparametric repeated-
measures test was performed using G*Power version 3.1.7,
which demonstrated powers spanning 0.07 to 0.13, which
would necessitate sample sizes between 277 and 1413
subjects.

Interrater reliability was good (ICC = 0.75) when as-
sessing combined stumbles and falls. The relative and ab-
solute agreement ICC values and 95% confidence intervals
are shown in Table 4.

Thirteen subjects in the study had been walking for 2
months or less, and 12 subjects had been walking for more
than 2 months. On average, the group with less experi-
ence walking stumbled and fell 7 times and the group with
more experience walking stumbled and fell 2 times while
performing the obstacle course. The more experienced
group had significantly fewer stumbles and falls (P = .003;
mean difference = 4.81; 95% confidence interval = 1.96,
7.67).

TABLE 3
Stability During Obstacle Coursea

Condition
Cumulative Number of

Stumbles and Falls

Barefoot 20
UltraFlex 22
MidFlex 28
LowFlex 27
Stiff 26

aP = .804.

TABLE 4
Interrater Reliability

Intraclass 95% Confidence Interval

ICC (2,1) Correlation Lower Bound Upper Bound

Relative agreement 0.747 0.659 0.814
Absolute agreement 0.723 0.599 0.808

Abbreviation: ICC, interclass correlation coefficient.

DISCUSSION

The purpose of this investigation was to examine how
shoes with different torsional flexibilities affect gait and sta-
bility during functional tasks of children who have been
walking for 5 months or less independently. It is known
that the foot is the link between the ground and the body
when walking and the foot plays a major role in balance,
proprioception, and postural awareness.16 The majority
of the literature on children’s feet has focused on foot de-
velopment and plantar loading. Prior literature on children
and foot function has reported that the foot achieves half its
length by the end of 1 to 1.5 years after birth.16 Plantar load-
ing is rapidly changing during this time frame17 and con-
tinues to change during the first 4 to 10 years of life. 18,19

Much of our understanding of functional development of
the load-bearing foot comes from a longitudinal study con-
ducted in Muenster limited to German children in the
barefoot condition.10,16-19 Hallux angle, an indicator of
hallux valgus, has been associated with insufficient length
of footwear in preschool children.20 No publications were
found on the effect of shoe torsional flexibility on the tod-
dler’s ability to perform functional tasks except for this
investigational team’s previous work.11

Significant differences were found in gait pattern, par-
ticularly in step width and stance time, between conditions.
Step width was greater in UltraFlex shoes compared with
LowFlex and MidFlex, but not greater when compared
with barefoot or Stiff shoes. One possible explanation for
walking with a wider step width would be to increase sta-
bility. The stiffer shoes (LowFlex and MidFlex) may have
provided improved stability, allowing the children to walk
with a narrower step width. However, step width was not
significantly narrower in the Stiff shoe condition, perhaps
because they were too stiff, which negatively affected sta-
bility. The Stiff shoe was also the only shoe made by a
different manufacturer. A structural difference that was
not measured may have been present affecting step width.
Alternatively, children who are learning to walk may have
a preferred step width for building their motor program for
gait. Additional research, with greater statistical power, is
needed to examine the effect of step width on stability in
children who are learning to walk.

Stance time was shorter in barefoot compared with all
shoe conditions. Wegener et al21 completed a systematic
review and meta-analysis to determine the effect of chil-
dren’s shoes on gait. After reviewing 11 articles, the authors
concluded that walking in shoes increased stance time.
Our findings support their conclusion. When wearing a
shoe, the material between the ground and the foot may
act like a mechanical filter and is postulated to provide less
proprioceptive feedback than walking barefoot. Assuming
less feedback in shoes, possibly the child elects to walk
with longer stance times to acquire as much information
about their environment as possible. Stance time was sig-
nificantly shorter in UltraFlex than in LowFlex shoes, but
not significantly different from Midflex or Stiff conditions.
Consistent with the explanation above, the more flexible
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shoe may have allowed the child to receive feedback in less
time during stance.

Velocity and step length did not differ significantly
across conditions. Velocity had very low power by post hoc
analysis (1-β = 0.25). We believe no differences in velocity
are evident across footwear conditions on the basis of the
large sample size required for proper power. Step length
was slightly underpowered (1-β = 0.65), and a modestly
larger sample size would be properly powered.

Footwear conditions did not significantly affect the
mean number of stumbles and falls of the toddlers when
executing the functional activities included within the ob-
stacle course (sit to stand, turning, walking on a tile sur-
face, stepping up and down onto an uneven surface, and
walking up and down a ramp). The large variability in this
parameter provided very small power estimates (ranging
from 1-β = 0.07 to 0.13) and led to the conclusion that the
mean number of stumbles and falls does not differ across
different shoes.

Good interrater reliability was found between clin-
icians (ICC [2,1], >0.70) when assessing stumbles and
falls by a high-definition video. This finding supported the
investigators’ use of high-definition video technology for
investigating the effect of shoe gear upon toddler’s stability
while performing various functional tasks. The investiga-
tors elected to use the ICC (2,1) measure for consistency
between raters as opposed to the ICC (3,1), which assesses
only the raters of interest. The ICC (2,1) is more generaliz-
able, suggesting that other health care professionals would
be able to achieve this level of consistency for determining
the number of stumbles and falls from a high-definition
video.

The length of time since beginning to walk (walking
for ≤2 months vs walking for >2 months) significantly
affected the number of stumbles and falls observed in all
conditions during the obstacle course. Children who were
walking for 2 months or less had a significantly higher
number of stumbles and falls than those children who had
been walking for over 2 months. The number of stumbles
and falls in children learning to walk shows that experi-
ence played a significant role in improving stability across
different terrains and inclines.

This study had some limitations. Reliability was not
determined for the measurements included in the clinical
examination. If 3-dimensional kinematics and kinetics had
been measured, the investigators might have learned more
about the gait patterns and coordination between planes as
a function of shoe flexibility. It was decided that it would be
difficult to obtain these data in this age group and that they
would not tolerate the placement of markers. Investigators
were unable to use standardized balance tests to determine
stability in each shoe because of the age of the participants
and their inability to follow precise directions. In addition,
it was not possible to perform proprioceptive testing on
toddlers. Testing had to be functional and observational
in this age group. Despite these limitations, investigators
were able to collect reliable data and study the interaction
between shoes, gait, and stability.

CONCLUSIONS

Stance time is shorter when walking barefoot than
when wearing shoes. Stance time is shorter in UltraFlex
than in LowFlex shoes. Step width is wider in UltraFlex
shoes than in stiffer MidFlex and LowFlex shoes. There-
fore, torsional shoe flexibility seems to affect stance time
and step width. However, additional research with a larger
sample size is needed to clarify the ideal amount of flexi-
bility in a child’s shoe. Velocity, step length, and the num-
ber of stumbles and falls do not differ across shoe con-
ditions. However, power was found to be marginally low
for step length and extremely low for velocity and num-
ber of stumbles and falls. Children who have been walking
for 2 months or less have significantly more stumbles and
falls than children who have been walking for more than
2 months.
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C L I N I C A L B O T T O M L I N E

Commentary on “The Effect of Torsional Shoe Flexibility on Gait and Stability in Children Learning to Walk”

“How could I apply this information?”
Parents often ask what type of shoe is best for their child when just learning to walk. Because it is assumed that

children’s shoes should be based on the barefoot model, the shoe with the most flexibility is typically recommended.
However, this study supports that children who are typically developing alter their gait pattern to adapt to different
shoe conditions while maintaining their gait velocity and stability. This highlights the considerable flexibility of
children who are typically developing to adapt quickly to changing task demands during the performance of even
newly acquired functional skills. Promoting adaptability is an important objective for therapists working with
children who are just learning to walk. Perhaps altering shoe conditions during gait training over environmental
surfaces should be considered as a means of introducing additional novel task constraints for children beginning
to walk.
“What should I be mindful about when applying this information?”

Clinicians must be mindful that children who are typically developing were studied; therefore, this information
is not necessarily generalizable to a clinical population. However, the question of the effect of torsional shoe
flexibility on the gait of children with motor dysfunction who are newly walking might be further explored.
Children with motor dysfunction may have limited resources for action, which may result in changing task
demands, having a greater effect on their walking ability as compared with children who are typically developing.
It would be expected that some populations of children with motor dysfunction may benefit from more flexible
shoes, whereas others may benefit from shoes with more support.
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