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ABSTRACT

Introduction: The 10-Meter Walk Test (10MWT) and Timed Up and Go (TUG) are valid tools for gait performance and mobility
assessment after total hip arthroplasty (THA). The study aimed to assess test-retest reliability of 10MWT and TUG in indoor and
outdoor environments in patients in acute phase after THA and compare their indoor vs. outdoor performance during these tests.
Methods: Thirty-five inpatients performed 10MWT and TUG in indoor and outdoor settings on the second postoperative day.
An additional evaluation session was performed after 1 hour under the supervision of the same operator. Test-retest reliability
was assessed using Intraclass Correlation Coefficient (ICC: 2.1) and Minimal Detectable Change (I\/IDCQS), while paired t-tests
were used to compare indoor vs. outdoor performance.

Results: Indoor (ICC: 0.94, MDC,: 0.13 m/s) and outdoor (ICC: 0.91, MDC,,: 0.16 m/s) 10MWT at maximum speed and indoor
(ICC: 0.92, MDC,,: 2.5 s) and outdoor (ICC: 0.93, MDC,,: 2.4 s) TUG revealed excellent reliability. Indoor (ICC: 0.86, MDC,:
0.16 m/s) and outdoor (ICC: 0.89, MDC,,: 0.16 m/s) 10MWT at spontaneous speed revealed good reliability. Spontaneous
(mean difference [MD]: 0.05 m/s, 95% confidence interval [CIQS]: 0.03, 0.07, p < 0.001) and maximum (MD: 0.02 m/s, Cl,:0.01,
0.04, p < 0.001) 10MWT revealed higher gait speed when performed outdoors compared to indoors.

Conclusions: Indoor and outdoor 10MWT and TUG are reliable tests in acute phase after THA. Higher gait speed during outdoor
10MWT may depend on test score variability, due to MDs being lower than MDC,,.
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What'’s already known about this topic?

What does the study add?

e The 1I0MWT and TUG are valid measurements tools, which are
widely used for assessing gait performance and mobility of
patients in acute phase after THA.

Introduction

Total hip arthroplasty (THA) represents a successful
surgical procedure to reduce pain and improve function and
quality of life in patients with end-stage hip osteoarthritis (1).
The advancements in surgical techniques (e.g., minimally
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e The 10MWT and TUG in indoor and outdoor settings are
reliable tests in acute phase after THA. Higher gait speed was
found during 10MWT performed outdoors compared to indoors,
but changes are lower than MDC,.

invasive surgical approaches) and improvements in periop-
erative care (e.g., prehabilitation and early mobilization
protocols) have allowed for length of stay reduction, which
decreased from some weeks to a few days in patients under-
going THA (2-4). When considering patients in acute phase
after THA, the achievement of clinical stability and functional
outcomes represents a milestone to establish the readiness
for hospital discharge (3). In fact, functional independence
during the execution of basic daily activities and satisfactory
levels of walking performance and mobility are required to
ensure a safe discharge in these patients (3,5,6).

The 10-Meter Walk Test (10MWT) and Timed Up and
Go (TUG) are valid measurement tools for walking perfor-
mance and mobility assessment in patients after lower limb
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orthopedic surgery (7,8). The 10MWT consists of asking
patients to walk along a 10-m walkway at self-paced and max-
imum speed to detect spontaneous and maximum walking
speed by timing the performance (7). During TUG, patients
are asked to rise from an armchair, walk at a comfortable
pace for 3 m, turn and walk back to the chair and sit down
again. The performance is timed to detect the test duration,
which is an index of functional mobility (8). However, when
considering 10MWT and TUG in patients with THA, the reli-
ability of these tests has only been described in patients with
end-stage hip osteoarthritis and in the subacute phase after
THA and in a sample of patients suffering from heteroge-
neous musculoskeletal conditions affecting the lower limb
(8-12). In addition, the assessment of walking performance
and mobility in patients discharged after THA is usually car-
ried out in a hospital setting (e.g., rehabilitative gyms or ward
hallways), which represent an indoor, familiar and supervised
setting in which patients have performed a rehabilitative
program during postoperative days. However, hospital dis-
charge often induces patients to perform outdoor activities
in unfamiliar environments, where the ability to adapt to
unexpected perturbations during gait and other functional
tasks is required (13). In this context, studies have described
motor performance changes between unfamiliar outdoor
environment and familiar indoor setting in older adults and
patients with gait disorders (14,15). Therefore, it is reason-
able to speculate that the execution of motor performance
tests such as 10MWT and TUG in indoor and outdoor settings
may be more representative of the locomotor performance
and mobility in patients discharged in acute phase after THA.

To date, no studies have investigated the reliability of
indoor and outdoor 10MWT and TUG in patients discharged
in acute phase after THA. Moreover, walking performance
and mobility in an indoor vs. outdoor environment have
never been compared in these patients. The first study’s aim
was to assess test-retest reliability of 10MWT and TUG in
indoor and outdoor environments in patients in acute phase
after THA. The second study’s aim was to compare indoor vs.
outdoor performance during these tests in patients in acute
phase after THA. We hypothesized that indoor and outdoor
10MWT and TUG would result in good to excellent test-retest
reliability in patients in the acute phase after THA. Moreover,
we expected better 100MWT and TUG scores when these tests
were performed indoors compared to outdoors.

Methods
Participants

Thirty-five inpatients with unilateral THA were enrolled
on the second postoperative day. Inclusion criteria were age
between 40 and 80 years, primary unilateral THA for osteoar-
thritis (Kellgren-Lawrence grade of at least 3) and readiness
for discharge (16). Patients with a Kellgren-Lawrence grade
of at least 3 were included in order to select participants
who underwent THA for advanced stage of hip osteoarthri-
tis including narrowing of joint space and bone sclerosis.
Discharge criteria included the ability to stand up from a
standard chair, walk at least 100 m, and perform stairs with
crutches. In addition, dry wound, hemoglobin levels higher
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than 8 g/dL, perceived pain at rest and during walking lower
than 4 points on a Visual Analogue Scale (VAS 0-10), and
absence of dizziness or nausea were required. Exclusion
criteria were revision surgery, perioperative complications,
diagnosis of cognitive impairment or psychiatric disorders,
and concurrent neurological or musculoskeletal conditions
able to influence postoperative functional recovery. All par-
ticipants were operated under spinal anesthesia by three
orthopedic surgeons of the same unit adopting a standard-
ized posterolateral approach with femur-first technique and
uncemented implant fixation (17). All patients followed a
postoperative in-hospital rehabilitation program under the
supervision of a physiotherapist. The rehabilitative protocol
consisted of two 30-minute daily sessions including manual
therapy techniques to improve hip range of motion, resis-
tance training to enhance strength of lower limb muscles,
and task-oriented exercises performed in standing posture
for increasing postural stability. In addition, patients were
trained on the execution of functional daily tasks, such as get-
ting out of bed, sitting on a chair, walking as tolerated, and
stairs performance with crutches (18). The study was carried
out at the Physiotherapy Unit of the Humanitas Clinical and
Research Center of Milan, Italy. All participants signed a writ-
ten informed consent as per the Declaration of Helsinki and
the ethical committee of our institute approved the study
protocol (number: CLF23/04).

Assessment

An experienced physiotherapist enrolled participants on
the afternoon of the second postoperative day. Immediately
after the enrollment, participants performed the 10MWT at
self-paced and maximum speed and TUG in a familiar indoor
(rehabilitation gym) and unfamiliar outdoor (straight side-
walk composed of flat tiles in the hospital garden) settings in
a randomized order. The indoor and outdoor sessions were
interspaced by a 5-minute resting period and the modified
Borg scale was used to monitor the participants’ fatigue (19).
Specifically, participants had to report a fatigue level equal to
0 before each session. Moreover, a wheelchair was used to
transfer participants from indoor to outdoor environments
in order to avoid fatigue onset. During 10MWT, participants
were asked to walk with crutches for 14 m at self-paced speed
and as quickly as possible. The initial and final 2 m were used
for acceleration and deceleration and the performance was
timed using a stopwatch to detect spontaneous and maxi-
mum gait speed. Two trials were performed for self-paced
and maximum speed conditions, and the mean score was
used for data analysis (10). After 10MWT, participants were
asked to perform the TUG. In particular, they were asked to
rise from an armchair, walk at a comfortable speed for 3 m
without crutches, turn and walk back to the chair in order to
sit down again. After a familiarization trial, two trials were
performed. The performance was timed with a stopwatch to
detect test duration, and the best trial was used for data anal-
ysis (20). The test execution complied with the most recent
guidelines on the use of restrictions and assistive devices
in patients in acute phase after THA, which recommended
the lack of hip movement restrictions in these patients (21).
After 1 hour, the indoor and outdoor sessions were repeated
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FIGURE 1 - Representation of study design. 10MWT = 10-Meter Walk Test; TUG = Timed Up and Go.

in the same sequence adopted during the first session and
under the supervision of the same operator to evaluate the
test-retest reliability of 10MWT and TUG in indoor and out-
door settings (Fig. 1).

Perceived pain was assessed by an experienced phys-
iotherapist at the end of each indoor and outdoor session
using the Numeric Pain Rating Scale (NPRS), which consists of
an 11-point numerical scale with a score ranging from 0 (no
pain) to 10 points (maximum pain). Finally, hip function and
impact of hip-related signs and symptoms on daily activities
were assessed to further characterize study participants. Hip
function was assessed through the Harris Hip Score (HHS),
which consists of a 10-item questionnaire ranging from 0
(high dysfunction) to 100 (no dysfunction) and exploring
pain, hip function, daily activities, hip deformities, and range
of motion. The Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) consists of a 24-item self-ad-
ministered questionnaire used to assess the impact of hip
pain, stiffness, and function on the performance of daily
activities.

Data analysis

Sample size was calculated a priori using the methodol-
ogy proposed by Walter and coworkers (22). Considering two
repetitions per subject, alpha error of 0.05, power (1-beta)
of 80%, and a minimum acceptable Intraclass Correlation
Coefficient (ICC) score of 0.5, 35 participants were required
to determine an ICC score of 0.8.

All measurements were checked for normality using
the Shapiro-Wilk test, and being normally distributed, were
expressed as mean and standard deviation. The ICC 2.1 with
a 95% confidence interval (Cl,,) was adopted to assess the rel-
ative reliability and interpreted as excellent (0.9 or greater),
good (between 0.75 and 0.9), moderate (between 0.5 and
0.75), and poor (0.5 or lower) (23). In addition, the Standard
Error of Measurement (SEM) was adopted to investigate the
absolute reliability. It was computed as SEM = SD V1-ICC,
where SD represents the standard deviation of the mean of
all trials, and expressed in the same measurement unit of the
test score (m/s for 10MWT and seconds for TUG) and as a

percentage of the mean. Moreover, the minimal detectable
change with 95% confidence (MDC,,) computed asMDC=1.96
SEM V2 was adopted to obtain a measure of the change in
terms of 10MWT and TUG scores that may be considered as
a true change beyond the measurement errors.

Finally, paired t-test was used to compare 10MWT and
TUG scores in an indoor vs. outdoor setting. Effect size was
also quantified using Cohen’s d with 95% Cl and interpreted
as small (0.2), medium (0.5), or large (0.8 or greater) (24).
Data were analyzed using SPSS 28.0 for Windows and the
level of significance was set at alpha = 0.05.

Results

All participants completed the evaluation sessions cor-
rectly; no dropouts occurred and none of the participants
required a longer resting period between indoor and outdoor
sessions. Participants had a mean age of 58.5 years (SD: 6.9
years, range: 46-80 years), a mean height of 1.71 m (SD: 0.01
m, range 1.56-1.83 m), a mean weight of 80.6 kg (SD: 16.9
kg, range: 48-102 kg), and a mean body mass index of 26.7
kg/m? (SD: 4.1 kg/m?, range: 18.8-33.2 kg/m?). Twenty-two
men and 13 women who underwent 22 right-sided and 17
left-sided THA were included. Twenty-four patients had pre-
operative Kellgren-Lawrence grade 3, while nine patients had
preoperative Kellgren-Lawrence grade 4. Finally, participants
reported a mean WOMAC score of 51.1 points (SD: 21.1
points) and a mean HHS score of 58.5 points (SD: 10.7 points).

Reliability

Excellent test-retest reliability was found for 10MWT per-
formed indoors (ICC: 0.94, p < 0.001, and MDC,: 0.13 m/s)
and outdoors (ICC 0.91, p < 0.001, and MDC,: 0.16 m/s) at
maximum speed, while good test-retest reliability was found
for 1I0MWT performed indoors (ICC: 0.86, p < 0.001, and
MDC,.: 0.16 m/s) and outdoors (ICC: 0.89, p < 0.001, and
MDC,.: 0.16 m/s) at spontaneous speed. Finally, excellent
test-retest reliability was found for TUG performed indoors
(ICC: 0.92, p < 0.001, and MDC_: 2.5 s) and outdoors (ICC:
0.93, p<0.001, and MDC,: 2.4 s) (Tab. 1).
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TABLE 1 - Test-retest reliability of 10MWT at self-paced and maximum speed and TUG performed in indoor and outdoor settings

Variables Test Retest ICC [C1 95%)] p-Value SEM SEM%
Indoor setting
10MWT — self-paced speed (m/s) 0.83+0.17 0.92£0.15 0.86[0.13; 0.96] <0.001 0.06 6.80
10MWT — maximum speed (m/s) 1.10+£0.20 1.16 £0.20 0.94 [0.64; 0.98] <0.001 0.05 4.34
TUG (s) 14631 13.5+3.1 0.92 [0.62; 0.97] <0.001 0.89 6.33
Outdoor setting
10MWT — self-paced speed (m/s) 0.88 £0.17 0.97+0.17 0.89[0.17; 0.97] <0.001 0.06 6.06
10MWT — maximum speed (m/s) 1.12+0.20 1.18+0.19 0.91[0.72; 0.96] <0.001 0.06 5.22
TUG (s) 147 +3.4 13.9+3.1 0.93[0.84; 0.97] <0.001 0.87 6.05

10MWT = 10-Meter Walk Test; Cl = confidence interval; ICC = intraclass correlation coefficient; SEM = standard error of the measurement; TUG = Timed Up and Go.

TABLE 2 - Indoor versus outdoor performance during 10MWT at self-paced and maximum speed and TUG

Variables Indoors Outdoors MD [CI 95%] p-Value Cohen’s d
10MWT — self-paced speed (m/s) 0.88+0.16 0.93+0.17 -0.05 [-0.07; -0.03] <0.001 0.51
10MWT — maximum speed (m/s) 1.13+£0.20 1.15+0.20 -0.02 [-0.05; -0.01] 0.042 0.25
TUG (s) 14.0+3.1 14.3+£3.3 -0.3[-0.59; 0.08] 0.138 -

10MWT = 10-Meter Walk Test; CI = confidence interval; MD = mean difference; SEM = standard error of the measurement; TUG = Timed Up and Go.

Indoor vs. outdoor performance

Participants showed higher gait speed during 10MWT at
spontaneous (MD: 0.05 m/s, IC,.: 0.03, 0.07 m/s, p < 0.001)
and maximum speed (MD: 0.02 m/s, IC,;: 0.01, 0.04,
p < 0.001) performed outdoor compared to indoor setting.
The effect size was medium for IOMWT at spontaneous speed
(d=0.51, IC,: 0.76, 0.26) and small for 10MWT at maximum
speed (d = 0.25, IC.: 0.01, 0.49). No significant differences
were found for TUG performed in indoor or outdoor settings.
Finally, no significant differences were found in terms of VAS
at the end of the indoor and outdoor sessions (indoor assess-
ment: 1.9 + 1.2 points, outdoor assessment: 2.3 + 1.0 points,
p = 0.450) (Tab. 2).

Discussion

The main finding was that excellent to good reliability was
found for 1I0MWT and TUG performed in indoor and out-
door settings in patients in acute phase after THA. Moreover,
higher gait speed was found during 10MWT at self-paced and
maximum speed, when this test was performed outdoors
compared to indoors.

Literature data have described gait speed during
10MWT as an indicator of functional status in patients
after lower limb orthopedic surgery including THA (10,25).
When considering available literature, a single study of
Unver and coworkers investigated the test-retest reliabil-
ity of the 1I0MWT in patients with THA (10). The current
study findings agree with the results of Unver and cowork-
ers, which demonstrated excellent test-retest reliability
(ICC: 0.96) for IOMWT at maximum speed in patients in
the first week after THA (10). However, mean gait speed

© 2024 The Authors. Published by AboutScience - www.aboutscience.eu

of patients included in the study of Unver and coworkers
was substantially lower than mean gait speed observed
in the current study participants (0.22 vs. 1.13 m/s), sug-
gesting differences in terms of patients’ characteristics and
functional abilities (10). Despite the lack of information, it
is reasonable to speculate that hospital discharge criteria
were not satisfied in patients enrolled in the study of Unver
and coworkers compared to our study participants. In addi-
tion, our findings demonstrated good test-retest reliability
for 10MWT performed at self-paced speed.

The current study also revealed excellent test-retest reli-
ability for TUG performed indoors and outdoors in patients
discharged in acute phase after THA. Our findings revealed
ICC values higher than 0.90 both indoors and outdoors and
suggested that only changes greater than 2.5 s (MDC,,) in
terms of TUG score may be interpreted as true changes.
When considering existing literature data, studies have inves-
tigated the test-retest reliability of TUG performed indoors,
showing ICC values ranging from 0.83 to 0.98 in patients
after THA (11,20,26). In particular, the clinical features of our
study population are similar to the characteristics of patients
included in the study of Kirschner and coworkers, which
found an ICC value of 0.98 for TUG in patients with THA (26).
However, participants included in the aforementioned study
had greater body mass index than our study participants
and revealed a mean TUG score of approximately 20 s (26).
Moreover, Yuksel and coworkers described TUG test-retest
reliability of 0.96 and 0.59 in terms of ICC and SEM values in
patients at 6 months after THA (20). However, it is reasonable
to speculate that patients enrolled by Yuksel and coworkers
were extracted from a different population than participants
of our study. In fact, Lieberman and co-workers reported that
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patients usually achieve a complete restoration of functional
abilities at 6 months after THA (27). Furthermore, Doll and
coworkers reported an ICC value of 0.83 for TUG in patients
at 2 weeks after THA. Lower test-retest reliability in the
aforementioned study may depend on the use of different
walking aids among participants during TUG, such as one or
two crutches or a walker (11). In fact, the use of walking aids
might have increased the intrasubject variability between
test and retest trials, affecting TUG reliability.

This was the first study that compared indoor versus
outdoor performance in patients in acute phase after THA.
Conversely to our hypothesis, patients with THA revealed
higher spontaneous and maximum gait speed outdoors com-
pared to indoors. This finding was consistent with the results
of Schmitt and coworkers, which have described higher gait
speed in young and elderly subjects in an outdoor compared
to indoor setting, as a result of increased stimuli and multi-
sensory feedback provided by the outdoor environment (15).
However, it is worth also highlighting that the magnitude of
changes in our study were 0.05 and 0.02 m/s for spontaneous
and maximum speed, respectively. These values were lower
than the MDC,, values described for indoor and outdoor
10MWT in patients in acute phase after THA, suggesting that
observed changes may depend on the variability of the test
score described in the study population (28). Conversely to
Schmitt and coworkers, previous studies have reported no
differences between indoor and outdoor performance in
older adults and patients with gait disorders for neurological
conditions, in agreement with the lack of environment influ-
ence on gait abilities and mobility in patients in acute phase
after THA (13,29). The results of our study may depend on the
fact that the central nervous system tends to redistribute the
resources to adequately accomplish the task, when the per-
formance is not maximal (30). In fact, self-paced 10MWT and
TUG require submaximal levels of performance and 10MWT
at maximum speed was performed using crutches, which
might have contributed to limit the task maximality. The lack
of task maximality might have hindered potential motor per-
formance changes between indoor and outdoor settings. In
addition, the adoption of compensatory mechanisms (e.g.,
higher reliance on visual inputs) might have played a role in
ensuring similar levels of performance between indoor and
outdoor settings (13).

The assessment of test-retest reliability of 10MWT and
TUG and comparison between indoor and outdoor perfor-
mance during these tests were carried out in patients in
the acute phase after THA. Consistently with time following
surgery, patients revealed poor hip function and the presence
of hip-related signs and symptoms, as demonstrated by HHS
lower than 70 points and WOMAC score of 51.1 points (31,32).
In fact, these scores are similar to those reported by previous
studies in patients in acute phase after THA (3,31,32).

Some limitations need to be underlined in the current
study. First, our findings were extracted from patients in
the acute phase after THA showing specific features. In fact,
patients had no weight-bearing restrictions on the affected
limb and achieved readiness for discharge within the second
postoperative day. These factors limit the external validity of
our findings and caution is needed to generalize the current

results to a broader population undergoing THA. Second,
outdoor assessment was carried out using a sidewalk in the
hospital garden without ground irregularities or distract-
ing elements, which may be only partially representative of
the outdoor setting in which patients usually perform the
activities of daily living. Third, mean age of participants was
58.5 years and the age range adopted in the inclusion criteria
was slightly different from the age range of the majority of sub-
jects undergoing primary THA in our country (16). Therefore,
caution is needed to generalize the current study findings to
a broader population of patients with THA. Finally, no instru-
mental assessment was carried out. In fact, the investigation
of the reliability of spatial temporal parameter during 1I0MWT
and TUG might have revealed potential differences between
indoor and outdoor performance in acute phase after THA.

Conclusions

Indoor and outdoor 10MWT and TUG were reliable tests
to assess walking performance and mobility in patients in
acute phase after THA. Moreover, higher gait speed was
found during 10MWT at self-paced and maximum speed
outdoors compared to indoors, but the relevance of these
changes remains questionable.
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