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ABSTRACT

BACKGROUND: Technological advances and digital solutions have been proposed to overcome barriers to sustainable rehabilitation programs
in patients with musculoskeletal disorders. However, to date, standardized telemonitoring systems able to precisely assess physical performance
and functioning are still lacking.

AIM: To validate a new mobile telemonitoring system, named System for Tracking and Evaluating Performance (Step-App®), to evaluate physi-
cal performance in patients undergone knee and hip total arthroplasty.

DESIGN: Prospective cohort study.

METHODS: A consecutive series of older adults with knee and hip total arthroplasty participated in a comprehensive rehabilitation program.
The Step-App®, a mobile telemonitoring system, was used to remotely monitor the effects of rehabilitation, and the outcomes were assessed
before (T0) and after the rehabilitation treatment (T1). The primary outcomes were the 6-Minute Walk Test (6MWT), the 10-Meter Walk Test
(10MWT), and the 30-Second Sit-To-Stand Test (30SST).

RESULTS: Out of 42 patients assessed, 25 older patients were included in the present study. The correlation analysis between the Step-App®
measurements and the traditional in-person assessments demonstrated a strong positive correlation for the 6SMWT (TO: r2=0.9981, P<0.0001; T1:
12=0.9981, P<0.0001), I0OMWT (TO0: 12=0.9423, P<0.0001; T1: r2=0.8634, P<0.0001), and 30SST (T0: r2=1, P<0.0001; T1: r2=1, P<0.0001). The
agreement analysis, using Bland-Altman plots, showed a good agreement between the Step-App® measurements and the in-person assessments.
CONCLUSIONS: Therefore, we might conclude that Step-App® could be considered as a validated mobile telemonitoring system for remote
assessment that might have a role in telemonitoring personalized rehabilitation programs for knee and hip replacement patients.

CLINICAL REHABILITATION IMPACT: Our findings might guide clinicians in remote monitoring of physical performance in patients with
musculoskeletal conditions, providing new insight into tailored telerehabilitation programs.

(Cite this article as: Lippi L, Desimoni F, Canonico M, Massocco G, Turco A, Polverelli M, et al. System for Tracking and Evaluating Performance
(Step-App®): validation and clinical application of a mobile telemonitoring system in patients with knee and hip total arthroplasty. A prospective
cohort study. Eur J Phys Rehabil Med 2024;60:349-60. DOI: 10.23736/S1973-9087.24.08128-0)
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In the recent years, growing attention has been rising
on the effective and sustainable management of aging
and age-related disorders.!-# Joint replacement surgeries,
such as hip and knee arthroplasties, are currently consid-
ered highly effective medical interventions for improv-
ing physical function, reducing pain, and enhancing the
overall quality of life in individuals with degenerative
joint diseases.> ¢ While the surgical procedures have
consistently improved, the success of joint replacement
is strictly linked to the effectiveness of post-operative
rehabilitation.”. 8 Beyond its clinical importance, some
economic considerations have been highlighted in the
recent years and home-based rehabilitation programs
have been recently proposed to improve functional re-
covery and increase cost-effectiveness.% 10 Interestingly,
the recent NICE guidelines underlined promising effects
of home-based rehabilitation programs with intriguing
implications for a sustainable and cost-effective thera-
peutic intervention.!! However, patients following hip
and knee replacement might frequently be characterized
by muscle weakness, reduced endurance, and impaired
independence in activities of daily living. As a result, a
patient-centered rehabilitation plan plays a pivotal role
and it should be tailored to patients’ characteristics in ac-
cordance with the most recent guidelines for rehabilita-
tion management of patients with knee and hip total ar-
throplasty.8. 11. 12

Thus, a standardized assessment of physical functioning
and physical performance represents a crucial need also
in home-based rehabilitation programs to both personalize
the therapeutic intervention and monitoring benefits of the
comprehensive rehabilitation program.!3

In this context, technological advances and digital solu-
tions might be considered sustainable tools for improving
the remote assessment of elderly patients, overcoming bar-
riers to in-person management and providing alternatives
to inpatients and outpatient supervised rehabilitation.14-17

Despite these considerations, integrating validated tech-
nological devices in the remote assessment of older adults
with musculoskeletal disorders is still a challenge. In more
detail, the recent systematic review by lovanel et al.!8 as-
sessed the role of wearable technology in patients under-
going total joint replacement, suggesting that wearable
technology might have promising implications in the re-
mote measure of patient’s functional outcomes. However,
the authors underlined that studies in literature are now
focusing on accelerometer and gyroscope devices, while
no study used wearable devices to perform specific physi-
cal functioning rehabilitation tests.
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Interestingly, the recent systematic review by Pires et
al.9 assessed the role of technological devices in evalu-
ating the 6-Minutes Walking Test (6MWT), a physical
functioning test routinely used for assessing physical
functioning. The authors reported that inertial and mag-
netic sensors were the more studied technological tools
for telemonitoring 6MWT outcomes, with most of the
studies focusing on patients with multiple sclerosis and
pulmonary diseases. However, no previous study assessed
the effect of a mobile application on patients” musculo-
skeletal diseases.

Altogether, this evidence underlines that there is still a
lack of technology to perform different functional tests,
and expensive sensors are frequently needed to perform
a remote assessment. In addition, technological tools cur-
rently available require technical expertise, are not por-
table, and data provided are time-consuming to analyze
since that requires specialized personnel. Furthermore,
technological solutions performing different physical
functioning tests currently used in the rehabilitation man-
agement of patients with total knee or hip arthroplasty are
still lacking.

As a result, telemonitoring systems are usually re-
stricted to research settings, and digital implementation in
clinical settings is currently limited by the several barriers
previously mentioned.

Therefore, aim of the present study was to validate a new
mobile telemonitoring system named System for Tracking
and Evaluating Performance (Step-App®) in patients with
knee and hip total arthroplasty to guide clinicians in the
remote monitoring of patient’s performance and integrate
technological solutions in the precise prescription of tai-
lored rehabilitation programs.

Materials and methods
Study design

This prospective cohort study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines, and the STROBE checklist has
been completed. The clinical trial protocol was realized
in accordance with the Declaration of Helsinki2? and per-
tinent National and International regulatory requirements.
The study was approved by the Institutional Review Board
of the Azienda Ospedaliera Nazionale SS. Antonio e Bi-
agio e Cesare Arrigo, Alessandria, Italy (ASO.RRF.23.01;
protocol number 14570). All the participants carefully
read and signed a written informed consent before the
study began.
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Participants

A consecutive series of patients referred to the Physical
and Rehabilitative Medicine Department of the Azienda
Ospedaliera Nazionale SS. Antonio e Biagio e Cesare Ar-
rigo, Alessandria, Italy were assessed for eligibility from
April 2023 to June 2023. To be eligible, the study par-
ticipants had to meet the following inclusion criteria: 1)
older people (aged more than 60 years), according to the
definition by World Health Organization;2! 2) recent hip
or knee replacement surgery within the past two weeks;
3) ability to walk without assistance; 4) ability to stand up
from a chair without operator assistance; 5) ability to read
and understand the Italian language; 6) read and signed the
informed consent.

Exclusion criteria were: 1) dementia or cognitive im-
pairment assessed with a Mini-Mental State Examination
(MMSE) score <24;22 2) pain at rest assessed with Visual
Analogue Scale (VAS) Score?3 over four points due to the
potential effects of pain on functional assessment; 3) his-
tory of metabolic, cardiovascular, pulmonary, neurologi-
cal or other pathological comorbidities affecting physical
performance; 4) others surgical procedures potentially af-
fecting walking, sitting, or standing within six months; 5)
anemia; 6) premorbid bed-bound.

The eligibility was assessed by a multidisciplinary team
composed of an expert physician specialized in physical
medicine and rehabilitation (PMR) and a physiotherapist
with years of expertise in orthopedic rehabilitation.

Rehabilitation intervention

All the patients enrolled in the study received a standard
rehabilitation treatment during their admission to the Re-
habilitation Unit of the Azienda Ospedaliera SS. Antonio
e Biagio e Cesare Arrigo, Alessandria, Italy. The standard
rehabilitation treatment was similar to previous stud-
ies24 25 and in accordance with the current guidelines.26-28
In particular, the standard rehabilitation intervention was
composed by:

 counseling and educational therapy: the enrolled pa-
tients performed multidisciplinary educational sessions
performed by different healthcare operators (physiatrist,
physiotherapist, and occupational therapist). The patients
were trained to self-treatment during the day with specif-
ic exercises, daily strategies optimizing functional recov-
ery and reducing the risk of complications, precautions,
and activity to avoid (i.e., activity at risk of dislocating
the hip).

 physical rehabilitation therapy: the enrolled pa-
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tients performed physical rehabilitation and occupational
therapy sessions for five hours a day (three hours in the
morning and two hours in the afternoon) for six days a
week for four weeks. Physical therapy was composed
not only of active mobilization, aerobic, and resistance
training, but also of passive mobilization techniques,
stretching exercises, and occupational therapy with a re-
duced impact on patients’ fitness. Aerobic training was
performed with different exercise interventions targeting
an exercise intensity between 60% and 85% of maximal
heart rate, based on patients® personal tolerance. Resis-
tance exercise training was based on weight-free exer-
cises, TheraBand exercises, proprioceptive training, bal-
ance training, and core strengthening. Resistance train-
ing sessions were performed targeting 60-75% estimated
one-repetition maximum (1RM). Occupational therapy
sessions were mainly based on task-specific functional
recovery based on transfer training, gait training, and
activities of daily living (i.e., dressing and bathing ac-
tivities). Exercise protocols were tailored to patients’
characteristics and were performed aiming at achieving
pain-free rehabilitation. The exercise protocol was adapt-
ed daily based on the patients’ individual progressions.
Each rehabilitation session was administered and super-
vised by the same physiotherapist with years of exper-
tise in musculoskeletal rehabilitation. Adherence to the
rehabilitation program was monitored by registering the
access to the rehabilitation gym.

Step-App® mobile system

The Step-App® mobile application has been appositely
realized for this study by the Department of Science and
Technological Innovation (DISIT), University of Eastern
Piedmont Amedeo Avogadro, Italy. An Android smart-
phone (Xiaomi Redmi Note 11 4/GY) with an Android
11 operating system was used to run the application.
The accelerometer and gyroscope sensors of the smart-
phone were used to monitor patient movements, while
the smartphone camera was used to identify markers
needed for the 10-Meter Walking Test (10MWT). The
device speakers were used to provide real-time feedback
about the completed repetitions or the end of the tests
performed. All tests can be started by a voice command
detected by the smartphone microphone or by pressing
the “Start” button on the user interface. The application
was realized in both Italian and English interface. Due
to language issues, all the study participants were as-
sessed with the Italian Version of the Step-App® appli-
cations.
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Outcomes

All the outcome measures were assessed at baseline (T0)
and after 4 weeks of the comprehensive rehabilitation pro-
gram (T1).

At TO a physician specialized in Physical and Rehabili-
tation Medicine assessed sociodemographic, anthropomet-
ric, and clinical characteristics of the study population.

The primary outcomes of this study were:

* 6MWT: the 6MWT was performed following the
American Thoracic Society guidelines.2® More in detail,
the patient was asked to walk the longest possible distance
alongside a 30-meter-long course marked by two cones
for 6 minutes. Two different tests were performed on the
same day with at least 30 minutes of rest between each
other. The longest distance covered (measured in meters)
was used for the analysis. In addition, the rate of perceived
exertion (assessed by the Modified Borg Scale) and the
peripheral capillary oxygen saturation (SpO,) were mea-
sured.30

* 6OMWT with the Step-App® mobile system (6MWT-
APP): the patient wore the device by a support belt posi-
tioned on the patient‘s thigh, in a lateral position (Figure
1A). To individualize the application parameters for each
patient, a calibration session involving a minimum of 30

TRERT =

01:48

Rotations: 2
Steps: 90

HR: 76 02:94

Distance: 30m
Time: 6:00

C

Figure 1. —6MWT with the Step-App® mobile system; A) the patient
wore the device by a support belt positioned on the patient‘s thigh, in
a lateral position; B) a bracelet is positioned on the wrist of the patient
and connected to the smartphone to detect oxygen saturation and heart
rate during the test; C. The application recorded the number of rotations
around the two cones used to mark the 30 meters distance.
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walking steps was necessary. A single calibration session
was needed since the calibration parameters were stored
on the device for each patient. After the initial calibra-
tion, a bracelet is connected to the smartphone to detect
oxygen saturation and heart rate during the test (Figure
1B). Subsequently, the test can be started by pressing the
“Start” button or by issuing a voice command which plays
an acoustic feedback when detected. The 6MWT-APP has
been performed as previously described for the assessment
without the mobile application. The application automati-
cally registered the number of rotations around the two
cones used to mark the 30 meters distance used for the test
(Figure 1C). Lastly, an acoustic feedback indicated that 6
minutes have elapsed. The application digitally calculated
total meters, steps, HR, and SpO2 before, during, and after
the test (Figure 1C).

* IOMWT: the patient was asked to walk a 10-meter
straight line. The first two meters and the last two meters
were marked with lines. The duration of the patient‘s walk
from the initial line to the subsequent line was recorded.
Walking speed (m/s) was calculated by the rate between
the walked space divided by the time taken to travel it. The
test was performed four times, two times at a comfortable
speed (Slow 10MWT) and two times at the fastest possible
speed (Fast IOMWT). Averages for the two types of speed
were calculated.3!

* 10MWT with the Step-App® mobile system (10MWT-
APP): two colored markers were placed on a 10-meter
straight line to mark the first two meters and the last two
meters (Figure 2A). These markers allowed the mobile ap-
plication the precise identification of distance by the cam-
era. A support belt was placed on the patient‘s lateral thigh
to frame the wall (Figure 2B).

e The 10MWT-APP can be started by pressing the
“Start” button or by a voice command. The test was per-
formed as previously described without the mobile appli-
cation. At the end of the test, the “End” button was pressed
and the application calculated the walking speed during
the IOMWT-APP. In accordance with the 10MWT, the
10MWT-APP was performed four times.

* 30SST: the 30SST was performed using a chair with
a seat height of 43.2cm from the floor. The chair was po-
sitioned against a wall in order to prevent movements dur-
ing the test. The patient was asked to get up repeatedly
from the chair to reach a standing position and return to
the previous seated position. Particular attention has been
paid to joint dislocation prevention in patients with total
hip replacement. In particular, hip flexion beyond 90° was
avoided in accordance with the current guidelines.2¢ Cush-
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Figure 2.—10MWT with the Step-App® mobile system. A) Two color
markers were placed on a 10-meter straight line to mark the first two
meters and the last two meters; B) the support belt was placed on the
patients lateral thigh to frame the wall.

20 5
YA e )

ions were used to adjust the seat height as needed. The pa-
tients had to complete as many repetitions as possible. The
test lasted 30 seconds and the score was given as the total
number of full stands (body erect and straight) performed
by the patient.32

e 30SST with the Step-App® mobile system (30STS-
APP): the device was placed on the front of the patient’s
thigh (Figure 3A). The 30STS-APP was started by press-
ing the “Start” button or by voice command. During the
30 seconds of the test, the repetitions were performed as
previously described for the 30STS. An acoustic feedback
notified the patient on each completed repetition (Figure
3B). At the end of the 30 seconds, the application indi-
cated the end of the test and the patient stopped. Lastly,
the number of repetitions was shown on the mobile screen
(Figure 3C).
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00:14
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Figure 3.—30SST with the Step-App® mobile system. A) The device
was placed on the front of the patient‘s thigh; B) during the test the
application records the repetitions completed by the patient; C) at the
end of the test, the number of repetitions is shown on the mobile screen.

All the functional tests were performed simultaneously
by an expert physiotherapist with years of expertise in the
functional assessment of patients with musculoskeletal
conditions and by the smartphone application Step-App®
described before.

The secondary outcomes were:

* Pain intensity was assessed by the Numerical Pain
Rating Scale (NPRS), a unidimensional scale from 0 to
10, corresponding to “no pain” and “worst pain imagin-
able”, respectively.33

* Physical function was assessed by the Low Extremity
Functional Scale (LEFS): this scale consists of 20 items,
each of which can have a value from 0 to 4, respectively
corresponding to “Extreme Difficulty” or “Unable to Per-
form Activity” and “No Difficulty”. The total maximum
possible score of 80 indicates a higher functional level.34
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* Physical performance was assessed by the Short
Physical Performance Battery (SPPB):35 this scale as-
sessed physical performance by three tests: standing static
balance in three different positions (feet together, semi-
tandem, and tandem) for ten seconds, time to get up and
sit down from a chair five times, and time to travel four
meters.35 Each test is scored from zero to four, correspond-
ing to “inability to perform the task and “best test perfor-
mance,” respectively. The SPPB total maximum score of
12 points corresponds to a good physical performance.35

* Independence in activity of daily living was assessed
by the Barthel Index.3¢ This index is composed of ten items
regarding the activity of daily living. The value assigned
to each item is based on the amount of physical assistance
and supervision required to perform the activity. Scores
assigned to the items are multiples of five: for two items
zero or five points, for six items zero, five or ten, and for
two items zero, five, ten or 15; zero indicates the inability
to perform the activity and the need of total assistance and
supervision. The total maximum score of 100 points indi-
cates that the patient has an excellent independence in the
activity of daily living.3¢

Lastly, the safety was recorded by the registration of
adverse events, and Global Perceived Effect (GPE) Scale
was used to characterize patient‘s satisfaction regarding
this treatment.37 All the outcome measures were assessed
in the morning before daily rehabilitation sessions in or-
der to reduce the potential implications of fatigue. Out-
come scales were performed before physical tests and the
primary outcomes were assessed in the following order:
Slow 10MWT, Fast 1I0MWT, 6MWT, and 30SST simul-
taneously by an expert physiotherapist and the Step-App®
mobile application.

Statistical analysis

Sample size calculation has been performed considering
primary outcome measures and correlation analysis. In ac-
cordance with the recommendation by Hobart e al.,38 a
minimum of 20 patients is necessary to assess reliability
tests (i.e. internal consistency, correlation, or test-retest)
in observational studies. GraphPad Prism 9.5.1 (Graph-
Pad Software, Inc., San Diego, CA, USA) was used for
statistical analysis. Means+standard deviations were used
for continuous variables, while categorical variables were
represented as numbers and ratios. Due to the small sam-
ple, a non-Gaussian distribution of data was assumed. The
Shapiro-Wilk statistic was used to confirm the non-Gauss-
ian distribution. Intragroup differences have been assessed
with Wilcoxon’s signed rank test. Spearman‘s correlation
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coefficient ® with 95% confidence intervals (CI) was used
to assess the correlation between data assessed by the op-
erator and the Step-App® device. Correlation was con-
sidered as poor (r<0.5), moderate (r ranging between 0.5
t0<0.75), good (r ranging between 0.75 to 0.9), or excel-
lent (r>0.90). A Bland-Altman plot was realized to identify
potential systematic bias. A P value lower than 0.05 was
considered statistically significant. Descriptive statistics
were used to summarize the adverse effect of the treat-
ment.

Results
Patient’s characteristics

Out of the 42 patients who were initially assessed for eli-
gibility, 14 were excluded for not meeting the inclusion
criteria (N.=12) or declining participation in the study
(N.=2). As a result, a total of 28 eligible patients were in-
cluded in this study. Lastly, three patients were lost dur-
ing the study protocol due to discontinuation of the inter-
vention (N.=1) or medical issues (N.=2). As a result, 25
patients completed the study protocol and were analyzed
following the study intervention. Figure 4 shows in detail
the study flow chart.

The sample was composed of 13 females (52.0%) and 12
males (48.0%), characterized by a mean age of 69.0£11.5
years and mean BMI of 26.73+4.16 kg/m2 Most of the pa-

Identification | Assessed for eligibility (N.=107) |

Excluded (N.=14)
- Not meeting inclusion criteria (N.=12)
- Declined to participate (N.=2)
- Other reasons (N.=0)

Y

Inclusion | Included (N.=28)

!

Analyzed at TO (N.=28)

- Excluded from analysis for incomplete data (N.=0)

Analysis TO

Y

Lost to follow-up (N.=3)

- Discontinued intervention (N.=1)
- Medical issues (N.=2)
- No reason provided (N.=0)

!

Analyzed at T1 (N.=25)

- Excluded from analysis for incomplete data (N.=0)

Follow-up

Analysis T1

Figure 4—CONSORT 2010 flow diagram.
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TABLE I.—Anamnestic and demographic characteristics of study
population.

Total (N.=25)

Age (years) 69.00+11.5
Sex (female/male) 13/12
Ethnicity (Caucasian) 25 (100)
BMI (kg/m2) 26.73+4.16
MMSE 30.4+2.71
Days from surgery to hospitalization 11.96+4.30
Type of surgery

Total hip replacement 20 (80)

Total knee replacement 5(20)
Diagnosis

Osteoarthrosis 21 (84)

Hip fracture 4(16)
Side

Left 9(36)

Right 16 (64)

Bilateral 0

tients included were surgically treated by total hip arthro-
plasty (20 patients; 80.0%), while 5 patients (20.0%) were
treated with knee arthroplasty. The cause of the surgery

LIPPI

was osteoarthritis (21; 84.0%) or hip fracture (4; 16.0%).
The mean time between the surgical procedure and study
assessment was 11.96+4.30 days. Mean adherence to the
rehabilitation program was 93.0%. Table I shows the anam-
nestic and demographic characteristics of study population.

Primary outcome

An excellent correlation was shown between 6MWT and
6MWT-APP both at TO (r=0.9967; P<0.0001) and at T1
(r=0.9992; P<0.0001). In addition, a strong agreement be-
tween 6OMWT and 6MWT-APP has been also confirmed
by the Bland-Altman plot. Lastly, an excellent correlation
was also shown in terms of distance improvement (T1-T0)
measured after the rehabilitation treatments (r=0.9879;
P<0.0001). Further details are shown in Figure 5.

In accordance, an excellent correlation was found also
between fast I0OMWT and fast I0MWT-APP in both time
points (T0: r=0.9676; P<0.0001; T1: r=0.9172; P<0.0001).
Concurrently, an excellent correlation was also confirmed
in terms of velocity improvements (T1-T0) after the reha-
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Figure 5.—6MWT. A) Correlation between the 6MWT and the 6MWT-
APP at both time points; B) Bland-Altman plot showing the level of
agreement and the consistency of the two measurements at both time
points; C) correlation between the difference of the 6SMWT results after
the rehabilitation treatment registered by the operator and the Step-App®
mobile system; D) Bland-Altman plot showing the level of agreement
and the consistency of the two measurements difference after the reha-
bilitation treatment.
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Figure 6.—Fast IOMWT. A) Correlation between the Fast I0MWT reg-
istered by the operator and the Fast IOMWT-APP at both time points; B)
Bland-Altman plot showing the level of agreement and the consistency
of the two measurements at both time points; C) correlation between the
difference of the Fast IOMWT results after the rehabilitation treatment
registered by the operator and the Step-App® mobile system; D) Bland-
Altman plot showing the level of agreement and the consistency of the
two measurement difference after the rehabilitation treatment.
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bilitation intervention (r=0.9395; P<0.0001). The Bland-
Altman plot confirmed the strong agreement between the
two different methods. See Figure 6 for further details.

Moreover, a strong correlation was observed between
slow 10MWT and slow 10MWT-APP at both timepoints
(TO: r=0.9871; P<0.0001; T1: r=0. 8948; P<0.0001). Fur-
thermore, there was also a significant correlation in terms
of velocity improvements (T1-T0) following the reha-
bilitation intervention (r=0.9546; P<0.0001). The Bland-
Altman plot further demonstrated a robust agreement
between the two distinct measurement methods. Figure 7
shows further details.

Lastly, the analysis revealed a perfect line result be-
tween 30SST and 30SST-APP at TO (r=1; P<0.0001) and
after the rehabilitation intervention (r=1; P<0.0001), in-
dicating a strong and direct correlation between the two
variables. In addition, the improvements in terms of repeti-
tion number between 30SST and 30SST-APP were signifi-
cantly correlated (r=1; P<0.0001), indicating a clear and
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consistent relationship between the variables. The Bland-
Altman plot showed a perfect line result, indicating an
ideal agreement between the two variables (see Figure 8
for further details).

Secondary outcomes

After the rehabilitation intervention, significant improve-
ments were reported in terms of 6MWT (P<0.0001),
I0OMWT (P<0.0001), and 30STS (P<0.0001) were shown
in both operator and Step-App® measures. On the other
hand, no significant differences were reported between
Step-App® mobile system assessment and operator assess-
ment in terms of 6MWT, 10MWT, and 30STS.

Pain intensity assessed by NPRS showed a significant
reduction (P=0.0421). The LEFS scores showed a signifi-
cant improvement in functional ability (P<0.0001), in ac-
cordance with the physical performance assessed by the
SPPB (P<0.0001). Lastly, the Barthel Index scores un-
derlined a significant improvement in functional indepen-
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Figure 7.—Slow 10MWT. A) Correlation between the Slow 10MWT
and the Slow 10MWT-APP at both time points; B) Bland-Altman plot
showing the level of agreement and the consistency of the two mea-
surements at both time points; C) correlation between the difference of
the Slow 10MWT results after the rehabilitation treatment registered by
the operator and the Step-App® mobile system; D) Bland-Altman plot
showing the level of agreement and the consistency of the two measure-
ment difference after the rehabilitation treatment.
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Figure 8.—30SST. A) Correlation between the 30SST test and the
30SST-APP at both time points; B) Bland-Altman plot showing the level
of agreement and the consistency of the two measurements at both time
points; C) correlation between the difference of the 30SST results after
the rehabilitation treatment registered by the operator and the Step-App®
mobile system; D) Bland-Altman plot showing the level of agreement
and the consistency of the two measurement difference after the reha-
bilitation treatment.

April 2024



SYSTEM FOR TRACKING AND EVALUATING PERFORMANCE

LIPPI

TABLE I1.—Clinical outcome measures assessed at the baseline and after the study intervention.

Operator Step-App® mobile system Between-group differences
TO Tl AT(T1-TO) P TO Tl AT(T1-TO) P TO Tl AT(T1-TO)
6MWT Meters 128.0 210.0 80.0 <0.0001 128.4 210.6 78.7 <0.0001  0.9886 0.8475 0.9195
(88.5t0 189.0) (187.510262.0) (51.0to 119.5) (89.3t0 187.6) (182.4t0261.1) (52.1to 119.5)
RPE Borg 6.0 4.0 -1 0.1397 6.0 4.0 -1 0.1397  >0.9999 >0.9999  >0.9999
(4.0 t0 7.0) (3.0t0 6.0) (-2.5t01) (4.0 t0 7.0) (3.0t0 6.0) (-2.5t01)
Sp02 92.0 93.0 2.00 0.5957 92.0 93.0 2.00 0.5957  >0.9999 >0.9999  >0.9999
(89.5t095.0)  (90.5 to 97.0) (-6 t0 4.5) (89.5t095.0)  (90.5 to 97.0) (-6 t0 4.5)
1OMWT Slow 0.37 0.40 0.02 <0.0001 0.43 0.71 0.30 <0.0001  0.4045 0.1022  0.4670
(02410 0.58)  (0.26100.62) (0.0 to 0.04) (0.28t00.67)  (0.64t00.89)  (0.10 to 0.39)
Fast 0.60 0.90 0.35 <0.0001 0.71 1.04 0.42 <0.0001 03042 0.2080  0.3324
(0.39t00.82)  (0.79t0 1.03)  (0.15 to 0.50) (0.41t00.94)  (0.90to 1.19)  (0.16 to 0.56)
SST 6.0 8.0 2 <0.0001 6.0 8.0 2 <0.0001  >0.9999 >0.9999  >0.9999
(5.0t0 7.5) (6.0 to 10.0) (1t03.5) (5.0t0 7.5) (6.0 to 10.0) (1t03.5)
NPRS 2.0 1.0 1.0 0.0421
(1.0 to 3.0) (0.0 to 2.0) (0.0 to 2.0)
LEFS 28.0 46.0 14.0 <0.0001
(250t037.0)  (39.5t050.0)  (9.0t020.0)
SPPB 5.0 7.0 2.0 <0.0001
(4.01050) (6010700  (1.0t02.5)
Barthel Index 80.0 95.0 15.0 <0.0001
(65.0t087.5)  (90.0t095.0) (10.0to 25.0)

Continuous variables are expressed as Median (IQR).

6MWT: 6-minute Walk Test; I0MWT: 10-Meter Walk Test; P: P-value; LEFS: Low Extremity Functional Scale; NPRS: Numerical Pain Rating Scale; SpO,: peripheral
oxygen saturation; SPPB: short physical performance battery; SST: Sit to Stand Test; TO: at hospitalization, before treatment; T1: at discharge, after treatment.

dence after the intervention (P<0.0001). More details are
shown in Table II.

Safety and feasibility

No major adverse events were reported during the study.
The most common adverse events were fatigue during the
tests (N.=5) and pain (N.=6). The GPE score assessed after
the rehabilitation treatment was 6.2 considering patients’
perspectives and 4.0 considering physical therapists’ per-
spectives.

Discussion

The most important finding of the present study was a sig-
nificant correlation between the three tests assessed by the
operators and Step-App®, suggesting that this promising
digital tool might be effectively integrated into the telere-
habilitation monitoring of patients with total hip and knee
arthroplasty. In addition, an excellent agreement between
operator assessment and Step-App® assessment was con-
firmed by the Bland-Altman plot with potential implications
for the interchangeability of the two different methods.
Interestingly, growing efforts have been recently paid
to rehabilitation delivery at home.3% 40 In this scenario, the
recent review by Bécker er al.4! assessed the role of mobile
applications in telerchabilitation of total hip arthroplasty
and total knee arthroplasty, showing promising results in
integrating technological solutions to conventional reha-
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bilitation programs. However, little evidence is currently
available in physical performance tests assessment by
digital solutions.

In line with these considerations, the recent RCT by Li
et al.*? assessed the role of an app-based exercise program
in terms of 1I0MWT and 6MWT. Although the rehabilita-
tion program was successfully compared to usual care, it
is interesting to notice that all functional tests performed
were monitored in person. These findings underline a large
gap of knowledge about wearable technological solutions
assessing the effects of home-based interventions.

On the other hand, it should be noted that previous
studies assessed the role of mobile applications in 6MWT
assessment.43-46 On the other hand, most of these studies
focused on patients with cardiopulmonary diseases#3: 46 or
healthy subjects.44.45 As a result, Step-App® mobile appli-
cation is the first wearable digital tool validated on patients
surgically treated for total hip or knee arthroplasty. More-
over, the Spearman‘s correlation coefficient registered in
our study was the highest registered in current literature.

In accordance, few studies have already validated mo-
bile applications for iOS systems assessing gait speed with
10MWT.47. 48 However, these studies were performed on
healthy subjects4’- 48 and disease-specific data were still
unavailable. In addition, the mobile application already
validated were based on step count and step length esti-
mation,*” with a potential source of systematic bias due
to the step length asymmetry and alterations commonly
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registered during the postsurgical management of patients
with total hip and knee arthroplasty.49. 50

Lastly, STS is a simple test routinely used in rehabilita-
tion clinical practice to assess lower limb muscle strength
and physical performance, and different mobile applica-
tions have been proposed to digitally evaluate this out-
come measure.5!-53 On the other hand, the currently avail-
able applications were not wearable, required different
instruments,>3 or were validated for a single or five repeti-
tions.5! 52 Thus, to our knowledge, this is the first mobile
application for the assessment of the 30STS test.

Altogether, these data suggested that mobile applica-
tions might be effectively integrated into a tailored assess-
ment of patient’s performance. However, to the best of
our knowledge, Step-App® is the first mobile application
allowing to perform different physical test measures and
potentially improving the remote monitoring of patients
with musculoskeletal conditions.

Lastly, the results of this study highlighted a good pa-
tients satisfaction assessed by GPE, underlining that Step-
App® might be effectively integrated in a patient-centered
care of older adults. In this context, several barriers might
affect telehealth implementation in older adults, including
impaired visual and haring performance, access to tech-
nology, and reduced trust with technology.5* The results of
the present study showed promising implications for ac-
tively engage older adults in their rehabilitation interven-
tion, promoting self-management and reducing healthcare
costs.

In addition, our study highlighted a significant correla-
tion between operators’ assessment and Step-App® mobile
system also in terms of improvement after the rehabilita-
tion treatment. These results suggested that Step-App®
might allow the objectification of clinical results and im-
prove evidence about the effectiveness of a comprehensive
rehabilitation approach. Moreover, objective and digital
data might pave the way of integrating machine learning
and artificial intelligence in the precise monitoring of pa-
tients with disability, providing valuable insight for the
digital innovation in rehabilitation settings.>s

Limitations of the study

Despite these promising results, this study is not free from
limitations. More in detail, the cost-effectiveness and the
long-term effects of the rehabilitation program performed
have not been assessed. However, it should be noted that
the aim of the study was to validate the Step-App® mobile
system in a rehabilitation setting. To our knowledge, this
is the first freely available application performing different
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performance analyses in older adults. On the other hand,
this is a monocentric study assessing patients with hip and
knee arthroplasty. Thus, it is not possible to generalize re-
sults to other specific populations. On the other hand, the
promising data suggests potential implementations in dif-
ferent patients characterized by different domains of dis-
ability. Further studies are necessary on this topic to eluci-
date the role of this cutting-edge mobile application in the
telemonitoring of patients with different musculoskeletal
conditions.

Conclusions

Step-App® mobile system showed to be the first digital
tool allowing a precise measurement of different perfor-
mance tests routinely used in rehabilitation. Our findings
might promote the digital implementation in rehabilitation
management of musculoskeletal conditions. We retain that
further studies are needed to characterize the role of digi-
tal data provided by this application that might be imple-
mented with machine learning and artificial intelligence
improving a more detailed assessment of patients with
musculoskeletal conditions.
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