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Accuracy of wrist-worn activity trackers
for measuring steps in patients after major
abdominal surgery: A validation study

Zhi Li*, Weiyan Feng?, Lili Zhou? and Shu Gong®

Abstract

Background: Wearable activity trackers provide a simple and objective measurement of postoperative mobilization. However,
few have validated the accuracy of trackers in patients after major abdominal surgery.

Objective: To examine the accuracy of wrist-worn activity trackers to measure steps of patients in early mobilization after
major abdominal surgery, and to explore the influence of clinical variables and gait parameters on the accuracy of trackers.

Methods: Forty-five patients after major abdominal surgery were recruited to participate in modified six-minute walk tests
wearing three trackers simultaneously, the Fitbit Inspire HR, Xiaomi MI 4, and HONOR 5. The differences in displayed steps
before and after the walking test were considered as the step counts measured by the trackers; the actual steps taken were
determined as the average of the values manually counted by two researchers. The intraclass correlation coefficient, Bland-
Altman method, mean percentage error, and mean absolute percentage error were used to assess the accuracy of trackers
with reference to manual step counts.

Results: The three trackers undercounted postoperative steps by —65.5% to —23.5%. Analysis showed low-to-good agree-
ment between step counts recorded by trackers and actual steps (ICC=0.35-0.75); the mean absolute percentage errors
ranged from 24.5% to 65.7%. For all trackers, mean absolute percentage errors correlated negatively with postoperative
days (r=-0.626 to —0.744), walking speed (r=-0.714 to —0.854), step length (r=-0.466 to —0.615), and cadence
(r=—0.681 to —0.790), while there were positive correlations between mean absolute percentage errors and the number
of abdominal drains (r=0.450-0.514).

Conclusions: The specific activity trackers used in this study might not be reliable tools for measuring steps counts during the
walking test in the early postoperative period for patients undergoing major abdominal surgery.
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Introduction

Despite a significant decrease in major abdominal surgery-
related mortality over the past few decades, the morbidity
continues to remain high. Reports indicate that complica-
tions occur in up to 40%—60% of patients following
major abdominal surgery;'™ notably, the morbidities
mostly involve nonsurgical complications, including those
of pulmonary and cardiac origin.* Early mobilization,
which is one of the important components of enhanced
recovery after surgery (ERAS), may minimize these com-
plications and is perceived to be the key for successful
enhanced recovery.>

Although the central role of early postoperative mobil-
ization is widely known, the quality of measurement and
monitoring is poor, making it one of the most difficult
ERAS interventions to enforce.”® Postoperative mobiliza-
tion assessment methods can be classified into three cat-
egories. The first involves scales focusing on mobilization
levels, such as the Brown rating of mobility,9 Johns
Hopkins Highest Level of Mobility,'® and cumulative
ambulation score,!! among others; however, information
gained by these scales is limited and lacks adequate speci-
ficity for postoperative patients. The second involves meas-
urement of the ability to perform the activity; this includes
the generally known two-minute test or six-minute walk test
(6MWT),]2’]3 which place more emphasis on functional
status, require trained professionals, are relatively more
time-consuming compared to other mobilization assess-
ment methods mentioned above, and can only be performed
intermittently. The third involves quantification of daily
activity, including subjective and objective methods.
Activity diaries that rely on patient reports are one of the
common subjective activity measurement tools'?; they are
easy to use, but may be inaccurate due to recall bias.
Objective methods usually use motion sensors, including
pedometers and accelerometers, to monitor activity.'*'?
Among these tools, wearable activity trackers based on
accelerometers enable the direct, consecutive, and accurate
real-time monitoring of activity'®; they therefore potentially
provide an opportunity to compensate for deficiencies in
postoperative mobilization monitoring methods mentioned
above. Consumer-based trackers are preferred over
research-based activity trackers, because they are consider-
ably cheaper and easier to use on a daily basis.'” In particu-
lar, wrist-worn activity trackers have increasingly gained
popularity and are associated with higher compliance due
to their user-friendliness and the greater comfort
offered.'®"?

The use of commercially available wrist-worn activity
trackers in the postoperative period is therefore increasing.
Various consumer activity trackers, such as Fitbit,zo*22
Vivoﬁt,23’24 Polar Loop,25 Jawbone,26 and MI,27 have
been reported to monitor postoperative step counts.
Studies indicate that trackers providing immediate step

count feedback may increase postoperative mobilization;*
they also show that higher postoperative step counts, as
measured via trackers, reduce the probability of prolonged
length of stay and readmission after major surgery.”'-*?
This makes it possible to evaluate postoperative recovery
trajectories and identify patients at risk of poor clinical out-
comes.>>2* However, there are few validation studies in this
population. Compared to the general population (i.e.
healthy adults, children, older adults, and patients with
chronic diseases), patients who undergo major abdominal
surgery (such as hepatopancreatobiliary surgery) often
have altered gait. For these population, factors including
suboptimal pain management, the presence of multiple
tubes and lines, fatigue caused by prolonged operative dur-
ation and high intraoperative blood loss, and large open
wounds in the abdomen (especially in the early post-
operative period)®® can lead to a slower walking speed,
shorter stride length, or less arm movement; these factors
are likely to affect the step count accuracy of trackers.?’

This study therefore aimed to assess the accuracy of
three wrist-worn activity trackers, namely, the Fitbit
Inspire HR, Xiaomi MI 4, and HONOR 5, in measuring
steps of patients during early mobilization after major
abdominal surgery. We hypothesized that some clinical
variables and gait parameters may affect the step count
accuracy of trackers in this population.

Methods

Design and participants

This cross-sectional study is part of a large research
program aiming to promote early postoperative mobiliza-
tion in pancreatic surgery patients. We recruited patients
who underwent major abdominal surgery at a tertiary teach-
ing hospital in western China, between March 8 and May
28 in 2021. Patients were included if they underwent elect-
ive liver, biliary tract, or pancreatic surgery lasting for more
than 2 hours; were aged 18 or older; having no neurological
or musculoskeletal diseases that could preclude normal
walking; were able to follow commands necessary for par-
ticipating in the study; and provided informed consent.

Instruments

Three activity trackers were used: the Fitbit Inspire HR
(Fitbit Inc., USA), Xiaomi MI Band 4 (Beijing Xiaomi
Technology Co., Ltd, China), and HONOR Band 5
(Honor Device Co., Ltd, China). It should be noted that
the selection of those three trackers was based on the wide-
spread use of Fitbit in the literature, while MI and HONOR
were chosen due to their common presence in the Chinese
market. All three trackers need to be worn on the wrist
and have been reported (by manufacturers) to sense
motion in three dimensions and convert these readings
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into activity information. The trackers measure the steps
taken, distance walked, calories burned, and the heart
rate; the data can be shown on the touch displays and can
be transferred wirelessly by connecting to the correspond-
ing app via Bluetooth.

Procedures

To ensure that the three trackers used in this study had no
inherent errors, such as manufacturing defects, we recruited
a group of healthy individuals for comparison, though not
as a standard control group. Prior to the main experiment,
a preliminary test was conducted on 10 staff members.
They were asked to walk 120 m while wearing three track-
ers and were accompanied by two researchers who separ-
ately counted the steps silently with hand-held counters.
In the main experiment, all patients underwent a modi-
fied 6MWT while simultaneously wearing the trackers.
Each tracker was programmed with the patient’s age,
gender, height, and weight and was then worn randomly
on the nondominant wrist (or on the other wrist if an intra-
venous catheter was present). “Randomly” refers to the
random order in which the three trackers were worn on
the wrist. The modified 6MWT was conducted along an
unobstructed 30-m long predetermined flat route in the cor-
ridor, with visible landmarks placed every 5 m. Unlike the
standard 6MWT, which aims to assess submaximal exercise
capacity by having patients walk as fast and as far as pos-
sible, the modified 6MWT was primarily intended to simu-
late postoperative walking. Patients were encouraged to
walk back and forth within this distance at their normal
walking pace; they were also instructed to stand still for
10 seconds prior to starting and upon completion of the
tests. The number of steps displayed on the trackers was
recorded during this time and the pain was assessed. The
distance walked was also measured using floor markings.
A researcher walked at half a meter behind the patient
during the entire course of the walking test for supervision
and safety. Patients could stop at any time if they felt any
discomfort including pain, fatigue, or unbearable dyspnea;
the reason for termination and the actual walking time
and distance covered was recorded. Two other researchers,
blinded to tracker step counts, separately and simultan-
eously counted the steps with hand-held counters. To
prevent any potential cross-infection between patients,
after each patient completed the modified 6MWT, the track-
ers were wiped and disinfected according to our institu-
tional infection control guidelines, using 500mg/L
chlorine-containing disinfectant for surface disinfection.

Measurements

Accuracy was defined as the degree to which the tracker-
recorded step counts could accurately reflect the actual
steps taken. The average of the two values manually

counted by each researcher using a counter was considered
as the gold standard measure of actual steps taken. The
number of steps recorded by the trackers was calculated
as the difference between the number of steps displayed
on the tracker at the beginning and end of each walking test.

The following demographic and clinical data were col-
lected: age, sex, height, weight, type of surgery, surgical
approach, postoperative diagnosis, postoperative day
(POD), the number of drains placed in the abdomen, first
time for postoperative walking, pain scores before and
after the modified 6MWT, completion of the modified
6MWT, and total walking time and distance. In this
context, the types of drains used included abdominal drain-
age tubes, subcutaneous drainage tubes, biliary T-tubes,
external pancreatic duct stents, and percutaneous transhepa-
tic cholangial drainage tubes. Pain was assessed immedi-
ately prior to starting and after completion of the
modified 6MWT; it was measured using the numeric
rating scale, with scores of 0—10, where 0 denoted “no
pain” and 10 denoted “the worst pain imaginable.”
Several gait parameters were also calculated, including
walking speed (distance/time), step length (distance/
steps), and cadence (steps/time).

Data analysis

Data were analyzed using SPSS v.24.0 (IBM Inc., Armonk,
NY, USA). Accuracy was evaluated from two aspects:
agreement and error analysis. In particular, a two-way
random absolute agreement intraclass correlation coeffi-
cient (ICC) with 95% confidence intervals was used to
examine the relative agreement between the tracker-
recorded steps and actual steps taken. An ICC value of >
0.90, 0.75-0.90, 0.60-0.75, and < 0.60 was interpreted as
excellent, good, moderate, and low, respectively.30 The
Bland—Altman method, which plotted the mean differences
(bias) and 95% limits of agreement between step counts
from different trackers and manual counts, was used to
examine the absolute agreement between tracker-identified
steps and actual steps taken. Broader ranges between the
lower and upper limits reflected greater differences
between the two methods, and therefore, lower agreement.
Error analysis involved the mean percentage error (MPE)
and mean absolute percentage error (MAPE). The MPE
between steps obtained via each tracker and the actual steps
taken was calculated as follows: ([tracker step count —
manual step count]/manual step count) X 100; this measure
indicated the direction of error in measurements obtained
by each tracker. Positive and negative values represented
overestimation and underestimation of tracker-measured
steps, respectively, relative to the actual steps taken. To
assess the magnitude of error, MAPE was used to represent
the specific values for accuracy and calculated using the
formula: (abs. [tracker step count — manual step count]/
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manual step count) X 100. A MAPE of below 5% was consid-
ered excellent, while that above 10% was considered poor.31

The Mann-Whitney U, Kruskal-Wallis H, and Spearman’s
rank correlation tests were used to assess the influence of
demographic, clinical, and gait parameters on step count
accuracy. For factors which were considered statistically sig-
nificant (P < .05), further visual assessment was performed by
graphing the MAPEs of each tracker against the potential
variables. To examine our hypothesis that patients who under-
went major abdominal surgery may have altered gait in the
early postoperative period, we also performed a simple ana-
lysis by graphing PODs against the other potential variables.
This analysis was conducted exclusively on the patient group.

Results

We invited 52 patients to participate in this study, seven of
them had refused, and a total of 45 patients were included.
Most patients underwent open pancreas and liver surgery
(80%) and participated in the walking test on median POD
4 (Table 1). Overall, eight (17.8%) patients did not complete
the modified 6MWT, mainly because of pain (n=35) and
fatigue (n=3). During the walking test, patients took a
median of 399 steps and covered a median distance of 170 m.

Regarding the actual steps, these were determined by
averaging the two values manually counted by each
researcher. The ICC between the two researchers was
1.00. In 40 out of 45 cases, the step counts recorded by
the two researchers were identical. In the remaining five
cases, the differences were as follows: two instances with
a difference of one step, two instances with a difference
of two steps, and one instance with a difference of three
steps.

Validity and accuracy of activity trackers

Table 2 shows the ICCs, mean difference in steps, MPE,
and MAPE for the three activity trackers. Step counts
recorded by the three trackers showed excellent or nearly
excellent agreement with the actual steps taken by the 10
healthy staff members; the ICC ranged from 0.85 to 0.91.
They also demonstrated acceptable accuracy, with all
MAPE values at < 10%.

All three trackers tended to underestimate the actual
steps taken by patients after major abdominal surgery. On
considering both percentage errors and ICCs, the
HONOR appeared to be less inaccurate. On average, the
HONOR underestimated the number of steps taken by 80
steps (23.3% of the actual steps, ICC=0.75, MAPE =
24.5%); this was followed the Fitbit, which underestimated
the steps taken by 205 steps (56.4% of the actual steps,
ICC =0.39, MAPE = 57.3%), and the MI, which underesti-
mated the steps taken by 240 steps (65.5% of the actual
steps, ICC =0.35, MAPE =65.7%). Notably, the MI and
Fitbit trackers recorded O steps in 15 (33.3%) and 14

(31.1%) patients, respectively, leading to a percentage
error of up to 100% in these cases. A sensitivity analysis,
excluding patients with zero step recordings, revealed that
the median MAPE for the MI was 45.6% (IQR: 18.9%—
81.1%, n=30), and for the Fitbit was 31.4% (IQR:
6.1%-31.4%, n=31).

The Bland—Altman plots supported these findings.
Negative values of the mean difference between the
tracker readings and manual step counts indicated under-
estimation by the trackers. Additionally, the plots revealed
an upwards trend, where the bias clearly decreased with
increasing step count, highlighting that the trackers’ agree-
ment improved as the number of steps increased. Regarding
the range between the upper and lower limits of agreement,
the MI and Fitbit had more widely scattered limits than the
HONOR, indicating that these devices had less agreement
in detecting step counts of patients after major abdominal
surgery (Figure 1).

Influence of demographic, clinical, and gait
parameters on the accuracy of activity trackers

For all trackers, the MAPEs correlated negatively with POD
(r=-0.626 to —0.744), walking speed (r=-0.714 to
—0.854), step length (r=—0.466 to —0.615), and cadence
(r=-0.681 to —0.790), and positively with the number of
drains (r=0.450-0.514). The difference and association
between step count accuracy and other demographic and
clinical variables were not statistically significant (Table 3).

As shown in Figure 2(a), a higher level of MAPEs was
observed in the early stages after surgery (POD 1-3),
which then reduced to a relatively low and steady level
after POD 4. In particular, the MAPE for the HONOR
decreased to below 10% on POD 4. The HONOR and
Fitbit showed excellent accuracy in patients who had no
abdominal drains, with MAPEs of < 5% and ~ 10%, respect-
ively. Notably, only three participants were without drains,
which should be considered when interpreting these low
MAPE values (Figure 2(b)). For patients who walked at
speeds of below 0.44 m/s, with step lengths of < 0.34 m or
cadences of fewer than 60 steps per minute (SPM), all track-
ers showed low accuracy, with MAPEs above 50%. For the
HONOR, the MAPEs decreased to nearly 10% when speeds,
strides, or cadences exceeded 0.45 m/s, 0.45 m, or 75 SPM,
respectively (Figure 2(c) to (e)).

On average, patients walked at low speeds (from 0.37 to
0.45 m/s) with short step lengths (of below 0.41 m) and had
at least two abdominal drains from POD 1 to 3 (Figure 3).

Discussion

We examined the step count accuracy of wrist-worn activity
trackers in patients after major abdominal surgery. The
results showed that all of the tested trackers underestimated
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Table 1. Characteristic of patient subjects.

Age - 52.2 (13.6) 23-77 45 (100)
Male = = = 27 (60)

Height (cm) - 162.5 (7.1) 148-179 45 (100)
Weight (kg) - 59.8 (10.5) 39.0-79.5 45 (100)
BMI - 22.5 (2.8) 17.3-29.4 45 (100)

Postoperative diagnosis
Tumor = = = 26 (57.8)
Non-tumor = = = 19 (42.2)
Surgical approach
Open - - = 37 (82.2)
Laparoscopy = = = 8 (17.8)

Surgical group

Pancreas = = = 21 (46.7)

Liver = = = 15 (33.3)

Biliary tract = = = 9 (20)
Postoperative days 4 (2.5, 5.5) = 1-12 45 (100)
Number of drains 2(1,2) = 0-6 45 (100)
First time of postoperative walking = = = 9 (20)
Pain scores before the modified 6MWT 2 (0, 3) = 0-5 45 (100)
Pain scores after the modified 6MWT 2 (0, &) = 0-6 45 (100)
Completed the modified 6WMT = = = 37 (82.2)
Total time walked (seconds) 360 (360, 360) = 152-360 45 (100)
Total distance walked (m) 170 (127.5, 210) = 80-340 45 (100)
Total steps observed 399 (328, 454) = 201-590 45 (100)
Average gait speed (m/s) 0.50 (0.14) 0.28-0.94 45 (100)
Average step length (m) 0.43 (0.07) 0.32-0.58 45 (100)
Average cadence (steps/minutes) 69.6 (11.1) 48.3-98.3 45 (100)

IQR: interquartile range; SD: standard deviation; BMI: body mass index; 6MWT: 6-minute walk test.
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Table 2. The intraclass correlation coefficient (ICC), mean difference, mean percentage error (MPE), and mean absolute percentage error

(MAPE) for three activity trackers.

Staff (n=10)
Ml & 0.87 (0.44-0.97) —0.1 (14.3) 0.2 (7.6) —15.2-10.8 5.6 (4.8) 1.2-15.2
HONOR 5 0.91 (0.41-0.98) 7.8 (8.4) 4.5 (4.6) —1.8-10.8 5.1 (3.9) 1.1-10.8
Fitbit Inspire HR ~ 0.85 (0.44-0.96) 6.6 (18.0) 3.5 (9.7) —12.5 to 14.9 9.1 (3.8) 3.1-14.9
Patient (n =45)
MI 4 0.35 (—0.19 to 0.70) —240.1 (129.4) —65.5 (36.8) —100.0-2.8 65.7 (36.4) 1.4-100.0
HONOR 5 0.75 (0.19-0.89) —80.2 (92.3) —23.5 (27.7) —85.0-8.9 24.5 (26.7) 0-85.0
Fitbit Inspire HR 0.39 (—0.28 to 0.71) —205.1 (145.2) —56.4 (40.6) —100.0-9.2 57.3 (39.2) 0.6-100.0
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Figure 1. Bland-Altman plots. The middle solid line indicates the mean difference between tracker-recorded steps and manual step
counts, and the dashed lines depict the 95% confidence intervals of the limits of agreement. MI & versus manual step counts (a); HONOR 5
versus manual step counts (b); Fitbit Inspire HR versus manual step counts (c).

actual steps to a different extent. Among them, the HONOR

appeared to outperform the MI and Fitbit.
(MAPE =24.5%)

played a high percentage error

However, it dis-

and exceeded the 10%

accuracy threshold that is

considered clinically acceptable. Furthermore, all trackers
demonstrated greater error in detecting the steps of patients
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Table 3. Influence of demographic, clinical and gait parameters on
step count accuracy.

Age —0.197° —0.130° —0.148°

Gender —0.047°  —0.012°  —0.353"

Height 0.142% 0.135° 0.135%

Weight 0.137° 0.117° 0.171°

BMI 0.100° 0.048° 0.135°

Postoperative -1.101°  —0.758®  —0.618"
diagnosis

Surgical approach -1.63t°  —0.713>  -1.703°

Surgical groups 0.537¢ 2.147¢ 0.893¢

Postoperative days —0.7447%*  —0.702°**  —0.6267**

Number of drains 0.5147**  0.477°**  0.450%*

First postoperative —0.116°  —1.338>  —0.893"
walking

Pain scores before the  0.147% 0.069° 0.063°
modified 6MWT

Pain scores after the 0.170° 0.163° 0.144°
modified 6MWT

Completed the —-0.968°  —1.470°  —0.512°
modified 6MWT

Average walking —0.854%**  —0.714%** —0.7367**
speed

Average step length —0.615%**  —0.466°** —0.4757**

Average cadence —0.790%**  —0.681°** —0.7397**

BMI: body mass index; 6MWT: 6-minute walk test.
*Spearman’s rank correlation (r).

PMann-Whitney U test (Z).

‘Kruskal-Wallis H test (H).

*P<.05, **P<.001.

who walked at slower speeds, had shorter step lengths, had
more abdominal drains, and participated in the walking tests
on earlier PODs.

Wrist-worn activity trackers are easy to use and allow
self-monitoring and goal setting owing to immediate

feedback by the device. Notably, goal-directed mobilization
can encourage and increase early postoperative mobiliza-
tion, thereby enhancing postoperative recovery.?''*
However, wide step count variations between trackers and
actual steps could induce frustration and disappointment.*
This is because any over- or underestimation may lead to
ambiguity regarding the achievement of daily mobilization
goals; estimation errors may also lead to inaccuracies in the
assessment of patient recovery based on the relationship
between step counts and postoperative outcomes. Our
results indicated that all three trackers tended to undercount
steps by 23.5%—65.5%. Notably, the MI and Fitbit did not
record any of the steps taken during the walking tests in
nearly a third of the patients. This high percentage of zero
recordings could be an issue when these trackers are used
for motivation.®® Given that the trackers were inaccurate
in this structured walking test; their performance is likely
to be even worse in non-controlled conditions.
Furthermore, the results of the preliminary test demon-
strated that the same three trackers could accurately
measure steps in healthy adults, thus excluding inherent
tracker-related factors.

Consistent evidence®*° has indicated that Fitbit
devices, one of the most popular consumer wearable activ-
ity trackers in health promotion research, generally provide
acceptable step count accuracy for healthy adults and those
with chronic disease. However, our findings are similar to a
prior study by Appelboom et al.,>” which is one of the few
assessments of step count accuracy of trackers in post-
operative patients. They found that the Fitbit Zip, worn
on the hip and ankle, underestimated steps by 81.4%
(ICC=0.326) and 26.1% (ICC=0.837), respectively.
Notably, it did not test wrist-worn trackers, and patients
in that study walked at much lower speeds (interquartile
range [IQR]: 0.156-0.357 m/s) than in ours (IQR: 0.40—
0.60 m/s). This finding was actually expected; because
other studies have also noted that wrist-worn activity track-
ers tend to underestimate steps in other populations with
slow gait speeds.*®* Nevertheless, it is necessary to
increase the understanding of such inaccuracies in different
populations.

Gait parameters such as slower walking speeds, shorter
step lengths, or lower cadences are known to contribute
to step count inaccuracies in commercially available activ-
ity trackers.>'*?*° These findings were confirmed in our
study. For patients who walked at speeds, step lengths, or
cadences exceeding 0.45 m/s, 0.45 m, or 75 SPM, respect-
ively, the MAPEs of the HONOR device decreased from
over 50% to nearly 10%. These results may be explained
by the device algorithms. The algorithm for step identifica-
tion is developed based on normal walking in healthy
adults; the devices, therefore, have a higher threshold for
the acceleration signal, which determines whether the
movement detected represents a step; however, smaller
accelerations generated during slower walking or by
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Figure 2. Graphs depicting the mean absolute percentage error of each tracker against the postoperative day (a), the number of
abdominal drains (b), walking speed (c), step length (d), and cadence (e).

shorter strides are unlikely to trigger identification. Previous
studies suggested that ankle placement may provide a solu-
tion for sufficient sensitivity in step detection among slow-
walking populations.*>*' However, we did not select ankle
placement for two reasons. Firstly, wrist-worn devices may
not function optimally on the ankle, as manufacturers only
recommend wrist placement for these trackers; secondly,
postoperative patients may prefer to use trackers placed
on the wrist rather than on the ankle. This is because
visual feedback from wrist trackers is more convenient to
read immediately and at any time; this aids motivation for
improving early mobilization.

The presence of multiple drains is a common feature
after major abdominal surgery. Most patients in this study
underwent open pancreas and liver surgery and had a
median of two drains in situ during the walking test. The
results showed that the step count error increased with an
increase in the number of drains; this finding provides

new insights into the postoperative step count inaccuracy
of trackers. Patients with abdominal drains may have an
altered walking pattern, because they tend to hold the
drains while walking to ease the discomfort caused by trac-
tion. This is like walking with a walker or while pushing a
shopping cart, with artificially constrained arm swing
motion®"*>*3; this may explain the major performance
drop in step detection.

Our findings suggest that PODs could also affect the step
count accuracy of trackers; the MAPEs of the trackers
decreased with increasing PODs in this cohort. Notably,
the MAPEs of the HONOR decreased to below 10% on
POD 4; there was also a sharp decrease between POD 3
and 4 with the other trackers. In line with our hypothesis,
we found that patients in the early postoperative period, par-
ticularly between POD 1 and 3, walked at slower speeds,
had shorter strides and lower cadences, and had a greater
number of drains; this may explain why trackers showed
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Figure 3. Graph depicting the relationship between walking speed, step length, and the number of abdominal drains with respect to
postoperative days. The X-axis represents the postoperative days, and the Y-axis represents walking speed, step length, cadence, and the

number of drains, with different colors, respectively.

greater errors in step detection in the earlier PODs. Also, the
proportion of patients in POD 1 or 2 was low in this study (n
=11; 24%), and it seemed to be that the higher proportion
of those in the early postoperative period might lead to less
step count accuracy of trackers. Thus, we recommend
caution in interpreting and using step count data obtained
by trackers in the early postoperative period. More
advanced and flexible algorithm models need to be devel-
oped for step recognition, particularly for identifying
early irregular walking patterns after surgery.

It was worth to mention that pain seemed to have no
effect on step count accuracy. Patients were recruited in
this validation study when they were actually walking or
preparing to walk after surgery, usually in good conditions,
and taking a structured walking test would not likely to be a
burden. So, most of them had a relatively low level of pain
severity before the modified 6MWT and there was no sig-
nificant change in scores after that. In other words, patients
seldom participated in the walking test when they felt pain;
it was difficult to directly assess the influence of pain on
trackers accuracy in the scheduled walking test.

Limitations

This study had several limitations. First, the majority of
patients underwent open pancreas and liver surgery, and
their walking patterns may have been particularly affected
by the presence of multiple drains and open wounds. Our
findings may not therefore be generalizable to all patients
following abdominal surgery. Second, this study examined
the accuracy of activity trackers in detecting steps during
the walking test only; although walking is the main type
of early postoperative mobilization, the specific corridor
walk used for validation may not fully reflect the

complexity of the postoperative clinical environment.
Future studies will need to examine whether trackers can
reliably measure activities in the real-world clinical
setting, including both pre- and post-surgery patients over
a longer period. Third, this is the only study to date to
examine the influence of clinical factors on the step count
accuracy of trackers following abdominal surgery;
however, the sample size for some factors was small.
Only four patients walked on POD 1 and only three
walked without any drains; this made it difficult to deter-
mine the accuracy of trackers for those factors.
Furthermore, pain or fatigue may affect postoperative activ-
ity; however, it was difficult to directly assess their effects
in the scheduled walking test, which need to be confirmed
in future studies. Finally, we used multiple approaches
including the ICC, Bland—Altman method, and MAPEs,
to examine step count accuracies of the trackers; although
the findings provided novel insights into the inaccuracies
in the postoperative population, they were only limited to
accuracy assessment and could not thoroughly evaluate
the utility of wearable activity trackers during early post-
operative mobilization.

Conclusions

In summary, our preliminary results indicate that wrist-
worn activity trackers tend to undercount actual steps
during the walking test in patients after major abdominal
surgery. Although this is not unexpected, the accuracy of
these trackers in a postoperative patient population and
the extent of inaccuracies warrant further investigation.
Additionally, this is the only study to explore the influence
of clinical factors on the accuracy of multiple trackers fol-
lowing abdominal surgery; the results suggested that the
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step count data obtained by trackers during the walking test
on POD 1-3 should be considered with caution, and these
trackers might not be reliable tools for measuring step
counts in the early postoperative period. Future research
with a larger sample is needed to comprehensively evaluate
the accuracy, effectiveness, and feasibility of using an activ-
ity tracker over a longer duration and in free-living environ-
ments during the early postoperative period. Further work is
also needed for developing new movement detection algo-
rithms based on patient features in the early postoperative
period and the clinical environment.
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