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Abstract

Background Patients often are asked to report walking
distances before joint arthroplasty and when discussing
their results after surgery, but little evidence demonstrates
whether patient responses accurately represent their
activity.

Questions/purposes Are patients accurate in reporting
distance walked, when compared with distance measured
by an accelerometer, within a 50% margin of error?
Methods Patients undergoing THA or TKA were recruited
over a 16-month period. One hundred twenty-one patients
were screened and 66 patients (55%) were enrolled. There
were no differences in mean age (p = 0.68), proportion of
hips versus knees (p = 0.95), or sex (p = 0.16) between
screened and enrolled patients. Each patient wore a FitBit™ ™
Zip accelerometer for 1 week and was blinded to its meas-
urements. The patients reported their perceived walking
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distance in miles daily. Data were collected preoperatively
and 6 to 8 weeks postoperatively. Responses were normalized
against the accelerometer distances and Wilcoxon one-tailed
signed-rank testing was performed to compare the mean pa-
tient error with a 50% margin of error, our primary endpoint.
Results We found that patients’ self-reported walking
distances were not accurate. The mean error of reporting
was > 50% both preoperatively (p = 0.002) and post-
operatively (p < 0.001). The mean magnitude of error was
69% (SD 58%) preoperatively and 93% (SD 86%) post-
operatively and increased with time (p = 0.001).
Conclusions Patients’ estimates of daily walking dis-
tances differed substantially from those patients” walking
distances as recorded by an accelerometer, the accuracy of
which has been validated in treadmill tests. Providers
should exercise caution when interpreting patient-reported
activity levels.

Level of Evidence Level 111, diagnostic study.

Introduction

As the American population ages, there is an increasing
demand for THAs and TKAs for the treatment of osteo-
arthritis [15]. With this increase in demand, quality and
value have become more intensely scrutinized. Both ob-
jective and subjective endpoints are commonly used with
the former including metrics such as time until revision and
the latter focusing increasingly on patient-reported outcome
measures (PROMs). Improvements in pain and quality of life
after arthroplasty have been well documented, but the best
method for assessing improvement in activity after total joint
arthroplasty (TJA) remains unclear [4, 18].

Patients often are asked to report their physical activity
before joint arthroplasty and when discussing their results
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after surgery. Physicians may ask patients about their
walking distance, for example, “How far can you walk
without having to stop?” A variation of this question is
even a component of the Harris hip score and Knee Society
Score (number of blocks walked) [12, 13]. Distance walked
can be used as a measure of patient activity limitation and
of postoperative functional improvement, because it can be
standardized among patients and in principle is not subject
to the patient’s interpretation of what qualifies as physical
activity. Walking distance has been investigated as a tool
for measuring clinical improvement in patients undergoing
TJA and correlates with objective measures of functional
improvement [3]. However, patient-reported walking dis-
tance depends on the patient’s recall and individual biases.
This subjectivity can be avoided with the use of devices
such as pedometers, accelerometers, and GPS tracking.
The utility and validity of these devices to accurately
measure steps, walking distance, and activity levels of the
wearer have been demonstrated, supporting their value as a
tool for assessing activity in surgical patients [5, 24]. One
group has already used these tools to examine activity level
before and after TJA [22]. Despite this, there are few
studies comparing the patient’s perception of their walking
distance with objective findings such as concurrent tread-
mill or accelerometer data, and these were limited to short
distances [9] and relatively small groups [6, 10] and were
not specific to the TJA population.

The aim of this study is to investigate the question: Are
patients accurate in reporting distance walked, when
compared with distance measured by an accelerometer,
within a 50% margin of error?

Patients and Methods

This study was approved by the institutional review board.
A member of the research team approached adult patients,
ages 18 to 85 years, who were scheduled to undergo
elective THA or TKA (including revisions) for recruitment
at their preoperative visit. Some patients were also con-
tacted during a prescreening phone call. We excluded
patients if they had a history of cognitive impairment or
dementia, were being recruited for other research studies,
or were non-English-speaking. Written informed consent
was obtained from patients at the time of their enrollment.
Patients were permitted to withdraw from the study at any
time. The study protocol also allowed us to remove patients
from the study if they did not adhere to the protocol
requirements or if their surgical procedure changed. Data
through the time of withdrawal were included in analysis.

Over the recruitment period of 16 months, a total of 862
primary and revision THAs and TKAs were performed at
this institution. In all, 66 patients were recruited into the
study and 55 patients failed screening and recruitment. Of

the 55 screening failures, 24 (44%) declined to participate,
13 (24%) did not have sufficient time between the pre-
operative visit and surgery to obtain 7 days of data, 13
(24%) were not contacted because the research coordinator
was unavailable at the time of the preoperative visit, two
(3.6%) had a preoperative visit already completed and
could not be approached for consent, two (3.6%) could not
provide consent as a result of dementia or cognitive im-
pairment, and one (1.8%) exceeded the exclusion criteria of
85 years of age. There were no differences between the
screening failure and enrolled groups in mean age
(screened, 66.7 = 10.1 years versus enrolled, 72.3 = 8.7
years, p = 0.68) or in the proportion of THAs versus TKAs
performed (42% hips in both groups, p = 0.95) or pro-
portion of females versus males (screened, 67% female
versus enrolled, 55% female, p = 0.16). There were more
whites in the enrolled group (100%) versus those screened
(93% white, 7% black; p = 0.03). One patient who was
enrolled never underwent an arthroplasty and was excluded
from data analysis; 65 enrolled patients initially partici-
pated in the study. After excluding the patients with in-
complete data sets and those who withdrew, 45 patients
(69%) were included for preoperative analysis and 35
patients (54%) were included for 6- to 8-week post-
operative analysis. Overall, 29 patients had data sets
available for both preoperative and postoperative analysis,
16 had preoperative data only, and six patients had post-
operative data only, for a total of 51 participants in the
study (Table 1). Twenty-three patients underwent THA,
including four revisions, and 28 patients underwent TKA,
including two revisions. Overall, 23 patients (23 of 45
[51%]) had at least one data set of seven excluded from
preoperative analysis, most commonly resulting from in-
adequate compliance wearing the FitBit™ Zip (San Fran-
cisco, CA, USA) such as wearing it < 75% of the time.
Fifteen patients (15 of 35 [43%]) had at least one data set
excluded postoperatively. Forty-five patients were com-
pletely excluded from analysis either preoperatively or
postoperatively (Table 2).

Data collection occurred in two phases, within 1 month
preoperatively and at 6 to 8 weeks postoperatively. At the
time of consent, patients were given an activity diary and
were administered a survey investigating activity level and
use of gait aids. During each data collection phase, the
patients were given a FitBit Zip for a 1-week period. This
accelerometer was chosen because it is inexpensive, read-
ily commercially available, easy to use, and has been val-
idated in laboratory and free-living conditions for many
populations, including the elderly [1, 8, 14, 19, 21, 24].
This device is worn clipped to the belt, shirt, pocket, or
other clothing. The commercial FitBit Zip has a screen that
outputs step count; this was covered with an opaque ad-
hesive (Fig. 1) to prevent the patient from monitoring their
steps. The patients were instructed to wear the device from
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Table 1. Patient demographics

Demographic Statistics
Age at the time of Mean 63.0
surgery (years) SD 98
Range 38.0-80.0
Sex Male 24 (47%)
Female 25 (53%)
BMI (kg/m?) Mean 32,0
SD 6.2
Range 19.0-44.0
Normal 8 (16%)
(18.5 = BMI < 25)
Overweight 12 (24%)
(25 = BMI < 30)
Obese 15 (29%)
(30 = BMI < 35)
Morbidly obese 16 (31%)
(BMI = 35)
Smoking status Never 22 (43%)
Current 8 (16%)
Former 21 (41%)
Preoperative narcotics Yes 14 (28%)
Tramadol 9
Oxycodone 3
Hydrocodone/ 1
acetaminophen
Codeine 1
No 36 (71%)
Atrial fibrillation Yes 3 (6%)
No 48 (94%)
CAD/CHF/MI Yes 6 (12%)
No 45 (88%)
Hypertension Yes 40 (78%)
No 11 (22%)
HCL/HLD Yes 19 (37%)
No 32 (61%)
PVD Yes 3 (6%)
No 48 (94%)
Diabetes mellitus Yes 5 (10%)
No 46 (90%)
Hypothyroidism Yes 14 (28%)
No 37 (72%)
COPD/asthma Yes 8 (16%)
No 43 (84%)
CVA/TIA Yes 3 (6%)
No 48 (94%)
Obstructive sleep apnea  Yes 10 (20%)
No 43 (80%)
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Table 1. continued

Demographic Statistics

GERD Yes 28 (55%)
No 23 (45%)

DVT/PE Yes 10 (20%)
No 41 (80%)

Cancer Yes 11 (22%)
No 40 (78%)

Fibromyalgia Yes 5 (10%)
No 46 (90%)

Depression/anxiety Yes 15 (29%)
No 36 (71%)

BMI = body mass index; CAD = coronary artery disease; CHF =
congestive heart failure; Ml = myocardial infarction; HCL =
hypercholesterolemia; HL = hyperlipidemia; PVD = peripheral
vascular disease; COPD = chronic obstructive pulmonary
disease; CVA = cerebrovascular accident; TIA = transient
ischemic attack; GERD = gastroesophageal reflux disease; DVT
= deep venous thrombosis; PE = pulmonary embolus.

the time they woke up until the time they went to bed for 7
consecutive days. At the end of each day (Days 1-7), the
patients estimated the distance walked that day and recor-
ded it in their activity diary. They also provided an estimate
of the percentage of time that they actually wore the FitBit
Zip that day such as 0% to 25%, 25% to 50%, 50% to 75%,
or 75% to 100%. At the end of the data collection period,
the patients returned the device and their activity diary to
the research team.

Step counts from the devices were then uploaded
wirelessly via Bluetooth® (Kirkland, WA, USA) into the
online FitBit database. The database allowed custom-
ization of each user profile associated with a given device
to accurately reflect the patient’s height, weight, and esti-
mated stride length. A member of the research team then
accessed the week’s data and recorded the patient respon-
ses and accelerometer step count data into a spreadsheet for
analysis. Step counts were converted to distances walked
(based on the FitBit website calculations from the patient’s
weight- and height-based estimated stride length).

We checked the eligibility of each patient’s data set for
inclusion. Only data points in which the patient reported
wearing the accelerometer for 75% to 100% of daytime
hours, from the time they woke until the time they went to
bed, were included. If a patient had <4 days’ worth of data,
meaning they did not routinely wear the accelerometer, we
excluded them from the analysis. Additionally, individual
data points were excluded if the mismatch was thought to
be unreasonably large (presumably as a result of device
recording error) to prevent artificial inflation of the patient
error. For example, a single data point was excluded if the
patient reported walking 2 miles but only 0.03 miles were
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Table 2. Description of study participants excluded from preoperative or postoperative analysis (n = 45)

Study ID Number  Reason for exclusion

9,34 2 Defective FitBit™ during preoperative data collection

11, 14,15, 18, 28, 39 6 Withdrew from study before preoperative data collection (patients either
requested withdrawal from the study or were lost to followup in the clinic)

2,4,6,10,12,13,16, 24 Withdrew from study before postoperative data collection

24, 26,31, 37,43 5 Imprecise record of preoperative distance measurement (patient-reported
walking distance included “<” sign indicating imprecise distance estimates)

20, 36, 46, 53, 57, 61, 64, 65 8 Incomplete preoperative data (patients did not record estimated walking

distances or did not wear at least 75% of the time)

32, 34, 35, 36, 46, 49, 50, 51, 55, 16
56,57, 58, 61, 64, 65, 66

Incomplete postoperative data (patients did not record estimated walking
distances or did not wear at least 75% of the time)

recorded. This occurred for 10 patients preoperatively (17
data points eliminated) and 11 patients postoperatively (16
data points eliminated). After excluding ineligible days, the
daily differences between the patients’ estimated walking
distances and the accelerometer-recorded actual walking
distances were calculated and normalized against the “true”
walking distances measured by the accelerometer:
W}C 100%. Negative values represented an
overestimate of the true walking distance and positive

Fig. 1 An opaque sticker was placed over the FitBit Zip screen
to blind the user to the measurements.

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

values an underestimate. We obtained the absolute value of
these errors to determine the magnitude of error daily, and
we calculated the mean magnitude of error for each patient.
The data sets were checked for normality and were found to
be nonparametric. As such, data were then compared with a
threshold of a 50% magnitude of error using Wilcoxon one-
tailed signed-rank testing, our primary study outcome. This
was performed for the preoperative and postoperative meas-
urements. Fifty percent was chosen as the magnitude of error
because it is an easily conceptualized concept. We felt that a
“reasonable” estimate would fall within 50% of the true value.

Preoperative and postoperative data were compared to
determine if patient estimates changed over time, including
only the 29 patients who had both sets of data. We com-
pared the mean magnitude of error preoperatively and
postoperatively for each patient. The data were checked for
normality and were nonparametric. A two-tailed Wilcoxon
signed-rank test was used to compare the preoperative and
postoperative errors and the walking distances. We also
performed a subjective comparison of patient errors to look
at general trends in reporting errors and performed chi-square
analysis: was the patient an overestimator, an underestimator,
or did he or she do both? The mean population accelerometer
and estimate data were also compared preoperatively with
postoperatively with Wilcoxon two-tailed signed-rank testing
to evaluate for changes over time. All statistical testing was set
at a 5% significance level.

The patients were also asked to complete a survey about
their activity level and use of assistive devices. Thirteen
patients reported the use of an assistive device pre-
operatively: one patient with one crutch, nine patients with
one cane, two with a walker, and one without details. Most
patients, 27 of 45, reported walking > 30 minutes each day
(Table 3). One patient did not complete the postoperative
survey. Of the 34 respondents, 10 reported needing an
assistive device postoperatively (five with one cane, two
with a walker, and three with either one cane or a walker).
Most patients again reported a reasonable effort, with 21 of
34 claiming to ambulate > 30 minutes daily and 15 patients
reporting an activity level of > 1 hour daily (Table 3).
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Table 3. Daily walking estimates based on survey data*

All responses

Comparison over time

Number of patients

Number of patients

Daily walking

time (minutes) Preoperative (n = 45) Postoperative (n = 34) Preoperative (n = 27) Postoperative (n = 27)
0-5 3 (7%) 0 (0%) 1(3.7) 0(0)

6-15 6 (13%) 5 (15%) 4 (14.8) 5(18.5)

16-30 9 (20%) 8 (24%) 5(18.5) 4(14.8)

31-60 10 (22%) 7 (21%) 6 (22.2) 6(22.2)

> 60 17 (38%) 14 (41%) 11 (40.7) 12 (44.4)

*One patient did not provide a survey response postoperatively.

Results

Patient estimates of walking distance differed from the
accelerometer-recorded walking distances by a margin of
error of > 50%. Preoperatively, individual errors ranged
from as much as an overestimation of 900% to an un-
derestimation of +90% (Fig. 2A). The mean magnitude of
the daily error preoperatively was 69% (minimum 18%,
maximum 271%, SD = 58%). The mean reporting error
was found to be > 50% (p =0.002). A large spread of daily
errors was seen; many patients were inconsistent in their
errors and both overestimated and underestimated walking
distance. Postoperatively, the same large individual errors
were seen, ranging from an overestimation of 810% to an
underestimation of 87% (Fig. 2B). The mean magnitude of

10 > L

Patient Estimate (miles)
.

A FitBit™ Value (Miles)

error was 93% (minimum 12%, maximum 334%, SD =+
86%). The mean magnitude of patient reporting error was >
50% (p < 0.001).

The mean magnitude of error actually increased with
time (mean preoperative magnitude of error 69%; mean
postoperative magnitude of error 91%; p =0.001; Table 4).
Preoperatively, four patients were overestimators consistently,
12 underestimators, and 13 were under- and overestimators.
Interestingly, these proportions changed: postoperatively eight
patients were consistently overestimators, 18 were both, and
only three patients systematically underestimated their walking
distance (p = 0.02). Only nine patients demonstrated consis-
tency in their reporting errors (six both underestimating and
overestimating each time, one consistently underestimating,
and two consistently overestimating). The mean population

10 L4

6 s .

Patient Estimate (miles)
.

0 1 2 3 4 5 6 7 8 9 10

B FitBit*** Value (Miles)

Fig. 2 A-B This scatterplot demonstrates the normalized patient error preoperatively (A) and postoperatively (B). The FitBit-
recorded, or “true,” values are on the X axis, whereas the patient estimates are on the Y axis. The diagonal line represents a perfect
patient estimate of walking distance, and the shaded region represents a 50% margin of error. Many patient responses fell outside
of this range with some patients overestimating and some patients underestimating the distance.
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Table 4. Activity estimate errors over time

Mean Mean Difference
Patient Preoperative Postoperative preoperative postoperative (postoperative -
ID trends trends error (%) error (%) preoperative, %)
1 Under Both 40 62 21
3 Under Both 39 24 -15
5 Both Both 43 27 -16
7 Over Over 271 319 48
8 Under Both 37 34 -3
17 Under Both 45 13 -32
19 Both Over 33 179 146
21 Over Both 70 32 -39
22 Under Over 31 156 125
23 Both Over 38 142 104
25 Under Both 66 53 -12
27 Both Over 22 108 86
29 Both Over 29 46 17
30 Under Both 24 193 169
33 Over Over 183 334 152
38 Both Both 48 69 21
40 Under Both 62 84 22
41 Both Both 263 12 -251
42 Over Both 120 12 -108
44 Under Under 40 50 10
45 Both Over 88 288 200
47 Both Both 55 29 -26
48 Under Both 57 90 33
52 Under Both 46 34 -12
54 Both Under 23 39 16
59 Both Both 392 53 -338
60 Both Both 24 87 63
62 Under Both 18 29 11
63 Both Under 83 42 -41
Average 69 91 22

walking distance decreased from 2.1 miles daily to 1.9
miles daily (p = 0.02; Fig. 3). Interestingly, the mean es-
timate of walking distance based on the daily diary entries
increased from 1.8 miles preoperatively to 2.0 miles post-
operatively (p < 0.001).

Discussion

Patients are often asked about their activity level in terms of
maximum attainable walking distance. Reported limi-
tations in a patient’s ability to walk may factor into both a
surgeon’s decision to recommend surgery as well as in the
evaluation of TJA success. Additionally, reimbursement
may be increasingly linked to PROMs to maximize value

of care [2]. The accuracy of patient estimates of distance,
however, has not been well established. Other authors have
attempted to approach activity level after TJA from an
objective standpoint. One group demonstrated a good
correlation of a categorically assigned activity level to ac-
tivity and a weekly pedometer recording but did not in-
vestigate patient-reported walking distance [7]. Our goal
was to determine how well patients could estimate their
total daily walking distance, because we feel this is re-
flective of their overall ability to evaluate walking distance
and thus function. We found that not only were patients
unable to accurately estimate their daily walking distance
within a 50% margin of error, but that there was also no
consistency to their errors, with both overestimations and
underestimations often reported by the same patient.
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Fig. 3 Comparison of walking distances show there were 27 patients for whom accel-
erometry data were available for preoperative and postoperative comparison. The gray bars
represent the differences between daily walking distances before and after TJA. Few patients
had significant increases in their walking distances.

There were several limitations to this study. First, this
study relied heavily on patient compliance with the pro-
tocol. Unfortunately, many of the patients withdrew from
the study or were ineligible based on their noncompliant
responses. We only included data if patients reported
wearing their device = 75% of their waking hours. Be-
cause many of the patients reported wearing their device a
lower proportion of the time, and some patients even had to
be eliminated from consideration because of this, it is
reasonable to assume that patients generally responded
honestly to this assessment and that the data included in this
study are reflective of a comprehensive accelerometer-
based record of their activity (for example, one patient
reported 0%-25% 2 days, 25%-50% 1 day, 50%-75%
1 day, and 75%-100% 3 days, requiring exclusion from the
analysis because of noncompliance). We chose to exclude
the noncompliant data points (< 75% of the day wear time)
and those that appeared to be reflective of a malfunctioning
FitBit because we wanted to minimize the risk of falsely
inflating the errors and a false-positive to our study ques-
tion. The second limitation is related to patient attrition.
Wearable activity trackers in theory may assist providers in
evaluating patient function while minimizing biases or
estimation errors [16]. Although wearing a FitBit and
keeping a daily walking diary seemed simple at the onset, a
surprising number of patients found compliance to be

,:J:J?@Wolters Kluwer

difficult. Fourteen patients withdrew from the study (22%).
Some patients even failed to return the devices. Our study
demonstrates that both patient-reported estimates and
accelerometer-recorded values in free-living conditions
must be used with caution. One group reported good
compliance rates (26.7 days of use of 30 tracked) with
FitBit wear while tracking patients’ activity after arthro-
plasty but do not report how they monitored compliance
[23]. Some of the patients in their series had step counts as
low as five steps in a given day, which raises the question of
whether the device was truly being worn consistently. A
more sophisticated device (for example, one that could also
track heartbeat to confirm that patients were wearing the
devices at all times) may be helpful for activity tracking.
Despite this attrition, however, the differences reached
statistical significance. Finally, the patients may have
changed their behavior knowing that they were being
monitored for this metric. Self-reported activity levels are
subject to recall bias and social desirability bias, in this
case as a patient’s desire to appear more favorable to
others by reporting they are more active than they really
are [20]. Given the high magnitudes of disparity between
the measured distances and the patient-reported distances,
we feel it is unlikely that patients were independently
measuring their own activity by other means to appear
more accurate in their estimations. We assumed that
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patients believed that the results of this study did not in-
fluence either the care provided to them or reimbursement
for the procedure. However, in the future, if patients
presume that monitored activity might affect them or the
provider financially or otherwise, the Hawthorne effect
must not be ignored; that is, patients may be more cog-
nizant of their walking distances if they knew they are
being studied.

We investigated changes over time in both activity level
and patient estimates. The magnitudes and directions of
individual patient’s estimation errors were not consistent
before and after surgery. Some patients improved dramat-
ically, but others worsened over time. There did not appear
to be any consistency in the types of errors patients made
either. One would suspect a patient may “get used” to es-
timating their activity level for the postoperative meas-
urements and improve in accuracy, but this was not the
case. The population walking distance decreased with time,
whereas the population estimate increased with time. This
is consistent with other studies investigating activity level
and perception after TJA. One group found that in the
setting of TJA, patients reported a decrease in their pain and
increase in their activity level despite no change in “activity
counts” measured by an accelerometer [11]. One study
suggested that patients may overestimate their functional
level after arthroplasty when compared with objective
measures [17]. Our group is collecting 1-year postoperative
data as well to determine whether long-term activity level
and perception change over time.

Providers should exercise caution when interpreting
patient-reported walking distance. Although individual
patients may occasionally be able to accurately judge their
walking distances, we found that estimates generally were
not accurate within a 50% margin of error. Patients’
inabilities to accurately and reproducibly estimate their
walking distances are problematic when one considers that
such outcomes may eventually be used as a measure of
procedural success. A patient may report that he or she is
walking less after surgery, but this study demonstrates that
these reports may not be accurate, at least in the early
postoperative period. In these situations, other objective
measures of success (such as ROM, strength) may carry
more weight. There remains a need for reliable, objective,
and quantifiable assessments of improvements in physical
activity after THA and TKA. However, unless compli-
ance is tracked in a systematic manner, we recommend
using caution in the adoption of accelerometers as
adjuncts to outcome measurements, because patients had
difficulty wearing the FitBit in this study routinely for
even a week. The results of this study suggest that sub-
jective activity-related PROMs must be carefully evalu-
ated and validated, especially if they are to be used in the
calculation of the value of care or evaluation of quality
of a given procedure.

Copyright © 2018 by the Association of Bone and Joint Surgeons.
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