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Abstract

Objective: To determine the reliability, responsiveness, and convergent validity of the Four-
Meter Walk Test (4mWT) compared to the Six-Minute Walk Test (6MWT) surrounding total knee
arthroplasty (TKA).

Design: Secondary analysis of a randomized controlled trial.
Setting: Research laboratory

Participants: One hundred sixty-two patients (aged 63.5 + 7.4 (mean + sd) years; 89 females)
undergoing TKA participated.

Main Outcome Measures: 4mWT (usual and fastest) and 6MWT were measured 1-2 weeks
preoperatively, and 1, 2, 3, 6 and 12 months post-operatively.

Results: 4mWT demonstrated excellent test-retest reliability with Interclass Correlation
Coefficients (ICC’s) ranging from 0.80s to 0.93. 4mWT also demonstrated small measurement
error with Standard Error of Measurement (SEM) ranging from 0.15s to 0.35s. 4mWT (fastest)
demonstrated similar responsiveness to 6mWT in the first 2 months after surgery and better
responsiveness from 2 to 3 months after surgery. Convergent validity between 6MWT and 4mWT
(fastest) was high, with Pearson correlation coefficients ranging from 0.73 to 0.81.

Conclusions: The 4mWT (fastest) has excellent test-retest reliability, shows high responsiveness
sufficient for clinical outcomes in the immediate postoperative time periods, and exhibits high
convergent validity with 6MWT. Given space and time requirements to conduct each test, sAmWT
may be preferred for routine clinical assessment.
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INTRODUCTION

Over 700,000 total knee arthroplasties (TKAS) are performed annually in the United States
and this number is expected to rise to over 3.5 million by the year 2030 due to the aging

of the population, obesity, and increasing utilization of the surgery.[1,2] Walking is a major
activity limitation following TKA with reductions of walking distance of 39% compared to
preoperative levels in the first month following surgery.[3] Walking recovery plateaus in the
first 3-6 months after TKA; however, walking ability in the long-term remains decreased by
28% compared to age matched healthy adults.[3,4] Additionally, walking ability, measured
with walking speed, has been shown to be related to discharge location, rehabilitation needs,
fall risk, loss of independence, future hospitalizations, and mortality.[5-12]

Clinically, improving walking ability is a major focus of the overall plan of care for patients
presenting to physical therapy after TKA.[13] Additionally, the need to capture physical
performance data from the perspective of payers is becoming increasingly important

given the emphasis on demonstrating patient improvement and quality of care. While
self-reported outcomes are commonly utilized after TKA, they may not accurately reflect
physical performance and are highly correlated with pain recovery.[14-19] Therefore,
accurate outcome tracking of walking ability is important from the patient perspective, the
physical therapist perspective, as well as from a payer perspective. Reliability, validity, and
responsiveness to change are major factors to consider when selecting an outcome measure.
Additionally, potential floor and ceiling effects as well as clinical utility are other major
factors to consider when selecting an outcome measure. Two potential outcome measures
to quantify walking ability after TKA are the Six-minute Walk Test (6MWT) and a short
walking speed test such as the 4-Meter Walk Test (4mWT).[20,21]

The 6MWT has been studied extensively in patients after TKA as well as is in

a recommended core battery of physical performance tests for individuals with knee
osteoarthritis (OA).[4,14,22,23] The 6MWT has been shown to be a reliable and valid
outcome measure demonstrating excellent intra-rater reliability[4] as well as a strong
relationship to longer walking distances[24] and recovery prognosis.[25] The 6MWT has
also been shown to be a responsive measure at 7 weeks after TKA.[4] From a clinical utility
perspective, this is a challenging outcome measure for many clinicians to utilize given it
requires a walking track or large corridor (typically 30m or greater), and it takes up to 10
minutes to conduct.[26]

Given the limited clinical utility of the 6MWT, an important clinical question is: Can a
short walking speed test such as the 4m-walk test (4mWT) test be utilized in place of

the 6MWT? The clinical utility of the 4mWT is much higher because it requires only an
eight-meter walkway and takes less time to administer.[21] It is clear that the 6BMWT is a
longer test and therefore potentially a better measure of walking endurance; however, if the
rationale in selecting a walking test as an outcome is based on capturing walking ability
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in general as well as assessing progress during rehabilitation, the AmWT may be a sound
choice. Moreover, walking speed has been advocated as a sixth vital sign and recommended
as a routine outcome measure for clinical practice.[27] Before recommending utilization of
the 4mWT, it is important to establish its reliability, responsiveness and validity compared
to the BMWT during common clinical time points after TKA. Only one study to date

has examined the reliability of the 4mWT (fastest) after TKA, however this study only
examined individuals in the immediate postoperative period during inpatient rehabilitation.
[28] No studies to date have examined the responsiveness or construct validity of the 4mWT
compared to the 6MWT.

Therefore, the purpose of this study was to determine the reliability, responsiveness, and
construct validity of the 4AmWT compared to the 6MWT surrounding TKA. We hypothesized
that the 4mWT would demonstrate almost perfect test-retest reliability, large responsiveness
similar to the 6BMWT, and high levels of construct validity with the 6MWT.

METHODS

Study Design

Subjects

This was a secondary analysis of a randomized controlled trial that examined the difference
between a high-intensity rehabilitation program compared to a low-intensity rehabilitation
program. Full details of this clinical trial have been published elsewhere.2?

Patients were consecutively recruited by nine participating orthopedic surgeons at four
institutions from August 2011 to November 2014. Patients aged 50 to 85 years were
included if they were awaiting a primary, unilateral TKA secondary to knee OA. Exclusion
criteria were: 1) current smoker; 2) current cancer treatment; 3) uncontrolled diabetes
(hemoglobin Alc level >7.0); 4) body mass index (BMI) greater than 40 kg/m?; 5)
neurological, vascular, or cardiac problems that limited function; 6) discharge to location
other than home after surgery (e.g., skilled nursing facility); 7) severe contralateral knee
OA (>5/10 pain with stair climbing) or other orthopedic conditions that limited function
and necessitated alternative concurrent intervention (e.g., severe lumbar spinal stenosis;
severe hip or ankle OA). Informed consent was obtained from all participants. The study
was approved by the (removed for blinding) Institutional Review Board and registered at
ClinicalTrials.gov (removed for blinding).

Interventions

Surgical technique and implant selection were based on surgeon preference. All components
were cemented and the operations were performed via a medial parapatellar or mid-vastus
approach, using either posterior-stabilized or cruciate-retaining implants with fixed or
mobile bearing components. The patella was resurfaced in all instances. Following surgery,
all patients received inpatient physical therapy twice daily prior to discharge. The high-
intensity and low-intensity interventions were initiated 4.2 + 1.2 (mean * sd) days after
surgery. All patients were seen 2-3 times per week over 11 weeks in an outpatient physical
therapy setting for a total of 26 visits. The high-intensity intervention consisted of a
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progressive resistance exercise program targeting major lower extremity muscle groups

and a rapid progression to weight-bearing exercises targeting key activities in addition to
balance and agility training. The low-intensity intervention had an initial focus on isometric
exercise and active range of motion exercise with a slower progression to weight-bearing
exercises and activities compared to the high-intensity intervention. Both interventions
included patient education on pain, swelling, and wound management; training on transfers,
gait, and stair climbing; range of motion techniques; and instruction in a home exercise
program.

All outcomes were assessed 1-2 weeks preoperatively and at 1, 2, 3, 6 and 12 months
postoperatively by a blinded outcome assessor (blinded to group assignment). A total of six
testers administered assessments over the course of the study period. Testers were trained by
lead researchers on the investigative team according to a manual of operating procedures.

Four-Meter Walk Test

This test measures two walking speeds for each participant: usual speed and fastest speed.
For the 4mWT (usual), patients were instructed to walk at their usual, comfortable speed.
For the 4AmWT (fastest), patients were instructed to walk safely at their fastest speed without
running.

Two trials were measured at each of the two speeds, and the average time was used in
reporting. Patients were placed on a path marked at 0, 2, 6, and 8 meters (figure 1). The

0-2 meter interval allowed for acceleration. Four-meter walking speed was measured in the
2-6 meter interval. The final 6-8 meter interval provided for 2 meters of deceleration. For
both speeds, patients were instructed to continue walking through the 2—-6 meter interval to
the 8 meter mark to eliminate the effects of early deceleration. The time started when the
participant’s front foot crossed the 2 meter line and stopped when their front foot crossed the
6 meter line. A digital stopwatch was used to measure the time. Two trials were performed
with a rest period (usually less than 1 min) between trials. Total time to assess both versions
of the 4AmWT (usual and fastest) was less than 4 min.

Six-Minute Walk Test

This BMWT measures the distance a patient can walk in 6 minutes and was assessed with

a 30.5 meter walkway with a tape marker at each end, and tape marks placed every 3

meters along the walkway.[20] One full lap was 30.5m x 2, or 61 meters. Only one foot was
required to cross the tape at the end of the walkway prior to turning to complete the lap. The
participant was instructed “to safely cover as much distance as possible in six-minutes.” At
the end of six-minutes, the participant was instructed to stop. Total distance was estimated
to the nearest 3 meters by using the marks on the walkway. The same rater assessed both
6MWT and the 4amWT (usual and fastest) for a given testing session. Only one trial of the
6MWT was conducted.
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Statistical Analysis

RESULTS

Group data from the parent trial were pooled for this analysis as there were no differences in
any outcomes between groups over time.[29] Descriptive statistics (e.g., mean +/- standard
deviation) were utilized to report participant characteristics as well as the 4AmWT and
6MWT results over time. The test-retest reliability of the 4mWT was described by intraclass
correlation coefficients (ICCs) (Type 2,1) at all assessment times.[30] Intraclass correlation
coefficients were characterized using the following scale[31]: slight (ICC 0.00-0.20), fair
(ICC 0.21-0.40), moderate (ICC 0.41-0.60), substantial (ICC 0.61-0.80), almost perfect
(ICC 0.81-1.00). The standard error of measurement (SEM) and minimal detectable change
at the 95% confidence level (MDCgs) in seconds were also calculated for the AmWT at all
assessment time points.[32] Additionally, the 95% confidence intervals for ICC and SEM
estimates were calculated.

Responsiveness was assessed by calculating standardized response means (SRMs) between
consecutive assessment points for each of the tests. Calculations were arranged so that

a decline in function across time points was represented as a negative SRM value.
Bootstrapping was utilized to obtain sampling distributions of the SRMs for the purposes of
estimating 95% confidence intervals.[33] Standardized response means were characterized
using the following scale [34]: trivial (SRM 0-0.19), small (SRM 0.20-0.49), moderate
(SRM 0.50-0.79), large (=0.80).

To determine the construct validity between 4mW and 6MWT results, simple linear
regression was performed at each time point separately with 6BMWT as the dependent
variable and 4mWT (usual or fastest) as the independent variable. Pearson correlation
coefficients were characterized using the following scale[35]: negligible( r=0.0-0.3), low
(r=0.3-0.5), moderate (r=0.5-0.7), high (r=0.7-0.9), very high (r=0.9-1.0). Additionally,
the coefficient of determination was calculated (r2), along with 95% confidence intervals
to inform comparisons between usual and fastest speeds for the 4AmWT. All analyses were
performed in R version 3.4.1 (The R Foundation for Statistical Computing).

Sample Description

One hundred sixty-two individuals (aged 63+7 years; 89 females) were available for this
analysis. Baseline characteristics of patient groups are reported in table 1. Participant flow
through the trial has been previously published.[29]

Outcome Measures

Figure 1 provides the measures of 4AmWT (usual), 4mWT (fastest), and 6MWT distances
across all time points. The first interval from pre-surgery to 1-month post-surgery showed
decline in walking performance across all measures, followed by positive gains from 1 to 12
months.
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Test-retest reliability coefficients (ICCs), SEM’s, and MDCgs’s for the 4AmWT for all time
points are presented in table 2. The test-retest reliability of 4mWT (usual) was substantial
to almost perfect (ICC range: 0.79-0.87). Test-retest reliability for the 4AmWT (fastest)

was almost perfect at all time points (ICC range: 0.84-0.93). The SEM values for the
4mWT (usual) ranged from 0.20s to 0.35s with higher levels of measurement error found
preoperatively and 1 month postoperatively compared to 4mWT (fastest). The SEM values
for the AmWT (fastest) ranged from 0.15s to 0.23s and were stable across all time points.
Correspondingly, the MDCgg’s for the 4amWT (fastest) were smaller than the 4mWT (usual)
and ranged from 0.42s to 0.64s.

Responsiveness

The SRM’s for the AmWT and 6MWT are presented in table 3. Responsiveness to
deterioration in the first month postoperatively (indicated by a negative SRM value) was
small for AmWT (usual) and moderate for 4mWT (fastest) and 6MWT. Responsiveness
from 1 to 2 months was moderate for the 4mWT (usual) and large for the AmWT (fastest)
and 6MWT. The 4mWT (usual and fastest) demonstrated better responsiveness than the
6MWT from 2 to 3 months postoperatively and was moderate for all three walking tests.
Responsiveness for the AmWT (usual and fastest) was trivial after 3 months but remained
moderate for the 6BMWT during the same time period.

Construct Validity

The relationship between the 4AmWT and 6MWT during the first three postoperative time
points are displayed in figure 2 and Pearson correlations are reported in table 4 for all

time points. The correlation between 4mWT (usual) and 6MWT was moderate and ranged
from r=0.57 to r=0.75. The correlation between 4mWT (fastest) and 6MWT was high and
ranged from 0.73 to 0.81. For the estimates of coefficient of determination, 95% confidence
intervals overlapped at all time points except at six months following surgery, when 4mWT
(fastest) explained a higher proportion of the variance observed in BMWT results (r2 = 0.60,
95% Cl: 0.50, 0.70), compared to the 4mWT (usual) (r? = 0.33, 95% CI = 0.19, 0.48).

DISCUSSION

The purpose of this study was to determine the reliability, responsiveness, and construct
validity of the 4AmWT compared to the 6MWT after TKA. We found that both versions

of the AmWT demonstrated nearly perfect reliability (ICC >0.80) across almost all time
points. Our reliability findings are similar to those of Unver et al [28] which also found
nearly perfect test-retest reliability (ICC=0.93) for the 4AmWT (fastest) following TKA in
an inpatient setting. Test-retest reliability was slightly lower at the preoperative time point
for the AmWT (usual) although still substantial. We also found that the MDCgys for the
AmWT (fastest) was more stable and indicated greater precision over the course of the study
compared to 4amWT (usual). With MDCgys values ranging from 0.42 to 0.64 seconds, our
results suggest much greater precision to the 4mWT (fastest) than was reported by Unver
et al [28] (5.5s). However, Unver et al measured the 4mWT (fastest) immediately following
surgery in the inpatient setting and the mean time to complete the 4mWT (fastest) was also
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much faster in our study (2.5s vs 17.6s). It is likely that precision of the test varies based on
level of performance (i.e. very slow patients will demonstrate greater absolute error between
assessments compared to very fast patients).

For responsiveness, our study found that the 4mWT (fastest) had superior responsiveness

for detecting deterioration in the first postoperative month and recovery in the second
postoperative month compared to the 4mWT (usual). Levels of responsiveness for the
AmWT (fastest) were similar to the 6BMWT during the first two months. However, the AmWT
(fastest) demonstrated better responsiveness from 2 to 3 months postoperatively compared
to the BMWT, while the 6MWT demonstrated better responsiveness from 3 months to 1
year after surgery. This indicates that patients typically plateau in recovery of their walking
speed by 3 months postoperatively and that the 6MWT shows less of a plateau in long-term
recovery. Therefore, the 6MWT might be preferred for long-term tracking of walking ability.
Conversely, the AmWT (fastest) may be preferred during the initial postoperative period
when many patients are undergoing rehabilitation. Parent and Moffet [22] compared the
10-meter walk test with the 6BMWT and found the 6BMWT had better responsiveness during
the first two months after surgery, although the rehabilitation programs utilized in each
study were different as were walking speed assessment methods (laboratory vs clinical) and
these factors may have influenced responsiveness.[22] Kennedy et al [4] also examined the
responsiveness of the BMWT and reported higher levels of responsiveness than the current
study (SRM=-1.74 for deterioration and 1.90 for improvement) although deterioration was
measured at 8 days postoperatively versus the 1 month time point used in this study and
improvement was measured from 8 days to 47 days postoperatively.[4] This highlights the
need to standardize time points when comparing outcome measures as this may be a primary
reason for observed differences between studies.

For construct validity, the 4mWT (fastest) demonstrated a stronger relationship to the
6MWT compared to the 4AmWT (usual) and was highly correlated at all time points to

the BMWT. On average, 4mWT (fastest) explained 54-66% of the variability of performance
on the BMWT. These results are similar to prior studies in stroke[36] and spinal cord injury
[37] which have found very high correlation (>0.90) between the 10-meter walk test and the
6MWT.

Study Limitations

A primary limitation in this study is the utilization of multiple raters over the course of

the study and the lack of blinding of raters to performance on the 4mWT and 6MWT
within a given testing session. While all raters underwent a standardized training procedure,
this may have introduced potential error or bias into the study. Additionally, subjects

in this study were participating in an interventional trial, which may have impacted
responsiveness. The study sample likely consists of a more homogenous patient population
than typically encountered in clinical practice. Future studies should examine the reliability
and responsiveness of the 4mWT in a larger more heterogeneous patient population after
TKA.

A further limitation to this study is the potential for familiarization by the participants to
the 4AmWT. However, test-retest reliability of the 4mWT has been demonstrated in studies
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that used sequential repetitions with short temporal spacing.[20,21,28] Further, the use of the
4mWT in our study is likely to represent how it will be utilized in clinical practice.

CONCLUSIONS

In conclusion, the 4AmWT (fastest) has excellent test-retest reliability, shows high levels of
responsiveness sufficient for clinical outcomes in the immediate postoperative time periods,
and exhibits high construct validity with the 6BMWT. Given the significant difference in
space and time requirements to conduct each test, the 4amWT (fastest) may be preferred for
routine clinical assessment. Additionally, given the superior reliability, responsiveness, and
construct validity of the 4AmWT (fastest) versus the 4mWT (usual), the AmWT (fastest) is
recommended over the 4AmWT (usual).
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Implications for Rehabilitation:

Walking Ability
. Walking is an important functional ability for patients who undergo total knee
arthroplasty (TKA).
. While the Six-Minute Walk Test is a validated measure of walking ability in

the TKA population, its clinical utility is limited by the space and time it takes
to perform the test.

. The Four-Meter Walk Test (fastest speed) is a valid, reliable, and responsive
alternative to the 6MWT and is recommended for routine clinical use after
TKA.
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Figure 1.
Space requirements and course setup for A) 4mWT, including 2-meter acceleration/

deceleration zones; and B) 6MWT.
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Figure 2.

Means (points) and standard deviations (error bars) of walking ability test results at all time
points: A) 4mWT (usual speed), B) 4mWT (fast speed), and C) 6MWT distance.
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Figure 3.

Relationship between 6MWT and 4mWT results at 4 postoperative time points: A) 1 month,
B) 2 months, C) 3 months, and D) 6 months. Insets provide coefficients of determination
with 95% confidence intervals.
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Table 1.
Baseline characteristics of study sample. Values are reported as mean + standard deviation unless otherwise
indicated.
Characteristic Study Sample (n=162)
Age, years 635+ 7.4
BMI, kg/m 2 304+48
Sex, n (% female) 89 (55)
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Estimates of reliability, Standard Error of the Measurement, and Minimal Detectable Change for 4-meter walk
tests at each time point.

Measure

4mWT (usual)

AmWT (fastest)

ICC (95% CI)

SEM (95% Cl)

MDCgs

ICC (95% CI)

SEM (95% CI)

MDCgs

Pre-op (n=156)

0.80 (0.74, 0.85)

0.35 (0.30, 0.40)

0.97

0.91 (0.88, 0.93)

0.21 (0.18, 0.24)

0.58

1 month (n=152)

0.87 (0.83, 0.91)

0.34 (0.30, 0.40)

0.94

0.93 (0.91, 0.95)

0.23 (0.19, 0.26)

0.64

2 months (n=153)

0.87(0.83, 0.91)

0.22 (0.19, 0.25)

0.61

0.92 (0.89, 0.94)

0.16 (0.14, 0.19)

0.44

3 months (n=152)

0.84 (0.79, 0.88)

0.20 (0.17, 0.23)

0.55

0.86 (0.82, 0.90)

0.18 (0.16, 0.21)

0.5

6 months (n=139)

0.80 (0.74, 0.86)

0.22 (0.19, 0.25)

0.61

0.84 (0.78, 0.88)

0.17 (0.15, 0.20)

0.47

1 year (n=135)

0.79 (0.72, 0.85)

0.21 (0.18, 0.24)

0.58

0.87 (0.82, 0.90)

0.15 (0.13, 0.18)

0.42
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Standardized Response Means (95% Confidence Interval) for the 4-meter Walk Tests (usual and fastest

Table 3.

speeds) and 6-Minute Walk Test for each testing period.

Measure

Pre-op to 1 mo

1 mo to 2 mo

2 mo to 3 mo

3 mo to 6 mo

6motolyr

4mwT? (usual)

-0.38 (<0.33, —0.44)

0.76 (0.70, 0.82)

0.59 (0.52, 0.65)

0.13 (0.06, 0.20)

0.14 (0.08, 0.21)

AmWT (fastest)

-0.69 (~0.62, —0.76)

0.91 (0.84, 0.99)

0.65 (0.59, 0.70)

0.12 (0.05, 0.19)

0.17 (0.10, 0.24)

6MWT b

-0.78 (-0.71, —0.84)

1.08 (0.98 1.20)

0.41 (0.34, 0.49)

0.54 (0.48, 0.61)

0.26 (0.19, 0.32)

a4mWT: 4-meter Walk Test

bGMWT: 6-Minute Walk Test
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Pearson correlation coefficients for the relationship between 4-meter walk test times and 6-minute walk test

distance at each of the time points.

Table 4.

Measure Pre-op | 1 month | 2months | 3 months | 6 months | 1year
amwWT? (usual) 0.74 0.68 0.75 0.66 0.57 0.62
AmWT (fastest) 0.81 0.73 0.79 0.77 0.77 0.77

a4mWT: 4-meter Walk Test
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