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Abstract

Total joint replacement is indicated to alleviate pain and disability associated with hip and knee
osteoarthritis. Arthroplasty outcomes are typically reported together, or anecdotal comparisons are
made between total knee arthroplasty (TKA) and total hip arthroplasty (THA) recovery. Limited
data quantifies differences in recovery trajectories, especially with respect to performance-based
outcomes. Seventy-nine people undergoing total knee or total hip arthroplasty were followed over
six months. Functional performance was measured using the stair climb test, timed-up-and-go test,
and six-minute walk test. Surgical limb isometric strength was also measured. All outcomes
significantly declined one month after surgery. Participants in the total knee arthroplasty group
showed greater decline in climbing stairs (P < 0.001), timed-up-and-go (P = 0.01), and six-minute
walk distance (P < 0.01). Further, the total knee arthroplasty group lost more strength (P < 0.001)
and were weaker than those after total hip arthroplasty (P < 0.001). Differences in postoperative
outcomes between groups at 3 and 6 months were also observed. The TKA group experiences
greater decline in measured outcomes than the THA group, and muscle strength and functional
recovery occurred differently in each group. These findings should be considered in rehabilitation
priorities after arthroplasty surgery.
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INTRODUCTION

Total joint arthroplasty (TJA) is often indicated to alleviate the pain and disability associated
with end-stage hip and knee osteoarthritis, the most common joint disease (Buckwalter and
Martin, 2006). Over 700,000 total knee arthroplasties (TKA) and 230,000 total hip
arthroplasties (THA) are performed annually in the United States (Kurtz et al., 2007). Due to
the aging population, the incidence of joint replacement is expected to grow to over
4,000,000 per year by 2030 (McLawhorn and Buller, 2017).

TKA and THA are successful surgeries. Patients are satisfied and report improvements in
pain and quality of life (Bourne et al., 2010, Rat et al., 2010). However, postoperative
deficits in strength and function are present beyond the immediate postoperative period
(Bade et al., 2010, Sicard-Rosenbaum et al., 2002). Further, despite improved quality of life
immediately following TJA, patients’ quality of life outcomes are poorer than adults of
similar age several years after surgery (Rat et al., 2010). This phenomenon could be
explained by the fact that functional performance is not optimized, potentially related to
postoperative rehabilitation strategies. A comprehensive understanding of postoperative
recovery and related persistent functional deficits could improve rehabilitation strategies
following TJA.

Although TKA and THA surgeries are inherently different surgical procedures, many studies
combine these populations to describe outcomes (Jones et al., 2005, Lau et al., 2012);
further, payers do not differentiate between the surgeries for reimbursement (Belatti et al.,
2014, Padegimas et al., 2016). The studies providing comparative data between TKA and
THA populations focus on patient self-report, without consideration of performance-based
measures of functional capacity (Bourne et al., 2010, Hamilton et al., 2012, Lau et al., 2012,
Rat et al., 2010). These self-report data suggest that individuals have higher satisfaction and
have their expectations met more often after THA relative to TKA (Lau et al., 2012). To
date, one study has characterized performance-based outcomes in both THA and TKA;
however, the postoperative time points for data collection were varied (Kennedy et al.,
2006). Comparing the trajectory of functional recovery after TKA compared to THA,
measured at the same postoperative time points, could better inform postoperative decision-
making.

Performance-based measures and self-report measures have characterized recovery after
TJA. In particular, recovery after TKA is characterized by quantifying quadriceps strength
and by performance-based outcomes such as the timed-up-and-go, the six-minute walk test,
five-time-sit-to-stand test, and the stair climb test (Bade et al., 2010, Kennedy et al., 2005,
Stevens-Lapsley et al., 2012a, Stevens-Lapsley et al., 2012b). These have been
complemented by self-report measures such as the Western Ontario and McMaster
Universities Arthritis Index and The Medical Outcome Study Short Form 36 (Stevens-
Lapsley et al., 2011). This battery of testing has allowed better understanding of the
immediate deficits and subsequent recovery after TKA. However, this battery of outcomes
assessment is not widely used after THA, and recovery after THA is not as well described.
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The purpose of this study was to compare functional performance and muscle strength 1)
before TKA or THA and 2) postoperative recovery after TKA or THA. We hypothesized
that, following THA or TKA, participants would have similar declines and functional
performance and muscle strength in the first month after surgery. Additionally, we
hypothesized that strength and functional performance recovery would be similar between
the two groups at one, three, and six months after surgery.

A convenience sample of 79 individuals, including 53 individuals undergoing TKA and 26
individuals undergoing THA, were studied for this analysis (figure 1). Participants with
TKA were control group subjects from two recently completed randomized controlled trials
(Stevens-Lapsley et al., 2012a, Stevens-Lapsley et al., 2012b). They participated in the
control group study arm and were recruited from June, 2006 to January, 2011. Participants
with THA were recruited from a separate ongoing observational study from June, 2010 to
August, 2011, and were not receiving specific postoperative intervention. Participants were
considered eligible if they were age 45-80 and scheduled for a primary, unilateral TKA or
THA. Participants were excluded if they had uncontrolled hypertension, uncontrolled
diabetes, BMI >40 kg/m?, or additional orthopedic or neurologic disorders that impaired
daily function. Participants with TKA underwent a tri-compartmental, cemented TKA with a
medial parapatellar surgical approach. Participants with THA underwent a posterolateral
approach, non-cemented THA. All participants discharged home and participated in home
health and outpatient physical therapy. Following TKA, participants received five visits of
home physical therapy and attended 10-12 visits of outpatient physical therapy (Stevens-
Lapsley et al., 20123, Stevens-Lapsley et al., 2012b). After THA, participants attended
physical therapy as prescribed by their surgeon, which was not controlled due to the
observational nature of the ongoing project. Participants received an average of four visits of
home physical therapy and two visits of outpatient physical therapy after THA (Judd et al.,
2013). Participants in both cohorts received written informed consent, and all three parent
studies were approved by the Colorado Multiple Institutional Review Board.

Outcome measures

All outcomes were assessed preoperatively and one, three, and six months after surgery in
both the TKA and THA groups.

Functional Performance Measures—We measured functional performance using the
timed-up-and-go test, stair climb test, and six-minute walk test. The timed-up-and-go test
measures the time to rise from a chair, walk three meters, turn around, and return to sitting in
the same chair (Podsiadlo and Richardson, 1991). It is reliable (ICC=0.75) and responsive to
change in individuals after TJA (Kennedy et al., 2005). Time to ascend and descend 12 stairs
was measured in the stair climb test; it has shown excellent reliability (ICC=0.90) and is
responsive to change in individuals after TIA (Kennedy et al., 2005). The six-minute walk
test (Steffen et al., 2002) assesses how far a person can walk in six minutes, and has been
used extensively to measure endurance in several populations; it has shown excellent
reliability (ICC=0.94) in individuals after joint arthroplasty (Kennedy et al., 2005).
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Strength Measures—Maximal voluntary isometric contractions of the participants’
surgical limb knee extensors and flexors were measured using an electromechanical
dynamometer (HUMAC NORM; CSMI Solutions, Stoughton, MA, USA). Participants were
seated and stabilized on the dynamometer while positioned in 85° of hip flexion and 60° of
knee flexion (Stevens-Lapsley et al., 2010). Two sub-maximal contractions were performed
for warm up and task familiarity, then maximal, voluntary isometric contractions were
performed twice. The trial with the highest torque (Nm) was used for analysis. Data were
sampled using a Biopac Data Acquisition System at a sampling frequency of 2000Hz
(Biodex Medical Systems, Inc., Shirley, NY) then analyzed using AcqKnowledge software
(Biodex Medical Systems).

Data analysis

RESULTS

Participants

To characterize the pattern of recovery, preoperative and one-, three-, and six-month
postoperative measures were evaluated using maximum likelihood estimation in a
multivariate repeated measures model using all available data. In the model for each
outcome, we controlled for the baseline value of the outcome, age, and sex. We used linear
contrasts to estimate the differences between TKA and THA at each time point, and within-
group differences from baseline at three and six months after surgery. All analysis was done
using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) and alpha was set for P-value
0.05.

There were no differences between the TKA and THA groups for most outcomes
preoperatively. However, the TKA group had a significantly higher BMI and was
significantly slower on the stair climb test (table 1).

Functional Performance

One month after surgery, both groups were significantly slower during the timed-up-and-go
test and stair climb test, and walked less distance during the six-minute walk test compared
to preoperative values (table 2). Between the preoperative and three-month time points, there
was no difference in timed-up-and-go (both groups), stair climb (THA group), or six-minute
walk (TKA group). At the same time point, the TKA group was slower on stairs compared
to preoperative performance, and the THA group walked farther during the six-minute walk
test and climbed stairs faster compared to their preoperative performance. Six months after
surgery, both groups were faster during the timed-up-and-go test and walked further on the
six-minute walk test compared to preoperative values.

At the one-month time point, the TKA group lost more time on the timed-up-and-go test and
the stair climb test, and lost more distance on the six-minute walk test compared to the THA
group and their respective preoperative levels (table 2). These measures, transformed to
relative change, were also significantly different across all three outcomes, suggesting the
TKA group experienced a greater decline in these measures. Three months after surgery,
participants after TKA continued to perform worse on the timed-up-and-go test and the six-
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minute walk test compared to participants after THA, and there was no difference in the
change in stair climbing time between groups. Six months after surgery, there were no
differences between groups in stair climb test or timed-up-and-go test performance;
however, the THA group walked a greater distance during the six-minute walk than the TKA

group.

Muscle Strength

Both the TKA and THA groups were significantly weaker in the knee flexor and knee
extensor muscles one month after surgery (table 2). By three months, there were no
differences in strength from preoperative values in either muscle group in either surgical
group. Additionally, both groups’ strength remained similar to preoperative values at six
months postoperative.

The TKA group lost more strength in both muscle groups compared with the THA group
one month after surgery. When transformed to relative change values, the groups were also
significantly different across all three outcomes, suggesting the TKA group experienced
more strength loss. Three months after surgery, the TKA group remained weaker in the knee
extensors compared to preoperative levels, and still demonstrated greater strength loss in
these muscles compared to the THA group. By the six-month time point, knee extensor
strength was not significantly different from preoperative values in the TKA group and was
greater than preoperative values in the THA group.

DISCUSSION

This study provides a longitudinal comparison of performance-based outcomes after TKA
and THA to highlight the differences in the trajectory of recovery. Participants lose
significant amounts of strength and functional capacity one month after both surgeries, but
participants after TKA decline more in the first month. Further, three months after TKA,
participants performed worse and had less muscle strength than participants after THA.
Despite the initial decline in functional performance and strength, participants after both
TKA and THA recovered strength and function to preoperative levels after six months of
recovery.

To our knowledge, this is the first study that directly compares prospective, performance-
based measures of strength and function between TKA and THA both before and after
surgery, highlighting the first six months of recovery. The importance of this comparison is
twofold. First, these populations are often considered one cohort when reporting outcomes
following surgery, and second, previous investigations have primarily relied on patient self-
report to examine post-surgical outcomes (Bourne et al., 2010, Hamilton et al., 2012, Jones
et al., 2005, Lau et al., 2012, Rat et al., 2010, Wylde et al., 2009). The current investigation
highlights the differences in postoperative functional recovery after TKA and THA.

Because previous literature often considers outcomes after TKA and THA together, we
hypothesized that both groups would experience similar declines in strength and function
early after surgery. However, the data suggests that individuals after TKA experience a
greater decline in functional performance and strength than individuals after THA one
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month after surgery. The dramatic postoperative decline after TKA has been well described
(Bade et al., 2010, Mizner et al., 2005, Stevens-Lapsley et al., 2010), so the decline observed
in this cohort was not surprising. Declines in strength and function after THA have also been
described, suggesting a similar postoperative experience (Judd et al., 2013). However, direct
comparison between these two groups suggest that individuals actually have different early
postoperative experience after TKA compared with after THA. Participants following THA
are more satisfied after surgery, more willing to undergo surgery again (Bourne et al., 2010,
Hamilton et al., 2012), and report higher levels of functional performance several years after
surgery compared to individuals following TKA (Wylde et al., 2009). This phenomenon may
be explained by the fact that the immediate THA postoperative period may be relatively
easier due the less dramatic decline in strength and functional performance in the first few
weeks after THA compared to after TKA. Conversely, higher levels of self-reported
function, and therefore satisfaction, could be a result of individuals overestimating their
functional capacity early after THA due to significant pain relief follow THA (Dayton et al.,
2016).

The interpretation of these findings should not be taken to mean that individuals after THA
might recover without formal rehabilitation. Although it appears immediate postoperative
period appears easier for individuals after THA compared to TKA based on the battery
outcome measures used in this study, the complete picture of deficits and rehabilitative
needs is not reflected. A more in-depth analysis, included a biomechanical analysis would
clarify the effects of THA surgery on function, and may be more valuable than, or at least
complimentary to, the outcome measures presented here, considering the current literature
that suggests movement compensation is a persistent problem following THA (Kolk, 2014).
Further, other studies suggest quality of life measures begin to decline as early as 18 months
following THA (Ng et al., 2007). Individuals after THA also struggle to regain and sustain
hip muscle strength (Rasch et al., 2010), and have difficulty restoring gait mechanics
(Beaulieu et al., 2010) and activities of daily living (Kolk et al., 2014). The THA group
studied for this analysis participated in PT ranging from 0-8 visits, with an average of three
visits of home-based PT and two visits of outpatient PT (Judd et al., 2013), which is
representative of standard of care in our area. Although recovery to preoperative levels did
occur over the study period for both groups, participants after THA hit a plateau in their
recovery after three months, while participants after TKA continued to improve from the
three to six-month time points, as they were continuing their rehabilitation. Further,
rehabilitation should aim to improve functional performance outcomes beyond preoperative
levels, since, despite rehabilitation efforts, individuals in both groups experience difficulties
with muscle strength and functional performance compared to their peers who have not have
had joint replacement (Bade et al., 2010, Nilsdotter and Isaksson, 2010).

We also hypothesized that participants in each group would demonstrate similar strength and
functional performance capacity after the acute postoperative timeframe, at the three- and
six-month time points. However, participants with TKA took longer to recover strength and
function compared to participants with THA. At three months, although both groups were
statistically similar to their respective preoperative values, the THA group more closely
approached their preoperative levels of strength and function. This finding is similar to
results presented by Kennedy et al. (Kennedy et al., 2006) in which a THA group
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outperformed a TKA group with a more rapid trajectory of recovery over the first three
months. Individuals after TKA may require a relatively longer recovery time, which could
be achieved with increased rehabilitation utilization to achieve the desired outcomes.

Study Limitations

We utilized the same muscle strength and functional performance outcomes to examine
recovery in both populations. While this was a logical extension of current practices in TKA
research, these outcomes may not be ideal for the THA population because the functional
tasks represented by the outcome measures selected rely heavily on the strength of the
quadriceps muscle. Although participants after THA experienced quadriceps strength loss,
the TKA group remains more deficient, perhaps more greatly affecting their performance on
some of these measures. Individuals after THA are also impaired by muscle weakness in the
gluteal muscles, movement compensations, and the relationship of those outcomes to each
other (Perron et al., 2000, Rasch et al., 2010, Kolk et al., 2014). An analysis of movement
and mechanics may aid in better understanding of the effects of THA. Secondly, the THA
cohort had a significantly lower BMI and significantly faster SCT time than the TKA group
at the start of the study (table 1). Both findings could represent a bias in favor of the THA
group and related to the higher level of functional performance in that group. Additionally,
we omitted measures of patient self-report, which may add a dimension to the understanding
of the differences in recovery. Finally, we used a sample of convenience from previous
studies in our laboratory that had exclusion criteria eliminating a substantial number of
individuals from the overall screened population. This may have left a higher functioning
cohort in each group, which might affect generalizability of these findings.

Conclusions

We compared performance-based outcomes in muscle strength and functional performance
over the first six months of recovery after TKA and THA. These results are an important
complement to existing self-report data comparing these surgeries. Our data suggest that
individuals after TKA experience more decline in strength and functional performance
compared to individuals after THA early after surgery, and the recovery trajectory is
different in each population. This should be considered in both the outcomes chosen to
measure recovery and the rehabilitation strategies adopted after surgery. Future directions
should include identifying the most appropriate outcome measures to capture recovery
following THA, as well as identifying the most efficacious rehabilitation strategies to
optimize strength and functional capacity in both populations.
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THA (n=135)

Failed to meet
inclusion criteria
(n=1591)

Met inclusion
criteria
(n=53)

Preoperative TKA
Group
(n=53)

Failed to meet
inclusion criteria
(n=82)

Preoperative THA
Group
(n=26)

TKA group : 1
month follow up
(n=51)

TKA group : 3
month follow up
(n=49)

TKA group : 6
month follow up
(n=47)

Figurel.

Declined to
participate
(n=27)

THA group : 1
month follow up
(n=24)

THA group : 3
month follow up
(n=23)

THA group : 6
month follow up
(n=22)

Recruitment, enrollment and flow of study participants.
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Table 1.

Baseline characteristics of study participants. Data are mean (SD). Sample size includes percentage of female
participants in the group. BMI= body mass index, TUG= Timed Up and Go, SCT= Stair Climb Test, GMWT=
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Six-Minute Walk Test

Outcome TKA THA p-value
N (% female) 53 (49%) 26 (69%) -

Age 64.4 (7.9) 61.4 (8.1) 0.26
BMI (kg/m?) 31.2(4.5) 27.9(5.1) 0.01
TUG (s) 9.34 (3.56) 8.79 (3.26) 0.76
SCT () 19.91 (14.39) 14.84 (6.35) 0.03
BMWT (m) 434.17 (119.83) | 461.10 (123.39) | 0.57
Normalized Hamstrings Strength (Nm/kg) | 0.75 (0.25) 0.77 (0.19) 0.87
Normalized Quadriceps Strength (Nm/kg) | 1.34 (0.52) 1.44 (0.28) 0.89
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Change in Functional Performance and Muscle Strength Outcomes at 1, 3, and 6 months postoperatively. Data

are mean (95% CI).

TKA

THA

Difference in change between
TKA and THA

Timed-up-and-go (s)

Change from baseline (1 month)

3.65 (2.96, 4.40) *

2.25(1.21,3.29)*

1.40 (0.12-2.68)”

Change from baseline (3 months)

-0.23 (-1.02, 0.57)

-0.92 (~2.09, 0.25)

0.69 (-0.72, 2.11)

Change from baseline (6 months)

-0.97 (-1.78, -0.15) *

*

-1.35 (-2.56, =0.13)

0.38 (~1.08, 1.84)

Stair climb test (s)

Change from baseline (1 month)

16.05 (13.3, 18.74)

751 (3.69,11.33)

8.54 (3.87,13.21)"

Change from baseline (3 months)

-2.85 (-5.68, —0.03) *

-2.29 (-6.41, 1.84)

-0.57 (-5.57, 4.43)

Change from baseline (6 months)

-4.64 (-7.50, -1.78) *

-3.16 (-7.37, 1.04)

~1.48 (-6.56, 3.60)

Six-minute walk test (m)

Change from baseline (1 month)

-415.28 (-474.51,
-356.05) ™

-158.32 (-237.23,
-79.41)"

-256.96 (—355.62, —158.29) 7

Change from baseline (3 months)

18.12 (~48.19, 84.42)

170.76 (74.83, 266.69) ™

-152.64 (~355.62, ~158.29) "

Change from baseline (6 months)

*

117.48 (47.32, 187.63)

230.26 (128.02, 332.49)

-112.78 (-236.75, 11.19)

Nor malized Hamstrings Strength (Nm/kg)

Change from baseline (1 month) -0.32 (-0.36, —0.28) * -0.12 (-0.18, -0.06) * -0.20 (-0.27, _0_13)7‘
Change from baseline (3 months) -0.04 (-0.09, 0.01) 0.00 (-0.08, 0.07) -0.04 (-0.12, 0.05)
Change from baseline (6 months) 0.00 (-0.06, 0.05) 0.07 (-0.01, 0.15) -0.07 (-0.17, 0.02)
Normalized Quadriceps Strength (Nm/kg)

Change from baseline (1 month) ~0.67 (~0.76, -0.58) -0.21 (-0.34, —0.08) " -0.46 (~0.62, _0_30)7‘
Change from baseline (3 months) -0.21(-0.31, -0.11) * -0.05 (-0.20, 0.10) 7

-0.16 (-0.62, —0.30)

Change from baseline (6 months)

0.01 (-0.10, 0.11)

0.16 (0.00, 0.32) *

-0.16 (0.35, 0.04)

*
significant difference from preoperative assessment

fsignificant difference in change between TKA and THA groups
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