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Early High-Intensity Rehabilitation
Following Total Knee Arthroplasty
Improves Outcomes

M

ore than 687 000 total knee arthroplasties (TKAs) are
performed each year in the United States, secondary
to the pain and physical limitations caused by knee
osteoarthritis (OA).11 Over the next 2 decades, the

number of TKAs performed yearly is expected to grow dramatically to reach 3.48
million.17
Although TKA reliably reduces pain
and improves self-reported function in
patients with end-stage OA, the recovery
TTSTUDY DESIGN: Prospective cohort study with
an age-matched and sex-matched control group.
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of a high-intensity rehabilitation program (HI)
compared to those of a group of age-matched
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of strength and function to normal levels is rare, which predisposes patients to
future disability.27,32,39 One month after
TKA, quadriceps strength drops to 60% of
preoperative levels, even when traditional
postoperative rehabilitation is initiated
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TTLEVEL OF EVIDENCE: Therapy, level 2b. J Or-

thop Sports Phys Ther 2011;41(12):932-941, Epub
30 September 2011. doi:10.2519/jospt.2011.3734

TTKEY WORDS: joint replacement, older adults,
osteoarthritis, rehabilitation

within 48 hours after surgery.23,35
This quadriceps weakness persists years after surgery, based on
comparisons with age-matched
controls.13 Similarly, functional
performance declines precipitously by up
to 88% in the first month after TKA,2 and
reduced function persists, with reports
of 18% slower walking speed and 51%
slower stair-climbing speed compared to
age-matched controls at 12 months after
TKA.39 Secondary to these strength and
functional deficits, 75% of patients report
difficulty negotiating stairs years after
their TKA.27 Moreover, 52% of patients
after TKA report some limitation in performing functional activities, compared
to only 22% of age-matched individuals
without knee disorders.27
Despite these known impairments and
activity limitations, there is little evidence
to help guide rehabilitation of this population. In 2003, the National Institutes of
Health concluded that “the use of rehabilitation services is one of the most understudied aspects of the perioperative
management of patients following total
knee replacement.”26 In 2007, the most
recent meta-analysis on the effectiveness of physical therapy following TKA
concluded that physical therapy has no
long-term benefits.20 However, these conclusions were based on only 5 studies that
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met the inclusion criteria for the metaanalysis. One potential reason for the lack
of demonstrated efficacy of these trials is
that none of the included trials examined
the use of a high-intensity, long-duration
rehabilitation program initiated immediately after discharge from the hospital. There is preliminary evidence that a
progressive high-intensity rehabilitation
program can lead to improved outcomes
in this population, though this program
was initiated 1 month after surgery, when
strength and functional deficits were already profound.29 However, there are
concerns in the orthopaedic community
that a higher intensity intervention initiated immediately following hospital discharge could lead to increased pain and
swelling and ultimately to poorer range of
motion (ROM) and functional outcomes.
The purpose of this study was to assess
the clinical outcomes of a high-intensity,
long-duration rehabilitation program after TKA, initiated after discharge from
the hospital, compared to those of a lower intensity rehabilitation program in an
age- and sex-matched control group.

METHODS
Study Design

T

his was a prospective, cohort
study of patients who completed a
high-intensity rehabilitation intervention (HI) after TKA, with comparison to an age- and sex-matched cohort of
patients who completed a lower intensity
exercise intervention (control group). Patients were assessed 1 to 2 weeks preoperatively, and 3.5, 6.5, 12, 26, and 52 weeks
postoperatively. The 52-week assessment
time was chosen for long-term follow-up,
as patients recovering from TKA typically
plateau in strength and functional gains
by this time.8,15,22 The study was approved
by the Colorado Multiple Institutional
Review Board. Informed consent was
obtained from all participants, and the
rights of participants were protected.

Participants
Eight patients (mean  SD age, 65.3 

TABLE 1

Preoperative Characteristics by Group*

Variable

HI Group

Control Group

P Value

Age, y

65.3  11.5

65.1  11.5

.98

BMI, kg/m2

29.7  4.6

30.9  3.4

.58

Stair climbing test, s

17.0  5.3

16.3  8.6

.84

Timed up-and-go test, s

8.7  1.5

9.0  2.3

.71

6-minute walk test, m

441.0  71.0

477.0  117.0

.47

Knee flexion, deg

131.0  6.0†

120.0  10.0†

.02

Knee extension, deg

–0.9  5.8

1.5  1.8

.30

Quadriceps MVIC, surgical leg, Nm/kg

1.3  0.5

1.2  0.4

.72

Quadriceps activation, surgical leg, %

77.0  15.3

70.1  23.7

.50

NPRS‡ resting

2.5  2.9

2.4  1.8

.96

NPRS with quadriceps MVIC

1.1  2.5

1.9  2.4

.54

NPRS during stair-climbing test

2.9  2.5

3.8  2.7

.51

Abbreviations: BMI, body mass index; HI, high-intensity rehabilitation group; MVIC, maximal
voluntary isometric contraction; NPRS, numeric pain rating scale.
*Values are mean  SD unless otherwise specified
†
Difference between groups (P<.05).
‡
The NPRS ranges from 0 to 10, with 0 as no pain and 10 the worst pain imaginable.

11.5 years; 5 females, 3 males) who underwent a primary unilateral TKA and
completed HI were compared to an agematched (5 years) and sex-matched
control group of patients who completed
a lower intensity exercise intervention
(mean  SD age, 65.1  11.5 years; 5
females, 3 males) as part of an ongoing
clinical trial.38 Patients participating in
HI intervention were consecutively recruited from the community from February 2009 to November 2009. Patients
who completed the lower intensity exercise intervention were control subjects
in an ongoing clinical trial and recruited
from the community from March 2007 to
June 2010. The patients in both groups
were included if they were between the
ages of 50 and 85 years and were undergoing a primary unilateral TKA for endstage knee OA. Patients in both groups
were excluded if they had uncontrolled
hypertension, uncontrolled diabetes,
body mass index greater than 35 kg/
m2, significant neurologic impairments,
significant contralateral knee OA (as
defined by a verbal numerical pain rating of greater than 4/10 with walking or
climbing stairs), or other unstable, lower
extremity orthopaedic conditions.

Interventions
Average length of stay in the hospital
for both groups was 3 days, and patients
were treated twice daily by staff physical therapists at their respective hospitals. Both groups began their assigned
interventions upon discharge from the
hospital. Both intervention groups had
the following common elements in their
rehabilitation programs: passive knee
ROM exercises; patellofemoral joint mobilization (as needed); incision mobility;
cycling for range of motion; lower extremity flexibility exercises for the quadriceps, calf, and hamstrings; modalities
(ice or heat as needed); gait training; and
functional training for transfers and stair
climbing. All patients were given a home
exercise program (HEP) to be performed
twice daily during the acute phase of
recovery (first 30 days) and then daily
until discharge from therapy. For both
intervention groups, the HEP included
ROM exercises, and weight-bearing and
non–weight-bearing strengthening exercises for the quadriceps, hamstrings, hip
abductors, hip extensors, and plantar
flexors. The intensity and types of exercises performed for the HEP were similar
to those performed during the supervised
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home and outpatient physical therapy
sessions. However, patients in the HI
group did not perform machine-based
resistive strengthening as a part of their
HEP.
Control Intervention Following discharge from the hospital, patients were
treated in the home setting for 6 visits
over 2 weeks, after which they were treated in outpatient physical therapy for an
average of 10 visits over 6 weeks. Therefore, the total number of physical therapy
sessions (home and outpatient) for this
group after discharge was 16 visits over
8 weeks. All home health and outpatient
physical therapists followed a standardized rehabilitation protocol, as previously described.21 Both weight-bearing and
non–weight-bearing exercises were initiated with 2 sets of 10 repetitions, then
progressed to 3 sets of 10 repetitions. For
strengthening exercises, weights were increased to maintain a 10-repetition maximum targeted intensity level; however,
the maximum weight utilized for any
strengthening exercise was a 4.5-kg (10
lb) ankle weight. Resistive exercises consisted of quadriceps setting, seated knee
extensions, straight leg raises, sidelying
hip abduction, and standing hamstring
curls. Body weight exercises consisted of
step-ups, side step-ups, step-downs (5to 15-cm step), terminal knee extensions,
single-limb stance, and wall slides.
HI Intervention Following discharge
from the hospital, patients were treated
in the home setting for 3 visits in the first
week, after which patients were treated
in outpatient physical therapy for 2 or 3
times per week until the completion of
postoperative week 12, for a total of 25
visits. Both weight-bearing and non–
weight-bearing exercises were initiated
with 2 sets of 8 to 10 repetitions, then
progressed by increasing the resistance
or difficulty of the task. Exercises were
progressed, based on achievement of
predetermined milestones in addition
to patient tolerance of the treatment.
The APPENDIX provides a description of
exercises and criteria utilized for this
group. All exercises were progressed as
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Postoperative Outcome Measures
by Group Over Time*

Time/Variable

HI Group

Control Group

23.6  5.8

39.6  18.5

3.5 wk postoperative
Stair-climbing test, s
Timed up-and-go test, s
6-minute walk test, m
Knee flexion, deg

8.9  2.0

13.6  4.4

381.0  73.0

302.0  88.0

96.0  9.0

91.0  14.0

Knee extension, deg†

2.8  7.1

8.8  6.5

Quadriceps MVIC, surgical leg, Nm/kg

1.0  0.3

0.6  0.2

Quadriceps activation, surgical leg, %

86.9  6.2

73.1  21.1

NPRS resting

1.1  2.1

2.3  1.4

NPRS with quadriceps MVIC

1.4  2.2

2.0  1.9

NPRS during stair-climbing test

1.1  2.0

1.3  1.2

Stair-climbing test, s

15.0  4.4

22.9  10.4

Timed up-and-go test, s

8.0  1.8

10.9  3.9

6-minute walk test, m

439.0  73.0

374.0  97.0

Knee flexion, deg

105.0  12.0

103.0  16.0

6.5 wk postoperative

Knee extension, deg†

1.4  6.0

4.9  4.4

Quadriceps MVIC, surgical leg, Nm/kg

1.1  0.2

0.9  0.2

Quadriceps activation, surgical leg, %

89.4  4.0

82.3  13.0

NPRS resting

1.1  1.4

1.0  0.8

NPRS with quadriceps MVIC

0.3  0.8

0.8  0.9

NPRS during stair-climbing test

1.0  1.4

1.9  1.8

12.2  3.1

17.7  9.2

12 wk postoperative
Stair-climbing test, s
Timed up-and-go test, s

7.1  1.4

9.1  2.5

6-minute walk test, m

493.0  93.0

447.0  98.0

Knee flexion, deg

115.0  12.0

112.0  11.0

Knee extension, deg†

0.1  5.1

1.6  2.4

Quadriceps MVIC, surgical leg, Nm/kg

1.4  0.4

1.0  0.3

Quadriceps activation, surgical leg, %

91.7  5.9

81.0  12.2

NPRS resting

0.4  0.7

0.1  0.4

NPRS with quadriceps MVIC

0.4  0.8

0.3  0.8

NPRS during stair-climbing test

0.8  1.2

tolerated, except when the following
occurred: subjective complaints of decreased walking endurance, soreness for
2 hours or greater following the previous
session, a decrease in knee ROM by 5° or
more, an increase in knee joint swelling
of 2 cm or more, or an increase in resting
verbal numeric pain rating of 2 points or
more. If the patient had 2 or more of the
above findings, treatment for the subsequent session was adjusted to decrease
intensity level to allow for recovery. If
the only finding was soreness lasting 2 to

0.5  1.1
Table continued on page 935.

24 hours, then treatment was held at a
similar intensity for that treatment session but only for exercises targeting the
sore muscle group(s). Resistive training
was initiated with an adjustable ankle
weight but progressed to machine-based
strengthening once a patient was not
achieving fatigue with the ankle weight.
Eccentric resistive strengthening was
initiated when the patient met criteria
for progression from phase 3. Eccentric
strengthening was performed utilizing a
weight machine, with both lower extrem-
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TABLE 2

Postoperative Outcome Measures
by Group Over Time* (continued)

Time/Variable

HI Group

Control Group

26 wk postoperative
Stair-climbing test, s

11.1  2.9

Timed up-and-go test, s

6.6  1.1

9.1  2.4

6-minute walk test, m

532.0  73.0

457.0  82.0

Knee flexion, deg

120.0  12.0

114.0  8.0
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Knee extension, deg†

–1.9  4.6

15.1  8.1

1.4  3.0

Quadriceps MVIC, surgical leg, Nm/kg

1.7  0.3

Quadriceps activation, surgical leg, %

90.7  6.7

79.3  10.6

1.2  0.3

NPRS resting

0.4  1.1

0.3  0.7

NPRS with quadriceps MVIC

0.4  1.1

0.0  0.0

NPRS during stair-climbing test

1.3  1.9

0.4  1.1

10.4  2.8

17.3  14.2

52 wk postoperative
Stair-climbing test, s
Timed up-and-go test, s

6.5  1.3

8.8  4.0

6-minute walk test, m

552.0  69.0

470.0  110.0

Knee flexion, deg

122.0  12.0

117.0  6.0

–3.3  4.4

–1.0  5.2

Knee extension, deg†
Quadriceps MVIC, surgical leg, Nm/kg

1.7  0.3

1.4  0.4

Quadriceps activation, surgical leg, %

89.1  8.3

79.7  15.3

NPRS resting

0.0  0.0

0.3  0.8

NPRS with quadriceps MVIC

0.0  0.0

0.3  0.7

NPRS during stair-climbing test

0.4  1.1

0.9  2.1

Abbreviations: HI, high-intensity rehabilitation group; MVIC, maximal voluntary isometric contraction; NPRS, numeric pain rating scale.
*Values are raw, unadjusted mean  SD.
†
Negative values represent hyperextension.
‡
The NPRS ranges from 0 to 10, with 0 as no pain and 10 the worst pain imaginable.

ities used for the concentric phase of the
exercise and the surgical lower extremity
alone for the eccentric phase.

Outcomes
Pain Pain was measured utilizing an

11-point verbal numeric pain rating scale
(NPRS), with 0 representing no pain and
10 represented the worst pain imaginable.
Patients were asked for their NPRS prior
to testing, during quadriceps maximal
voluntary isometric contraction (MVIC)
testing, and during the stair climbing test
(SCT). These tasks were chosen because
they are demanding tasks during which
patients frequently report knee pain.
Range of Motion Active knee ROM was
measured in the supine position using a long-arm goniometer.28 For active
knee extension, the heel was placed on

a 10-cm block and the participant was
instructed to actively extend the knee.
For active knee flexion, the participant
was instructed to actively flex the knee
as far as possible, keeping the heel on
the supporting surface. Throughout this
manuscript, negative values of extension
represent hyperextension.
Isometric Quadriceps Torque and Activation Testing MVIC quadriceps torque

and quadriceps activation were tested
as previously described.21 A HUMAC
NORM electromechanical dynamometer (CSMi, Stoughton, MA) was utilized
to measure torque. Data were collected
using a BiopacData Acquisition System
(Biodex Medical Systems, Inc, Shirley,
NY) and analyzed using AcqKnowledge
software, Version 3.8.2 (Biodex Medical
Systems). A Grass S48 stimulator with

a Grass Model SIU8T stimulus isolation
unit (Grass Instruments, West Warwick,
RI) was utilized for testing voluntary
muscle activation. Quadriceps MVIC
torque was normalized to body weight for
between-subject comparisons. A quadriceps activation value of 100% represents
full voluntary quadriceps activation, with
anything less than 100% representing
decreased motor unit discharge rates or
incomplete motor unit recruitment. 3-4,36
Functional Performance Measures Measures of functional performance included
the stair climbing test (SCT), timed upand-go test (TUG), and 6-minute walk
test (6MW). The SCT measures the total time to ascend, turn around, then
descend a flight of stairs. Patients were
tested on 1 of 2 staircases during the
study due to a change in facilities. One
patient from the control group was tested
on a 10-step stair case with a 17.1-cm step
height. The remainder of patients from
both groups were tested on a 12-step stair
case with a 17.1-cm step height. The absolute times of the control patients with
10-step data were adjusted by a factor
of 1.2 to allow for comparison between
groups. The minimally detectable change
associated with the 90% confidence interval (MDC90) for this measure has been
estimated to be between 2.6 and 5.5 seconds in patients recovering from TKA,
depending on the time point assessed.1,16
The TUG measures the time to rise from
an arm chair, walk 3 m, turn around, and
return to sitting in the same chair without physical assistance.30 The MDC90 for
the TUG in patients the first 1.5 months
after TKA is 2.49 seconds.16 The 6MW
measures the total distance walked by an
individual over 6 minutes. The MDC90 for
the 6MW test is 61.34 m in patients the
first 1.5 months after TKA.16

Statistical Methods
Primary Outcome and Endpoint The dif-

ference in SCT time between groups at 12
weeks (end of intervention) was chosen
as the primary outcome, because stair
climbing is a demanding task that poses
difficulty for more than 75% of patients
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after TKA.10 Secondary outcomes were
pain, knee ROM, quadriceps strength
and activation, 6MW distance, and TUG
time. Secondary time points of interest
were 3.5 and 52 weeks after TKA.
Sample Size Estimate Sample size estimates were performed using SAS Version
9.2 (SAS Institute Inc, Cary, NC) and data
from a cohort comparison study comparing community-based rehabilitation to a
higher intensity exercise intervention in
patients 1 year after TKA.29 We expected
at least a similar magnitude of effect on
the SCT 12 weeks after TKA for this study
(mean  SD, 2.62  1.90 seconds). We
estimated that a sample size of 8 patients
per group would provide 80% power to
detect a difference of 2.62 seconds between groups on the SCT, using a 2-tailed
independent samples t test with an alpha
level of .05.
Data Analysis SAS Version 9.2 was used
for all statistical analyses. The alpha level was set to .05 for all statistical comparisons. The data for all patients on all
outcomes at all time points, except for 2
patients in the HI group who were missing quadriceps activation data at the
6.5-week (n = 1), 26-week (n = 2), and 52week (n = 2) time points, were complete.
Missing data for the 2 HI group patients
were due to the patients declining this
test secondary to discomfort. Statistical
analysis of baseline differences between
groups was carried out using an independent-samples unequal variance t test.
Differences between groups in the
primary outcome and all secondary outcomes at 3.5, 6.5, 12, 26, and 52 weeks
after TKA were analyzed using restricted maximum likelihood estimation of a
multivariate repeated-measures mixedeffects model using all available data.18
All models were conditioned on the
outcome at baseline to account for any
baseline differences and to increase statistical precision. All models contained
fixed effects for group, time, and a groupby-time interaction, as well as a random
effect for paired subjects between groups.
Post hoc testing was performed using
linear contrasts of pairwise comparisons

research report
between groups if a significant group-bytime interaction was found or if a significant group main effect was found in the
absence of an interaction. All values are
reported as mean  SD, unless otherwise
stated.

RESULTS

P

reoperatively, participants in
both groups were similar on all variables except for active knee flexion
ROM (TABLE 1), with the individuals in the
HI group having 11° greater knee flexion
(P = .02; 95% CI: 1.9, 20.1).
All patients in the HI group were able
to progress to phase 4 of the program,
except for 1 patient, who only progressed
to phase 3 secondary to continued challenges with this phase and increased
knee pain with attempts to advance beyond this phase. During rehabilitation
of the HI group, no patient necessitated
decreasing treatment intensity based on
the criteria established for progression.
No individual in either group experienced a musculoskeletal injury during
rehabilitation.
Postoperatively, no group differences
were found between groups for active
knee flexion (P = .76; 95% CI: –12, 9.0) or
extension (P = .24; 95% CI: –5, 1) ROM.
Active knee flexion for the HI group was
122°  12° compared to 117°  6° for the
control group at 52 weeks (TABLE 2). Active knee extension for the HI group was
–3°  4° compared to –1°  5° for the
control group at 52 weeks (negative values represent hyperextension). Similarly,
no group differences were found between
groups for resting pain (P = .51; 95% CI:
–0.7, 0.4), pain during the SCT test (P =
.96; 95% CI: –1.0, 0.9), or pain during
quadriceps MVIC testing (P = .74; 95%
CI: –0.8, 0.6) (TABLE 2).
Postoperatively, a significant groupby-time interaction was found for TUG
(P = .02) and quadriceps strength (P =
.02). No significant interactions were
found for SCT (P = .22), 6MW (P = .71), or
quadriceps activation (P = .43). A significant group main effect was found for SCT

]
(P<.005; 95% CI: –14.2, –2.7) and 6MW
(P<.001; 95% CI: 42, 146). There was no
significant group main effect for quadriceps activation (P = .06; 95% CI: –0.3,
15.9). Post hoc testing was performed on
quadriceps strength, TUG, SCT, and the
6MW tests. Values reported for the 3.5-,
12-, and 52-week time points below are
adjusted for baseline performance and
include a random effect for pair.
At 3.5 weeks after TKA, the HI group
performed 16.4 seconds faster on the SCT
(P = .02; 95% CI: 3.1, 29.6) (FIGURE 1), 4.3
seconds faster on the TUG (P = .006;
95% CI: 1.5, 7.1) (FIGURE 2), walked 104
m farther on the 6MW (P = .001; 95%
CI: 44, 164) (FIGURE 3), and had 0.3 Nm/
kg greater quadriceps strength (P = .01;
95% CI: 0.1, 0.6) compared to the control
group.
At 12 weeks after TKA, the HI group
performed 5.8 seconds faster on the SCT
(P = .01; 95% CI: 1.3, 10.4), 1.9 seconds
faster on the TUG (P = .04; 95% CI: 0.1,
3.8), and had 0.4 Nm/kg greater quadriceps strength (P = .01; 95% CI: 0.1, 0.8)
compared to the control group. The HI
group also walked further on the 6MW
test (P = .06; 95% CI: –4, 146), although
this difference did not quite reach statistical significance.
At 52 weeks after TKA, the HI group
performed 7.3 seconds faster on the SCT
(P = .04; 95% CI: 0.5, 14.1) and walked
107 m farther on the 6MW (P<.001; 95%
CI: 55, 158) than controls. The HI group
also had greater quadriceps strength (P
= .08; 95% CI: 0.0, 0.6) compared to the
control group, although this difference
did not quite reach statistical significance. Differences between the 2 groups
on the TUG were no longer significant (P
= .12; 95% CI: –0.6, 5.1).

DISCUSSION

T

he purpose of this study was to
assess the clinical outcomes of a
high-intensity intervention compared to a lower intensity rehabilitation
program. Results indicate that utilization
of a high-intensity program initiated ear-
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FIGURE 1. Comparison of stair-climbing test time by group over time. Lower times indicate better performance.
Error bars are standard error of the mean. *Difference between groups (P<.05). Abbreviation: HI, high-intensity
rehabilitation group.
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ly in the course of recovery after TKA led
to superior strength and functional outcomes, without leading to increased pain
or decreased knee ROM outcomes, in this
small group of patients.
There were 2 key differences between
the rehabilitation programs utilized
for this study. Patients in the HI group
had 25 visits over 12 weeks, whereas patients in the control group had 16 visits
over 8 weeks. Thus, the 2 groups had
similar treatment frequency in the first
2 months, but the HI group was treated
for an additional month. The second
primary difference between the 2 programs was the level of intensity chosen
for resistive strength training and the
difficulty of the functional exercises utilized. Patients in the HI group performed
machine-based resistive strengthening of
all major lower extremity muscle groups,
whereas patients in the control group
did not utilize resistive training beyond
levels accomplished by the use of ankle
weights or resistive bands. The HI group
also performed more complex functional
exercises, such as star excursion balance
reaching, multidirectional lunging, and
agility exercises, once more basic functional exercises were mastered.
Considering the 2 differences between
the programs, it is likely that treatment
intensity was the primary driver of the
differences in outcomes between groups.
This conclusion is based on the fact that
large differences between the 2 groups
were already apparent 3.5 weeks after
TKA, when the total number of treatment
sessions was the same for both groups.
However, it is possible that the greater
duration of treatment was a significant
factor for between-group differences at
12 weeks and 52 weeks after TKA. More
research is needed to determine a true
dose-effect relationship.
Individuals with end-stage knee
OA have quadriceps weakness prior to
TKA.2,5,9 Following surgery, quadriceps
weakness becomes more profound and
does not recover to the level of healthy
adults.2,5,9,32,39,40 Quadriceps weakness
has potential to impact function greatly,

*

*

12 wk

26 wk

8

6

4

2

0
Preoperation

3.5 wk

6.5 wk

52 wk

Time Point
HI

Control

FIGURE 2. Comparison of timed up-and-go test times by group over time. Lower times indicate better
performance. Error bars are standard error of the mean. *Difference between groups (P<.05). Abbreviation: HI,
high-intensity rehabilitation group.
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FIGURE 3. Comparison of 6-minute walk distances by group over time. Longer distances indicate better
performance. Error bars are standard error of the mean. *Difference between groups (P<.05). †Difference between
groups (P = .06). Abbreviation: HI, high-intensity rehabilitation group.

as quadriceps strength is related to stairclimbing ability, gait speed, chair rise
ability, and risk for falling.6,7,22,24,25,33 One
month after TKA, quadriceps strength
decreases by as much as 60%.22 The
mechanism for this profound, acute decrease is primarily explained by deficits
in quadriceps voluntary activation rather
than atrophy.35 However, more than a
year after TKA, quadriceps atrophy plays
a more dominant role in the persistent
strength losses observed.19 It is probable
that, during recovery from TKA, this period of decreased activation leads to the
muscle atrophy and strength deficits observed in the long term. An intervention
that targets quadriceps muscle activation
deficits in the early postoperative period
may be able to mitigate the long-term
strength losses seen commonly in this
population by preventing muscle atrophy. Preliminary evidence suggests that
progressive resistive exercise is capable
of reversing activation deficits.12,14,31,37
However, no investigation to date has

examined the ability of resistive exercise
training to decrease activation deficits
in the first month following TKA, when
it is most profound. In this study, quadriceps strength was greater in the HI
group compared to the control group at
the 3.5- and 12-week time points. However, while quadriceps activation tended
to be greater in the HI group compared to
the control group (P = .06; 95% CI: –0.3,
15.9), the difference in quadriceps activation between groups was not statistically
significant. Due to the small sample size
of this study, clinically important differences in quadriceps activation could not
be ruled out. A larger trial is needed to
determine a more precise effect of the HI
intervention on quadriceps activation.
Functional performance on the SCT,
TUG, and 6MW are decreased prior to
TKA in patients with end-stage knee OA
compared to healthy adults. Following
recovery from TKA utilizing traditional
rehabilitation techniques, patients have
105% longer SCT times, 63% longer TUG

]
times, and 28% shorter 6MW distances
compared to healthy adults of similar
age.2 In this study, functional performance on the SCT and TUG was superior
in the HI group compared to the control
group at 3.5 and 12 weeks after TKA.
Overall, the HI group had significantly
better 6MW distances compared to the
control group, with the exception of the
12-week time point, at which the difference was 71 m (P = .06; 95% CI: –4, 146).
At 52 weeks after TKA, the HI group continued to demonstrate clinically superior
outcomes on the SCT and 6MW tests.
However, at 52 weeks, differences on the
TUG were no longer statistically different. This is most likely due to a ceiling effect with the TUG, as mean performance
of the HI group on this measure was 6.5
seconds at 52 weeks. Mean performance
for the TUG in this age group has been
reported to be between 5.6 and 8.0 seconds, which indicates that the HI group
had recovered to normative levels on this
measure at 52 weeks.2,34 Mean performance on the SCT at 52 weeks for the HI
group was 10.4 seconds. Average performance by healthy adults on the SCT is
8.9  1.7 seconds, which indicates that
the HI group recovered to within 1 standard deviation of normative performance
by 52 weeks.2 Mean performance on the
6MW test for the HI group was 552 m
at 52 weeks. Average performance on
the 6MW in this age group has been reported between 538 to 600 m, indicating
that the HI group recovered to normative levels on this measure at 52 weeks.2,34
This preliminary study suggests that the
HI program is capable of remediating
commonly observed activity limitations
following TKA.
A recent meta-analysis by Minns
Lowe et al,20 which was based on the results of 5 articles, concluded that there
were no long-term benefits of receiving
physical therapy following TKA. Key
differences between the HI program
detailed in this cohort study and the articles examined in the meta-analysis are
(1) the total number of physical therapy
sessions and (2) intensity of treatment.
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In the meta-analysis, the total number of
physical therapy treatments ranged from
none (home exercise program only) to
15, which is substantially lower than the
25 visits provided to the HI group. The
intensity of exercise programs described
was also far lower than that utilized for
the HI intervention. None of the exercise
programs in the meta-analysis utilized resistance beyond ankle weights or resistive
bands. Additionally, none of the exercise
programs in the meta-analysis utilized
higher level functional exercises such as
lunges. Based upon personal communication with therapists and orthopaedists,
the reason for this focus on lower resistance, less intense programs is the belief
or assumption that a more aggressive
program will lead to increased pain and
decreased ROM. However, these detrimental effects were not observed in the
patients included in the HI group compared to the control group. Because individuals following TKA need to recover
not only from the surgery itself but also
from functional deficits present prior to
surgery, it may be unrealistic to expect
them to overcome these deficits with a
brief and low-intensity intervention.
The primary limitations of this study
are a lack of randomization, lack of blinding, and small sample size. A larger blinded, randomized controlled trial is needed
to reduce potential bias and determine if
the results observed in this cohort study
are consistent in a larger population of
patients. Additionally, patient compliance and activity levels were not tracked
in this investigation. Differences in activity level, as well as patient compliance,
might have affected the observed differences between groups.

CONCLUSION

T

he high-intensity rehabilitation program described in this
cohort study demonstrated significantly greater short-term and long-term
strength and functional performance
increases compared to a lower intensity
rehabilitation program. The high-inten-

sity rehabilitation program was initiated
immediately following hospital discharge
and did not compromise knee ROM outcomes, cause musculoskeletal injury,
or increase pain in this small group of
patients. Key differences between the
2 programs were a greater number of
treatment sessions over a longer period
and the use of machine-based resistive
strengthening and higher level functional
exercises. t

KEY POINTS
FINDINGS: A high-intensity rehabilitation

program, consisting of higher treatment
intensity, longer treatment duration,
use of single-leg machine-based resistive strengthening, and a higher level
of progression of body weight exercises,
led to superior strength and functional
outcomes compared to a lower intensity
rehabilitation program.
IMPLICATION: The implementation of
more intense and long-duration interventions after TKA should be considered, as the results of this study suggest
the potential for better functional shortand long-term outcomes.
CAUTION: A small sample size and lack of
randomization and blinding may limit
the strength of conclusions from this
study.

6.

7.

8.

9.

10.

11.

12.

13.

14.

REFERENCES
1. A
 lmeida GJ, Schroeder CA, Gil AB, Fitzgerald
GK, Piva SR. Interrater reliability and validity of
the stair ascend/descend test in subjects with
total knee arthroplasty. Arch Phys Med Rehabil.
2010;91:932-938. http://dx.doi.org/10.1016/j.
apmr.2010.02.003
2. Bade MJ, Kohrt WM, Stevens-Lapsley JE. Outcomes before and after total knee arthroplasty
compared to healthy adults. J Orthop Sports
Phys Ther. 2010;40:559-567. http://dx.doi.
org/10.2519/jospt.2010.3317
3. Behm D, Power K, Drinkwater E. Comparison
of interpolation and central activation ratios as
measures of muscle inactivation. Muscle Nerve.
2001;24:925-934. http://dx.doi.org/10.1002/
mus.1090
4. Behm DG, St-Pierre DM, Perez D. Muscle inactivation: assessment of interpolated twitch
technique. J Appl Physiol. 1996;81:2267-2273.
5. Berth A, Urbach D, Awiszus F. Improvement of

15.

16.

17.

18.
19.

voluntary quadriceps muscle activation after
total knee arthroplasty. Arch Phys Med Rehabil.
2002;83:1432-1436.
Brown M, Sinacore DR, Host HH. The relationship of strength to function in the older adult.
J Gerontol A Biol Sci Med Sci. 1995;50 Spec
No:55-59.
Connelly DM, Vandervoort AA. Effects of detraining on knee extensor strength and functional
mobility in a group of elderly women. J Orthop
Sports Phys Ther. 1997;26:340-346.
Ethgen O, Bruyere O, Richy F, Dardennes C,
Reginster JY. Health-related quality of life in total
hip and total knee arthroplasty. A qualitative and
systematic review of the literature. J Bone Joint
Surg Am. 2004;86-A:963-974.
Gapeyeva H, Buht N, Peterson K, Ereline J,
Haviko T, Paasuke M. Quadriceps femoris
muscle voluntary isometric force production
and relaxation characteristics before and 6
months after unilateral total knee arthroplasty in
women. Knee Surg Sports Traumatol Arthrosc.
2007;15:202-211. http://dx.doi.org/10.1007/
s00167-006-0166-y
Hawker G, Wright J, Coyte P, et al. Health-related
quality of life after knee replacement. J Bone
Joint Surg Am. 1998;80:163-173.
Healthcare Cost and Utilization Project. HCUP
Facts and Figures: Statistics on Hospital-Based
Care in the United States. Available at: http://
www.hcup-us.ahrq.gov/reports/factsandfigures/2008/exhibit3_1.jsp. Accessed January 18,
2011.
Henwood TR, Taaffe DR. Detraining and retraining in older adults following long-term muscle
power or muscle strength specific training. J
Gerontol A Biol Sci Med Sci. 2008;63:751-758.
Huang CH, Cheng CK, Lee YT, Lee KS. Muscle
strength after successful total knee replacement: a 6- to 13-year followup. Clin Orthop Relat
Res. 1996;147-154.
Kawakami Y, Akima H, Kubo K, et al. Changes in
muscle size, architecture, and neural activation
after 20 days of bed rest with and without resistance exercise. Eur J Appl Physiol. 2001;84:7-12.
Kennedy DM, Stratford PW, Riddle DL, Hanna
SE, Gollish JD. Assessing recovery and establishing prognosis following total knee arthroplasty. Phys Ther. 2008;88:22-32. http://dx.doi.
org/10.2522/ptj.20070051
Kennedy DM, Stratford PW, Wessel J, Gollish JD, Penney D. Assessing stability and
change of four performance measures: a
longitudinal study evaluating outcome following total hip and knee arthroplasty. BMC
Musculoskelet Disord. 2005;6:3. http://dx.doi.
org/10.1186/1471-2474-6-3
Kurtz S, Ong K, Lau E, Mowat F, Halpern M.
Projections of primary and revision hip and knee
arthroplasty in the United States from 2005 to
2030. J Bone Joint Surg Am. 2007;89:780-785.
http://dx.doi.org/10.2106/JBJS.F.00222
Laird NM, Ware JH. Random-effects models for
longitudinal data. Biometrics. 1982;38:963-974.
Meier WA, Marcus RL, Dibble LE, et al. The

journal of orthopaedic & sports physical therapy | volume 41 | number 12 | december 2011 |

41-12 Bade.indd 939

939

11/14/2011 7:30:59 PM

[
20.

21.

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on December 5, 2018. For personal use only. No other uses without permission.
Copyright © 2011 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

22.

23.

24.

25.

26.

long-term contribution of muscle activation and
muscle size to quadriceps weakness following
total knee arthroplasty. J Geriatr Phys Ther.
2009;32:79-82.
Minns Lowe CJ, Barker KL, Dewey M, Sackley
CM. Effectiveness of physiotherapy exercise after knee arthroplasty for osteoarthritis: systematic review and meta-analysis of randomised
controlled trials. BMJ. 2007;335:812. http://
dx.doi.org/10.1136/bmj.39311.460093.BE
Mintken PE, Carpenter KJ, Eckhoff D, Kohrt WM,
Stevens JE. Early neuromuscular electrical stimulation to optimize quadriceps muscle function
following total knee arthroplasty: a case report.
J Orthop Sports Phys Ther. 2007;37:364-371.
Mizner RL, Petterson SC, Snyder-Mackler L.
Quadriceps strength and the time course of
functional recovery after total knee arthroplasty.
J Orthop Sports Phys Ther. 2005;35:424-436.
Mizner RL, Petterson SC, Stevens JE, Vandenborne K, Snyder-Mackler L. Early quadriceps
strength loss after total knee arthroplasty. The
contributions of muscle atrophy and failure
of voluntary muscle activation. J Bone Joint
Surg Am. 2005;87:1047-1053. http://dx.doi.
org/10.2106/JBJS.D.01992
Moreland JD, Richardson JA, Goldsmith CH,
Clase CM. Muscle weakness and falls in older
adults: a systematic review and meta-analysis.
J Am Geriatr Soc. 2004;52:1121-1129. http://
dx.doi.org/10.1111/j.1532-5415.2004.52310.x
Moxley Scarborough D, Krebs DE, Harris
BA. Quadriceps muscle strength and dynamic stability in elderly persons. Gait Posture.
1999;10:10-20.
National Institute of Health. NIH Consensus
Statement on total knee replacement. NIH Con-

research report
sens State Sci Statements. 2003;20:1-34.
27. N
 oble PC, Gordon MJ, Weiss JM, Reddix RN,
Conditt MA, Mathis KB. Does total knee replacement restore normal knee function? Clin Orthop
Relat Res. 2005;157-165.
28. Norkin CC, White DJ. Measurement of Joint Motion: A Guide to Goniometry. Philadelphia, PA:
F.A. Davis; 2003.
29. Petterson SC, Mizner RL, Stevens JE, et al. Improved function from progressive strengthening
interventions after total knee arthroplasty: a
randomized clinical trial with an imbedded prospective cohort. Arthritis Rheum. 2009;61:174183. http://dx.doi.org/10.1002/art.24167
30. Podsiadlo D, Richardson S. The timed “Up
& Go”: a test of basic functional mobility
for frail elderly persons. J Am Geriatr Soc.
1991;39:142-148.
31. Shaffer MA, Okereke E, Esterhai JL, Jr, et al.
Effects of immobilization on plantar-flexion
torque, fatigue resistance, and functional
ability following an ankle fracture. Phys Ther.
2000;80:769-780.
32. Silva M, Shepherd EF, Jackson WO, Pratt JA,
McClung CD, Schmalzried TP. Knee strength
after total knee arthroplasty. J Arthroplasty.
2003;18:605-611.
33. Skelton DA, Greig CA, Davies JM, Young A.
Strength, power and related functional ability of
healthy people aged 65-89 years. Age Ageing.
1994;23:371-377.
34. Steffen TM, Hacker TA, Mollinger L. Age- and
gender-related test performance in communitydwelling elderly people: Six-Minute Walk Test,
Berg Balance Scale, Timed Up & Go Test, and
gait speeds. Phys Ther. 2002;82:128-137.
35. Stevens JE, Mizner RL, Snyder-Mackler L. Quad-

]
riceps strength and volitional activation before
and after total knee arthroplasty for osteoarthritis. J Orthop Res. 2003;21:775-779. http://dx.doi.
org/10.1016/S0736-0266(03)00052-4
36. Stevens JE, Pathare NC, Tillman SM, et al.
Relative contributions of muscle activation
and muscle size to plantarflexor torque during
rehabilitation after immobilization. J Orthop Res.
2006;24:1729-1736. http://dx.doi.org/10.1002/
jor.20153
37. Stevens JE, Walter GA, Okereke E, et al. Muscle
adaptations with immobilization and rehabilitation after ankle fracture. Med Sci Sports Exerc.
2004;36:1695-1701.
38. Stevens-Lapsley JE, Balter J, Wolfe P, Eckhoff D,
Kohrt WM. Early neuromuscular electrical stimulation to improve quadriceps muscle strength
after total knee arthroplasty: a randomized controlled trial. Phys Ther. In press.
39. Walsh M, Woodhouse LJ, Thomas SG, Finch E.
Physical impairments and functional limitations:
a comparison of individuals 1 year after total
knee arthroplasty with control subjects. Phys
Ther. 1998;78:248-258.
40. Yoshida Y, Mizner RL, Ramsey DK, SnyderMackler L. Examining outcomes from total
knee arthroplasty and the relationship
between quadriceps strength and knee function over time. Clin Biomech (Bristol, Avon).
2008;23:320-328. http://dx.doi.org/10.1016/j.
clinbiomech.2007.10.008

@

MORE INFORMATION
WWW.JOSPT.ORG

BROWSE Collections of Articles on JOSPT’s Website
The Journal’s website (www.jospt.org) sorts published articles into more
than 50 distinct clinical collections, which can be used as convenient entry
points to clinical content by region of the body, sport, and other categories
such as differential diagnosis and exercise or muscle physiology. In each
collection, articles are cited in reverse chronological order, with the most
recent first.
In addition, JOSPT offers easy online access to special issues and features,
including a series on clinical practice guidelines that are linked to the
International Classification of Functioning, Disability and Health. Please
see “Special Issues & Features” in the right-hand column of the Journal
website’s home page.

940 | december 2011 | volume 41 | number 12 | journal of orthopaedic & sports physical therapy

41-12 Bade.indd 940

11/14/2011 7:31:00 PM

APPENDIX

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on December 5, 2018. For personal use only. No other uses without permission.
Copyright © 2011 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

High-Intensity Rehabilitation Program
Phase 1 (Weeks 0-2)
• Supine knee flexion (heel slides)
• Short-arc knee extensions
• Standing bilateral squats
• Sidelying hip external rotation, with hips flexed to 45° and knees flexed
to 90° (clams)
• Sidelying hip adduction
• Supine ankle plantar flexion and dorsiflexion (ankle pumps)
Progression:
• When able to complete 2 × 8 repetitions without fatigue; NPRS at rest,
<5/10; ROM, >15°-80°

•
•
•
•
•

 ingle-leg calf press*
S
Standing hip extension, flexion, abduction, and adduction*
Step-ups, side step-ups, step-downs
Forward lunging
Single-limb stance progression (shoe to sock to foam, with eyes open,
then with eyes closed)
• Tilt board squats
• Wall slides to 90° of knee flexion
• Stability ball supine hip extension
Progression:
• When able to complete 2 × 8 repetitions without fatigue; NPRS at rest,
<3/10; ROM, >10°-100°

Phase 2 (Weeks 0-4)
• Seated single-leg knee extension*
• Straight leg raise*
• Standing hamstring curls*
• Sidelying hip adduction*
• Sidelying hip abduction*
• Standing bilateral calf raises
• Repeated sit-to-stand transfers
• Marching or single-limb stance
• Multidirectional stepping
Progression:
• When able to complete 2 × 8 reps without fatigue; NPRS at rest, <5/10;
ROM, >15°-90°

Phase 4 (Weeks 6-12)
• Seated single-leg knee extension (eccentric)*
• Seated single-leg knee flexion (eccentric)*
• Single-leg press (eccentric)*
• Single-leg calf press (eccentric)*
• Standing hip extension, flexion, abduction, and adduction*
• Step-ups, side step-ups, step-downs
• Multidirectional lunging
• Star excursion balance reaching
• Wall slides with 5- to 10-second endurance holds at 90°
• Stability ball supine combined hip extension with knee flexion
• Agility exercises: side-shuffle, backward walking, and braiding
• Single-limb stance progression

Phase 3 (Weeks 2-12)
• Seated single-leg knee extension*
• Seated single-leg knee flexion*
• Single-leg press*

Abbreviations: ROM, total active arc of knee range of motion; NPRS,
numeric pain rating scale.
*Resistive exercise utilizing ankle weight, resistive band, cable column
or machine.
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