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Abstract

Objective—To determine the relationship between performance on a clinical quadriceps
activation battery (QAB) with 1) activation measured by doublet interpolation and 2) recovery of
quadriceps strength and functional performance following total knee arthroplasty (TKA).

Design—This was a planned secondary analysis of a randomized controlled trial.
Setting—University research laboratory

Participants—One hundred sixty-two patients (aged 63 + 7 (mean = sd) years; 89 females)
undergoing TKA participated.

Outcome Measures—Patients were classified as HIGH (QAB = 4/6) or LOW (QAB <3/6)
based upon performance on the QAB measured 4 days after TKA. Differences between groups in
activation and recovery at 1, 2, 3, 6, and 12 months after TKA were compared using a repeated
measures maximum likelihood model.

Results—The LOW QAB group demonstrated poorer quadriceps activation via doublet
interpolation (p=0.01), greater quadriceps strength loss (p=0.01), and greater functional
performance decline (all p<0.001) at 1 month after TKA compared to the HIGH QAB group.

Correspondence: Michael Bade, Mailing Address: 13121 E 17th Ave, Mail Stop C244, Aurora, CO, 80045, Telephone: 303-724-9025
Fax: 303-724-9016 michael.bade@ucdenver.edu.

Previous Presentation of the Research:

Loyd BJ, Bade MJ, Paxton RJ, Stackhouse S, Dayton MR, Eckhoff D, Stevens-Lapsley JE. Poor quadriceps activation 72 hours after
total knee replacement is related to poor functional performance at 1 month. Abstracted presented at the American Physical Therapy
Association Combined Sections Meeting Feb, 2016.

Clinical Trial Registration: Clinicaltrials.gov NCT01537328

Author Disclosures:

Conflict of interest: None of the authors have any conflicts of interest to report

Funding: NIH R01-HD065900, NIH/NCATS UL1-TR001082, NIH T32 AG00279, and the Foundation for Physical Therapy
Promotion of Doctoral Studies (PODS) | and Il Scholarships

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bade et al. Page 2

Differences between LOW and HIGH QAB groups on all measures did not persist at 3 and 12
months (all >0.05).

Conclusion—Poor performance on the QAB early after TKA is related to poor quadriceps
activation and poor recovery in the early postoperative period. Patients in the LOW QAB group
took 3 months to recover to the same level as the HIGH QAB group. The QAB may be useful in
identifying individuals who need specific interventions to target activation deficits or different care
pathways in the early postoperative period to speed recovery after TKA.
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Prognosis; Outcomes; Rehabilitation

Total knee arthroplasty (TKA) is the most commonly performed surgery in the United States
with over 700,000 procedures performed annually.l While TKA reliably reduces the pain,
recovery of strength and function to the level of healthy adults is rare, which predisposes
patients to future disability with increasing age.2=° In the first month following surgery,
quadriceps strength decreases by 60% despite initiating rehabilitation immediately after
surgery.5-8 Quadriceps strength loss is strongly related to decreased functional
performance.®11 Thus, in the first month following surgery when quadriceps strength loss is
greatest, walking distance decreases by 40 % and stair climbing performance decreases by
90% compared to preoperative levels.8 Physical function does recover to preoperative levels
by 3 months; however, it remains 30-50% lower than age-matched healthy adults for years
after surgery.3-6

Quadriceps strength loss is a primary factor leading to the observed short-term and long-
term deficits in functional performance.®-11 In the first month after surgery, when quadriceps
strength loss is greatest, the largest factors contributing to this loss are impaired muscle
activation from the central nervous system and muscle atrophy.” Impairments in muscle
activation have been shown to be the primary factor at this time point and they account for
nearly twice the amount of change in strength as muscle atrophy.” Quadriceps activation
deficits are commonly referred to as arthrogenic muscle inhibition and have been linked to
knee pain, swelling, inflammation, and structural damage, all of which are present after
TKA.1213 The exact mechanisms of quadriceps activation deficits have not yet been
determined but they are theorized to be caused by a change in the discharge of the sensory
receptors of the knee. This alteration may reduce the excitability of the quadriceps a-motor
neuron thereby limiting full activation of the muscle.14

Identification of individuals with clinically significant activation deficits is very important
because certain interventions, such as progressive resistive exercise, may be less effective in
the presence of large activation deficits.1>:16 Additionally, there are several interventions that
may be more effective at reducing activation deficits or preventing quadriceps strength loss,
such as joint aspiration and neuromuscular electrical stimulation (NMES).17:18 Thus,
identification of individuals with large activation deficits may allow for more efficient
selection of postoperative interventions to improve recovery as well as potentially influence
number of visits and length of care needed to achieve maximum benefit. However,
quantifying activation deficits early after surgery via laboratory methods such as doublet
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interpolation presents several challenges clinically including specialized training, equipment
expense, patient discomfort with testing, and potential challenges with supramaximal
electrical stimulation secondary to the large amount of postoperative swelling. To date, the
only clinical measure that has been studied to examine its ability to identify individuals with
a quadriceps activation deficit is the brush and sweep test for knee effusion.1® Lynch and
colleagues!® demonstrated in individuals after anterior cruciate ligament (ACL) injury that
the level of effusion, as determined by the brush and sweep test, was not a significant
predictor of quadriceps activation deficits. They theorized that this was potentially due to the
variability in time since injury and some individuals may have accommodated to the level of
effusion in their knee. Several other unstudied methods have been utilized clinically to
assess quadriceps activation in the early postoperative period such as isometric quadriceps
contraction (also called quadriceps setting or ‘quad sets’) or ability or time to perform a
straight leg raise. However, the ability to perform these tests and their relationship to
laboratory measures of quadriceps activation or to recovery of quadriceps strength and
function have not been studied. Therefore, the purpose of this study was to determine the
relationship between performance on a clinical quadriceps activation battery (QAB) with 1)
a laboratory measure of activation (doublet interpolation) and 2) recovery of quadriceps
strength and functional performance after TKA. Our hypothesis was that individuals with
poor performance on the QAB initially after surgery would have poorer activation, poorer
strength recovery, and poorer functional recovery compared to those individuals with higher
performance on the QAB in both the short (<3 months) and long term (12 months).

METHODS
Study Design

Subjects

This study was a planned secondary analysis of a randomized controlled trial that examined
the difference between a high-intensity (HI) rehabilitation program compared to a low-
intensity (LI) rehabilitation program. Full details of this clinical trial have been published
elsewhere.16

Patients were consecutively recruited by nine participating orthopedic surgeons from 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 osteoarthritis
(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 University of Colorado Multiple Institutional Review Board and registered
at ClinicalTrials.gov (NCT01537328).

Arch Phys Med Rehabil. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bade et al.

Page 4

Interventions

Outcomes

Following surgery, all patients received inpatient physical therapy twice daily prior to
discharge. The HI and LI 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 HI intervention consisted of a progressive
resistive 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 LI intervention had an initial focus on isometric exercise and active
range of mation exercise with a slower progression to weight-bearing exercises and activities
compared to the HI 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. In addition to these testing time points, the
QAB was assessed at the initial outpatient physical therapy evaluation (4.2 + 1.2 days after
surgery) by the treating physical therapist.

Quadriceps Activation Battery—The QAB consisted of three separate clinical tests:
isometric quadriceps contraction, straight leg raise, and the quadriceps extension lag test (see
Figure 1). Each test is scored on a 3-point scale from 0 (unable to perform) to 2 (able to
perform fully). The three tests are summed to determine the final score on the QAB (range
0-6) with higher scores indicating better performance. These three test items were selected
for inclusion in the QAB based upon the position of the knee joint, muscles that are
preferentially recruited, and type of muscular contraction required. The magnitude of
quadriceps activation deficit varies by joint angle and peak inhibition occurs in end range
extension in an acutely effused knee.2 This is theorized to result from greater intra-articular
pressure which leads to joint capsule distension and reflex inhibition.2% Isometric quadriceps
contraction and straight leg raises are commonly performed early postoperative exercises
designed to recruit and strengthen the quadriceps. They differ in that isometric quadriceps
contraction leads to greater recruitment of the vastus medialis and the straight leg raise leads
to greater recruitment of the rectus femoris.?! The straight leg raise test also utilizes a
concentric contraction of the rectus femoris muscle and requires maintaining the lower leg in
extension against gravity whereas the isometric quadriceps contraction is exclusively
isometric in a supported position. The quadriceps extension lag test is a novel testing
procedure that was designed to contract the quadriceps muscle isometrically against gravity
and if the patient is unable to maintain the knee in the available range of extension to
eccentrically control the descent of the lower leg. Eccentric control of quadriceps
theoretically requires less motor unit activity than isometric or concentric contractions and
evidence suggests that neural control of eccentric contractions, in particular sub-maximal
efforts, differs from concentric contractions.2?

Quadriceps Strength and Activation—Quadriceps strength was measured utilizing a
maximal voluntary isometric contraction (MVIC) and quadriceps activation was quantified
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using a doublet interpolation test.23 An electromechanical dynamometer (HUMAC NORM,
CSMi, Stoughton, MA) was utilized to measure torque while data were acquired with a
Biopac Data Acquisition System (Biodex Medical Systems Inc, Shirley, NY) at 2,000
samples per second and analyzed with Acgknowledge software, version 3.8.2 (Biodex
Medical Systems Inc). Doublet interpolation testing was carried out utilizing a Grass S48
stimulator and SIU8T stimulus isolation unit (Grass Instruments Co, West Warwick, Rhode
Island).

To assess the quadriceps strength, patients were tested in seated position with the knee
flexed to 60°. Following a warm-up, they were asked to perform MVIC of the quadriceps
with visual and verbal encouragement. Testing was repeated, with one-minute rests between
trials, until two trials were within 5% of each other. The highest of the two trials was then
normalized to the patient’s body mass.

To assess quadriceps activation, a 2-pulse electrical stimulus (600 ps pulse duration, 100
pulse per second frequency) was delivered to the patient’s quadriceps muscle in a relaxed
state. Intensity was then increased in 10-volt increments until the electrically induced torque
from the muscle reached a plateau (supramaximal doublet in resting). The patient was then
asked to perform a quadriceps MVIC and a supramaximal stimulus was applied during the
performance of the MVIC and again immediately afterward when the patient had relaxed his
or her quadriceps muscle. Quadriceps activation was calculated with the following formula:

Voluntary Activation=[1—(a/b)] x 100

where ais the torque produced by the supramaximal stimulus during MVIC and b is the
torque produced by the supramaximal stimulus at rest after the MVIC. A value of 100%
represents full voluntary activation of the quadriceps and values less than 100% represent
decreased motor unit discharge rates or incomplete motor unit recruitment.23

Functional Performance—Functional performance was assessed utilizing the stair
climbing test (SCT), six-minute walk test (6MW), and timed up and go test (TUG). The
SCT measures the total amount of time it takes for a patient to ascend and descend a flight
of stairs and was assessed on a 12-step (17.1 cm step height) flight of stairs. The 6MW test
measures the distance a patient can walk in six-minutes and was assessed with a 30.5m
walkway. The TUG measures the amount of time it takes for an individual to rise from a
chair (seat height 46cm), walk 3 meters, turn-around, and walk back to the chair and sit
down. These measures have been shown to be valid, reliable, and responsive measures to
quantify functional performance in individuals after TKA.24

Statistical Analysis

Descriptive statistics were utilized to report patient characteristics and QAB scores over
time. Based on a median split of the QAB score at initial evaluation, patients were classified
as HIGH (QAB=4) or LOW (QAB<3). The difference between the HIGH and LOW QAB
groups in outcome measures at 1, 2, 3, 6 and 12 months was estimated using a repeated-
measures maximum likelihood, cell means model regressing the measure on the baseline
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value of the measure, treatment group, sex, clinic site, month, and an indicator for
HIGH/LOW QAB. HIGH/LOW QAB differences were evaluated with linear contrasts. Sex
and clinic site were included in the model because these variables were used to stratify
individuals during the randomization.1® Baseline for each outcome and treatment group
were included to improve precision of the model. Data are reported pooling across treatment
groups from the main trial because outcomes by treatment group were not different for any
outcome measure (p >.0.05). Effect sizes for differences between groups at 1 and 2 months
were estimated by Cohen’s d calculated from a least squares regression of the measure on
HIGH/LOW QAB controlling for its baseline value, sex, and site..25 Cohen’s dvalues of
0.20, 0.50, and 0.80 represent small, moderate, and large effect sizes respectively.26 A 2-
sided pvalue of 0.05 was designated a priori for statistical significance. SAS version 9.4
(SAS Institute Inc, Cary, NC) was utilized for all statistical analyses.

Patient characteristics at baseline are described in table 1 and the patient flow diagram is
shown in figure 2. The QAB scores by time point are shown in table 2. Greater than 90% of
patients scored a 6 on the QAB at the preoperative time point. Greater than 90% of patients
scored 5 or 6 on the QAB at 1 month. At the initial outpatient physical therapy evaluation
four days after TKA, QAB scores were more evenly distributed and ranged from 0 to 6.

Quadriceps activation, measured via doublet interpolation, by QAB group over time is
shown in Figure 3A and reported in Table 3. The LOW QAB group had significantly poorer
quadriceps activation at 1 month (p=0.02) compared to the HIGH QAB group. By 2 months,
the difference between the LOW QAB group and the HIGH QAB group was no longer
significant (p=0.52). There were no differences in activation between groups at 3, 6, and 12
months.

Change in strength and functional performance by QAB groups over time are shown in
Figure 3B—C and reported in Table 3. There was a significant difference between HIGH and
LOW QAB groups 1 month postoperatively in quadriceps strength (p=0.01), SCT
(p<0.001), TUG (p<0.001) and the 6MW (p<0.001). The LOW QAB group had significantly
poorer strength and functional performance compared the HIGH QAB group. The LOW
QAB group also had significantly poorer performance on the SCT (p=0.02) and TUG
(0=0.04) at 2 months and tended to have poorer quadriceps strength (p=0.06) compared to
the HIGH QAB group; however, performance on the 6MW test did not differ between
groups (p=0.16). Quadriceps strength did not differ between the HIGH and LOW QAB
groups at 3 and 12 months. The LOW QAB group had significantly poorer quadriceps
strength compared to the HIGH QAB group at 6 months (p=0.05, 95% CI: 0.0, 0.20). There
were no differences in functional performance between groups at 3, 6, or 12 months.

DISCUSSION

The purpose of this study was to determine the relationship between performance on a QAB
with 1) a laboratory measure of activation (measured via doublet interpolation) and 2)
recovery of quadriceps strength and functional performance after TKA. Performance on the
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QAB was significantly related to recovery of activation in the early postoperative period as
well as strength and functional performance recovery. However, performance on the QAB
was not related to longer-term (> 3 months) recovery of activation, strength, or functional
performance although this may have been affected by the intensive rehabilitation provided.

Performance on the QAB was largely dependent on the time point it was assessed. Nearly all
individuals scored highly on this measure preoperatively and one-month postoperatively,
whereas, at the initial evaluation four days after surgery scores for the QAB were evenly
distributed across individuals. This suggests that timing of assessment is important in the
utilization of this clinical battery because patients will rapidly recover their ability to
perform this test battery in the first month after surgery. Given that many patients are
beginning post-acute rehabilitation in either skilled nursing, home health, or outpatient
rehabilitation settings the first week after surgery, utilization of the QAB should be feasible
within these settings during the initial evaluation.

While the LOW QAB group did recover strength and function to the level of the HIGH QAB
group by the 3-month postoperative time point, recovery for the LOW QAB group was
slower and effect sizes for strength and functional recovery between groups at 1 and 2
months were moderate in size. However, it should be noted that both groups were
undergoing physical therapy intervention as part of an ongoing clinical trial. Results from
the main trial indicate that outcomes for both the HI and LI groups were superior to what has
been observed in related physical therapy research.16 It is possible that recovery of
activation, strength, and function may be quite different for those individuals receiving less
intervention following surgery. In particular, it is possible that individuals in the LOW QAB
group would not have recovered to the level of the HIGH QAB group if they had not
received such an extended length of intervention (26 visits over 3 months). Future clinical
trials will need to examine the effects of different rehabilitation paradigms on the recovery
of activation, strength, and function.

The findings of our study are in contrast to those by Lynch and colleagues who found no
relationship between a clinical assessment of effusion (brush and sweep test) and quadriceps
activation.19 They hypothesized the lack of relationship between clinically evaluated
effusion level and activation may be due to timing of the assessment as they enrolled
subjects within 100 days of anterior cruciate injury (ACL). Moreover, they did see a
significant effect of time from injury on quadriceps activation levels in their analysis. This
may be due to an accommodation effect as a majority of laboratory studies utilize
experimentally induced activation deficits via saline injection and examine only short-term
effects on activation.2’-2% The nervous system may adapt to activation deficits over time.

Given the observed relationship between performance on the QAB and recovery of
activation, strength, and function, alternative interventions should be considered in this
population in order to facilitate a faster recovery. Several interventions have demonstrated
the ability to improve strength and function in individuals with quadriceps activation
deficits. Neuromuscular electrical stimulation (NMES) has been shown to produce strength
and functional gains in individuals after TKA.18:30 The mechanism by which NMES is
thought to produce these changes is that it can directly stimulate a-motor neurons despite

Arch Phys Med Rehabil. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bade et al. Page 8

activation deficits and thereby decrease muscle atrophy in the longer-term. The results of the
present study suggest that NMES may be an effective intervention strategy to target patients
with low QAB and potentially increase rate of recovery. Transcutaneous electrical nerve
stimulation (TENS) has demonstrated positive effects on improving quadriceps activation in
individuals with knee OA, however, the effect of this modality on activation has not been
studied in individuals after TKA. 31.32 Swelling has been shown to affect quadriceps
strength acutely after TKA and the timing of the QAB at postoperative day four corresponds
to near peak swelling levels following surgery.33 Cryotherapy combined with compression is
frequently utilized to address swelling and has been shown to reduce activation deficits in
individuals with knee OA, however, the effect of this treatment on activation has not been
studied in individuals after TKA.32 More invasive methods such as joint aspiration,
corticosteroid injections, and anesthetic injections have also demonstrated the ability to
decrease activation deficits in individuals after menisectomy, with rheumatoid arthritis, and
with knee OA, however, there is an increased risk for infection with these procedures.14

Study Limitations

The primary limitation to this study is the lack of a control group that received no
intervention which prevents inference on the effect of the physical therapy on the recovery of
activation; thus, the true natural history of activation and functional recovery is unknown.

CONCLUSIONS

In conclusion, poor performance on the QAB early after TKA is related to poor quadriceps
activation and poor recovery in the early postoperative period. The QAB may be useful in
identifying individuals who need specific interventions to target activation deficits or
different care pathways in the early postoperative period to speed recovery after TKA.
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HIGHLIGHTS

. The quadriceps activation battery (QAB) is the first clinical battery of tests
shown to be related to recovery of activation, strength, and function following
total knee arthroplasty (TKA).

. Timing of assessment of the QAB is critical as patient performance on the
QAB was most informative in the initial postoperative period (4 days after

surgery).

. The QAB could be utilized to identify individuals who may need specific
interventions such as neuromuscular electrical stimulation (NMES) to target
activation deficits or prolonged physical therapy intervention to achieve
optimal results after TKA.
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Contraction

then instructed how to perform the test using
the non-surgical knee as an example. Once
comprehension [ 4 = %
of the test is
verified, they
are instructed
to perform an
isometric
contraction of the quadriceps.

Test Performance Scoring
Isometric Patient is positioned in supine with the surgical 0 = Unable to initiate any
Quadriceps knee at their current limit of extension. They are | contraction

1 = Poor contraction with no
superior patellar movement
2 = Strong contraction with
visible superior movement of
patella

Extension Lag

edge of the table. The therapist passively
extends the surgical

knee to 5° less than the
current available limit of =
passive knee extension.
The patient is then
asked to try and
maintain their knee in
extension actively as
the therapist withdraws
support.

Straight Leg Patient is positioned in supine with the surgical 0 = Unable to lift their heel off
Raise knee at their current limit of extension and the of the table
opposite 1 = Able to lift their heel 2 feet
knee bent to | off of the table but unable to
90°. The maintain the knee in full
patient is available extension
cued to 2 = Able to lift their heel off of
maintain the table and maintain the knee
their knee in in full available extension
full available
extension and then to lift their heel 2 feet off of
the table.
Quadriceps Patient is positioned in upright sitting at the 0 = Unable to keep the

surgical limb from bending
without therapist support.

1 = Able to maintain knee
extension but for less than 1
second and is able to slow
the legs descent without
therapist support.

2 = Able to maintain knee in
extension for greater than 1
second.

Figure 1. Clinical quadriceps activation battery test components and scoring
The clinical quadriceps activation battery (QAB) consisted of three components A) Straight

Leg Raise, B) Isometric Quadriceps Contraction, and C) Quadriceps Extension Lag Test.
Each component was scored separately on a scale of 0-2 and summed together to yield a

final QAB score (range 0-6) with scores <3 indicating poorer quadriceps activation.
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Figure 2.

Assessed for eligibility
(n=1358)

V

Randomized
(n=162)

Intervention

/

HI Intervention

N

I LI Intervention (n = 78)

(n=284)

HI (n = 82) Ll (n=78)
2 Dropout — —‘ 1 month follow-up I— 0 Dropout
« 1 Infection
« 1Fall

v v

HI (n = 79) U (n=77)

3 Dropout — _| 2 month follow-up I_ 1 Not Tested—

* 2 Knee manipulation
* 1 Psuedogout

\/

HI (n=77)
2 Dropout —
* 1 Family emergency
* 1 Spine compression
fractures (unrelated to
study)

* 1 Out of town

v

—‘ 3 month follow-up I—

LI (n=77)
1 Dropout —
* Withdrew from study

v

HI (n=71)
4 Dropout —
* 1 Knee infection
* 1 Pneumonia
* 1 Wrist surgery
* 1 Fractured patella
2 Not Tested —
* 1 Sick
* 1 Could not contact

v

—' 6 month follow-up |—

!

HI (n = 70)
3 Dropout —
* 2 Contralateral TKA
1 Colon surgery

12 month follow-up

Flow diagram over the course of the study
Abbreviations: HI=High-intensity intervention group; LI=Low-intensity intervention group.

L (n=71)
5 Dropout —
* 1 Contralateral TKA
« 1 Spinal surgery
* 1 Disc herniation
* 1 Cancer
* 1 Moved out of area
1 Not Tested —
* 1 Colon abscess

!

Ll (n = 68)
4 Dropout —
* 2 Moved out of area
« 1 Contralateral knee
surgery
* 1 Could not contact
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B) Quadriceps Strength

Preop 1 Month 2 Months 3 Months 6 Months 12 Months
Time Point

—@=—HIGH QAB LOW QAB

Quadriceps activation (A), quadriceps strength (B), and stair climbing performance (C) by

group over time.

Data are mean + SE. *Significant difference between groups p<0.05. T p=0.06
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Baseline characteristics (N=162)

Sex N(%o)

Men

Women
Age (years)
BMI (kg/m?)
Stair Climbing Test (s)
Timed-Up-and-Go Test (s)
6-minute Walk Test (m)
Quadriceps Strength (Nm/kg)
Quadriceps Activation (%)
High-Intensity Intervention
High QAB N(%)
Low QAB N(%)

Low-Intensity Intervention
High QAB N(%)

Low QAB N(%)

Missing N(%6)

73 (45)
89 (55)
63 (7)
30 (5)
16.8 (8.3)
8.9(2.7)
460 (102)
1.2 (0.5)
715 (15.5)

35 (41.7)
49 (58.3)

38 (48.7)
37 (47.4)
3(3.8)

Table 1

Page 15

Sex is reported as N (%). All other characteristics are reported as mean (sd). Abbreviations: BMI, body mass index; QAB, quadriceps activation

battery.
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Table 2

Quadriceps activation battery scores over time

Page 16

Baseline (2 weeks preoperative)

QAB Score N(%) Initial Postoperative Evaluation (4 days) N(%) One Month Postoperative N(%)
0 8(5.0)
1 25 (15.7)
2 24 (15.1)
3 29 (18.2)
4 1(0.6) 24 (15.1) 4(2.6)
5 14 (8.8) 25 (15.7) 59 (38.3)
6 144 (90.6) 24 (15.1) 91 (59.1)

Abbreviations: QAB, quadriceps activation battery
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