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Study Design: Case report.
Background: Long-term deficits in quadriceps femoris muscle strength and impaired muscle
activation are common among individuals with total knee arthroplasty (TKA). Failure to address
strength-related impairments results in poor surgical and functional outcomes, which may
accelerate the progression of osteoarthritis in other lower extremity joints. The purpose of the
current case report was to implement a neuromuscular electrical stimulation (NMES) treatment
protocol in conjunction with an intense weight-training program, with the aim of reversing
persistent quadriceps muscle impairments after TKA.
Case Description: The patient was a 62-year-old male cyclist 12 months following simultaneous,
bilateral TKA with impairments in left quadriceps strength and volitional muscle activation. His left
quadriceps strength was 26% weaker than his right and central activation ratio (CAR) of his left
quadriceps was 13% lower than his right quadriceps CAR. NMES to the left quadriceps was
implemented for 6 weeks, in addition to an intense volitional weight-training program with
emphasis on unilateral lower extremity exercises.
Outcomes: The patient demonstrated a 25% improvement in left quadriceps femoris maximal
volitional force output following 16 treatments of combined NMES and volitional strength training
over a 6-week period. The patient’s volitional muscle activation improved from a CAR of 0.83
before treatment to 0.97 after treatment. At discharge from physical therapy and at his 18-month
postoperative follow-up, the patient’s left quadriceps strength was only 4% lower than his right
quadriceps strength. At the 24-month follow-up, the patient’s left quadriceps strength was 6%
stronger than his right quadriceps strength.
Discussion: The patient was able to achieve symmetrical quadriceps strength and complete
muscle activation following 6 weeks of NMES and volitional strength training. An intense
strengthening program may have the potential to reverse persistent strength-related impairments
following TKA. J Orthop Sports Phys Ther 2006;36(9):678-685. doi:10.2519/jospt.2006.2305
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Osteoarthritis (OA)
and its physical
manifestations are a
global issue. In the
cohort of individu-

als older than 60 years of age, an
estimated 10% of the world’s
population suffers from limitations
attributable to OA.38 OA-related
impairments are responsible for
over 18 million physician visits
each year.3

Knee OA is characterized by de-
generative radiographic findings,
including joint space narrowing,
the presence of osteophytes, and
subchondral bone sclerosis.1,6

Such findings can contribute to
pain with weight-bearing activities,
restricted joint range of motion
(ROM), and functional decline.
Conservative measures (ie,
corticosteroids, hyaluronic acid,
aquatic therapy) are often imple-
mented to alleviate pain and mini-
mize functional limitations;
however, when conservative man-
agement fails to alleviate OA-
related symptoms, total knee
arthroplasty (TKA) is often indi-
cated.

TKA is one of the most common
and successful orthopedic surger-
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ies in the treatment of end-stage knee OA. Over
400 000 TKA surgeries were performed in the United
States in 2003.2 Incidence trends are predicted to
steadily rise over the next few decades with the
growth of the older adult population.2 The most
commonly used surgical approach is the medial
parapatellar approach. This surgical approach in-
volves an incision through the extensor mechanism
for visualization and access to the knee joint. The
disease-affected joint surfaces are then replaced with
prosthetic components designed to mimic normal
knee ROM.

Dramatic reductions in knee pain7,10,22 and in-
creased functional performance22,39 enhance quality
of life after TKA.10 Acute impairments in pain,
swelling, joint ROM, and patellar mobility are com-
mon following TKA. In addition, patients exhibit a
60% reduction in quadriceps femoris muscle force
production from preoperative baseline levels 1 month
after TKA.37 While improvement of these impair-
ments appears likely, residual deficits, primarily in
quadriceps muscle function, prevent functional recov-
ery to the levels of healthy cohorts.4,39

Typical physical therapy management following
TKA focuses on performance of activities of daily
living and ROM exercises, which begin during the
acute care, inpatient hospital stay. These exercises are
continued following discharge from the acute care
hospital in either a rehabilitation hospital or home
physical therapy setting. More strenuous strengthen-
ing exercises are often not initiated until the com-
mencement of outpatient physical therapy; however,
outpatient physical therapy is not always the standard
of care. While some advocate for more substantial
strengthening on an outpatient basis,4,19,22,36,37 others
advocate for home physical therapy only,14,28 or argue
that rehabilitation is not necessary following TKA.27,30

Regardless, discharge from formal physical therapy
typically occurs when ROM and pain impairments
have been resolved and function has improved.
Strength benchmarks are rarely used for discharge
guidelines and in determining outcomes after joint
replacement. However, follow-up studies indicate that,
despite improved self-reports of function11,13,22 and
improved functional performance,13,22,24 quadriceps
weakness is persistent in the short and long
term.4,21,37 Weakness is present 6 months postopera-
tively, as evidenced by reduced quadriceps strength in
the operated knee that received surgery, compared to
the knee that did not receive surgery, among patients
following unilateral TKA.16 These deficits are as high
as 39% compared to healthy control subjects 1 year
postoperatively39 and at least 30% 2 years following
TKA.32 Longer-term follow-up studies demonstrate
persistent quadriceps weakness4 and self-reported
functional decline 3 years postoperatively.31 In light
of current physical therapy practice and compounded
by the nature of the surgical procedure, it is not

surprising that patients often exhibit short- and
long-term impairments in quadriceps femoris func-
tion.

Recent evidence suggests strength impairments cor-
respond to asymmetries in gait and completion of
functional tasks such as sit-to-stand transfer. Specifi-
cally, interlimb differences in strength are associated
with interlimb differences in knee excursion during
gait and decreased vertical ground reaction force,
peak knee extension moment, and EMG activity
during a sit-to-stand transfer.20 The noted asymme-
tries result in increased joint loads in the
contralateral hip and knee, which may lead to the
emergence or progression of symptomatic OA in
other joints. Failure to address and reverse strength
impairments may result in a greater likelihood of
multiple total joint and revision arthroplasties. In
fact, the next most likely joint to be replaced follow-
ing TKA is the contralateral knee, followed by the
contralateral hip and then the ipsilateral hip.31 The
risk of contralateral TKA is 37% within 10 years of
the first operation.17

The existing body of literature focuses on the acute
and immediate subacute management of patients
with TKA.14,22,27,28 Volitional exercise and
neuromuscular electrical stimulation (NMES) are 2
effective modes of strengthening following knee in-
jury or surgery. According to published reports,
strengthening protocols require the performance of
an intense exercise program at a minimum intensity
of 60% of an individual’s 1-repetition maximum, 3
times per week, over a minimum period of 6 to 8
weeks.29 Greater intensities of up to 80% of 1
repetition maximum are necessary to elicit strength
improvements in previously trained individuals.29

NMES has also been shown to be effective as an
adjunct modality in the treatment of quadriceps
weakness and activation impairments following knee
surgery.15,33,36 NMES uses electrical current to induce
muscular contraction by preferentially activating the
greater force-producing, type II muscle fibers. NMES
treatment intensity is defined as the electrically elic-
ited contraction force reported as a percentage of
maximum volitional quadriceps strength. Treatment
intensities of 30% to 50% of a patient’s maximum
volitional quadriceps strength have been shown to
result in substantial gains in quadriceps strength
within 4 to 6 weeks.33,36

No current evidence supports the physical therapy
management of chronic quadriceps strength impair-
ments following TKA. The current case report, which
focuses on the physical therapy management of a
patient 12 months post-TKA, demonstrated that
chronic strength impairments can be successfully
reversed with physical therapy interventions including
aggressive strengthening and NMES.
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CASE DESCRIPTION

Patient Characteristics
The patient was a 62-year-old male (height, 1.96 m;

mass, 88.4 kg; body mass index, 23.1 kg/m2), who
came to our physical therapy clinic preoperatively as
part of a clinical trial of rehabilitation following
bilateral, primary TKA for knee OA. The patient was
an avid cyclist, cycling an average of 1667 km per
month prior to surgery. A battery of tests, including a
burst superimposition test to measure quadriceps
strength and activation, the timed up and go
(TUG),25 a stair-climbing test (SCT),18 the 6-minute
walk test (6MW),12,26 and self-report questions were
administered preoperatively for inclusion into the
clinical trial. His right quadriceps maximum volitional
isometric contraction force (MVIC) was 997 N with
92% activation, while the left knee strength was 793
N with 85% activation. His TUG and SCT scores were
5.1 and 7.5 seconds, respectively, and his 6MW
distance was 915 m (Table 1). Scores on the func-
tional tests were considerably better even than age-
matched healthy subjects; however, the patient had
considerable pain, substantial quadriceps weakness,
and quadriceps activation deficits bilaterally (left
greater than right).

Following surgery, the patient could not participate
in the clinical trial. His surgeon did not permit
quadriceps strengthening exercise to begin until 3
months after surgery. This timeframe well exceeded
entry into our clinical trial postoperatively. The clin-
ical trial involves 6 weeks of resistive quadriceps
exercise beginning 3 to 4 weeks postoperatively. Only
ROM exercises, modalities for pain and edema con-
trol, and active exercise were permitted by the
surgeon. Consequently, the patient was referred to
another physical therapy facility considerably closer to
his home, where he received 31 visits of outpatient
physical therapy over a 101⁄2-week period before being
discharged to a home exercise program. His outpa-
tient physical therapy program began 21⁄2 weeks
postoperatively and initially focused on knee flexion

and extension ROM, quadriceps setting exercises,
terminal knee extension Thera-band exercises, and
lower extremity proprioceptive neuromuscular facili-
tation (PNF) patterns. Weight-bearing lower extremity
strengthening exercises, including, stability ball ham-
string curls, calf raises, stool walking, and Stairmaster,
were initiated around postoperative week 7, and ball
squats and step-ups were initiated around postopera-
tive week 9. Per physician orders, at no time during
his outpatient physical therapy were exercises imple-
mented to specifically overload and strengthen the
quadriceps muscle group.

The patient returned for testing 9 and 12 months
after surgery to receive feedback on his recovery
following surgery (Table 1). Nine months postopera-
tively, the patient reported that he was able to lift
increasingly heavier weights with his hamstrings but
he was having difficulty progressing in a similar
fashion with his quadriceps strengthening program.
At the 9-month follow-up, his gym program consisted
of double-leg knee extensions, calf raises, leg press,
and bilateral hamstring curls. His gym program was
modified at this time to include single-knee extension
exercises.

At the 12-month period, the patient was not
satisfied with his progress. His training program
consisted of biking and a gym-based weight-training
program similar to his modified program at the
9-month follow-up. He felt his cycling was most
limited by muscle weakness and fatigue, primarily
with hill and sprint interval programs. The patient
reported that he was unable to exercise to the point
of feeling a ‘‘deep, achy fatigue’’ in his quadriceps
with resistance training. His goal was to return to
competitive cycling.

Evaluation

A clinical picture of the patient 12 months
postsurgery indicated that he performed at a high
functional level, but had significant quadriceps
strength and activation impairments (left quadriceps
more impaired than the right quadriceps). The

TABLE 1. Strength, activation, and functional performance progression and referenced normative data for healthy adults.

Preoperative 9 mo 12 mo 18 mo 24 mo
Healthy Norms,

Adults Aged !60 y

TUG (s) 5.1 4.7 4.4 4.6 4.3 8.4 " 1.736; 8.530; 10.927

SCT (s) 7.5 7.1 7.0 7.5 7.4 *
6MW (m) 915 * 944 1022 1059 570 " 2314; 44827

MVIC left (N) 793 508 624 913 910 574.4 " 15642

MVIC right (N) 997 637 847 947 853 574.4 " 15642

CAR left 0.85 0.73 0.83 0.97 1.0 0.96 " 0.0242

CAR right 0.92 0.76 0.96 0.98 1.0 0.96 " 0.0242

Abbreviations: 6MW, 6-minute walk; CAR, central activation ratio; MVIC, maximal volitional isometric contraction; SCT, stair-climbing test; TUG,
timed up and go.
* Data are not available.
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patient performed the TUG and SCT approximately
a half a second faster than before surgery and walked
30 m farther on the 6MW. These functional perfor-
mance times and distances well exceed values from
individuals of similar sex and age who do not have
OA (Table 1). The results of functional testing gave
the impression that the patient’s TKA had been a
complete success. However, the patient’s self-reports
of function on the Activity of Daily Living Scale of
the Knee Outcomes Survey (KOS/ADLS)9 and a
global knee rating score (GRS) were inconsistent with
his functional performance. While his questionnaire
scores did improve from preoperative levels, the
patient only scored a 77% on the KOS/ADLS (a
0-to-100 scale with 0 representing complete impair-
ment and 100 representing normal knee function).
In addition, he rated his knee to be 90% of its full
potential during activities of daily living on the GRS.
These self-report scores mirrored the patient’s dissat-
isfaction of his physical abilities after surgery.

Strength testing revealed less favorable outcomes at
the 12-month testing period (Table 1). A burst
superimposition test was used to measure the pa-
tient’s maximal volitional force output (MVIC) and
muscle activation level of the quadriceps femoris
muscle group.34 Results from the burst superimposi-
tion test include the patient’s MVIC as well as the
patient’s central activation ratio (CAR). CAR is calcu-
lated by dividing the MVIC by the MVIC plus the
augmented force from the burst (Figure 1). CAR is
reported on a continuum from 0 to 1.0, where 1.0
indicates complete muscle activation.

Twelve months postoperatively, the patient’s right
knee extension force was 150 N lower than its
preoperative baseline measure. Knee extension
strength of his left quadriceps was 169 N lower than
his preoperative strength and 26% weaker than his
right quadriceps muscle. Volitional muscle activation
of his right quadriceps muscle was 0.96 out of a
possible 1.0, comparable to similar aged individuals
without knee OA (mean CAR, 0.96).35 However, the
left quadriceps muscle had substantial activation defi-
cits exhibiting a CAR of 0.83. The burst superimposi-
tion test results indicated that the reduced muscle
activation levels were contributing to his left
quadriceps weakness (Figure 2).

Although magnetic resonance images of the pa-
tient’s thigh musculature to assess muscle cross-
sectional area were not acquired, girth measurements
were taken at midthigh (half the distance between
the greater trochanter and the superior border of the
patella) and 2 cm above the superior border of the
patella. No side-to-side difference in girth was mea-
sured in the patella measurement. However, the left
thigh was 1.6 cm smaller at the midthigh measure-
ment, a potential indication of muscle atrophy of the
left quadriceps femoris muscles.

FIGURE 1. An example of a quadriceps force trace obtained from a
burst superimposition test. The superimposed burst of electrical
stimulus was applied at approximately 2000 milliseconds, denoted
by the black arrow. Central activation ratio (CAR) is calculated by
dividing the maximal volitional force (MVIC) just prior to the black
arrow by the augmented force output after the arrow. In this
example, MVIC was 269 N and the augmented force was 565 N,
representing a CAR of 0.48.

FIGURE 2. The time of quadriceps strength (a) and volitional
activation (b) recovery from preoperative status through the 24
months after total knee arthroplasty (TKA). High-intensity resistive
strength training and neuromuscular electrical stimulation (NMES)
occurred between 12 and 15 months postoperatively. NMES was
only applied to the left quadriceps muscle. Abbreviations: MVIC,
maximal volitional isometric contraction; CAR, central activation
ratio.

Diagnosis
In comparison to age-matched healthy individuals

and patients 1 year after TKA, the physical therapy
evaluation indicated that the patient had superior
functional performance in walking and stair climbing.
The patient’s primary impairment was quadriceps
weakness, with more substantial impairment in the

↓

J Orthop Sports Phys Ther • Volume 36 • Number 9 • September 2006 681

C
A

S
E

R
E

P
O

R
TJo

ur
na

l o
f O

rth
op

ae
di

c 
&

 S
po

rts
 P

hy
sic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fro

m
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
Ja

nu
ar

y 
26

, 2
01

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r u
se

s w
ith

ou
t p

er
m

iss
io

n.
 

 C
op

yr
ig

ht
 ©

 2
00

6 
Jo

ur
na

l o
f O

rth
op

ae
di

c 
&

 S
po

rts
 P

hy
sic

al
 T

he
ra

py
®

. A
ll 

rig
ht

s r
es

er
ve

d.



left compared to the right quadriceps muscle. It
seemed reasonable to infer that both muscle atrophy
and muscle activation deficits were primary underly-
ing causes of the patient’s left quadriceps weakness,
as indicated by smaller left quadriceps girth measure-
ment and a lower CAR in the left quadriceps muscle.

Interventions
Based on the finding of bilateral quadriceps weak-

ness and left quadriceps muscle activation deficit, a
decision was made to implement a strengthening
program consisting of high-intensity resistance train-
ing and NMES. The patient began treatment 131⁄2
months after his surgery. The resistance program
consisted of lower extremity exercises performed at
the patient’s local gym in conjunction with his cycling
training program. Exercises included unilateral knee
extensions in sitting, unilateral leg press in a semi-
reclined position, unilateral wall squats in standing,
prone hamstring curls, standing calf raises, and hip
abduction and adduction in sitting performed on
nautilus equipment. The patient was instructed to
perform 3 sets of 10 repetitions, 3 times per week, at
approximately 75% of his 1 repetition maximum for
each leg, with the goal of reaching fatigue upon
completion of each set of each exercise. The patient
was instructed to retest his 1-repetition maximum
weekly and increase the resistance accordingly. The
patient logged his lower-extremity–strengthening pro-
gram, which was monitored weekly by a physical
therapist.

The left quadriceps femoris muscle was also treated
with NMES. The decision was made to administer
NMES only to the left quadriceps because it was the
weaker of the 2 quadriceps muscles. In addition, the
left quadriceps muscle had significant activation defi-
cits, whereas the right quadriceps had full activation.
The patient came to the physical therapy clinic 3
times per week for 6 weeks. The treatment protocol
was previously published by Snyder-Mackler et al.33

The patient was seated in an electromechanical
dynamometer with the knee flexed and stabilized at
60° of knee flexion. Two stabilizing straps were
secured around the patient’s waist and left thigh.
Following appropriate skin preparation, two 7.6 ×
12.7-cm self-adhesive electrodes (CONMED Corpora-
tion, Utica, NY) were placed over the muscle bellies
of the rectus femoris muscle proximally and the
vastus medialis muscle distally (Figure 3). A clinical
neuromuscular electrical stimulator (Versastim 380;
Electro Med Health Industries, Miami, FL) was used
to provide the electrical current. Stimulation was
characterized by a 2500-Hz, sinusoidal, alternating
waveform current at a burst rate of 75 bursts per
second for 10 seconds (Table 2). The current ampli-
tude was raised to the patient’s maximum tolerance
with the goal of achieving a minimum electrically
elicited force output of 30% of the patient’s daily

FIGURE 3. The patient setup for the neuromuscular electrical
stimulation treatment. (A) The patient was seated in an electrome-
chanical dynamometer with the knee flexed and stabilized at 60° of
flexion; (B) two 7.62 × 12.25-cm self-adhesive electrodes were
placed over the muscle bellies of the rectus femoris muscle
proximally and the vastus medialis muscle distally.

MVIC. Each treatment session consisted of 10 con-
tractions with an 80-second rest period between
contractions. The patient’s left thigh was assessed for
redness and skin irritation following each daily NMES
session.

The plan of care developed for the patient was to
perform both the volitional strengthening program
and the NMES treatment 3 times a week for 6 weeks.
The length of the proposed treatment period was
chosen based on previous research, which demon-
strated that the performance of strengthening pro-
gram for at least 6 weeks, is necessary to achieve
significant strength gains especially in previously
trained individuals such as this patient.29 NMES
treatments and volitional strength training typically
occurred on the same day. NMES treatments were
administered prior to volitional strengthening.

OUTCOMES

Following the completion of 16 NMES treatment
sessions over a 6-week period, the patient’s

A

B
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quadriceps strength and muscle activation were reas-
sessed. The results revealed a 155-N improvement in
maximum force production in the left quadriceps
femoris muscle. This represents a 26% improvement
in strength over the course of a 6-week physical
therapy program. His left quadriceps muscle was now
only 4% weaker than his right quadriceps muscle.
This is a considerable improvement since he was 25%
weaker prior to the formal physical therapy program.
Improvement in left quadriceps muscle activation also
occurred during the combined physical therapy inter-
vention. Left quadriceps volitional activation levels
progressed from a CAR of 0.83 before physical
therapy to a CAR of 0.95 over the treatment period.
Left thigh girth 2 cm above the patella increased 2.2
cm from the initial evaluation and left midthigh girth
increased 2.1 cm. Right quadriceps strength also
improved 11% over the 6-week period of physical
therapy; however, no change was noted in the voli-
tional activation levels.

The patient was discharged from formal physical
therapy following the completion of 16 NMES treat-
ments. The patient was instructed to continue his
cycling and lower extremity strengthening program.
Two additional follow-up evaluations were conducted
to assess quadriceps strength, muscle activation, and
functional performance (Table 1). The first occurred
3 months following discharge from formal physical
therapy, 18 months after his TKA. The second oc-
curred 24 months following his TKA. While his
functional performance was similar to his 12-month
assessment, the patient demonstrated improvement in
his self-perceived function, as indicated by improved
scores on the KOS/ADLS and GRS. The patient also
demonstrated further increases in right and left
quadriceps strength. Left quadriceps strength and
volitional muscle activation exceeded preoperative
levels and levels achieved at all other subsequent
testing intervals. Left quadriceps strength was within
40 N of right quadriceps strength at the 18-month
follow-up and, by the 24-month follow-up, left
quadriceps strength surpassed that of the right (Fig-
ure 2).

DISCUSSION
This case report provides evidence for the success-

ful management of chronic strength impairments
following TKA for primary knee OA. The use of 2
intensive strengthening protocols, NMES and a uni-
lateral lower extremity weight-training program, for 6
weeks resulted in improved quadriceps strength,
thigh girth, and activation levels in addition to
improved patient satisfaction. The measured improve-
ments were maintained following conclusion from
formal physical therapy.

Quadriceps strength is an important determinant
of functional performance.5,23 The patient’s func-
tional performance outcomes far exceeded values of

TABLE 2. Neuromuscular electrical stimulation treatment proto-
col used for quadriceps strengthening. A Versastim 380 clinical
neuromuscular electrical stimulator was programmed with the
following stimulation parameters to induce muscle contraction.

Parameter Setting

Carrier frequency 2500 Hz
Burst rate 75 bursts per sec
On time 10 seconds plus 2-sec ramp time
Off time 80 sec
Current amplitude To patient tolerance; goal of 30% of

patient’s daily MVIC
Dose 10 contractions
Treatment frequency 3 times per wk
Treatment duration 6 wk

Abbreviation: MVIC, maximal volitional isometric contraction.

individuals of similar sex and age who do not have
OA even prior to the commencement of the com-
bined NMES and high-intensity resistive exercise pro-
gram. However, the patient was unsatisfied with his
surgical outcome and functional recovery 12 months
postoperatively (Table 1). The patient attributed his
persistent, residual quadriceps strength deficits to his
perceived limitations with his cycling activities.

Volitional activation deficits and muscle atrophy are
2 main contributors to the dramatic quadriceps
weakness associated with TKA.4,21,37 If activation defi-
cits and atrophy are not specifically targeted in
rehabilitation interventions, these impairments will
persist. Additional adverse consequences may include
progression of OA in other lower extremity joints,
additional arthroplasty surgeries, reduced function,
and reduced quality of life. In the current scenario,
the patient was only referred to physical therapy
services for stretching and active exercise. The lack of
sufficient resistive exercises most likely contributed to
the persistence of quadriceps weakness. Traditional
rehabilitation programs with similar trends of
thought may not be sufficient to reverse strength-
related impairments, especially if these impairments
are chronic as with the current patient.

Aggressive strength training at 75% of 1-repetition
maximum can increase force-generating capacity and
induce muscle hypertrophy.29 However, weakness
combined with activation deficits presents even
greater challenges.8 If a muscle can not be activated
to its full potential, it can be argued that strengthen-
ing solely through volitional exercise will not be
sufficient to overload the muscle and enhance
strength. The current patient exhibited significant
activation deficit in his left quadriceps, which was
hypothesized to be the main contributor to the
patient’s strength deficit. Therefore, NMES was used
as an adjunct modality in the treatment of the
patient’s left quadriceps weakness and activation defi-
cits.
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NMES induces muscle contraction to overload the
muscle via random recruitment of muscle fibers.
NMES also targets a greater proportion of the larger
type II, greater force-producing muscle fibers. During
volitional exercise, recruitment of muscle fibers oc-
curs according to the Henneman size principle (ie,
recruitment progresses from small to large
motoneurons). Therefore, the larger type II muscle
fibers, activated in NMES protocols, are rarely if ever
activated with volitional exercise, especially in the
presence of activation deficits. Previous research in
patients with bilateral TKA has demonstrated the
positive effect of NMES in the subacute postsurgical
period.36 Quadriceps muscles treated with NMES
demonstrated improved muscle activation levels with
concomitant increases in strength. The resolution of
activation deficits appeared to be the underlying
mechanism for associated strength gains.36

When treated with 6 weeks of physical therapy, the
current patient achieved similar benefit as patients
treated with NMES in the immediate subacute pe-
riod. The patient demonstrated a 25% increase in
quadriceps strength and a 16% increase in
quadriceps muscle activation levels. While a cause-
and-effect relationship cannot be drawn from this
case report, it is possible that improved activation
levels may have contributed to improvements in
quadriceps strength. Subjective reports also substanti-
ated the impact of strengthening on functional per-
formance and patient satisfaction indicated by his
increased ability to perform hill and sprint cycling
workouts.

CONCLUSION

This case report supports the implementation of
formal physical therapy, including NMES and a high-
resistance strength-training program, in the manage-
ment of chronic quadriceps strength and activation
impairments following TKA. The weak and inhibited
left quadriceps muscles treated with a combined
NMES and volitional strength training program ex-
hibited dramatic increases in strength and muscle
activation. Although this case report demonstrates the
potential benefit of NMES and high-resistance
strength training in the management of persistent
quadriceps strength and activation deficits following
TKA, future research is necessary to determine the
efficacy of this intervention in a similar cohort of
patients and to determine the dose of treatment
necessary to reverse adverse strength-related impair-
ments. Furthermore, additional research may shed
light on the functional carryover of the resolution of
interlimb strength asymmetries to the symmetrical
performance of walking and quadriceps-demanding
tasks, such as stair-climbing, as well as suggest the
feasibility of return to high-level recreational activi-
ties.
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