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bjective: The purpose of this study was to examine the effect of a preoperative exercise
ntervention on knee pain, functional ability, and quadriceps strength among patients with
nee osteoarthritis before and after total knee arthroplasty (TKA) surgery.
esign: A repeated-measures design was used to compare 2 groups over 4 data collection
oints.
etting and Patients: Community-dwelling subjects with osteoarthritis of the knee who
ere scheduled for a unilateral TKA were recruited from a single orthopedic surgeon’s office

nd were randomized into control (n � 28) or prehab groups (n � 26).
nterventions: The control patients maintained usual care before their TKA. The exercis-
rs performed prehabilitation exercises, which included resistance training, flexibility, and
tep training, 3 times per week before their TKA.
utcome Measures: Knee pain, functional ability, quadriceps strength, and strength

symmetry were assessed at baseline (T1), at 1 week before the patients’ TKA (T2), and again
t 1 (T3) and 3 (T4) months after TKA.
esults: The exercisers improved their sit-to-stand performance at T2, whereas the control
roup did not change their performance of functional tasks and had increased pain at T2. At T3
he exercisers demonstrated improved sit-to-stand performance. The control patients at T3
xhibited decreases in pain, their 6-minute walk, surgical leg strength and an increase in their
onsurgical leg strength and leg strength asymmetry. At T4 the exercisers improved in their
erformance of 3 of the 4 functional tasks, decreased all of their pain measures, and increased
heir surgical and nonsurgical quadriceps strength. At T4 the control group improved their
erformance on 2 of the 4 functional tasks, decreased all of their pain measures, increased their
onsurgical leg strength, and exhibited greater leg strength asymmetry.
onclusion: These findings appear to indicate the efficacy of prehabilitation among TKA
atients and support the theory of prehabilitation.

NTRODUCTION

steoarthritis (OA) is one of most common chronic health problems, affecting more than 7
illion Americans [1], with 59% of adults older than 65 years of age affected by this disease

2]. Characteristics of knee OA include decreases in strength and functional ability and
ncreases in joint pain [3]. Knee OA is initially treated pharmacologically in an attempt to
ontrol the joint pain and preserve functional ability. Despite these treatment attempts
rogression of knee OA and functional decrease require many patients to undergo total knee
rthroplasty (TKA) [4]. TKA involves removal of the OA-diseased knee joint, which is
eplaced by a prosthetic device and commonly involves prolonged rehabilitation [4,5]. On
he basis of existing research evidence, total knee replacement is a safe and cost-effective
reatment for alleviating pain and restoring physical function in patients who do not
espond to nonsurgical therapies. There are few contraindications to this surgery as it is
urrently used [6]. More than 381,000 TKA procedures are performed in the United States
nnually [5], and this number is predicted to increase by 600% to more than 3.4 million
ases by 2030 [7].

Preoperative measures of strength, functional ability, and knee pain have been shown to

e significant predictors of outcomes after TKA. Other investigators have observed that
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730 Topp et al PREHABILITATION AND TKA
reoperative knee flexibility, pain, and functional ability
ignificantly predicted postoperative flexibility, pain, and
unctional ability respectively among patients undergoing
KA [8,9]. Sharma et al [10] reported that functional ability
month before a TKA predicted functional ability 3 months

fter the procedure. Similarly, Lingard et al [11] reported
ostoperative functional ability up to 2 years after a TKA was
redicted by preoperative knee pain and functional ability. In
n earlier study, Escalante and Beardmore [12] attempted to
dentify predictors of length of hospital stay after TKA and
otal hip replacement surgeries. They concluded that inter-
entions, which optimize preoperative functional ability
mong TKA and hip replacement patients, could potentially
nhance postoperative functional ability and decrease post-
perative hospital stay.

Studies that have attempted to examine the effect of pre-
urgical exercise on postsurgical recovery among TKA pa-
ients have been inconclusive. Jones and Blackburn [13]
tated in an early opinion article that a TKA patient’s ability to
hysically participate in his or her rehabilitation after TKA is
n important predictor of success with rehabilitation. Rooks
t al [14] reported that a 6-week presurgical exercise program
an safely improve preoperative functional status and muscle
trength levels in persons undergoing total hip arthroplasty
nd TKA. Additionally, exercise participation before total
oint arthroplasty dramatically reduced the need for exten-
ive inpatient rehabilitation [14].

However, other investigators have reported limited bene-
ts of preoperative exercise on postoperative functioning
mong patients undergoing TKA. Weidenhielm et al [15]
eported that preoperative physiotherapy had no significant
ostoperative effect and, in fact, patients who received pre-
perative physiotherapy showed a decrease in strength 3
onths after the surgery. Rodgers et al [16] examined the
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Figure 1. Theoretical model of the effect of prehabilitation
ffect of 6 weeks of physical therapy, 3 times per week, i
mong 10 subjects scheduled for TKA and reported no effect
f this intervention on preoperative or postoperative
trength. Beaupre et al [17] reported that a 4-week preoper-
tive physical therapy and education program resulted in no
ifferences in knee pain, function, or health-related quality of

ife after the intervention program at any postoperative mea-
urement point. Patients in the treatment did trend toward
he use of fewer postoperative rehabilitation services and
tayed for a shorter time in hospital compared with the
ontrol group. In a similar study, D’Lima et al [18] examined
he effect of strength or aerobic training versus a control
ondition among 30 patients scheduled for TKA. These au-
hors reported no effect of either of the 2 modes of preoper-
tive exercise training over the control condition on self-
eports of strength or functional ability. These previous
tudies were likely limited by small sample sizes, resulting in
ow statistical power, inadequate exposure to exercise train-
ng, and a lack of specificity of the training to impact the
utcome measures.

The theory of prehabilitation supports the positive hy-
othesized effects that training before TKA may have upon
ostoperative knee pain, functional ability, and quadriceps
trength (Figure 1). Prehabilitation is broadly defined as
mproving the functional capacity of an individual through
hysical activity to withstand a stressful event [19,20]. Indi-
iduals with OA of the knee commonly present with knee
ain, and decreased functional ability and quadriceps
trength [21,22]. Quadriceps strength has been shown to be
nversely related to knee pain and a direct predictor of
unctional ability among patients with knee OA [23]. Fur-
her, patients with knee OA, even those with severe disease,
ave demonstrated they can reduce their knee pain, improve
heir quadriceps strength, and improve their functional abil-

 following           3 months following
rgery                            TKA Surgery 

e

e ability to complete functional tasks among TKA patients.
 month
KA su

Tim
ty through regular exercise training [20,24,25].
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Commonly, a patient with knee OA presents for TKA
urgery with low functional ability and reduced quadriceps
trength, which likely contributes to lower functional ability
nd quadriceps strength after the TKA. If the patient under-
oing TKA could improve his or her functional ability and
uadriceps strength while decreasing knee pain before the
KA, the theory of prehabilitation predicts the patient will
resent during the postoperative period with greater quadri-
eps strength and functional ability that would logically
esult in accelerated progress of his or her rehabilitation.
herefore, it seems appropriate to attempt to enhance an

ndividual’s quadriceps strength and functional ability before
ncountering the stressor of TKA surgery through prehabili-
ation.

The purpose of this study was to examine the effect of a
reoperative prehabilitation exercise intervention on knee
ain, functional ability, and quadriceps strength among pa-
ients with knee OA before and after their TKA surgery. This
urpose was examined through addressing 2 hypotheses:
ne, patients with OA who complete a prehabilitation pro-

ram before TKA surgery will exhibit decreased knee pain,
mproved functional ability, and improved quadriceps
trength before their TKA; and two, patients with OA who
omplete a prehabilitation program before TKA surgery will
xhibit decreased knee pain, improved functional ability, and
mproved quadriceps strength after their TKA.

ETHODS

articipants in this trial were recruited through a single
rthopedic surgeon’s office. Although this practice limited
xternal validity, subjects were recruited from this single
urgeon’s practice in an attempt to minimize the potential
onfounding effects of varying surgical techniques and pre-
perative/postoperative staff and care protocols. Subjects
ere older than 50 years of age, were scheduled for a unilat-

ral TKA, and did not meet standard exclusion criteria for
ngaging in moderate intensity exercise [26]. The single
rthopedic surgeon used a standard anterior surgical ap-
roach to the affected knee with separate prosthesis affixed to
oth the femur and tibia while preserving the collateral

igaments and when possible preserving the posterior cruci-
te ligament. No resurfacing of the patella was performed.
he subject completed an informed consent, which was
pproved by the University’s Human Studies Committees
efore any data collection took place. A total of 54 subjects
ere consecutively entered into the 5-month protocol. These

ndividuals were randomly assigned at baseline to a usual-
are group (n � 28) or a prehabilitation intervention group
n � 26). All health-care staff involved with the pre-, intra-,
nd postoperative care of the subjects was blind to subject’s
tudy group assignment.

After the TKA surgery all subjects participated in the same
ostoperative rehabilitation protocol. This protocol empha-
ized and assessed the following functional tasks: including
mbulation, negotiating stairs, and transferring from a bed to

itting and from sitting to standing positions. The protocol h
ncluded straight leg raises, knee extensions with and with-
ut weights, continuous progressive movement, and flexibil-
ty exercises. After discharge all subjects were prescribed up
o 9 in-home sessions with a visiting physical therapist until
hey achieved 0-100° of range of motion on their surgical
nee. Participants completed 4 data collection appointments;
t baseline upon entry into the trial at a minimum 4 weeks
efore their surgery (T1), at 1 week before their TKA (T2),
nd at 1 (T3) and 3 (T4) months after their TKA. Three to 6
onths after a TKA is a standard assessment point to deter-
ine the effectiveness of the surgery [10,27,28]. The same
ata were collected at each of these data collection appoint-
ents consisting of the participant’s knee pain, functional

bility, and quadriceps strength.
Knee pain was assessed in the knee undergoing surgical

ntervention by the use of a 10-cm visual analog scale (VAS)
ompleted by each subject immediately after completion of
ach of the functional tasks used to assess functional ability.
ubjects were requested to indicate on the VAS the severity of
nee pain they experienced in the knee undergoing surgical

ntervention while performing each of the functional tasks.
he VAS was anchored at the terminal points of the scale by

he terms “no pain” and “extreme pain.” The VAS has been
emonstrated to correlate well [29] with physician assess-
ents of pain (r � .70), and to have high test-retest reliability

r � .97) [30].
Functional ability was assessed by the subject’s ability to

omplete 4 functional tasks. Performance of functional tasks
as used to operationalize functional ability instead of vari-
us self-report instruments because actual performance of
unctional tasks is used by clinicians to measure patient
rogression. The first functional task assessed was the dis-
ance covered in a 6-minute walk. Previous investigators have
ssessed the functional ability of TKA patients before and
fter surgery by using this protocol, with minimal reports of
njury [31,32]. Each subject was instructed to cover as much
istance as possible within 6 minutes while walking around
n indoor 36-meter oval course, which was marked off in
-meter increments. Subjects were instructed that they could
top at any point during the test if they experienced fatigue or
ain and could resume walking once they felt capable of
ontinuing. At the end of the 6 minutes, the total distance
alked in meters was recorded.
The second functional tasks involved the number of sit-

o-stand repetitions the subject could complete in 30 sec-
nds. Each subject began this assessment seated on a padded
8-centimeter high bench, which had no arms or back. Each
ubject assumed an upright standing position followed by a
eated position as many times as possible within a 30-second
ime interval. The number of complete stands (up from and
hen down to the bench) was recorded. This assessment has
emonstrated high validity by being correlated with a one
epetition-maximum leg press (r � .78 men/r � .71 women)
nd strong test-retest reliability (r � .89) [33].

After the assessment of these first 2 functional tasks,
ubjects were instructed to ascend a flight of 22 stairs (step

eight � 18 cm). After ascending these stairs, the subject was
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732 Topp et al PREHABILITATION AND TKA
nstructed to rest 30 seconds and then descend these same
tairs. The test began with the subjects standing and facing
he stairs with their hands at their sides. Subjects were
nstructed that they could use the handrails if necessary to

aintain their balance and safety while ascending or de-
cending the stairs. The times to complete both the first and
econd flight of stairs were recorded. Completion of a flight
as determined when both feet arrived on the final stair.
revious authors reported a high degree of sensitivity of this
ssessment to exercise training among knee OA patients and
unctionally limited older adults [34,35].

Quadriceps strength was measured bilaterally by the use
f a Biodex System 3 Version 3.30 dynamometer (Biodex
edical Systems, Inc., Shirley, NY). The protocol used was

imilar to that developed by Topp and Mikesky [36], which
as adapted from Elsner et al [37]. Knee movement was

solated through the use of Velcro straps on the trunk, waist,
nd thigh. Quadriceps strength was assessed through 3 rep-
titions of knee extension at maximal exertion from 90° to 0°
f knee flexion with each trial separated by a 10-second rest
eriod. The dynamometer was set to resist each motion at
0°/s. Subjects were informed of the purpose of the test and
iven an opportunity to become familiar with the testing
quipment. Reliability of an isokinetic dynamometer by use
f a similar protocol has been found acceptable for determin-
ng strength among older adults (r � .91–.94) [37]. The peak
orque/body weight (kg) of all 3 trials was recorded for
aximum quadriceps strength of the surgical and nonsurgi-

al leg, with the greatest measure for each motion used for
tatistical analysis. A strength asymmetry score was calcu-
ated by subtracting the surgical leg strength measure from
he nonsurgical leg strength measure at each data collection
oint. Greater asymmetry values indicated the nonsurgical

eg was relatively stronger than the surgical leg.
After T1 data collection, subjects were randomized into

ither a control (Control) or prehabilitation intervention
roup (Prehab). Subjects assigned to the Control group were
sked to continue their normal activities until their TKA.
ubjects assigned to the Prehab group were asked to partic-
pate in a minimum of 3 prehabilitation sessions per week.
ne of these 3 weekly sessions was conducted under the

upervision of the research personnel, whereas the other 2
eekly sessions were conducted by the subject in their home.
fter T1, subjects in the Prehab group were taught each
xercise and were instructed how to conduct each interven-
ion session. Each intervention session emphasized the fol-

able 1. Characteristics of the Prehab (n � 26) and Control (

Prehab

ender
Men 7 (27%)
Women 7 (27%)
ge 64.1 � 7.05
ody mass index 32.16 � 5.87
rehab intervention sessions 13.04 � 7.5
owing 3 exercise components: resistance training, flexibility, m
nd step training, which have been presented previously in
he literature [38].

Subjects documented their compliance with the prehabilita-
ion treatment by using an exercise log. A single intervention
ession started with a 5-minute warm-up consisting of light
alking. The warm-up was followed by 9 lower body resistance

raining exercises, including squats, hip flexion and extension,
ip abduction and adduction, ankle plantar flexion and dorsi-
exion, and knee extension and flexion. Each of these resistance
xercises incorporated various intensity levels of Thera-Band
ands (Hygienic Corporation, Akron, OH). After completing
he resistance exercises, subjects performed a series of forward
nd lateral step training exercises up and down a standard
-inch step. Each intervention session was concluded with a
ool-down of light static stretching that included gluteus, hip,
amstring, calf, torso, upper back, lower back, and triceps
tretches followed by 5 minutes of light walking. The number of
rehabilitation sessions each intervention subject completed
as variable because the duration of time available before the

ubject underwent TKA varied by the surgeon’s availability to do
he surgery.

nalysis

ata analysis to address the hypotheses consisted of repeat-
d-measures analysis of variance to determine a time effect or
f the study groups changed their knee pain, performance of
unctional tasks, or quadriceps strength over the duration of
he study. After the detection of a significant time effect (P �
05), Tukey least significant difference post-hoc tests were
sed to identify within-group differences from baseline mea-
ures over the duration of the study (P � .05).

ESULTS

f 54 subjects completing the trial, 37 (68%) women and 17
en (32%) were equally distributed between the groups

Table 1). The average age and body mass index of the sample
ere approximately 64 years and 32 kg/m2, respectively.
ubjects in the Prehab group recorded completing an average
f 13.04 intervention sessions with a range of 4 to 23 sessions
etween T1 and T2 before their TKA.

Table 2 presents changes in knee pain, performance of
unctional tasks, and leg strength within the study groups
ver the duration of the study. At T2 the Prehab group
ignificantly increased their ability to complete sit-to-stand

) groups

Control Statistical Comparison

10 (36%) �2 � .24
10 (36%) P � .63

63.5 � 6.68 t test � .31, P � .76
32.00 � 6.09 t test � .49, P � .78

NA NA
n � 28
aneuvers and indicated a nonsignificant trend toward im-
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roving the other 3 functional tasks, along with a trend
oward improving their quadriceps strength and decreasing
heir strength asymmetry compared with their T1 measures.
he Control group at T2 reported greater levels of pain while
erforming the 6-minute walk and ascending stairs. Between
1 and T2 the Control group exhibited a nonsignificant trend

oward declines in performing all of the functional tasks,
ecreases in strength in the surgical knee, and an increase in

eg-strength asymmetry.
At T3 the prehabilitation group maintained a significant

mprovement in performing the sit-to-stand task with no
ther changes in performing functional tasks, pain, or
trength compared with their T1 assessment. The Control
roup at T3 exhibited a significant decrease in their perfor-
ance in the 6-minute walk and quadriceps strength in the

urgical knee compared with their T1 measure. Also at T3 the
ontrol group reported less knee pain while performing all of

he functional tasks and a significant increase in their non-
urgical quadriceps strength compared with their T1 assess-
ent. These changes in strength within both legs of the
ontrol group resulted in a significant increase in strength
symmetry at T3 compared with T1.

At T4 the Prehab group exhibited significant improvements
n performing all of the functional tasks except the 6-minute

able 2. Changes in functional ability, pain, and knee extensio
uration of the study

T
Base

it-to-stand Repetitions in
30 seconds

Prehab 10.39 �

Control 9.79 �

Pain Prehab 3.96
Control 4.13

-minute walk Distance (m) Prehab 1254
Control 1237

Pain Prehab 4.22
Control 5.20

scend stairs Time (s) Prehab 11.22
Control 9.78

Pain Prehab 3.85
Control 4.62

escend stairs Time (s) Prehab‡ 12.44
Control 10.32

Pain Prehab‡ 4.64
Control 5.26

aximum extension strength of the
surgical knee (torque/body wt.)

Prehab 53.84
Control 60.23

aximum extension strength of the
nonsurgical knee (torque/body wt.)

Prehab 77.41
Control 81.87

trength asymmetry nonsurgical
side minus surgical side

Prehab 23.57
Control 21.65

hading indicates a significant within group change from baseline. Values a
*Indicates a significant increase within the study group from their baseline
†Indicates a significant decrease within the study group from their baseline
‡Note: One Prehab subject did not complete the descend stair assessment
alk and reported significant decreases in all measures of knee t
ain. The Prehab group also improved the strength of their
urgical and nonsurgical quadriceps compared with their T1
easures, which resulted in no change in their strength asym-
etry over the duration of the trial. The Control group at T4

mproved their performance of sit-to-stand and 6-minute walk
nly and reported decreases in all measures of knee pain when
ompared with T1. The Control group increased the quadriceps
trength in their nonsurgical leg between T1 and T4, with no
hanges in strength in their surgical leg, which resulted in an
ncrease in leg strength asymmetry.

ISCUSSION

hese findings generally sustain the 2 study hypotheses,
ppear to support the theory of prehabilitation, and indicate
he efficacy of prehabilitation among TKA patients. Support
or the theory of prehabilitation from the findings is best
xemplified by the improvements in sit-to-stand within the
tudy groups over the duration of the study. Figure 2, which
raphically depicts the performance of the sit-to-stand func-
ional task within the Prehab and Control groups over the
uration of the study, is very similar to graphic depiction of
he theory of prehabilitation (Figure 1) presented by Ditmyer
t al in 2002 [19]. A possible explanation for the sit-to-stand

ngth of Prehab (n � 26) and Control (n � 28) groups over the

T2
Before Surgery

T3
1 Month

After Surgery

T4
3 Months

After Surgery

12.08 � .83* 11.46 � .69* 12.87 � .82*
9.82 � .80 10.36 � .67 11.25 � .79*
4.03 � .46 2.20 � .39 1.62 � .29†
4.91 � .45 2.04 � .37* 1.06 � .28†
1282 � 59 1191 � 51 1337 � 58

1185.18 � 56 1166.71 � 49† 1365 � 56*
4.77 � .45 2.17 � .37 1.53 � .34†
6.80 � .43* 2.36 � .35† 1.38 � .33†

10.63 � 1.12 11.98 � 1.36 8.44 � .81*
10.36 � 1.08 10.39 � 1.31 7.45 � .77

4.34 � .51 2.03 � .37 1.33 � .31†
5.54 � .50* 2.14 � .35† 1.26 � .30†

10.39 � 1.26 13.21 � 1.62 8.60 � 1.12†
10.45 � 1.19 11.79 � 1.53 8.06 � 1.06

4.58 � .51 1.83 � .37 1.42 � .37†
5.65 � .48 2.43 � .35† 1.45 � .35†

56.51 � 6.16 43.15 � 3.63 62.27 � 5.00*
54.02 � 5.94 44.41 � 3.50† 60.74 � 4.81
79.50 � 9.03 83.92 � 9.48 90.26 � 9.14*
82.74 � 8.70 95.45 � 9.13* 94.73 � 8.81*
22.98 � 6.14 40.77 � 8.31 28.00 � 6.93
28.72 � .5.92 51.04 � 8.00* 33.98 � 6.67*

n � SEM.
re.
re.
line and therefore was not included in the analysis of this variable.
n stre

1
line

.72

.69
� .45
� .44
� 64
� 62
� .43
� .41
� 1.06
� 1.02
� .49
� .47
� 1.49
� 1.41
� .47
� .44
� 6.55
� 6.31
� 8.85
� 8.53
� 5.63
� 5.43

re mea
measu
measu
ask best supporting the hypotheses and theory of prehabili-



t
r
p
t
i
d
f
s
b
t
t

t
a
i
t
i
s
u
v
t
t
h
i
s
s
r
s
a

i
t
d
fi
p
t
c
v
p

i
f

t
c
t
c
d
q
t
q
c
s
n
g
s
C
u
i

d
m
s
w
b
P
p
T
o
l
g
a
i
f
s
i
i
o
t
m
m
o
s

C

T
c
f
t
b
p
t
c
o
b

1

1

1

1

1

734 Topp et al PREHABILITATION AND TKA
ation is that this functional task was very similar to the
esistance training exercise of squats as a component of the
rehabilitation intervention. This conclusion is supported by
he principle of specificity of training [39], which indicates
mprovements in performance of functional tasks are depen-
ent on the muscle group used and movement pattern per-
ormed. Because the squat exercise is very similar to the
it-to-stand functional task, improvements in this task would
e expected earlier and to a greater extent than other func-
ional tasks, which were dissimilar to the prehabilitation
raining (eg, walking).

Inconsistencies between components of the prehabilita-
ion training and the procedures to measure functional ability
nd quadriceps strength may also account for the nonsignif-
cant trends of the prehabilitation intervention to improve
he other functional tasks and quadriceps strength observed
n the Prehab but not the Control group before their TKA
urgery. For example, the assessment of quadriceps strength
sed open chain movement, whereas the squat exercise in-
olves a closed chain movement. A second explanation for
he minimal effect of the prehabilitation intervention before
he TKA surgery was the limited exposure the Prehab group
ad to the training. Subjects in the Prehab group participated

n an average of 13 training sessions with a range of 4 to 23
essions between T1 and T2 before their TKA. Previous
tudies [39] have indicated that the minimal duration of
esistance training required to produce significant gains in
trength is generally 6-8 weeks depending on initial fitness
nd intensity, frequency, and mode of training.

Finally, before TKA the Control group reported significant
ncreases in knee pain while performing 2 of the functional
asks, whereas knee pain in the Prehab group did not change
uring this same duration. There are 2 explanations for these
ndings. First, The Prehab group may have experienced the
ain-reducing effects of exercise reported by previous au-
hors among knee OA patients who engaged in regular exer-
ise [24,34]. Second, this benefit of the prehabilitation inter-
ention may have been diluted by the common clinical

4

3

2

1

0

9

8

T1 T2 T3 T4

Time
Prehab ---------------
Control - - - - - - - - -

Figure 2. Sit-to-stand performance.
ractice of discontinuing a TKA patient’s pain-relieving med- o
cation, primarily nonsteroidal antiinflammatory drugs, be-
ore surgery to minimize blood loss during and after surgery.

At 1 month after TKA surgery, the Prehab group appeared
o maintain or improve their functional ability and quadri-
eps strength compared with beginning the trial with only a
rend in decreasing their pain. The Control group signifi-
antly decreased their pain while exhibiting a significant
ecrease in their 6-minute walk distance and declines in
uadriceps strength on the surgical side at T3 compared with
heir baseline values. Interestingly, in the Control group,
uadriceps strength significantly improved in the nonsurgi-
al leg, which in turn contributed to a significant increase in
trength asymmetry. This finding may be attributable to the
onsurgical leg being favored by the Control group to a
reater extent after the TKA thus resulting in increased
trength. The consistent decreases in pain observed in the
ontrol group and not in the Prehab group at T3 were
nexpected but may be attributable to greater levels of activ-

ty or less pain medication consumption in the Prehab group.
Finally, at T4, 3 months after the TKA, the Prehab group

emonstrated decreases in all measures of pain, improve-
ents on 3 of the 4 functional tasks, and improvements in

trength in both the surgical and nonsurgical quadriceps,
ith no significant change in strength asymmetry from their
aseline measures. At T4, the Control group, similar to the
rehab group, significantly decreased all of their measures of
ain and increased their nonsurgical quadriceps strength.
he Control group at T4 did not improve their time to ascend
r descend stairs or their quadriceps strength in their surgical
eg during the course of the study. As well, at T4, the Control
roup continued to exhibit significant increases in strength
symmetry over their baseline measures. These findings may
ndicate the efficacy of the prehabilitation intervention to
acilitate functional ability and gains in bilateral quadriceps
trength up to 3 months following the TKA. The benefits of
mproved physical condition before a TKA positively impact-
ng postoperative measures has been previously cited in
bservational studies [28,40,41]. The findings that the Con-
rol group exhibited greater strength asymmetry up to 3
onths after their TKA indicates compared to their baseline
easures may indicate they are at increased risk for other

rthopedic problems due to biomechanical disruptions re-
ulting from this asymmetry in strength [42].

ONCLUSION

hese findings demonstrate preliminary support for the effi-
acy of prehabilitation but also demonstrate the need for
urther study and should be tempered by a number of limi-
ations. The sample self-selected to participate and was un-
linded to group assignment and, therefore, may have had
ositive expectations regarding the benefits of prehabilita-
ion. Because of this positive expectation of prehabilitation,
ontrol patients also may have clandestinely participated in
ther types of exercise or increased their physical activity
efore surgery contrary to the study protocol. Consumption

f pain medication was not strictly measured in this study
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nd may have affected the self-reports of pain. Future re-
earchers studying similar clinical protocols may wish to
uantify or control pain medication consumed by the sample
4 hours before all data collection. Further research is
eeded to standardize the number of prehabilitation sessions
rior to surgery in order to enhance the positive impact of
his intervention.
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