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ducation and Rehabilitation of the
igh-Performance Knee Arthroplasty Patient

rnold D. Scheller, MD,* Heather Hayden, PT, DPT, MS,†

dward Lacerte, Med, PT, SCS, L/ATC, CSCS,*,§ and James Gaydos, MSPT‡

Rehabilitation is essential to the success of any total knee arthroplasty (TKA). The following
is an aggressive TKA protocol divided into four phases: Phase I, Early Mobilization Phase;
Phase II, Work Phase (routine daily activities, walking, golf); Phase III, Power Phase (closed
kinetic chain activities, low impact sports); Phase IV, Return to Functional Level (limited
open-chain kinetic sports). The goals of this program are achieving early and maximal range
of motion and strength, while minimizing stresses at fixation sites until sufficient bone
ingrowth takes place. It consistently results in improved scores on all functional tests and
fulfills patients’ rehabilitation needs.
Semin Arthro 17:61-65 © 2006 Elsevier Inc. All rights reserved.
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otal knee arthroplasty (TKA) is indicated when func-
tional impairment results from disabling knee pain, de-

enerative changes, or trauma.1 Conservative measures to
aintain knee function in patients with knee pain have

ailed, and total knee replacements are being performed in
ounger, more active, more demanding patients.1-3 Rehabil-
tation is critical to the success of these active patients. Ad-
ances in component design, fixation method, and operative
echniques all affect the rehabilitative program. We have ap-
lied the principles of sports medicine in anterior cruciate

igament (ACL) rehabilitation to total knee replacement
TKR) rehabilitation, creating rehab plans for patients to ob-
ain higher overall function.4-7

These are rehabilitative plans that must be customized
ased on thorough patient history, evaluation, surgical tech-
ique, and surgeon’s recommendations. The program allows
atients to advance to higher activity as the goals of each
hase are reached. Although the goals of one phase need to be
ccomplished before progressing to the next phase, many
rocedures, exercises, and activities carry over throughout.
ach phase consists of a set of primary and secondary goals.
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reoperative Physical
herapy Program
● Instruction in lower extremity exercises (ie, quad set-

ting, glut setting, SLR, ankle pumps)
● Instruction in gait training with assistive devices (de-

pending on WB status)
● Review of transfers and appropriate assistance (ie,

chair–bed, bed–chair, and bathroom)
● Review of precautions

hase I, Days 1 to 14:
arly Mobilization Phase
rimary Goals
● Control of soft-tissue edema and intra-articular effusion
● Wound protection
● Achievement of full passive knee extension to 0°

econdary Goals
● Improvement of motor control in the affected limb
● Increase in passive knee flexion to 90° or better
● Increase of weight-bearing status as tolerated

Control of soft-tissue swelling and knee effusion is accom-
lished through several modalities: maintenance of a con-
tant pressure dressing; cryotherapy utilization; soft-tissue
assage; electrical stimulation; and exercises (as tolerated).

he cryo-cuff is applied 15 to 20 minutes every 2 to 3 hours.
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62 A.D. Scheller et al.
assage is also employed to aid the reduction of postopera-
ive swelling and may be accompanied by passive range of
otion performed by the physical therapist. Limiting soft-

issue swelling and joint effusion play an important role in
inimizing quadriceps inhibition.8

The return and maintenance of full-knee extension and
nee flexion to 90° or greater cannot be overemphasized
uring this phase. A continuous passive motion device
CPM) is utilized. The CPM is set for a 0- to 30-degree range
f motion (ROM) on the first postoperative day and is ad-
anced 5 to 10° per day until 90° or greater is achieved. The
PM is for 2 hours at a time, three times a day. The quantity
nd the quality the ROM can also be improved by continued
se of a CPM.9 It has been widely suggested to place a towel
oll or pillow under the heel (not the knee) to encourage
assive knee extension when the patient is not participating

n CPM or performing exercises.
The achievement of full knee extension diminishes the

mount of scar tissue formation. Patella mobilization is em-
loyed early and often for the same reasons. Gentle stretching
xercises for the hamstrings and gastroc-soleus muscle
roups are utilized to achieve full knee extension.

The return of motor control to the limb is accomplished
hrough an exercise program of ankle pumps, quad setting,
traight leg raises (SLR), gluteal sets, and active assistive
ange of motion (AAROM) into extension and flexion. Quad-
iceps setting may be assisted with the use of a biofeedback
nit placed over the vastus medialis obliquus (VMO) and/or
he use of electrical muscle stimulation for 15 to 20 minutes,
wo to three times a day. Full knee extension is stressed while
erforming leg raises, thereby maintaining hip strength and
obility. A knee immobilizer may be used initially during

hese SLR exercises. An example of AAROM is heel slides,
erformed on a low-friction surface encouraging both active
ip and knee ROM. The sets (2 to 3) and repetitions (12 to
0) for each exercise are patient dependent.
The patient’s response to Phase I sets the tone for the

emainder of the program. Once soft-tissue swelling and
nee effusion is controlled, full knee extension and indepen-
ent ambulation is achieved, and an uninhibited quadriceps
echanism is functioning, the patient is progressed to Phase

I.

hase II, Weeks
to 6: Work Phase

rimary Goals
● Continued improvement of range of motion (90° or bet-

ter)
● Improvement in motor control and muscular endurance
● Enhancement of dynamic joint stability

econdary Goals
● Continued control of soft-tissue swelling and joint effu-

sion
● Normalization of gait pattern and functional activities

● Maintenance of full knee extension t
During this phase, remodeling of the connective tissue
ccurs. At this time, emphasis is placed on protecting soft
issue around the joint from forces that will interfere with
ormal healing, and reconditioning the adjacent tissue to

mprove tensile and compressive tolerances.
Improved flexion of the knee is accomplished safely and

radually with assistance from a physical therapist. Standing
eg curls provide an active return of flexion while strength-
ning the hamstring muscle group. Cycling is introduced as a
unctional exercise used to improve and achieve full knee
OM. The height of the seat can gradually be lowered to aid
chieving maximal knee flexion. Caution must be taken to
void patient hip hiking during this cycling progression. This
an be minimized with the introduction of commercially
vailable pedal adjustments. Maintenance of knee extension
s achieved through such techniques as prone hanging or
assive knee extension stretches. Stretching exercises for the
ip flexors, quadriceps, hamstrings, gastrocnemius, and so-

eus continue to be implemented.
The exercise program of Phase II continues with quad sets,

LR in four planes, hamstring curls (previously mentioned),
nd the introduction of more advanced exercises. Coordina-
ion and motor control activities are introduced. Sport cord/
heraband training with diagonals, proprioceptive neuro-
uscular facilitation (PNF) patterns with resistance from a

herapist, and side steps with 2 to 5 inches to steps are in-
reased as command of the exercise is achieved. Increased
eight-bearing force about the knee is provided by the use of
leg press device. Gradual increases of weight increments are
llowed depending on joint tolerance. Squats are introduced
sing an unloading device and commercially available cable
eight stack. The higher the weight utilized, the more assist
iven the patient from partial/full squat position to standing.

This author (A.D.S.) prefers a closed kinetic chain philos-
phy. A standing terminal knee extension (TKE) is intro-
uced utilizing a cable and strap (SABA®, Scandinavian Mo-
ility, Norway). Knee extensions from 90 to 0° can be

ntroduced if an open kinetic chain activities are tolerated.
Nearing the end stages of Phase II, front lunges and a pool

rogram can be introduced. Pelvic stabilizers are also used
nd strengthened incrementally as needed.

Normalized gait pattern with a heel-to-toe pattern and hip
xtension during toe off is emphasized. One must continue to
ncourage symmetry of motion, evenness of weight bearing,
qual stride length, and normal cadence. The patient can
mbulate without assistive device once they no longer exhibit
limp. Improved muscular endurance in functional activities

s achieved by increasing distance ambulation, over even and
neven surfaces, and up and down stairs. Reinforced here is
he initiation of cycling, walking in water, and swimming.

Additional secondary goals including swelling and effu-
ion control are accomplished, and the maintenance of full
xtension is continued. The introduction of “skin rolling” (a
oft-tissue mobilization technique) should be used to mini-
ize the development of dermal adhesions. This technique is
erformed by the therapist and reinforced in a patient home
rogram. When the affected limb has shown tolerance to

hese activities, soft-tissue swelling is consistently dimin-
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High-performance knee arthroplasty patient education and rehabilitation 63
shed, and ROM approaching 110° or better is established,
he patient is then advanced to Phase III of the rehabilitation
rogram.

hase III, Weeks
to 14: Power Phase

rimary Goals
● Increase of muscular strength and flexibility
● Increase of joint compression tolerance and weight-

bearing tolerance
● Improvement of balance, coordination, and joint

proprioception

econdary Goals
● Maintenance of lower extremity conditioning
● Maintenance of normal gait
● Prevention of overuse injuries

Phase III is described as the power phase. The patient is
hallenged with the same workload as in Phase II, but must
erform the exercises within a shorter timeframe and at a
aster rate. This phase was constructed based on the needs of
patient who desires to return to a low activity level, either
ccupational or recreational, that requires lower demands of
trength, power, and endurance. The forces that are placed
n the lower extremity with these demands must be de-
reased properly.

Phase II exercises continue, with manipulated variables of
ets, repetitions, volume, and complexity. For example, the
eg press is continued with the addition of increasing weight
roportions, thereby stimulating the cocontractive forces of
he quadriceps and hamstring muscle groups. This exercise
hould include both double–single and single–double limb-
ress. Lunges, squats (free standing and wall squats), and
tep-ups (increasing heights up to 8 inches) become a larger
omponent of the exercise program. Lap-stool exercises for
amstring strengthening are continued. The eccentric–con-
entric knee control is emphasized.

Weight-bearing tolerances are improved through the con-
inued use of closed chain exercises (CKC) with machines,
ltimately progressing to functional activities. The stair
limber, a valuable tool that is used with the “no hands”
echnique, improves proper weight shifting. As the patient
mproves, gradual increases in the step height and then step
peed is encouraged in intervals. At this time, a rower can be
ntroduced to increase weight-bearing forces about the knee
nd lower extremities. A spring trainer (Shuttle) can also be
sed at this time to increase weight-bearing tolerances while

mproving balance and proprioception in the affected limb.
Increasing balance, coordination, and proprioception is

ccomplished through exercises and activities that enhance
ensory feedback with changes in joint and limb position.
his is initiated with even-plane activities, advancing to tri-
lane activities, and leading eventually to elevated and un-
ven surfaces. There are plenty of commercially available

roducts, with limitations based on patient tolerance and
herapist imagination. The following are but a few examples.
he BAPS board achieves these goals initially with a two-limb
xercise in a circular motion and can progress to single-limb.

single-leg stance (SLS) on an even surface can be pro-
ressed to an SLS on an Airex or Dynadisc, and then an SLS
n Airex with a ball toss. A PRO FITTER can be introduced to
mphasize lateral weight shifts, thereby developing im-
roved balance and agility with side-to-side motion. The
RO FITTER can also be used in a forward-to-backward mo-
ion, thus, recruiting quadriceps, hamstring, and hip exten-
ors cocontractions to maintain balance in the sagittal plane.
djustments in the stimulus versus the recovery period can
e made to maximize the benefits of these and other propri-
ception exercises.
Functional exercises and drills can be introduced at this

ime. The pool program is continued, emphasizing endur-
nce. Treadmill training with progressively more difficult ac-
ivities is implemented. It may incorporate the following: (1)
orward walking on an even surface; (2) forward walking on
n elevated surface; (3) backward walking on an even sur-
ace; (4) backward walking on an elevated surface; (5) lateral
alking on an even surface; and (6) lateral walking on an

levated surface.
Secondary goals of Phase III focus on the prevention of

veruse injures such as the development of patella tendonitis
nd patella-femoral dysfunction. Close monitoring of patella-
emoral complaints and measurements of knee ROM and
high circumference are routinely documented in this phase,
s in all phases. Cold therapy is continually employed for
oft-tissue swelling control. More importantly, patella mobi-
ization techniques in varying degrees of flexion are stressed
o maintain normal tracking of the patella. McConnell taping
f the patella to unload stresses may be used during exercises
s a training tool. Skin-rolling techniques in varying degrees
f motion are continued to prevent dermal adhesions.
tretching exercises of the hip flexors, quadriceps, and ham-
trings are continually implanted through the program to
revent soft-tissue contractures and overuse injuries. At the
onclusion of Phase III, the patient should function indepen-
ently in activities of daily level. The groundwork has been
stablished for his or her return to recreational activities rec-
mmended by the medical team for that selected patient.

hase IV, Weeks 14 to 26:
eturn to Functional Level
rimary Goals
● Full return of muscle strength, agility, and balance
● Full tolerance of joint compression forces
● Return to recreational activity

econdary Goals
● Continued improvement of range of motion (90° or bet-

ter)
● Prevention of overuse injuries
● Maintenance of normal functional gait

● Increase in muscle power
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64 A.D. Scheller et al.
Phase IV activities are designed to remove the limits and
ontrols of previous machines and devices that assisted exer-
ise and therapy, exposing the patient to “free space” activi-
ies which require greater muscular control and balance.
hese activities are also performed at higher velocities for the

mprovement of power as opposed to endurance. The patient
s gradually introduced to activities appropriate for his or her
unctional limitations (ie, walking, swimming, golf, bicy-
ling, cross-country skiing) and counseling regarding activi-
ies that may want to be avoided (ie, racquet sports, football,
tc). The secondary goals of Phase III and IV are quite com-
arable, so similar techniques are utilized.

esults of
ehabilitation Program

utcome studies have been performed at the New England
aptist Hospital using this accelerated TKR rehabilitation
rogram. Heather Hayden prospectively studied 21 patients
ndergoing TKR in 2001. Patients were divided into two
roups: one undergoing standard rehabilitation and the other
ndergoing an accelerated rehabilitation program.
Functional performance was measured using the SF-12 func-

ional status questionnaire, and four functional status tasks: a
-minute walk, a 10-m walk, a timed sit/stand/sit test, and a
imed stair ascent/descent test. Physical impairment was mea-
ured with passive range of motion (PROM) of the hip and knee,
sometric strength, proprioception, pain, edema, and balance.

Patients in the accelerated rehabilitation group trended to-
ard greater recovery in each of the physical measurements

xcept for pain. Balance and proprioception improved faster in
he accelerated rehabilitation group. All functional tasks signif-
cantly improved in the accelerated rehabilitation group.

Measures were taken preoperatively, on discharge from
he inpatient setting, discharge from an outpatient therapy

able 1 Physical impairments

Operate
Knee Pre

(n � 14

AS 5.4
roprioception (number of degrees difference
between 45° and perceived knee
placement)

5.29

nee extension strength (0°) 18.92
nee extension strength (45°) 20.56
ip flexion ROM (°) 100.28
nee flexion ROM (°) 117.86
nee extension ROM (°) �6.14
ip extension ROM (°) 5.93
ip extension strength (kg) 15.31
ip abductor strength (kg) 21.93
nee flexion strength (kg) 11.81
nilateral stance with eyes closed (s) 2.53
linic, and 6 months postoperatively. Functional measures 2
ncluded unilateral stance with eyes open and closed, sit to
tand to sit, ascending and descending stairs, a 10-m walk
est, and a 2-minute walk test. Pain, proprioception,
trength, and range of motion of the affected and unaffected
ip and knee were measured with a standard goniometer and
hand-held dynamometer and patients answered a general
ealth questionnaire (SF-12) to rate their perceived pain and
isability. The findings that showed the greatest improve-
ent are listed in Tables 1 and 2.
Preliminary patient data show that the knee and hip, pre-

peratively and 6 months postoperatively, show overall im-
rovements. Although there are a small number of patients
ho had completed their 6-month follow-up, the strength

nd range of motion of the subject’s bilateral hips show a
rend toward the premise that the accelerated rehabilitation
rogram improves core strength and stability. Functional
ata show an overall improvement from the preoperative
easures. The data are limited because there is no control

roup that did not perform a standard TKA protocol and,
herefore, further studies may improve on this hypothesis.

onclusion
he physical therapy program is goal oriented and individu-
lized for each patient. Each patient establishes their personal

Operated Knee
6 months Postop

(n � 4)

Nonoperated
Knee Preop

(n � 14)

Nonoperated
Knee 6
months
Postop
(n � 4)

0.57 0.38 0
1.25 3.57 3.0

22.7 20.56 23.95
25.33 21.68 26.78

110.5 107.86 111.5
112.5 128.93 132.5
�2.25 �1.48 �1.5
12.25 8.21 13.25
17.7 16.06 18.33
26.55 19.65 25.88
13.18 13.55 13.23

2.19 3.40 5.37

able 2 Functional tasks

Task
Preop

(n � 14)

6 months
Postop
(n � 4)

tair ascent (s) 3.17 2.61
tair descent (s) 2.68 1.93
it-stand-sit (s) 2.62 1.48
0-m walk (s) 7.61 5.67
d
op
)

-min walk (ft) 496.57 655.25
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High-performance knee arthroplasty patient education and rehabilitation 65
ostoperative goals. Phase II of physical therapy allows pa-
ients to participate in routine activities of daily living, walk-
ng, and golf. Phase III allows patients to participate in closed
inetic chain activities or low-impact sports. Patients who
ccomplish the tasks in physical therapy for a Phase IV level
an participate in limited open chain kinetic sports.

This accelerated, goal-oriented TKR rehabilitation proto-
ol is customized to match patients’ needs and limitations.
he sports medicine mindset in TKR rehabilitation shows a
onsistent trend toward improved scores in all functional
ests. Inclusion of hip exercises, proprioception, and balance
re beneficial to improved outcomes. Strength training in the
onoperated leg also improves the ability to perform in the
hort term.
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