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Context.— Inpatient rehabilitation after elective hip and knee arthroplasty is of-
ten necessary for patients who cannot function at home soon after surgery, but how
soon after surgery inpatient rehabilitation can be initiated has not been studied.

Objective.— To test the hypothesis that high-risk patients undergoing elective hip
and knee arthroplasty would incur less total cost and experience more rapid func-
tional improvement if inpatient rehabilitation began on postoperative day 3 rather
than day 7, without adverse consequences to the patients.

Design.— Randomized controlled trial conducted from 1994 to 1996.
Setting.— Tertiary care center.
Participants.— A total of 86 patients undergoing elective hip or knee arthroplasty

and who met the following criteria for being high risk: 70 years of age or older and
living alone, 70 years of age or older with 2 or more comorbid conditions, or any
age with 3 or more comorbid conditions. Of the 86 patients, 71 completed the study.

Interventions.— Random assignment to begin inpatient rehabilitation on post-
operative day 3 vs postoperative day 7.

Main Outcome Measures.— Total length of stay and cost from orthopedic and
rehabilitation hospital admissions, functional performance in hospitals using a sub-
set of the functional independence measure, and 4-month follow-up assessment
using the RAND 36-item health survey I and the functional status index.

Results.— Patients who completed the study and began inpatient rehabilitation
on postoperative day 3 exhibited shorter mean (±SD) total length of stay (11.7±2.3
days vs 14.5±1.9, P,.001), lower mean (±SD) total cost ($25 891±$3648 vs
$27 762±$3626, P,.03), more rapid attainment of short-term functional milestones
between days 6 and 10 (36.2±14.4 m ambulated vs 21.4±13.3 m, P,.001; 4.8±0.8
mean transfer functional independence measure score vs 4.3±0.7, P,.01), and
equivalent functional outcome at 4-month follow-up.

Conclusion.— These data showed that high-risk individuals were able to toler-
ate early intensive rehabilitation, and this intervention yielded faster attainment of
short-term functional milestones in fewer days using less total cost.
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TOTAL JOINT replacements for the
hip and knee are among the most com-
mon surgical procedures in the United
States. Rehabilitation is essential to
minimize disability after surgery, yet
pressure on clinicians to reduce length of
stay has limited the use of hospital re-
habilitation services. Most patients can
be discharged directly home in 5 to 7
days if they are medically stable and

havecompletedapostoperativerehabili-
tationprogram.1 Thosewhoweresignifi-
cantly older, lived alone, and had an in-
creased number of comorbid conditions
were at high risk for requiring further
inpatient rehabilitation services before
returning home.2 However, there are no
practice parameters to determine how
best to treat high-risk patients who are
unable to go directly home after joint
replacement surgery.

Two factors that influence the type of
rehabilitationprogramselectedforhigh-
risk individuals include the timing of
when to begin inpatient rehabilitation
and the intensity of therapy services
needed to attain good outcomes. Some
rehabilitation facilities accept patients

as early as the third postoperative day to
reduce patients’ length of stay. How-
ever, it is unknown if elderly patients
can benefit from intensive therapy this
earlyaftersurgery.Ifpatientsaretrans-
ferred to a rehabilitation facility prema-
turely, rehabilitation costs could be
increased if patients are unable to par-
ticipate in intensive physical and occu-
pational therapies, or if they are trans-
ferred out of rehabilitation because of
acute medical or surgical complications.
It has not been determined if more in-
tensive therapy for high-risk joint re-
placement patients produces a faster
rate of improvement, or if outcome is in-
dependent of the amount of delivered
therapy.3

For editorial comment see p 880.

Using an acute inpatient rehabilitation
setting, this study randomized high-risk
patientstoeitherbegininpatientrehabili-
tationonpostoperativeday3(day3treat-
ment group) or to delay inpatient reha-
bilitation until 7 days after surgery (day 7
treatment group). Since the acute care
hospitalprovidessomerehabilitationser-
vices at a lower intensity compared with
inpatient rehabilitation, and most pa-
tients who go home can be discharged
within 7 days, this time interval was used
as the control. Total length of stay, total
cost, complications, and functional out-
comes were measured. We tested the hy-
pothesis that the day 3 group would dem-
onstrate less total cost and a faster rate of
functional improvement because inten-
sive therapy was delivered earlier after
surgery. Additionally, we hypothesized
that beginning rehabilitation efforts ear-
lier following surgery would not be detri-
mental to long-term outcomes.

METHODS
Subjects

All patients evaluated for total-hip ar-
throplasty or total-knee arthroplasty at
the University of Pittsburgh orthope-
dics office were considered for inclusion
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between August 1994 and November
1995. Eligible subjects included patients
at high risk for requiring inpatient reha-
bilitation after elective hip and knee ar-
throplasty: (1) 70 years of age or older
and living alone, (2) 70 years of age or
older with 2 or more comorbid condi-
tions, or (3) any age with 3 or more
comorbid conditions.2 A comorbidity
checklist that assessed 11 major condi-
tions was developed to extract signifi-
cant medical history from both the clini-
cal record and patient interviews. The
surgical procedure could be a primary
arthroplasty or a revision of a previous
arthroplasty. Individualswereexcluded
if the indication for surgery included sta-
bilization for tumor, acute fracture, fem-
oral osteonecrosis, or hemophilic ar-
thropathy. Additionally, patients were
excluded if medical or surgical compli-
cations occurred postoperatively and
precluded scheduled rehabilitation
transfer. Each patient who met the cri-
teria for inclusion read and signed the
institutional reviewboard informedcon-
sent form before data collection began.

Assignment
Eighty-six subjects met the inclusion

criteria. These patients were assigned
randomly to begin inpatient rehabilita-
tion on postoperative day 3 (day 3 group)
or remain on the orthopedic service until
postoperative day 7 (day 7 group) and
then pursue inpatient rehabilitation. A
random listing of 100 numbers, using 0 to
equal day 3 group and 1 to equal day 7
group, was generated in blocks of 10.
Separate listswereusedforhipandknee
patients to maintain balance of the ran-
domized design. The codes were admin-
istered by a blinded executor who kept
them in a locked filing cabinet that was
inaccessible totheprinciple investigator
and research coordinator. Randomiza-
tion occurred preoperatively in the or-
thopedic office after patient eligibility
was established and the consent form
was signed. Based on our previous data,2
a sample size of 40 patients per group
was determined to have adequate sta-
tistical power (b=.80) to detect major ef-
fect sizes (SD=0.8) for length of stay and
total costs.

Rehabilitation
Patients were treated at a university

medical center for all aspects of the
study, which included an orthopedic sur-
gery floor and a 20-bed inpatient reha-
bilitation unit. Patients in the day 3
group had earlier exposure to the inpa-
tient rehabilitation unit, even though
both treatment groups started therapy
at the same time.

While intheacutecareorthopedicsur-
gery service, patients were scheduled to

receive two 30-minute physical therapy
sessions beginning on postoperative day
2 and one 30-minute occupational
therapy session beginning no later than
postoperative day 3 during weekdays
only. The comprehensive inpatient re-
habilitation program included two 60-
minute physical therapy and two 60-
minute occupational therapy sessions
daily,aswellasrecreational therapyand
clinical psychology services as needed.
One 30-minute physical therapy session
was given to all patients, regardless of
location, on Saturday.

The rehabilitation and orthopedic
units both used clinical pathways, and
several practical considerations were
routinely used. Pain was aggressively
treated with ice packs applied to the in-
cision,andnarcoticanalgesiawasalways
given before morning and afternoon
therapy sessions. The surgical wound
was monitored for drainage and prophy-
lactic antibiotic coverage with a first-
generation cephalosporin instituted
when needed, although therapy was in-
frequently withheld because of wound
drainage. Discharge from the rehabili-
tation unit was determined by the inter-
disciplinary team of clinicians, some of
whom were not blinded to randomiza-
tion. However, standardized, objective
criteria were used for discharge. All pa-
tients had to be ambulating greater than
45 m, performing transfers and all self-

care independentlywithadaptiveequip-
ment, and demonstrating the ability to
safely return home.

Outcome Measures

Length of Stay and Cost Analysis.—
The total hospital length of stay, which
included the days in the orthopedic and
rehabilitation units, was compared be-
tween treatment groups. All physical
and occupational therapy sessions were
counted throughout the orthopedic and
rehabilitation admissions. Data were
collected by the Medical Archival Sys-
tem (MARS) database.4

Charges were retrieved from the in-
dividual transaction detail, including
transaction code, department code,
quantity, date of service, and charge.
Charge data were converted to cost us-
ing total-loaded ratios of cost to charge,
which are hospital-specific, govern-
ment-mandated standards used to esti-
mate cost in prior joint replacement
studies.5,6 The ratios of cost to charge
have been shown to have good reliability
for comparing the relative costs of pa-
tients with the same diagnosis in differ-
ent institutions.7 Each department’s
unique fiscal year 1995 ratios of cost to
charge were applied to arrive at the to-
tal-loaded cost for each transaction. The
total-loaded costs were aggregated to
arrive at the department costs for day-

Table 1.—Subject Demographics and Presurgical Information for Patients Completing the Rehabilitation
Component of the Study

Variable

Hip Replacement
Group

Knee Replacement
Group

Total
SampleDay 3 Day 7 Day 3 Day 7

Sample size 14 12 24 21 71

Age, y
Mean 75.7 74 72.2 73.2 73.5
SD 5.4 5.8 6.5 7.7 6.6

Gender, %
Male 14.3 16.7 8.3 4.8 9.9

Female 85.7 83.3 91.7 95.2 90.1

Ethnicity, %
White 81.8 100 83.3 85 86.6

African American 18.2 0 16.7 15 13.4

Major insurance, %
Medicare 100 91.7 91.7 100 95.8

Medicaid 0 0 4.2 0 1.4

Commercial 0 8.3 4.2 0 2.8

Osteoarthritis, % 92.9 83.3 79.2 100 88.7

Rheumatoid arthritis, % 7.1 16.7 20.8 0 11.3

Revision surgery, % 28.6 41.6 25 19 26.8

Live alone, % 71.4 41.6 75 66.7 66.2

No. of comorbid conditions, mean (SD)* 2.4 (0.9) 3.1 (1.2) 2.1 (1.1) 2.5 (1.5) 2.5 (1.3)

RAND health survey, physical domain,
scale score (SD)†

Physical functioning 23.6 (11.5) 17.1 (11.8) 20.2 (12.1) 16.2 (14.7) 19.2 (12.8)

Role functioning, physical 14.3 (21.3) 16.6 (18.4) 10.4 (19.4) 11.9 (24.5) 12.7 (20.9)

Bodily pain 31.3 (14.8) 27.5 (10.7) 31.9 (10.7) 25.4 (16.3) 29.1 (13.4)

*Comorbid conditions included diabetes requiring medication, coronary artery disease or prior myocardial
infarction, asthma requiring medication, stroke with residual neurologic deficit, cancer, renal disease requiring
dialysis, hypertension requiring medication, peripheral vascular disease with claudication, other neurologic disorders
(eg, Parkinson disease), systemic arthritis, and active psychiatric disorders.

†RAND health survey scale scores range from 0 to 100.
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of-surgery costs, hospital postoperative
costs, and rehabilitation costs for physi-
cal and occupational therapy. Physician
costs were derived from average Medi-
care reimbursement for the type of sur-
gical procedure and physiatric evalua-
tion and management.

Functional and Health Status As-
sessments.—Baseline data were ob-
tainedapproximately4weeksbeforesur-
gery to assess general health status and
function. General health status was ob-
tained with the RAND 36-item health
survey I (RAND-36) and data were con-
fined to 2 primary health constructs,
physical and mental domains.8,9 The func-
tional status index (FSI)10 was used to
assess overall function based on impor-
tant tasks that are needed to complete
activities of daily living. The FSI has 3
dimensions that measure difficulty, pain,
and assistance. Both of these self-report
instruments have been validated in prior
hip and knee arthroplasty studies.11-13

A subset of the functional indepen-
dence measure (FIM)14 was used daily in
boththeorthopedicandrehabilitationunits
tomeasure immediatepostoperativefunc-
tion. The therapists in the study were
trained to use the FIM, and we have pre-
viously demonstrated excellent inter-
rater reliability using a FIM-based mea-
surementsystemintheacutecarehospital
afterjointreplacement.15 Toassesstheper-
ceived benefit of the rehabilitation pro-
gram, follow-up data using the RAND-36
and FSI were mailed at 16 weeks16 from
the date of hospital discharge.

Data Analyses.—Analysis of vari-
ance, using the general linear model be-
cause of unequal sample sizes, was used
for length of stay and cost data. To pro-
vide better protection against type I er-
ror, a multivariate analysis of variance
(MANOVA) approach was used to ana-
lyze RAND-36 and FSI change scores.
Repeated-measures MANOVA was used
for the FIM data that were divided into
3 periods. Power or square-root trans-
formations were applied to 3 variables to
achieve adequate normality for the analy-
sis of variance and MANOVA analyses.
Raw means and SDs for all variables are
reported here for clarity. Exact prob-
ability x2 analyses, computed with the
StatXact program,17 were used to ana-
lyze dichotomous and ordinal measures.
A P value of ,.05 was used as statisti-
cally significant, and Bonferroni correc-
tion was applied to post hoc analyses
when the primary analyses were signifi-
cant.

The intention-to-treat principle was
maintained in this study whenever pos-
sible. Because of differences in study
dropouts between the day 3 and day 7
groups, efficacy analyses that included
only subjects completing the rehabilita-
tionarmofthestudyalsowerecomputed
for length of stay and cost data.

RESULTS
Of the 86 patients randomized to the

study, 71 patients (83%) completed the
rehabilitation arm of the study following
replacement surgery (Table 1). Fifteen

patients were excluded or dropped out
after surgery (Table 2), with no exclu-
sions occurring before randomization.
The number of patient exclusions was
not significantly different between the 2
rehabilitation conditions (x2 [1 df]=0.47,
P=.57). A MANOVA analysis between
those excluded and those completing
treatment for FSI and RAND-36 pre-
surgery scores indicated no significant
differences. Analysis of variance data in-
dicated no significant differences with
respect to age and the number of comor-
bid conditions, and x2 analyses indicated
no significant differences with respect
to gender.

As displayed in Table 1, the baseline
characteristics for subjects completing
the rehabilitation component were simi-
lar between the 2 treatment conditions
(day 3 vs day 7) and the 2 types of re-
placement surgeries (hip vs knee).
Analysis of variance and x2 analyses for
the variables listed in Table 1 indicated
that for knee patients, a higher propor-
tion of rheumatoid arthritis patients
were randomized to the day 3 group (x2

[1 df]=4.92, P,.05). For all other pre-
treatment measures, no significant dif-
ferences were found between groups, in-
dicating that the randomization proce-
dure was successful in producing com-
parable groups.

Length of Stay and Cost Analyses
Both intention-to-treat and efficacy

analyses of total length-of-stay data in-
dicated that patients assigned to the day
3 protocol stayed in the hospital signifi-
cantly fewer days than day 7 patients
(both with P,.04). This conclusion was
not significantly influenced or modified
by the type of replacement received. The
length-of-stay data for patients who com-
pleted rehabilitation are presented in
Table 3. When dropouts were included,
patients assigned to day 3 had a mean
length of stay of 11.9 days (SD, 2.9) and
day 7 had 13.8 days (SD, 3.1), which re-
mained significantly different (P,.004).
The slight reduction in length-of-stay dif-
ferences between day 3 and day 7 pa-
tients when dropouts were included is be-
cause of the longer stay of excluded day
3 patients compared with those day 3 pa-
tients completing rehabilitation, coupled
with the 4 patients in the day 7 dropout
group (Table 2) who stayed an average
of only 8.5 days because they elected to
go home rather than complete the reha-
bilitation component of the study.

Intention-to-treat grand total cost
analyses indicated no significant differ-
ences between patients assigned to the
day 3 and day 7 treatment conditions.
Day 3 patients had a mean cost of $26 582
(SD, $4370) and day 7 had a mean cost of
$26 880 (SD, $4194). An efficacy cost

Table 2.—Description of Patients Not Completing the Rehabilitation Component of the Study*

Variable

Treatment Group

Day 3
(n=7)

Day 7
(n=8)

Complications
Deep vein thrombosis 4 1

Elevated prothrombin time 1 0

Ileus 1 0

Infected knee 0 1

Deconditioned (nursing home placement) 0 1

Noncomplications
Administrative 1 0

Went home 0 4

Insurance denial 0 1

Age, mean (SD), y 72.7 (7.5) 71.1 (8.5)

Gender, % female 85.7 75

Type of replacement, hip:knee 5:2 4:4

Revision surgery 2 3

No. of comorbid conditions, mean (SD)† 3 (1.7) 2.2 (0.9)

Length of stay, mean (SD), d 13.1 (5.2) 11.4 (5.6)

Total costs, mean (SD), $ 30 335 (6208) 23 245 (4655)

RAND health survey, physical domain,
scale score (SD)‡

Physical functioning 17.8 (9.9) 15 (15.5)

Role functioning, physical 14.2 (37.8) 9.4 (26.5)

Bodily pain 33.2 (22.1) 25 (12.9)

*Statistical analyses indicated no significant differences between groups, with the exception that day 3 total costs
were significantly higher than day 7 (P ,.02).

†See footnote in Table 1 for a list of comorbid conditions included in this index.
‡RAND health survey scale scores range from 0 to 100.
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analysis of those completing rehabilita-
tion showed the grand total costs were
significantly lower for day 3 compared
with day 7 (Table 3). To further delin-
eate these differences, Bonferroni-ad-
justed post hoc analyses were conducted
for major components of the grand total
cost. These analyses indicated that hos-
pital postoperative costs were signifi-
cantly less for day 3 patients and that hip
replacementsweremoreexpensivethan
knee replacements for day-of-surgery
costs. Other analyses stratified by type
of surgery were not significant. For re-
habilitation costs (Table 3), physician
costs were significantly higher for inpa-
tient rehabilitation that was begun
sooner for day 3 patients compared with
day 7 patients and the daily average for
physical therapist plus occupational
therapist costs indicated a higher daily
fee for day 3 vs day 7 patients. This find-

ing demonstrates that the day 3 group
actually received more therapy per day
than the day 7 group.

Physical Therapist– and
Occupational Therapist–Assessed
FIM Scores During Hospital
Rehabilitation

The daily FIM scores were analyzed
to determine the rate of functional
change during hospitalization. Because
of the differing lengths of stay among
patients, the distributional characteris-
tics of patients’ lengths of stay were
evaluated and lower-, middle-, and up-
per-quartile values were computed.18

This statistical approach created 3 post-
operativeperiods:days1through5,days
6 through 10, and days 11 or higher.
Mean FIM scores were computed for
each of these periods for each patient.19

Datafordays11orhigherwerenotavail-

able for all patients because of the ear-
lier discharge of some patients, as noted
in Tables 4 and 5.

Asdisplayed inTable4, significantdif-
ferences in physical therapist–assessed
FIM scores were found between the day
3 vs day 7 groups, although no differ-
ences were noted when the data were
stratified by surgery type. Specifically,
transfers, ambulation, distance walked,
and stair climbing scores were signifi-
cantly higher (better) for the day 3 pa-
tients during days 6 to 10 of hospitaliza-
tion. Additionally, day 3 patients com-
pared with day 7 patients displayed sig-
nificantly better scores on ambulation
and distance walked during days 1 to 5 of
hospitalization. Results for the occupa-
tional therapist–assessed scores were
similar to those of the physical thera-
pist–assessed scores (Table 5), with the
day 3 patients demonstrating signifi-

Table 3.—Length of Stay and Costs for Patients Completing Rehabilitation by Type of Postoperative Rehabilitation and Replacement

Variable

Treatment Group
Day 3

Group vs
Day 7

Group,
P Value

Hip Replacement Group Knee Replacement Group

Day 3
(n=38)

Day 7
(n=33)

Day 3
(n=14)

Day 7
(n=12)

Day 3
(n=24)

Day 7
(n=21)

Length of stay, d
(median [SD], range)

11.7 (11 [2.3], 8-16) 14.5 (14 [1.9], 11-20) ,.001 12.2 (13 [2.8], 9-16) 14.8 (14 [2.2], 12-20) 11.4 (11 [2.1], 8-16) 14.2 (14 [1.7], 11-18)

Costs, mean (SD), $
Day of surgery 12 056 (3140) 11 326 (3458) .35 13 556 (3270) 12 776 (4296) 11 180 (2764) 10 497 (2645)

Hospital postoperation 9361 (3359) 11 773 (3363) ,.008 9738 (4140) 11 465 (3885) 9142 (2886) 11 949 (3116)

Rehabilitation
Physiatrist 366 (79) 321 (60) ,.008 382 (92) 332 (70) 357 (70) 316 (54)

Physical therapy 2581 (701) 2974 (689) ,.008 2663 (746) 3078 (787) 2533 (686) 2915 (639)

Occupational therapy 1526 (622) 1367 (583) .25 1916 (644) 1786 (668) 1299 (492) 1128 (363)

Physical therapist and
occupational therapist*

347 (56) 298 (59) ,.008 375 (56) 326 (74) 331 (51) 282 (44)

Total costs† 25 891 (3648) 27 762 (3626) ,.03 28 256 (3545) 29 437 (4352) 24 512 (2985) 26 804 (2824)

*Costs for physical therapist and occupational therapist are per day.
†Total costs include all costs except daily physical therapist and occupational therapist.

Table 4.—Physical Therapy Functional Independence Measures (FIM) Scores by Type of Postoperative Rehabilitation and Replacement*

Variable

Treatment Group

Post Hoc
P Value†

Hip Replacement Group Knee Replacement Group

Day 3
(n=37/29)

Day 7
(n=31/30)

Day 3
(n=14/10)

Day 7
(n=11/11)

Day 3
(n=23/19)

Day 7
(n=20/19)

Transfers, mean (SD), FIM
Days 1-5 3.61 (1.05) 3.37 (0.82) .52 3.2 (1.25) 3.33 (0.87) 3.85 (0.86) 3.39 (0.83)

Days 6-10 4.8 (0.80) 4.26 (0.74) ,.01 4.59 (0.97) 4.16 (0.43) 4.92 (0.68) 4.31 (0.88)

Days $11 5.5 (0.65) 5.47 (0.53) .46 5.12 (0.77) 5.72 (0.29) 5.7 (0.48) 5.32 (0.58)

Ambulation, mean (SD), FIM
Days 1-5 1.43 (0.40) 1.18 (0.35) ,.01 1.54 (0.53) 1.17 (0.35) 1.36 (0.30) 1.19 (0.36)

Days 6-10 3.63 (1.51) 2.08 (1.02) ,.001 3.46 (1.58) 1.81 (0.81) 3.72 (1.49) 2.23 (1.11)

Days $11 5.01 (1.32) 4.33 (1.43) .13 4.87 (1.51) 4.65 (1.32) 5.08 (1.25) 4.15 (1.5)

Distance walked, mean (SD), m
Days 1-5 12.62 (8.34) 5.89 (4.2) ,.001 12.95 (9.39) 5.11 (3.84) 12.44 (7.9) 6.33 (4.45)

Days 6-10 36.18 (14.36) 21.41 (13.3) ,.001 31.79 (15.14) 17.7 (8.76) 38.55 (13.66) 23.36 (14.98)

Days $11 44.06 (15.4) 40.88 (9.29) .7 39.14 (12.73) 43.13 (8.57) 46.39 (16.09) 39.63 (9.66)

Stairs, mean (SD), FIM
Days 1-5 1.04 (0.12) 1 (0) .2 1.07 (0.17) 1 (0) 1.02 (0.07) 1 (0)

Days 6-10 2.12 (1.32) 1.27 (0.45) ,.01 2.11 (1.34) 1.17 (0.33) 2.13 (1.34) 1.34 (0.51)

Days $11 2.98 (1.79) 2.58 (1.4) .32 2.83 (1.85) 2.22 (1.33) 3.07 (1.81) 2.79 (1.43)

*The 2 sample sizes presented for each patient group represent the available sample size for the days 1 to 5 and days 6 to 10 FIM scores (numbers before the virgule) and
the available sample for FIM scores during days 11 or higher (numbers following the virgule). Data for 3 patients were unavailable during the first 2 time frames. Additionally,
data for days 11 or higher were not available for all patients because of the earlier discharge of some patients. A separate multivariate analysis of variance for day 11 or higher
FIM scores was computed because of this reduced sample size.

†Post hoc tests for day 3 vs day 7 treatment groups for significant interactions of days by treatment group, which indicated the treatment groups were significantly different
for 1 or more of the 3-day ranges. Bonferroni correction was applied to control type I errors.
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cantly higher scores during days 6 to 10
of hospitalization for bathing and lower-
extremity dressing.

Follow-up Analyses for Standardized
Self-report Measures

Of the 86 patients randomized to the
study, 71 patients (83%, 62 who com-
pleted rehabilitation and 9 dropouts)
could be reached and returned the stan-
dardized questionnaires at the time of the
4-month follow-up. Separate MANOVA
analyses for pretreatment FSI and
RAND-36 scores between those com-
pleting the follow-up questionnaires and
those lost to follow-up indicated no sig-
nificant differences.

Change scores for the FSI between
the4-monthfollow-upandpretreatment
values are presented in Table 6. A
MANOVA analysis indicated no signifi-
cant differences in the magnitude of
these FSI changes between rehabilita-
tion groups or between type of replace-
ment surgery. A separate MANOVA in-
dicated patients displayed significant
changes from pretreatment to the 4-
month follow-up for the FSI pain and
difficulty scales (P,.001), but not for the
assistance scale.

Change scores for the 5 RAND-36
scales used in this study are displayed in
Table 7.4 All 3 physical domain scales dis-
played significant improvements from

pretreatment values at the time of the
4-month follow-up (both P,.001), but
significant differences in the change
scores were not found between rehabili-
tation groups or replacement type. Simi-
larly, change scores for the 2 mental do-
main scales were not significantly differ-
ent between groups or replacements.

Follow-up Complications
Within the follow-up interval, 2 pa-

tients had hip dislocation (1 day 3 and 1
day 7), while another hip replacement
patient (day 3) was ruled out for deep
vein thrombosis at a local emergency de-
partment. Three knee arthroplasty pa-
tients (all day 7) were readmitted to the
hospital with diagnoses of deep vein
thrombosis in 2 individuals and conges-
tive heart failure was ruled out in an-
other. The x2 analyses indicated no sig-
nificant differences between day 3 and
day 7 groups with respect to follow-up
complications (x2 [1 df]=1.44, P=.30).

COMMENT
The results from this randomized trial

indicate that high-risk individuals un-
dergoing elective hip and knee arthro-
plasty had shorter total length of stay,
faster attainment of short-term func-
tional milestones, and equivalent func-
tional outcome at 4-month follow-up if
they completed an inpatient rehabilita-

tion program that began on the third
rather than the seventh postoperative
day. Patients in this cohort were prima-
rily female, livedalone,had increasedco-
morbidities, and were typical of elderly
patients receiving total joint replace-
ment.20 More important, the data
showed that this group could tolerate
and benefit from early, intensive reha-
bilitation, which allowed a more rapid
emphasis on physical independence and
comprehensive assessment of functional
problems.11 Patients in the day 3 group
did not have a higher rate of complica-
tions requiring transfer from the reha-
bilitation unit or increased hospital re-
admissions once sent home. In addition,
the day 3 group demonstrated longer
ambulation distance walked and supe-
rior FIM scores for mobility and self-
care measures during postoperative
days 6 to 11. The increased therapy at-
tended per day by the day 3 group ap-
pears to be responsible for shorter total
length of stay, since functional mile-
stones were attained sooner than for the
day 7 patients.

Few studies have examined cost in re-
lationto functionaloutcomeafterhipand
knee arthroplasty. Healy and Finn5 and
Barber and Healy6 examined the differ-
ences in acute care costs pertaining to
total-hip arthroplasty and total-knee ar-
throplasty during a 10-year follow-up
period and found significant price in-
creases related mostly to the cost of the
surgical implant. Liang et al13 reported
an average cost of $22 730 per patient
with significant improvements in global
health and functional status at 6 months
postoperatively. Chang et al21 found to-
tal-hip arthroplasty to be cost-effective
in improving quality-adjusted life years
for both short- and long-term outcomes.
While these studies support the benefits
of joint replacement, all patients were

Table 5.—Occupational Therapy Functional Independence Measure (FIM) Scores by Type of Postoperative Rehabilitation and Replacement*

Variable

Treatment Group

P Value†

Hip Replacement Group Knee Replacement Group

Day 3
(n=34/24)

Day 7
(n=30/30)

Day 3
(n=13/9)

Day 7
(n=11/11)

Day 3
(n=21/15)

Day 7
(n=19/19)

Bathing, mean (SD), FIM
Days 6-10 4.76 (0.73) 4.1 (0.92) ,.01 4.64 (0.84) 4.05 (0.96) 4.83 (0.65) 4.13 (0.93)

Days $11 5.51 (0.5) 5.28 (0.53) .17 5.4 (0.47) 5.26 (0.55) 5.57 (0.52) 5.3 (0.54)

Lower-extremity dressing, mean (SD), FIM
Days 6-10 4.67 (0.81) 4.07 (0.85) ,.01 4.54 (0.81) 4.02 (1.12) 4.74 (0.82) 4.1 (0.71)

Days $11 5.46 (0.6) 5.28 (0.61) .41 5.21 (0.64) 5.22 (0.7) 5.61 (0.53) 5.31 (0.58)

Toilet transfers, mean (SD), FIM
Days 6-10 4.69 (0.74) 4.38 (0.82) .19 4.63 (0.87) 4.5 (0.67) 4.73 (0.66) 4.31 (0.9)

Days $11 5.55 (0.51) 5.37 (0.48) .48 5.34 (0.54) 5.54 (0.42) 5.67 (0.45) 5.28 (0.5)

Tub or shower transfers, mean (SD), FIM
Days 6-10 3.57 (1.63) 3.78 (1.29) .54 3.15 (1.64) 3.42 (1.59) 3.8 (1.61) 4.01 (1.04)

Days $11 4.97 (1.4) 4.99 (1.04) .72 4.54 (1.46) 5.15 (0.75) 5.25 (1.34) 4.89 (1.19)

*In contrast to physical therapy–assessed scores (Table 4), too few occupational therapy–assessed scores were conducted during days 1 to 5 of hospitalization to compute
reliable analyses and, therefore, are not displayed in this table. The 2 sample sizes presented for each patient group represent the available sample size for the days 6 to 10
FIM scores (numbers before the virgule) and the available sample for FIM scores during days 11 or higher (numbers following the virgule). Data for 7 patients were unavailable
during the first 2 time frames. Additionally, data for days 11 or higher were not available for all patients because of the earlier discharge of some patients. A separate multivariate
analysis of variance for days 11 or higher FIM scores was computed because of this reduced sample size.

†Bonferroni correction was applied to control type I errors.

Table 6.—Change Scores Between Pretreatment and Follow-up Functional Status Index Scores by Type
of Postoperative Rehabilitation and Replacement*

Variable

Treatment Group Hip Replacement Knee Replacement

Day 3
(n=40)

Day 7
(n=31)

Day 3
(n=16)

Day 7
(n=12)

Day 3
(n=24)

Day 7
(n=19)

Pain 10.23 (9.4) 9.48 (9.61) 8.07 (9.51) 9.25 (12.17) 11.58 (9.27) 9.63 (7.95)

Difficulty 8.51 (9.07) 6.45 (10.31) 8.73 (6.98) 6.92 (10.52) 8.38 (10.3) 6.16 (10.46)

Assistance 2.21 (9.06) 3.55 (10.73) 2.33 (8.3) 4.75 (13.48) 2.13 (9.68) 2.79 (8.91)

*Data are reported as mean (SD). Positive change scores indicate improvement from pretreatment to 4-month
follow-up.
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included rather than focusing solely on
high-risk individuals who have higher
hospitalizationcosts.Inourearlierwork,
treatment algorithms differed signifi-
cantly depending on whether patients
were at low or high risk for requiring
prolonged inpatient rehabilitation ser-
vices after total-hip arthroplasty and to-
tal-knee arthroplasty.2

Similar to our results, Cameron and
colleagues16 randomized hip fracture sur-
vivors to receive either accelerated reha-
bilitation or standard care and found sig-
nificant total cost reductions for the ac-
celerated group. In this study, decreased
length of stay accounted for differences
in cost between groups even though the
therapy cost per day was higher in the
accelerated treatment group.

Although 15 patients (17%) random-
ized to the study did not complete the
rehabilitation arm because of dropouts
or complications, there were no signifi-
cant differences between day 3 vs day 7

exclusions for basic demographic and
health status measures or in the compo-
sition of those excluded as compared
with the remaining high-risk patients
whose postoperative health status did
not interfere with rehabilitation trans-
fer. An intention-to-treat analysis indi-
cated that day 3 patients had a signifi-
cantly shorter total length of hospital
staycomparedwithday7patients.How-
ever, an intention-to-treat total cost
analysis indicated no significant cost dif-
ferences, even though an efficacy cost
analysis of patients who completed re-
habilitation demonstrated a mean cost
savings of $1871 in favor of early reha-
bilitation. The reason for the different
conclusions is that day 7–excluded pa-
tients had significantly lower total costs
than day 3 exclusions, primarily because
4 of the 8 patients in the day 7 exclusion
group elected not to participate in the
rehabilitation component of the study
even though this was deemed appropri-

ate. Thus, if the early inpatient rehabili-
tation program was generalized, it is
likely that overall costs would, in the
worst case, not increase and probably
would decrease.

In conclusion, this study supports
acute inpatient rehabilitation services
beginning on postoperative day 3 for
high-risk patients unable to make tran-
sitions to home after total joint replace-
ment. These data also support the notion
that the rate of recovery can be hastened
by settings that provide intensive
therapy services early after surgery.
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Table 7.—Change Scores Between Pretreatment and Follow-up RAND 36-Item Health Survey Scores by Type of Postoperative Rehabilitation and Replacement*

Variable

Treatment Group Hip Replacement Knee Replacement

Day 3
(n=40)

Day 7
(n=31)

Day 3
(n=16)

Day 7
(n=12)

Day 3
(n=24)

Day 7
(n=19)

Physical domain, mean (SD)
Physical functioning 13.5 (24.86) 16.43 (23.86) 14.06 (27.7) 19.58 (16.3) 13.13 (23.4) 14.43 (27.85)

Role functioning, physical 13.13 (30.48) 16.94 (34.39) 20.31 (38.96) 25 (33.71) 8.33 (22.92) 11.84 (34.73)

Bodily pain 21.81 (27.03) 24.11 (21.72) 39.22 (22.26) 29.79 (24.04) 12.01 (23.76) 20.53 (19.96)

Mental domain, mean (SD)
Emotional well-being 6.2 (14.52) 2.19 (12.89) 3.75 (10.38) 5 (10.39) 7.83 (16.74) 0.42 (14.23)

Role functioning, emotional −1.67 (42.67) 7.53 (61.89) 2.08 (35.42) 5.56 (69.39) −4.17 (47.46) 8.77 (58.63)

*Positive change scores indicate improvement from pretreatment to 4-month follow-up.
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