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ABSTRACT

BACKGROUND

More than 670,000 total knee replacements are performed annually in the United
States; however, high-quality evidence to support the effectiveness of the proce-
dure, as compared with nonsurgical interventions, is lacking.

METHODS

In this randomized, controlled trial, we enrolled 100 patients with moderate-to-
severe knee osteoarthritis who were eligible for unilateral total knee replacement.
Patients were randomly assigned to undergo total knee replacement followed by
12 weeks of nonsurgical treatment (total-knee-replacement group) or to receive
only the 12 weeks of nonsurgical treatment (nonsurgical-treatment group), which
was delivered by physiotherapists and dietitians and consisted of exercise, educa-
tion, dietary advice, use of insoles, and pain medication. The primary outcome was
the change from baseline to 12 months in the mean score on four Knee Injury and
Osteoarthritis Outcome Score subscales, covering pain, symptoms, activities of
daily living, and quality of life (KOOS ,); scores range from 0 (worst) to 100 (best).

RESULTS

A total of 95 patients completed the 12-month follow-up assessment. In the non-
surgical-treatment group, 13 patients (26%) underwent total knee replacement
before the 12-month follow-up; in the total-knee-replacement group, 1 patient (2%)
received only nonsurgical treatment. In the intention-to-treat analysis, the total-knee-
replacement group had greater improvement in the KOOS, score than did the non-
surgical-treatment group (32.5 vs. 16.0; adjusted mean difference, 15.8 [95% confi-
dence interval, 10.0 to 21.5]). The total-knee-replacement group had a higher number
of serious adverse events than did the nonsurgical-treatment group (24 vs. 6, P=0.005).

CONCLUSIONS

In patients with knee osteoarthritis who were eligible for unilateral total knee re-
placement, treatment with total knee replacement followed by nonsurgical treatment
resulted in greater pain relief and functional improvement after 12 months than did
nonsurgical treatment alone. However, total knee replacement was associated with
a higher number of serious adverse events than was nonsurgical treatment, and
most patients who were assigned to receive nonsurgical treatment alone did not
undergo total knee replacement before the 12-month follow-up. (Funded by the Obel
Family Foundation and others; MEDIC ClinicalTrials.gov number, NCT01410409.)

N ENGLJ MED 373;17 NEJM.ORG OCTOBER 22, 2015

From the Research Unit for Musculoskel-
etal Function and Physiotherapy, Institute
of Sports Science and Clinical Biome-
chanics, University of Southern Denmark,
Odense (S.T.S., E.M.R.), Clinical Nursing
Research Unit (S.T.S.) and Orthopedic
Surgery Research Unit (S.T.S., M.B.L.,
0.S., S.R.), Aalborg University Hospital,
and Center for Sensory-Motor Interac-
tion, Department of Health Science and
Technology, Faculty of Medicine (S.T.S.,
M.B.L, M.SR, LA-N., OS., S.R), and
Department of Clinical Medicine (M.B.L.,
0.S., S.R.), Aalborg University, Aalborg
— all in Denmark. Address reprint re-
quests to Dr. Skou at Aalborg University
Hospital Science and Innovation Center,
15 Soendre Skovvej, 9000 Aalborg, Den-
mark, or at stskou@health.sdu.dk.

N Engl ) Med 2015;373:1597-606.
DOI: 10.1056/NEJMoal505467
Copyright © 2015 Massachusetts Medical Society.

1597



[=M

A Quick Take is

1598

available at
NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

OTAL KNEE REPLACEMENT IS CONSID-

ered to be an effective treatment for end-

stage knee osteoarthritis.! The number of
total knee replacements performed each year in
the United States has increased dramatically, from
31.2 per 100,000 person-years during the period
1971-1976 to 220.9 during the period 2005-2008.2
In 2012, more than 670,000 total knee replace-
ments were performed in the United States
alone, with corresponding aggregate charges of
$36.1 billion.? The number of total knee replace-
ments is expected to increase as the average age
of the population increases,* which highlights
the associated future economic burden.

Despite the large number of procedures per-
formed annually, we are not aware of any high-
quality randomized, controlled trials that have
investigated the effectiveness of total knee re-
placement, as compared with nonsurgical inter-
ventions, as treatment for knee osteoarthritis.’
Recent research has provided substantial evidence
to suggest moderate effectiveness of nonsurgical
treatments for knee osteoarthritis,®” which has
prompted an increase in early use of nonsurgical
treatment.® On the basis of the available evidence,
clinical guidelines recommend a core treatment
program that consists of exercise, education,
dietary advice, biomechanical interventions such
as insoles, and pharmacologic treatment.®’” We
conducted this randomized, controlled trial, in-
volving patients with knee osteoarthritis who were
eligible for unilateral total knee replacement, to
investigate whether total knee replacement fol-
lowed by a 12-week nonsurgical-treatment pro-
gram that consists of exercise, education, dietary
advice, use of insoles, and pain medication® pro-
vides greater pain relief and improvement in
function and quality of life than does nonsurgi-
cal treatment alone.

METHODS

PARTICIPANTS

We followed the guidelines for reporting parallel-
group, randomized, controlled trials.’® From
September 12, 2011, through December 6, 2013,
we enrolled 100 patients with radiographically
confirmed knee osteoarthritis (i.e., a score of
22 on the Kellgren-Lawrence scale, with scores
ranging from 0 to 4 and a score of >2 indicating
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definite osteoarthritis™) who were eligible for
total knee replacement. Eligibility for total knee
replacement was determined by one of nine ex-
perienced orthopedic surgeons at one of two
specialized, public outpatient clinics at Aalborg
University Hospital, Denmark (Frederikshavn and
Farsoe clinics); 50 patients from each clinic were
enrolled. Major exclusion criteria were a previous
total replacement of the same knee, previous
simultaneous total replacements of both knees,
and knee pain during the previous week that the
patient rated at higher than 60 mm on a 100-mm
visual-analogue scale (with higher scores indi-
cating worse pain).

STUDY TREATMENTS

Patients were randomly assigned in a 1:1 ratio
to undergo total knee replacement followed by
12 weeks of nonsurgical treatment (total-knee-
replacement group) or to receive only the 12
weeks of nonsurgical treatment (nonsurgical-
treatment group). Total knee replacement was
performed in accordance with standard meth-
ods*? for insertion of a total cemented prosthesis
with patellar resurfacing (NexGen CR-Flex or
LPS-Flex Fixed Bearing Knee, Zimmer).

The 12-week nonsurgical-treatment program
consisted of five interventions: exercise, educa-
tion, dietary advice, use of insoles, and pain
medication. To ensure proper standardization
and to reduce the number of crossovers, the non-
surgical treatment was delivered to the two
groups separately but identically, at the same
facility, by specially trained physiotherapists and
dietitians. This nonsurgical-treatment program
has previously been shown to be more effective
than usual care (which consisted of two leaflets
with information and treatment advice) in a popu-
lation of patients with knee osteoarthritis of a
severity similar to that seen in our study partici-
pants.”® Further details about the nonsurgical-
treatment program are provided in the Supple-
mentary Appendix, available with the full text of
this article at NEJM.org.

Exercise

The neuromuscular exercise training program,
which has previously been shown to be feasible
in patients with moderate-to-severe knee osteo-
arthritis who are eligible for total knee replace-
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ment,* was administered in 1-hour, group-based,
supervised sessions twice weekly for 12 weeks.
The goal of the exercise program was to restore
neutral, functional alignment of the legs by
building compensatory functional stability and
improving sensorimotor control.*!® Neutral,
dynamic alignment was emphasized, and each
patient was monitored individually for exercise
quality. Pain level was used to guide progres-
sion.* After the 12-week training program, the
patients underwent an 8-week transitional period,
during which the exercise program was per-
formed increasingly at home, to improve long-
term adherence. To support adherence to exer-
cise, a physiotherapist contacted the patients
monthly by telephone until the 12-month follow-
up assessment.

Education

The patients participated in two 1-hour educa-
tional sessions that focused on disease charac-
teristics, treatments, and self-help strategies. The
sessions actively engaged patients in the treat-
ment of their knee osteoarthritis.

Dietary Advice

Patients with a body-mass index (the weight in
kilograms divided by the square of the height in
meters) of 25 or higher at baseline participated
in a 12-week dietary weight-loss program, which
was administered in four 30-to-60-minute ses-
sions. The goal of the program was to reduce
body weight by at least 5% and maintain the
lower weight.’® The intervention included moti-
vational interviewing, with instructions and guid-
ance relevant to the individual participant.’” A
dietitian contacted the patients by telephone for
30 minutes at weeks 26 and 39 after the initia-
tion of the nonsurgical treatment to support
adherence to the dietary program.

Insoles

The patients received individually fitted, full-
length insoles with medial arch support (Form-
thotics Original Dual Medium [perforated], Foot
Science International). Furthermore, a four-degree
lateral wedge was added to the insoles of pa-
tients who were classified as having a knee-
lateral-to-foot position; in such patients, the
knee moves over, or lateral to, the fifth toe in

three or more out of five trials of the single-limb
mini-squat test.!®

Pain Medication

The patients were offered pain medication if an
orthopedic surgeon considered it to be necessary
for participation in the exercise program. A pre-
scription (reassessed every 3 weeks) was provid-
ed for acetaminophen (1 g four times daily),
ibuprofen (400 mg three times daily), and panto-
prazole (20 mg daily), to be used as needed.

FOLLOW-UP ASSESSMENTS

Follow-up assessments were performed at 3, 6,
and 12 months after the initiation of nonsurgi-
cal treatment. The assessments were performed
at Aalborg University Hospital, Denmark, by a
specially trained assessor who was not affiliated
with the treatment sites and who was unaware
of the treatment assignments. Before meeting
with the assessor, all patients were instructed to
cover the index knee from 15 cm above to 15 cm
below the patella with three layers of white elas-
tic tape to hide a potential scar after total knee
replacement.

OUTCOMES
Primary Outcome

The prespecified primary outcome was the be-
tween-group difference in change from baseline
to 12 months in the mean score on four Knee
Injury and Osteoarthritis Outcome Score (KOOS)
subscales, covering pain, symptoms, activities of
daily living, and quality of life (KOOS,). Each
subscale consists of multiple items scored on a
4-point Likert scale*>*’; the KOOS, ranges from
0 (worst) to 100 (best). KOOS is a valid, reliable,
responsive measure of patient-reported outcomes
during short-term and long-term follow-up for
knee osteoarthritis and total knee replacement.*

Secondary Outcomes

We also assessed the change from baseline to 12
months in five prespecified secondary outcomes.
The first was the scores on all five KOOS sub-
scales, including the KOOS, subscales plus a
fifth subscale covering function in sports and
recreation (with scores on all subscales ranging
from 0 [worst] to 100 [best]), to assist in the
clinical interpretation of the primary outcome.??
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The second was the time on the timed up-and-go
test?® — which measures the time (in seconds)
taken to rise from a chair, walk 3.1 m (10 ft),
return, and sit down — and the mean time on
two 20-m walk tests; for both tests, a shorter
time indicates better mobility.?* The third is the
results of a general health assessment with
the three-level version of the EuroQol Group
5-Dimension Self-Report Questionnaire (EQ-5D),
including both the score on the EQ-5D descrip-
tive index (ranging from —0.59 to 1.00) and the
score on the EQ-5D visual-analogue scale (rang-
ing from 0 to 100)>?% higher scores indicate
better quality of life. The descriptive index is
based on a Danish “time trade-off” value set, a
method used to evaluate the relative amount of
time patients would be willing to sacrifice to
avoid a certain poor health state. The fourth was
weight (in kilograms), measured with the patient
wearing no shoes or outerwear, at the same time
of the day, with the use of the same digital
scale (model 813, Seca). The fifth was the type,
dose, and quantity of pain medication taken
during the previous week; data on medication
intake was recorded as “yes” or “no” for analytic
purposes.

Adverse events and serious adverse events
that occurred before the 12-month follow-up
were identified in three ways: in hospital re-
cords, by self-report at follow-up visits, and by
the physiotherapist. Adverse events were catego-
rized as involving the index knee or sites other
than the index knee, and serious adverse events
were identified according to the definition estab-
lished by the U.S. Food and Drug Administration.”

STUDY OVERSIGHT

The study complied with the principles of the
Declaration of Helsinki and was approved by the
local ethics committee of the North Denmark
Region (N-20110024). The study protocol (avail-
able at NEJM.org) has been published previous-
ly.> None of the sponsors of this study were in-
volved in the design or conduct of the study, the
data analysis, or the writing of the manuscript.
Foot Science International provided the insoles
but was not otherwise involved in the study. The
first author takes responsibility for the integrity
and accuracy of the reported data and for the
fidelity of the study to the protocol.

STATISTICAL ANALYSIS

A detailed statistical analysis plan was made
publicly available before follow-up was complet-
ed and any analyses were performed.?® An inde-
pendent statistician who was unaware of the
group assignments performed all the analyses.
To reduce the risk of bias during interpretation,
blinded results from the analyses (with study
groups labeled as group A and group B) were
presented to all the authors, who agreed in writ-
ing on two alternative interpretations.” There-
after, the data manager broke the randomiza-
tion code (see the Supplementary Appendix).

For KOOS, and the KOOS subscale scores, a
minimal clinically important difference of 10 is
recommended and commonly used.>® We calcu-
lated that a sample size of 41 patients in each
group would give the study 90% power to detect
a 10-point greater improvement in KOOS, and the
KOOS subscale scores in the total-knee-replace-
ment group than in the nonsurgical-treatment
group (with a standard deviation of 14) at a two-
sided significance level of 0.05. To account for
possible crossovers before the 12-month follow-up
and for missing data, 100 patients were enrolled.

The primary prespecified analysis was an inten-
tion-to-treat analysis; the intention-to-treat pop-
ulation included all 100 patients who underwent
randomization. We also performed a prespeci-
fied per-protocol analysis; the per-protocol pop-
ulation included patients in both groups who
had attended at least 75% of the supervised ex-
ercise sessions (218 of 24 sessions) and excluded
patients in the nonsurgical-treatment group who
underwent total knee replacement before the
12-month follow-up and those in the total-knee-
replacement group who received only nonsurgi-
cal treatment.

Between-group comparisons of treatment ef-
fect for all primary and secondary outcomes,
except for pain-medication use and adverse
events, were performed with the use of a mixed-
effects model, with patient as a random effect
and time of assessment (baseline and 3, 6, and
12 months), study group (total-knee-replacement
group or nonsurgical-treatment group), clinic
(Frederikshavn or Farsoe), and baseline values
of the outcome as fixed effects. Interaction
between time of assessment and study group
was also included in the model. Crude analyses

N ENGLJ MED 373;177 NEJM.ORG OCTOBER 22, 2015
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1475 Patients were assessed for eligibility

1348 Were not eligible for inclusion in the study
544 Were not eligible for total knee replacement
197 Had a Kellgren—Lawrence score of <2
50 Had previous bilateral total knee replacement
49 Had previous total replacement of the same
knee
30 Had rheumatoid arthritis

117 Had knee pain during the previous week that
was rated at >60 mm on a 100-mm visual-
analogue scale

145 Were unable to come to the treatment site

180 Were unable to participate in the intervention

36 Had other reasons

127 Were eligible for inclusion in the study

12 Chose not to undergo total knee replacement

7 Chose not to undergo nonsurgical treatment
8 Chose not to undergo randomization

100 Underwent randomization

50 Were assigned to receive nonsurgical treatment
13 Underwent total knee replacement before the
12-mo follow-up
37 Did not undergo total knee replacement before the
12-mo follow-up

50 Were assigned to undergo total knee replacement
followed by nonsurgical treatment
49 Underwent total knee replacement before the
12-mo follow-up
1 Did not undergo total knee replacement before the
12-mo follow-up

46 Attended 3-mo follow-up
4 Did not attend
2 Were no longer interested
2 Canceled and were unable to be reached

49 Attended 6-mo follow-up
1 Did not attend owing to no longer being interested

49 Attended 12-mo follow-up
1 Did not attend owing to no longer being interested

41 Attended 3-mo follow-up
9 Did not attend
3 Had complications related to total knee replacement
3 Canceled and were unable to be reached
2 Were no longer interested
1 Had personal or health issues

43 Attended 6-mo follow-up
7 Did not attend
3 Had complications related to total knee replacement
2 Were no longer interested
1 Had personal or health issues
1 Did not have the time

46 Attended 12-mo follow-up
4 Did not attend
3 Were no longer interested
1 Had complications related to total knee replacement

50 Were included in the intention-to-treat analysis
25 Were included in the per-protocol analysis

50 Were included in the intention-to-treat analysis
26 Were included in the per-protocol analysis

Figure 1. Enrollment, Randomization, Treatment, and Follow-up.
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Table 1. Baseline Characteristics of the Patients.*
Nonsurgical- Total-Knee-
Treatment Replacement
Group Group
Characteristic (N=50) (N=50)
Female sex — no. (%) 30 (60) 32 (64)
Age —yr 67.0+8.7 65.8+8.7
Body-mass index{ 32.0+5.8 32.3+6.2
Kellgren—Lawrence score — no. (%)
2 5 (10) 7 (14)
3 21 (42) 21 (42)
4 24 (48) 22 (44)
KOOS scoresf
KOOS, 48.5+11.4 47.4+13.4
Pain 49.5+13.1 48.6+17.5
Symptoms 58.3+15.2 54.0+15.0
Activities of daily living 53.5£14.2 55.0£17.0
Quality of life 32.7+13.3 32.3+15.3
Sports and recreation 16.7+15.1 18.0+14.7
Time on the timed up-and-go test — sec 8.6+2.1 9.4+2.4
Time on the 20-m walk tests — sec 12.2+2.6 13.4+3.7
EQ-5D scoresf
Descriptive index 0.681+0.147 0.661+0.156
Visual-analogue scale 66.8+16.5 66.3£19.1
Used pain medication in the past week 29 (58) 33 (67)|
— no. (%)

* Plus—minus values are means +SD. No significant differences between groups
in the reported characteristics were found at baseline. For a complete table of
baseline characteristics, see the Supplementary Appendix.

T The body-mass index is the weight in kilograms divided by the square of the

height in meters.

Scores on the Kellgren—Lawrence scale range from 0 to 4, with a score of 2, 3,

or 4 indicating definite osteoarthritis and higher scores indicating more severe

disease.

§ Scores on the Knee Injury and Osteoarthritis Outcome Score (KOOS) sub-
scales range from O (worst) to 100 (best). KOOS, is the mean score on the
pain, symptoms, activities of daily living, and quality of life subscales.

9§ The three-level version of the EuroQol Group 5-Dimension Self-Report Ques-
tionnaire (EQ-5D) includes both the EQ-5D descriptive index (with scores
ranging from -0.59 to 1.00) and the EQ-5D visual-analogue scale (with scores
ranging from 0 to 100); higher scores indicate better quality of life.

| In the total-knee-replacement group, a total of 49 patients responded to the
question about use of pain medication.

and analyses adjusted for time of assessment,
clinic, baseline values of the outcome, and the
interaction between time of assessment and
study group were performed. To assess for su-
periority, mean between-group differences in
changes from baseline and two-sided 95% confi-
dence intervals were calculated.

We used a Poisson regression model, with
robust error variance for the confidence inter-

1602 N ENGLJ MED 373;17

vals, to perform between-group comparisons of
the relative risks associated with use of pain
medication and the occurrence of adverse events.*!
We also performed an as-treated analysis using
a mixed-effects Poisson regression model, with
patient as a random effect and robust error vari-
ance for the confidence intervals, to assess the
relative risks associated with the occurrence of
adverse events.*! In addition, we performed an
exploratory analysis to estimate the number
needed to treat with total knee replacement for
one person to have a 15% improvement®** in
KOOS, and the KOOS subscale scores from base-
line to 12 months.

A two-sided P value of less than 0.05 was
considered to indicate statistical significance.
All analyses were performed with the use of
Stata software, version 13.0 (StataCorp).

RESULTS

ENROLLMENT AND FOLLOW-UP

A total of 100 patients underwent randomization
(Fig. 1); 49 of 50 patients (98%) in the nonsurgi-
cal-treatment group and 46 of 50 patients (92%)
in the total-knee-replacement group completed
the 12-month follow-up assessment. In the non-
surgical-treatment group, 13 of 50 patients (26%)
had a total knee replacement before the 12-month
follow-up (mean time after the initiation of non-
surgical treatment, 6.9 months; range, 2.6 to
11.5). In the total-knee-replacement group, 1 of
50 patients (2%) decided not to undergo total
knee replacement and received only the nonsur-
gical treatment. All 100 patients were included
in the intention-to-treat analysis, whereas 25 of
49 patients (51%) in the nonsurgical-treatment
group and 26 of 46 patients (57%) in the total-
knee-replacement group were included in the
per-protocol analysis. The mean follow-up time
after the initiation of nonsurgical treatment was
12.4 months in the nonsurgical-treatment group
and 12.1 months in the total-knee-replacement

group.

PATIENT CHARACTERISTICS

Baseline characteristics were similar in the two
study groups (Table 1). The mean length of stay
in the hospital after total knee replacement was
4.6 days in Frederikshavn and 3.1 days in Far-
soe.>* Adherence to the nonsurgical-treatment
program was moderate to high in both groups
(Table S8 in the Supplementary Appendix). The

NEJM.ORG OCTOBER 22, 2015
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Table 2. Outcomes at 12 Months.
Mean Improvement in Outcome Between-Group Difference in
from Baseline to 12 Mo Mean Improvement
Outcome Total No. of Assessments* (95% ClI) (95% ClI)
Nonsurgical-  Total-Knee-  Nonsurgical- Total-Knee-
Treatment  Replacement Treatment Replacement
Group Group Group Group Crude Adjusted
Primary outcome
KOOS, 179 193 16.0 325 16.5 15.8
(10.1t021.9)  (26.6t0383)  (102t022.7)  (10.0to21.5)
Secondary outcomes
KOOS subscale scores
Pain 180 194 17.2 34.8 17.6 17.1
(10.4 to 24.1) (28.1to 41.5) (10.1to 25.1) (10.4 to 23.8)
Symptoms 179 194 11.4 26.4 15.0 12.7
(4.4t0 18.4) (21.5to0 31.4) (8.3t021.7) (6.6 to 18.8)
Activities of daily living 180 193 17.6 30.0 12.3 12.9
(11.4 to 23.9) (22.7t0 37.2) (5.5t019.2) (6.8 to 19.1)
Quality of life 180 194 17.8 38.2 20.4 20.2
(11.2 to 24.4) (30.6 to 45.8) (12.8 to 27.9) (13.2t0 27.1)
Sports and recreation 177 193 19.3 345 15.2 15.6
(10.8 to 27.7) (27.9 to 41.0) (6.7 to 23.7) (7.3 t0 23.9)
Time on the timed up-and-go test 163 185 -1.2 -2.4 12 0.9
(sec) (-18t0-0.6)  (-3.1to-1.6) (0.4t01.9) (0.2t0 1.6)
Time on the 20-m walk tests (sec) 163 185 -1.0 -2.9 1.9 15
(-15t0-04)  (-3.8t0-1.9) (0.9t02.8) (0.7 t0 2.4)
EQ-5D scores
Descriptive index 178 194 0.115 0.206 0.091 0.078
(0.063 t0 0.166) (0.141 to0 0.270) (0.026 to 0.155) (0.023 to 0.132)
Visual-analogue scale 180 193 10.2 15.0 4.9 4.4
(4.6 0 15.7) (8.6t0 21.5) (2.2t012.0) (1.8t0 10.6)
Weight (kg)i 134 160 -2.6 0.1 2.8 2.8
(-3.9t0-1.4) (-15t0 1.7) (14to04.1) (1.4t04.1)

* There were 200 possible assessments for each study group (50 each at baseline and at 3, 6, and 12 months).
7 The results were adjusted for time of assessment (baseline and 3, 6, and 12 months), clinic (Frederikshavn or Farsoe), baseline values, and

the interaction between time of assessment and study group.
i Data are presented only for patients with a body-mass index of 25 or higher at baseline (43 patients in the nonsurgical-treatment group and

39 patients in the total-knee-replacement group).

number of treatments or consultations with
practitioners other than those given in the study
was similar in the two groups (Table S9 in the
Supplementary Appendix).

OUTCOMES
In the intention-to-treat analysis, the total-knee-
replacement group had a significantly greater
improvement in the KOOS, score than did the
nonsurgical-treatment group, with a crude mean
difference of 16.5 (95% confidence interval [CI],
10.2 to 22.7) and an adjusted mean difference of
15.8 (95% CI, 10.0 to 21.5). In the nonsurgical-
treatment group, the increase in the KOOS, from

baseline to month 12 was 16.0 (95% CI, 10.1 to
21.9), whereas in the total-knee-replacement
group, the increase was 32.5 (95% CI, 26.6 to
38.3) (Table 2 and Fig. 2). Furthermore, as com-
pared with the nonsurgical-treatment group, the
total-knee-replacement group had significantly
greater improvements in the scores on all five
KOOS subscales, the times on the timed up-and-
go test and 20-m walk tests, and the scores on
the EQ-5D descriptive index (Table 2, and Fig. S1
in the Supplementary Appendix). (Additional re-
sults, including those related to the use of pain
medication, are provided in the Supplementary
Appendix.)
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Table 3. Serious Adverse Events.*
Nonsurgical- Total-Knee-
Treatment  Replacement P
Events Group Group Value
no. of events
Overall 6 24 0.005
Involving sites other than the index knee 5 16 0.04
Musculoskeletal 0 4
Skin 1 0
Gastrointestinal 0 3
Other 4 9
Involving the index knee 1 8 0.05
Occurred during total knee replacement 0 0
Occurred after total knee replacement
Stiffness requiring brisement forcé 1 3
Deep infection 0 1
Deep venous thrombosis requiring 0 3
anticoagulation
Supracondylar femur fracture 0 1

* This table includes all serious adverse events that occurred before the 12-month
follow-up but were not necessarily caused by the treatment. Serious adverse
events include adverse events that have the potential to compromise the clini-
cal outcome, result in disability or incapacity, or require hospital care or adverse
events that are considered to prolong hospital care, to be life-threatening, or
to result in death. For a complete table of adverse events that occurred in this
study, see the Supplementary Appendix.

T Brisement forcé is manipulation of the knee while the patient is under anesthe-
sia to improve range of motion.

Figure 2. Primary Outcome.

The graph shows the mean score on four Knee Injury
and Osteoarthritis Outcome Score subscales, covering
pain, symptoms, activities of daily living, and quality of
life (KOOSy), for groups randomly assigned to undergo
total knee replacement followed by 12 weeks of non-
surgical treatment (total-knee-replacement group) or
to receive only the 12 weeks of nonsurgical treatment
(nonsurgical-treatment group), which consists of exer-
cise, education, dietary advice, use of insoles, and pain
medication. The KOOS, ranges from 0 (worst) to 100
(best). | bars indicate 95% confidence intervals.

[P=0.005]) (Table 3). In the total-knee-replace-
ment group, the two most common serious ad-
verse events involving the index knee were deep
venous thrombosis (in 3 patients) and stiffness
requiring brisement forcé (in 3 patients).

The per-protocol analysis also showed that
the total-knee-replacement group had a signifi-
cantly higher increase in the KOOS, than did the
nonsurgical-treatment group (Table S3 in the Sup-
plementary Appendix). The per-protocol analysis
of the secondary outcomes yielded results simi-
lar to those of the intention-to-treat analysis,
except that there was a significant between-
group difference in the scores on the EQ-5D
visual-analogue scale and not in the scores on
the KOOS symptoms subscale (Table S3 in the
Supplementary Appendix).

In the as-treated analysis of adverse events,
serious adverse events were more likely to occur
after total knee replacement had been performed
than before (9 vs. 0 involving the index knee
[P<0.001], and 24 vs. 6 overall [P=0.02]) (Table S7
in the Supplementary Appendix). The number
needed to treat with total knee replacement for
a 15% improvement from baseline to 12 months
in KOOS, was 5.7 in the intention-to-treat analy-
sis (Table S2 in the Supplementary Appendix)
and 6.0 in the per-protocol analysis (Table S6 in
the Supplementary Appendix).

DISCUSSION

Serious adverse events were more common in
the total-knee-replacement group than in the
nonsurgical-treatment group (8 vs. 1 involving
the index knee [P=0.05], and 24 vs. 6 overall
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This randomized, controlled trial showed that
total knee replacement followed by nonsurgical
treatment is more efficacious than nonsurgical
treatment alone in providing pain relief and
improving function and quality of life after
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12 months in patients with knee osteoarthritis
who are eligible for unilateral total knee replace-
ment. However, clinically relevant improvements
were noted in both groups, and patients who
underwent total knee replacement had a higher
number of serious adverse events.

We are not aware of any previous or ongoing
randomized trials investigating the effectiveness
of total knee replacement, despite its wide and
increasing use.>® Previous reports on the effects
of total knee replacement have been case series,
without a control group for comparison.?

Both groups in our study had substantial
improvement with respect to most outcomes,
and only 26% of the patients who were assigned
to receive nonsurgical treatment alone underwent
total knee replacement in the following year. Pre-
vious reports have suggested a benefit of non-
surgical treatment in patients with moderate-
to-severe knee osteoarthritis who are eligible
for total knee replacement.>** Even for patients
progressing to surgery, participation in super-
vised exercise before surgery has been associated
with a faster postoperative recovery.>® The bene-
fits and harms of the respective treatments un-
derscore the importance of considering patients’
preferences and values during shared decision
making about treatment for moderate-to-severe
knee osteoarthritis.*”

Our study has limitations. We did not include
a sham-surgery control group; since surgery
and, to a lesser extent, nonsurgical treatments
are associated with placebo effects,®® the find-
ings in this study may overestimate effects at-
tributable to the specific treatments and to sur-
gery in particular. The scores on the KOOS pain
subscale that were obtained before surgery were
similar to those obtained in previous studies of
total knee replacement*** and indicated mild-
to-severe pain during activities, but it is not
known whether our results are generalizable to
patients with more severe pain. The intensity of
nonsurgical treatment may have differed be-
tween groups owing to differences in clinical
status at the time treatment was initiated. How-

ever, the intervention was standardized and ad-
ministered in both groups by the same physio-
therapists and dietitians. Since all patients
received multimodal nonsurgical treatment, it is
not possible to separate the effects of the indi-
vidual modes of treatment. The combination of
nonsurgical treatments that we administered
complies with international recommendations
on the treatment of knee osteoarthritis,®” which
increases the generalizability of the results.

In conclusion, our results show that total
knee replacement followed by nonsurgical treat-
ment is superior to nonsurgical treatment alone
in providing pain relief and improving function
and quality of life after 12 months in patients
with moderate-to-severe knee osteoarthritis who
are eligible for unilateral total knee replacement.
However, total knee replacement is associated
with a higher number of serious adverse events,
and most patients who were assigned to receive
nonsurgical treatment alone did not undergo
total knee replacement before the 12-month fol-
low-up and had clinically relevant improvements.
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