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Abstract

Background TKA is commonly performed to treat

advanced inflammatory and degenerative knee arthritis.

With increasing use in younger patients, it is important to

define the best practices to enhance clinical performance

and implant longevity.

Questions/purposes We systematically reviewed the lit-

erature to assess: (1) how TKAs perform in young patients;

(2) whether the TKA is a durable procedure for young

patients, and (3) what guidance the literature outlines for

TKA in young patients.

Methods We searched the literature between 1950 and

2009 for all studies reporting on TKAs for patients younger

than 55 years that documented clinical and radiographic

assessments with a minimum 2-year followup. Thirteen

studies, reporting on 908 TKAs performed for 671 patients,

met these criteria.

Results Mean Knee Society clinical and functional scores

increased by 47 and 37 points, respectively. Implant sur-

vivorship was reported between 90.6% and 99% during the

first decade and between 85% and 96.5% during the second

decade of followup. The literature does not direct specific

techniques for TKA for young patients.

Conclusions TKA provides surgeon-measured clinical

and functional improvements with a moderate increase in

second-decade implant failures. Improvements in study

design and reporting will be beneficial to guide decisions

regarding implant selection and surgical technique.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

TKAs commonly are performed to treat advanced inflam-

matory and degenerative knee arthritis. Long-term followup

studies have suggested implant survivorship of as much as

96% between 15 and 20 years after surgery [20, 23, 31].

Although the majority of TKAs performed in the United

States have been for patients older than 65 years, a sub-

stantial number of TKAs are being performed on younger

patients [17]. Kurtz et al. reviewed the National Inpatient

Sample from 2006 and reported approximately 70,000

TKAs performed annually for patients younger than

55 years [18]. Extrapolating trends of arthroplasties per-

formed during the past decade, Kurtz et al. projected that

patients younger than 65 years will become the majority

treated with TKAs during the next two decades and that up

to one million TKAs may be performed for patients younger

than 55 years by 2030 [18]. W-Dahl et al. reported that the

trend toward TKA use is not confined to the United States,

with similar increases noted in the Swedish Knee Arthro-

plasty and Australian Joint Replacement registries [36].

The increase in TKAs performed on younger patients

suggests that surgeons and patients either expect durability
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for the reconstructed knee or improvement in patient

employability or quality of life that offset the potential for

early revision surgery. However, recent studies reporting

data from community, academic, and national registries

have suggested higher TKA revision rates occur in this

patient group [13, 15, 29, 36].

Therefore, this systematic review was performed to

assess (1) how TKAs perform in young patients, (2) whether

the TKA is a durable procedure for young patients, and

(3) what guidance the literature provides for implant

selection or surgical technique specifically for TKAs per-

formed in patients younger than 55 years.

Materials and Methods

We searched PubMed, Cumulative Index to Nursing &

Allied Health (CINAHL), OVID, Medline, and the Coch-

rane Library for articles published between January 1950

and May 2008. We also searched EMBASE for articles

published between January 1980 and May 2008. The

databases initially were queried on May 8, 2008. All of the

databases were searched again on November 9, 2009, to

identify articles that had been missed during the initial

review. Database search terms included: ‘‘total knee

arthroplasty,’’ ‘‘knee replacement,’’ ‘‘young patient,’’ and

‘‘55 years.’’ We also hand-searched the following journals

for articles published between February 2009 and

November 2009: Clinical Orthopaedics and Related

Research, The Journal of Bone and Joint Surgery (Ameri-

can and British editions), and The Journal of Arthroplasty.

Bibliographies of identified studies also were searched. A

total of 241 articles were identified and each abstract

underwent review by two of the authors. (SE, GP). We

included only studies that were peer-reviewed; published in

English; reported clinical and radiographic results of

TKAs; and consisted exclusively of patients younger than

55 years with a minimum of 2 years followup. Articles

were excluded if they were surgical technique descriptions;

did not adequately describe clinical and radiographic

results; treated conditions other than osteoarthritis,

rheumatoid arthritis, or posttraumatic arthritis; or reported

less than 2-year minimum followup data. Of the 241 arti-

cles, 54 met first-pass review and underwent a detailed,

full-text review. After the detailed, full-text review, 13

articles remained that met all inclusion criteria (Fig. 1).

Two authors (SE, JK) independently performed quality

appraisal of the included studies. This included assessment

for selection and reporting biases that may have affected

the quality of conclusions made by the study authors.

241 ARTICLES 

 REVIEWED 
ABSTRACTS  

54 met inclusion 
criteria 

RESULTS SENT 
TO ENDNOTE 
TO DELETE 

DUPLICATES

187 articles did not 
meet inclusion 
criteria 

PUBMED  
166 ARTICLES

COCHRANE LIBRARY 
323 ARTICLES  

54 without 
clinical and/or 
radiographic 
outcomes/ 
scores 

37 not 
published 
in English 

41 articles 
excluded by: 
age range of 
participants; 
followup less 
than 2 years; 
without clinical 
and/or 
radiographic 
followup after 
further 
investigation 

96 were not 
focused on TKA 
clinical/ 
radiographic 
followups 

13 articles met 
inclusion and 
exclusion criteria: 
Stuart & Rand [34] (1988) 
Ranawat et al. [28] (1989) 
Stern et al. [32] (1990) 
Dalury et al. ([5] 1995) 
Diduch et al. [7] (1997) 
Gill et al. [11] (1997) 
Duffy et al. [10] (1998) 
Lonner et al. [22] (2000) 
Hofmann et al. [16] (2002) 
Mont et al. [24] (2002) 
Crowder et al. [4] (2005) 
Tai  & Cross [35] (2006) 
Duffy et al. [9] (2007) 
 

EMBASE  
99 ARTICLES

Fig. 1 A flow diagram outlines

the process and results of our

literature search for TKA in

patients younger than 55 years.
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Examples of selection bias included the use of fixation

methods or implant design on the basis of intraoperative

bone quality assessment, patient age, or anticipated activity

level. Reporting biases included favorable documentation

of clinical performance while minimizing the impact of

revision surgeries other than total component revision

(Table 1). Patient characteristics and study demographic

information were noted (Table 2). Study design and levels

of evidence, clinical and functional scoring, radiographic

assessments, definitions of clinical failure, revision rates,

and reported component survivorship also were identified

(Table 3). We assessed for the use of statistical tools,

including power analysis and confidence intervals; how-

ever, only basic statistical reporting of group mean, range,

and standard deviation was performed for the majority of

studies. Differences noted between the reviewers were

discussed and consensus was reached regarding the item in

question. Criteria developed by the STROBE statement

(Strengthening the Reporting of Observational Studies in

Epidemiology) were used to assess the quality of report-

ing for the included studies (Table 4). Although the

STROBE criteria do not assess the quality of research,

they provide a perspective on the quality of reporting that

may be useful in the process of critically appraising

published studies [33].

Nine hundred eight TKAs were performed for 671

patients, with individual study mean followups between 5

and 18 years, and individual patient followups between 2

and 25.7 years. Cochran Q-test statistics were calculated to

assess for study heterogeneity with respect to the most

common variables reported: pain, Knee Society (KS)

clinical score, and KS functional score. Although study

heterogeneity limited the ability to perform meta-analysis

of pooled data, postoperative KS clinical and functional

scores were available for all studies for determination of

mean postoperative scores and average improvement.

Results

The mean postoperative KS clinical score from these 13

studies was 90.9 points (95% confidence interval [CI],

88.3–95 points), which improved by an average of 47

points (range, 31–56 points). The postoperative mean KS

functional score was 81.6 points (95% CI, 70.2–89.8

points) with an average improvement of 37 points (range,

15–41). Four studies documented preoperative and post-

operative ROM with mean improvements from 102� to

109� flexion [9, 11, 22, 35]. Radiographic assessments

reported in the studies noted nonprogressive radiolucencies

Table 1. Study biases and limitations identified during systematic review

Study Knees/

patients

Selection bias/reporting bias/limitations

Stuart and Rand [34] 44/26 13/26 patients had significant involvement in other joints; authors were unable to determine functional

score improvement

Ranawat et al. [28] 90/60 Revisions performed for 8% of patients with RA; 9% of OA patients documented to have radiographic or

clinical failure; authors noted 97.7% with good or excellent clinical results

Stern et al. [32] 68/50 4 knees revised for patellar component failures (5.9%); all results reported as good or excellent

Dalury et al. [6] 103/67 16/103 (16%) unavailable for followup; predominantly rheumatoid arthritis/juvenile rheumatoid arthritis

Diduch et al. [7] 103/80 9% of patients not available for followup; 8% revised; 97% good or excellent clinical results reported

Gill et al. [11] 72/60 Diverse diagnoses; 12 patients (16%) not available; Knee Society scores reported as increased to

97 points; 78% of patients reported to have good or excellent results

Duffy et al. [10] 74/54 7 revision procedures (9.5%); mean followup 13 years; authors report survival of 95% at 15 years

Lonner et al. [22] 32/32 Authors excluded 12 patients who had knee replacements with an implant that failed in 9/12; 6 different

component designs were used; mixture of techniques (cemented, cementless, hybrid);

4 radiographically loose (12.5%) at 8 years; authors reported 90.6% survivorship at 8 years

Hofmann et al. [15] 75/57 Diverse surgical technique; 57% posterior stabilized design/43% cruciate retaining design; decision for

cementless fixation based on surgeon assessment of bone quality; 69% patellar resurfacing; clinical

score 97 (range, 85–100); 14 patients had revision surgery (18.6%) without adversely impacting Knee

Society clinical score

Mont et al. [24] 30/30 Diverse fixation technique; hybrid [ cemented [ cementless; no reporting bias identified

Crowder et al. [4] 47/32 6 revisions performed between 17–23 years postoperative (12.8%); 20-year survivorship reported as

93.7%

Tai and Cross [35] 118/81 Followup reported for 118/119 enrolled patients

No selection or reporting biases identified

Duffy et al. [9] 52/42 No selection or reporting biases identified

576 Keeney et al. Clinical Orthopaedics and Related Research1

123



T
a

b
le

2
.

P
ar

ti
ci

p
an

t
d

em
o

g
ra

p
h

ic
s

fo
r

st
u

d
ie

s
o

f
T

K
A

in
p

at
ie

n
ts

5
5

y
ea

rs
o

r
y

o
u

n
g

er

S
tu

d
y

Y
ea

rs
o

f

in
v

es
ti

g
at

io
n

M
ea

n

fo
ll

o
w

u
p

P
er

ce
n

t

fo
ll

o
w

u
p

M
ea

n
ag

e
(y

ea
rs

)

(r
an

g
e)

M
al

e:
fe

m
al

e
U

n
iq

u
e

fe
at

u
re

s
o

f
co

h
o

rt
N

u
m

b
er

o
f

k
n

ee
s

w
it

h
a

sp
ec

ifi
c

d
ia

g
n

o
si

s

P
re

v
io

u
s

su
rg

er
y

(%
)

S
tu

ar
t

an
d

R
an

d

[3
4
]

1
9

7
8

–
1

9
8

6
5

y
ea

rs
1

0
0

%
2

9
(1

9
–

3
9

)
2

0
:6

R
A

an
d

JR
A

1
3

JR
A

1
3

R
A

8
(1

8
%

)

R
an

aw
at

et
al

.
[2

8
]

1
9

7
4

–
1

9
8

2
6

.1
y

ea
rs

9
7

%
4

8
.7

(4
2

.4
–

5
5

)
4

8
:1

4
R

A
[

O
A

1
7

O
A

7
3

R
A

N
A

S
te

rn
et

al
.

[3
2
]

1
9

7
9

–
1

9
8

7
6

.2
y

ea
rs

8
6

%
5

1
(3

6
–

5
5

)
3

6
:1

4
O

A
/P

T
o

n
ly

6
8

O
A

2
5

(3
7

%
)

D
al

u
ry

et
al

.
[5

]
1

9
7

8
–

1
9

8
4

7
.2

y
ea

rs
8

3
%

3
6

(2
0

–
4

5
)

3
8

:1
8

JR
A

in
cl

u
d

ed
5

0
R

A

2
5

JR
A

1
1

o
th

er
d

ia
g

n
o

si
s

N
A

D
id

u
ch

et
al

.
[7

]
1

9
7

7
–

1
9

9
2

8
y

ea
rs

9
5

%
5

1
(2

2
–

5
5

)
2

9
:5

5
O

A
o

n
ly

1
0

3
O

A
6

3
(5

8
%

)

G
il

l
et

al
.

[1
1

]
1

9
7

7
–

1
9

8
9

9
.9

y
ea

rs
9

6
%

5
0

.7
(3

0
–

5
5

)
3

0
:2

0
O

A
[

R
A

3
7

O
A

2
9

R
A

2
an

k
y

lo
si

n
g

sp
o

n
d

y
lo

si
s

N
A

D
u

ff
y

et
al

.
[1

0
]

1
9

7
7

–
1

9
8

3
1

3
y

ea
rs

9
1

%
4

3
(2

2
–

5
5

)
3

5
:1

9
P

ri
m

ar
il

y
R

A
4

7
R

A

1
2

O
A

6
P

T

3
o

st
eo

n
ec

ro
si

s

2
h

em
o

p
h

il
ia

5
o

th
er

9
(1

6
)%

L
o

n
n

er
et

al
.

[2
2
]

1
9

8
2

–
1

9
8

4
7

.9
y

ea
rs

7
3

%
3

5
(2

2
–

4
0

)
1

3
:1

9
W

o
rk

er
s’

co
m

p
en

sa
ti

o
n

in
cl

u
d

ed

2
1

O
A

1
1

p
o

st
tr

au
m

at
ic

2
6

(8
2

%
)

H
o

fm
an

n
et

al
.

[1
6
]

1
9

8
6

–
1

9
9

8
9

.3
y

ea
rs

1
0

0
%

4
2

(3
1

–
5

0
)

3
3

:2
4

P
o

st
tr

au
m

at
ic

[
O

A
/R

A
2

7
p

o
st

tr
au

m
at

ic

1
7

O
A

1
9

R
A

N
A

M
o

n
t

et
al

.
[2

4
]

1
9

9
1

–
1

9
9

5
7

.2
y

ea
rs

8
8

%
4

3
(3

1
–

5
0

)
1

7
:1

3
O

A
2

9
O

A

1
P

V
N

S

N
A

C
ro

w
d

er
et

al
.

[4
]

1
9

7
7

–
1

9
8

3
2

0
y

ea
rs

9
1

%
4

3
(2

4
–

5
5

)
2

4
:8

R
A

3
2

R
A

N
A

T
ai

an
d

C
ro

ss
[3

5
]

1
9

9
2

–
2

0
0

0
7

.9
y

ea
rs

9
9

%
5

0
.7

(3
2

–
5

5
)

3
8

:4
3

O
A

/P
T

o
n

ly
9

2
O

A

2
6

p
o

st
tr

au
m

at
ic

9
(1

1
.1

%
)

D
u

ff
y

et
al

.
[9

]
1

9
8

7
–

1
9

9
4

1
2

y
ea

rs
1

0
0

%
5

3
(2

9
–

5
5

)
2

4
:1

8
O

A
/P

T
o

n
ly

5
2

O
A

/p
o

st
tr

au
m

at
ic

2
8

(5
4

%
)

*
N

A
=

d
at

a
n

o
t

av
ai

la
b

le
;

O
A

=
o

st
eo

ar
th

ri
ti

s;
R

A
=

rh
eu

m
at

o
id

ar
th

ri
ti

s;
JR

A
=

ju
v

en
il

e
rh

eu
m

at
o

id
ar

th
ri

ti
s;

P
T

=
p

o
st

tr
au

m
at

ic
ar

th
ri

ti
s;

P
V

N
S

=
p

ig
m

en
te

d
v

il
lo

n
o

d
u

la
r

sy
n

o
v

it
is

Volume 469, Number 2, February 2011 A Young Patient TKA Systematic Review 577

123



T
a

b
le

3
.

S
u

rg
ic

al
te

ch
n

iq
u

es
an

d
o

u
tc

o
m

es
in

st
u

d
ie

s
o

f
T

K
A

s
in

p
at

ie
n

ts
5

5
y

ea
rs

an
d

y
o

u
n

g
er

S
tu

d
y

L
ev

el
o

f
ev

id
en

ce
C

h
an

g
e

in

cl
in

ic
al

sc
o

re

C
h

an
g

e
in

K
S

fu
n

ct
io

n
al

sc
o

re

R
ad

io
g

ra
p

h
ic

lu
ce

n
cy

R
ep

o
rt

ed
fa

il
u

re

m
ec

h
an

is
m

s

R
ev

is
io

n

su
rg

er
ie

s

C
o

m
p

o
n

en
t

su
rv

iv
al

ra
te

S
tu

ar
t

an
d

R
an

d
[3

4
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

3
2

p
o

in
ts

*
N

o
t

re
p

o
rt

ed
1

8
%

P
at

el
la

r
re

v
is

io
n

2
1

0
0

%
—

5
y

ea
rs

R
an

aw
at

et
al

.
[2

8
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

4
1

.3
p

o
in

ts
�

N
o

t
re

p
o

rt
ed

3
0

%
G

lo
b

al
ra

d
io

lu
ce

n
cy

2
9

6
%

—
1

0
y

ea
rs

S
te

rn
et

al
.

[3
2
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

3
7

p
o

in
ts

�
N

o
t

re
p

o
rt

ed
2

2
%

P
at

el
la

r
re

v
is

io
n

4
9

4
%

—
6

.2
y

ea
rs

D
al

u
ry

et
al

.
[6

]
IV

R
et

ro
sp

ec
ti

v
e

ca
se

se
ri

es

(p
ro

sp
ec

ti
v

el
y

co
ll

ec
te

d
)

5
6

p
o

in
ts

�
4

1
p

o
in

ts
3

0
%

P
at

el
la

r
fr

ac
tu

re
o

r
lo

o
se

n
in

g
3

N
o

t
re

p
o

rt
ed

D
id

u
ch

et
al

.
[7

]
IV

R
et

ro
sp

ec
ti

v
e

ca
se

se
ri

es

(p
ro

sp
ec

ti
v

el
y

co
ll

ec
te

d
)

3
7

p
o

in
ts

�
N

o
t

re
p

o
rt

ed
9

%
P

at
el

la
r

re
v

is
io

n
7

8
7

%
—

1
8

y
ea

rs

G
il

l
et

al
.

[1
1

]
IV

M
ix

ed
p

ro
sp

ec
ti

v
e/

re
tr

o
sp

ec
ti

v
e

ca
se

se
ri

es

3
7

.4
p

o
in

ts
�

N
o

t
re

p
o

rt
ed

2
2

%
In

fe
ct

io
n

/a
se

p
ti

c
lo

o
se

n
in

g
2

9
6

.5
%

—
1

8
y

ea
rs

D
u

ff
y

et
al

.
[1

0
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

4
8

p
o

in
ts

�
1

5
p

o
in

ts
N

o
n

e
In

st
ab

il
it

y
/p

at
el

la
r

fr
ac

tu
re

7
9

9
%

—
1

0
y

ea
rs

L
o

n
n

er
et

al
.

[2
2
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

4
1

p
o

in
ts

�
3

5
p

o
in

ts
N

o
n

e
W

ea
r/

lo
o

se
n

in
g

3
9

0
.6

%
—

8
y

ea
rs

H
o

fm
an

n
et

al
.

[1
6
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

3
1

p
o

in
ts

�
3

9
p

o
in

ts
N

o
n

e
N

o
n

e
re

p
o

rt
ed

0
N

o
t

re
p

o
rt

ed

M
o

n
t

et
al

.
[2

4
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

4
0

p
o

in
ts

�
N

o
t

re
p

o
rt

ed
2

0
%

P
ai

n
1

N
o

t
re

p
o

rt
ed

C
ro

w
d

er
et

al
.

[4
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

4
8

p
o

in
ts

�
N

o
t

re
p

o
rt

ed
N

o
n

e
W

ea
r/

o
st

eo
ly

si
s

6
1

0
0

%
—

1
5

y
ea

rs

T
ai

an
d

C
ro

ss
[3

5
]

IV
R

et
ro

sp
ec

ti
v

e
ca

se
se

ri
es

4
7

p
o

in
ts

�
2

6
p

o
in

ts
N

o
n

e
N

o
n

e
re

p
o

rt
ed

2
9

7
.5

%
—

1
2

y
ea

rs

D
u

ff
y

et
al

.
[9

]
IV

R
et

ro
sp

ec
ti

v
e

ca
se

se
ri

es
5

6
p

o
in

ts
�

2
6

p
o

in
ts

3
.8

%
In

st
ab

il
it

y
/w

ea
r/

o
st

eo
ly

si
s

1
1

8
5

%
—

1
5

y
ea

rs

*
H

o
sp

it
al

fo
r

S
p

ec
ia

l
S

u
rg

er
y

;
�
K

n
ee

S
o

ci
et

y
cl

in
ic

al
sc

o
re

.

578 Keeney et al. Clinical Orthopaedics and Related Research1

123



Table 4. Analysis of studies of TKAs in patients younger than 55 years using STROBE criteria

Category Number Item summary Number

of studies

Percentage

of studies

Title 1a Indicate the study’s design with a commonly used term in the title or the abstract 7 54%

Abstract 1b Provide in the abstract an informative and balanced summary of what was done

and what was found

12 92%

Introduction 2 Explain the scientific background and rationale for the investigation being reported 12 92%

Background 3 State specific objectives, including any prespecified hypotheses 1 8%

Methods 4 Present key elements of study design early in the paper 10 77%

5 Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, followup, and data collection

11 85%

6a Give the eligibility criteria and the sources and methods of selection of

participants; describe methods of followup

12 92%

6b Give matching criteria and numbers of [patients] treated and untreated 3 23%

7 Clearly define all outcomes, exposures, predictors, potential confounders, and

effect modifiers; give diagnostic criteria, if applicable

9 69%

8 For each variable of interest, give sources of data and details of methods of

assessment (measurement); describe comparability of assessment methods if

there is more than one group

0 0%

9 Describe any efforts to address potential sources of bias 0 0%

10 Explain how the study size was arrived at 6 46%

11 Explain how quantitative variables were handled in the analyses; if applicable,

describe which groupings were chosen, and why

4 31%

12a Describe all statistical methods, including those used to control for confounding 2 15%

12b Describe any methods used to examine subgroups and interactions 1 8%

12c Explain how missing data were addressed 1 8%

12d If applicable, explain how loss to followup was addressed 1 8%

12e Describe any sensitivity analyses 0 0%

Results 13a Report the numbers of individuals at each stage of the study (eg, the numbers

potentially eligible, examined for eligibility, confirmed eligible, included in the

study, completing followup, and analyzed)

3 23%

13b Give reasons for nonparticipation at each stage 0 0%

13c Consider use of a flow diagram 0 0%

14a Give characteristics of study participants and information regarding exposures and

potential confounders

13 100%

14b Indicate the number of participants with missing data for each variable of interest 0 0%

Descriptive data 14c Summarize followup time (eg, average and total amount) 11 85%

Outcome data 15 Report number of outcome events or summary measures with time 8 62%

Main results 16a Give unadjusted estimates and, if applicable, confounder-adjusted estimates and

their precision

3 23%

16b Report category boundaries when continuous variables were categorized 2 15%

16c If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time

1 8%

Other analyses 17 Report other analyses done (eg, analyses of subgroups and interactions, and

sensitivity analyses)

5 38%

Discussion 18 Summarize key results with reference to study objectives 11 85%

19 Discuss limitations of the study, taking into account sources of potential bias or

imprecision; discuss direction and magnitude of any potential bias

1 8%

20 Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant

evidence

3 23%

21 Discuss the generalizability (external validity) of the study results 10 77%

Funding 22 Give the source of funding and the role of the funders for the current study and, if

applicable, for the original study on which the current article is based

0 0%
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observed in between 3.8% and 30% of cases (mean, 14.5%)

with the patella and tibia being the most common locations

(Table 3). Progressive radiolucencies were not commonly

reported.

Component survivorship was either directly reported or

estimated by Kaplan-Meier analysis in 10 of the studies

with survivorship between 90.6% and 99% during the

initial 6 to 10 years and between 85% and 96.5% for

studies that projected at or beyond 15 years. Revisions for

patellar component failure, instability, or infection were the

most commonly reported complications, with component

revisions uncommon. Fifty revision procedures were doc-

umented among the 908 TKAs (5.5%), with a range of

revisions reported in individual studies from 3.4% to 18.6%

at 2 to 25.7 years (mean, 5–20 years).

Study heterogeneity and limited data reporting attenuate

the literature’s impact on guidance for surgical technique

and implant selection in younger patients. Cochran’s

Q-testing indicated significant heterogeneity among the

13 studies, with p values of 0 calculated for pain, clinical

score, incomplete, and functional score. Five studies

reported results for 414 TKAs without differentiating

between lower demand patients with inflammatory

arthropathy and potentially higher-demand patients with

osteoarthritis or posttraumatic arthritis [5, 10, 11, 16, 28].

The mean improvement in KS clinical score was

43.6 points in these studies. Two studies (91 TKAs)

reporting exclusively on patients with inflammatory

arthritis, [4, 34] noted a mean improvement in KS clinical

score of 40.8 points (range, 32–48 points). Six studies

(402 TKAs) reported specifically on patients with a diag-

nosis of either osteoarthritis or posttraumatic arthritis [7, 9,

22, 24, 32, 35], and noted a mean improvement in clinical

scores for this group of 42.9 points (range, 37–56 points).

Cementless fixation was used in only one study in this

group (118 TKAs) [35] with a KS clinical score improve-

ment of 47 points. Cemented fixation was used for all

patients in three studies [7, 9, 32], with a mean improve-

ment in KS or HSS clinical score of 41.4 points (range,

37–56 points). A posterior cruciate retaining design was

used exclusively in three studies [9, 24, 35], with a mean

improvement in KS clinical score of 48.3 points (range,

40–56 points). A posterior cruciate substituting design was

used exclusively in only two studies [7, 32], both reporting

a mean HSS score improvement of 37 points.

Discussion

TKA is being performed with increasing frequency in

younger and more active adults, yet the published data on

the clinical scores and long-term durability for TKA for

these patients are limited. The purposes of this study were

to assess the performance and durability of the TKA when

performed in young patients and to determine whether the

literature provides specific guidance with respect to

implant selection or fixation technique for TKA in young

patients.

We acknowledge substantial limitations of our review

largely reflecting limitations in the existing body of liter-

ature. First, the majority of studies are small, retrospective,

single-surgeon case series reporting on a heterogeneous

group of patients with respect to diagnosis, activity levels,

and surgical technique. Only six of the 13 articles that met

our inclusion criteria focused specifically on patients with

posttraumatic arthritis or osteoarthritis [7, 9, 22, 24, 32,

35]. Five studies included patients with a predominance of

rheumatoid arthritis without distinguishing clinical out-

comes on the basis of diagnosis or other potential

considerations [5, 10, 11, 16, 28], and two studies exclu-

sively reported on patients with rheumatoid arthritis

[4, 34]. Second, although variations in surgical technique

occurred in most studies, clinical scores were not reported

specific to the techniques used, including posterior cruciate

ligament management [4, 16, 32], fixation choice [22, 24],

tibial component modularity [5, 10], and patellar man-

agement [11, 16]. Third, defining TKA performance may

not be determined accurately from measurement tools

traditionally reported in the literature. Although the KS

clinical score consistently assesses knee status after TKA

[21], its focus on pain and knee examination may not

necessarily reflect physical function, return to desired level

of activity, or patient satisfaction. Although the KS func-

tion score incorporates elements of activity, walking, and

stair climbing, it was not assessed before and after surgery

for the majority of available studies on TKAs in younger

patients. Fourth, estimates for component survivorship (eg,

Kaplan-Meier survivorship curves) often were reported,

whereas actual long-term followup with patients enrolled

in the studies did not occur for a majority of patients. Stern

et al. [32] and Diduch et al. [7] presented the longest fol-

lowup for studies focused on patients with osteoarthritis or

posttraumatic arthritis, noting 87% survivorship at

18 years. However, the mean followup was 8 years (range,

3–18 years) and only 36 patients (31.5%) had documented

followups beyond 10 years postoperatively. The authors

calculated an annual implant failure rate up to the latest

followup and made a linear determination of implant sur-

vivorship based on revisions that had occurred. Duffy et al.,

reporting predominantly on patients with inflammatory

arthritis, noted 96% implant survival at 10 years but an

increase in polyethylene wear-related failures at 15 years

(85% survival), indicating the importance of followup

through the end of the second decade [10]. Because

younger patients likely will live long enough to require

revision surgery, more complete long-term followup is
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essential to provide an adequate assessment of durability.

Continuing and reporting followup through the second

decade are important to confirm whether implant survi-

vorship follows a linear or exponential curve beyond the

first decade. Finally, we excluded 37 articles published in

languages other than English. As we were unable to per-

form an adequate review of these publications, we cannot

exclude positive or negative impacts that these studies

might have on the total body of literature. However, with

the low percentage of articles that met our strict inclusion

criteria with publication in English (13 of 206 studies), we

anticipate similar weakness in reporting in the international

literature.

Our review showed improvement in mean Knee Society

clinical and functional scores that parallel the results

reported in studies that have not separated patients on the

basis of patient age [1, 2, 6, 8, 12, 19, 27, 30]. Although

physician-generated scores suggest improvement, reporting

biases that appear to overlook negative patient experiences

were identified during this review, including minimizing

the impact of revision procedures for patellar resurfacing,

polyethylene wear, instability, and stiffness (Table 1).

Bourne et al. recently reported patient satisfaction with

TKA is achieved by only 81% of patients [3]. Eight of the

13 studies in our review reported between 94% and 98% of

patients having a good or excellent result as defined by the

authors and generally attributed to a postoperative KS

clinical score greater than 80. Notably, four of the six

studies reporting on this patient group since 2000 noted

good or excellent clinical scores for only 81% to 87% [4, 9,

16, 22], more consistent with the report by Bourne et al.

[3]. The inclusion of patient-derived assessment tools, (eg,

SF-36, WOMAC, KOOS, satisfaction surveys) [37],

assessment of activity level (eg, UCLA activity score)

[25, 38], and functional performance testing (eg, stair

climbing, timed ambulation) [14], could limit the potential

for surgeon bias in reporting clinical and functional scores.

TKA component revisions were relatively uncommon in

these series. A few studies noted failures that may have

been related to design-specific considerations. Lonner et al.

excluded 12 patients (27%) from their study group because

an implant design was used that had a 75% rate of poly-

ethylene wear and failure in these younger patients [22].

Although component retention is a major factor in the

complexity of revision surgery, implant-related failures

may be underemphasized in the literature when only

component survivorship is considered. Hofmann et al.

noted five revisions (6.6%) performed for polyethylene

wear and seven liner revisions (9.3%) for instability but did

not present these as clinical failures [16].

Although guidelines may be extrapolated from research

that did not meet the criteria of this systematic review,

substantiation of specific techniques for TKA in young

patients has not been documented in the literature. The two

most recent studies most clearly stated their inclusion cri-

teria, and used a single implant and standardized surgical

technique, suggesting improvement in reporting quality [9,

35]. However, the authors did not define whether their

studies included all young patients who underwent surgery

or simply those treated with the specified protocol.

Because our systematic review was performed to con-

sider TKA performance and durability, we excluded some

studies [13, 15, 29, 36] that nonetheless provide valuable

information in our efforts to understand the results of TKA

performed for young patients. National, academic institu-

tional, and community registries have reported on revision

surgery rates among young patients. Himanen et al. reported

lower 10-year survival rates among patients younger than

60 years, male gender, and a diagnosis of osteoarthritis [15].

W-Dahl et al. noted increased cumulative rates of revision

for patients younger than 55 years compared with older

patients, but lower revision rates for TKA than for other

surgical procedures performed in this patient group,

including unicompartmental arthroplasty and proximal tib-

ial osteotomy [36]. Rand et al. reported survivorship

analysis for 11,606 TKAs performed in one institution

during a 22-year period and noted a lower estimated com-

ponent survivorship at 10 years for patients younger than

55 years and for patients with a primary diagnosis of

osteoarthritis [29]. Gioe et al. reported on implant survival

from a community registry for more than 1000 TKAs in

patients younger than 55 years and noted higher failure rates

for male patients and for patients undergoing either uni-

compartmental knee arthroplasty or cementless TKA [13].

Although the registry data are valuable in identifying

potential implant- or technique-related implant survivorship

data, important clinical questions including durability of

implants under sustained high activity levels, fixation tech-

niques, implant design selection, surgical techniques, and

the influence of perioperative protocols and rehabilitation on

functional recovery would be answered with greater cer-

tainty from retrospective or prospective studies conducted at

a higher level of evidence. The existing body of literature

regarding TKA in patients younger than 55 years consists of

studies with Level IV evidence. Although the levels of

evidence for a specific study indicate the potential for bias

and not the validity of results, the strength of conclusions

may be less certain when a collective body of evidence

contains studies with only the lowest levels of evidence [26].

Although prospective data collection might be inferred from

the majority of the articles, only one study specified pro-

spective entry or analysis [11]. Although Diduch et al. [7]

likely included patients initially enrolled in the study

reported by Stern et al. [32] from the same institution, they

did not specify whether the additional patients added to the

study were added in a retrospective or prospective fashion.
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General reporting quality weaknesses were noted across

the studies when using the STROBE criteria (Table 4).

Although all studies gave appropriate introduction to the

reasons for assessing this patient group, only two studies

specifically identified a study purpose or hypothesis [22,

35]. None of the studies discussed or explained missing

data or defined how they accounted for patients lost to

followup. Although clinical outcomes were reported in a

similar fashion by all of the studies, survivorship data

rarely were reported with confidence intervals [11, 35], and

only the most recently published study [9] specifically

acknowledged both statistical methods for evaluating data

and the presence of either bias or limitations. These

improvements in the most recently published studies may

reflect a change in research quality reporting or an eleva-

tion in standards for publication.

The use of TKA is increasing among patients younger

than 55 years. This collection of data provides important

and more generalized information regarding the results of

TKA in young patients and may be useful as baseline or

comparative data for future studies with this patient pop-

ulation. The existing literature suggests surgeon-reported

improvements in pain occur in a similar fashion as in other

patients undergoing TKA. However, many of these

younger patients are likely to outlive the period of report-

ing in the current literature. With a relatively low volume

of young patients in most individual surgeon practices,

multicenter collaboration and improving the details of data

submitted to registries will be important to provide more

reliable information to guide surgical decisions. Future

research should be directed to answer questions regarding

TKA implant design considerations, fixation methods, and

the effect of activity levels on the durability of TKA among

the most young and active patients, who may become a

large subpopulation undergoing TKAs during the next

20 years. Improvements in data reporting, emphasized

since release of the STROBE statement, will be beneficial

in improving the quality of systematic reviews and meta-

analyses to help guide clinical decisions.
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