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Purpose: Among a variety of conservative and surgical options to treat anterior cruciate 

ligament (ACL) injuries, we do not understand which options could potentially prevent knee 

osteoarthritis (OA). The aim of this systematic review was to examine the evidence pertaining 

to exercise treatment of ACL injuries in the context of knee OA.

Methods: Medline, Embase, CINAHL, PubMed, and PEDro (Physiotherapy Evidence Database) 

databases were systematically searched using keywords encompassed within four primary key 

terms: knee, osteoarthritis, anterior cruciate ligament, and exercise. Clinical studies evaluating 

the effect of an exercise treatment for ACL injuries on the development of knee OA in adult 

humans were included. The PEDro scale was used to critically assess the studies included in 

the review.

Results: Eighteen studies were included in this review, with a median PEDro score of 6/11 

(range, 2/11–9/11). Three studies provided statistical evidence that exercise following ACL injury 

lowered the risk for knee OA development. Nine studies demonstrated no benefit of exercise 

in preventing knee OA incidence relative to either operative treatment or the contralateral, 

unaffected knee. However, exercise resulted in higher knee instability. Nonetheless, there were 

no significant differences in subjective or objective knee outcomes for early versus late ACL 

reconstruction.

Limitations: This review was not registered through PROSPERO.

Conclusion: The relationship between a rehabilitative exercise for ACL injuries and long-term 

knee OA prevalence is inconclusive. However, research suggests initial conservative treatment 

with optional late ACL reconstruction because this treatment strategy may reduce the risk of 

knee OA. More research, ideally randomized controlled trials or comparable designs, is required 

prior to establishing clinical guidelines for ACL injury management.

Keywords: exercise therapy, knee, ligament, articular, osteoarthrosis, rehabilitation

Introduction
The most commonly injured ligament of the knee is the anterior cruciate ligament 

(ACL). Rupture, elongation, and/or fraying of the ACL often occur within activities 

that require pivoting movements such as soccer or basketball.1 Therefore, ACL injuries 

occur most frequently among young, competitive athletes.2 The primary function of 

the ACL is to stabilize the knee by resisting hyperextension, anterior tibial translation, 

and knee joint internal/external rotation.3 The ACL also helps to resist varus and valgus 

forces when the knee is in a flexed position.3 Injury of the ACL occurs when stresses 

applied directly or indirectly to the knee exceed the ACL tissue tolerance. Direct contact 
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injuries generally occur through a forceful valgus stress and 

often result in concomitant injuries to the medial meniscus 

and the medial collateral ligament.3 ACL injuries are most 

commonly caused through noncontact mechanisms. This 

indirect contact accounts for 70%–80% of all ACL injuries 

and is frequently attributed to poor body mechanics during 

jumping or pivoting.3

In the long term, elevated risks of knee osteoarthritis (OA) 

and poor knee function exist in those with ACL injuries, 

predominantly due to knee joint instability.1,4,5 In fact, OA 

affects up to 50% of individuals that have had an ACL injury.2 

OA can lead to chronic pain, limited function, as well as an 

overall reduction in the quality of life.6 To further contribute 

to knee OA risk, an ACL injury can occur concurrently with 

meniscal tears.1 The meniscus acts as a secondary stabilizer 

of the knee, and knee instability is associated with a high 

risk of OA development.5 A partial or total meniscectomy 

is often performed when the meniscus is injured, which is 

also recognized as a substantive risk factor in the develop-

ment of knee OA.1

There are no specific guidelines whether ACL injuries 

should be treated conservatively with rehabilitation programs, 

or with surgical reconstruction.2 Posttraumatic ACL injuries 

can be managed through different treatment options, including 

conservative (typically exercise combined with bracing and 

activity modification) and nonconservative (surgical repair of 

the ACL) approaches. The restoration of neuromuscular knee 

function after injury through exercise may play a key role 

in preventing the development of OA.6 However, operative 

treatment for an ACL injury is common, primarily due to its 

associated improvements in knee stability and better restora-

tion of activity level.2 While there is an abundance of research 

reviewing the effect of operative treatment on the develop-

ment of knee OA, there has been minimal research examining 

the long-term effects of exercise for ACL deficiency.7 Since 

poor muscle function is implicated in the development of OA, 

exercise, and rehabilitation after an ACL tear may be advanta-

geous for preventing the development of OA.6 Through the use 

of rigorous neuromuscular training, muscular function after an 

ACL injury can be effectively regained, including improve-

ments in strength, dynamic stability, postural awareness, and 

muscular coordination.8 As well, a conservative approach to 

ACL injuries eliminates the risk of surgical complications.8 

These complications include the risk of infection, arthrofibro-

sis, graft failure, donor site morbidity, and pain.8

The purpose of this review was to critically examine 

whether exercise after an ACL injury reduces the risk of 

knee OA development compared to an operational approach. 

Treatment effectiveness was evaluated using several outcome 

measures, including signs of knee degeneration on images 

acquired with a variety of modalities, as well as both subjec-

tive and objective measures of knee stability and function.

Methods
Search and evaluation strategy
Medline (1946–Present), Embase (1974–Present), CINAHL 

(1981–Present), PubMed, and Physiotherapy Evidence 

Database (PEDro) databases were systematically searched 

using keywords encompassed within four primary key terms: 

knee (5 keywords), osteoarthritis (11 keywords), anterior cruci-

ate ligament (4 keywords), and exercise (48 keywords) (Table 

1). After each search was performed, the publication titles and 

abstracts were evaluated based on specific inclusion/exclusion 

criteria. Inclusion criteria included the following: 1) full text 

journal article, 2) longitudinal design, 3) prescribed exercise 

intervention for ACL rupture, and 4) measurement of incidence 

of knee OA using an imaging modality (ie, radiographs, mag-

netic resonance imaging [MRI]). Study design (ie, randomized 

controlled trial [RCT], prospective/retrospective case series or 

cohort) was not restricted, however review papers (ie, narrative, 

systematic, meta-analyses) were not included. Studies were 

excluded if they did not use human participants who were over 

18 years of age. This search was last conducted in September 

2015. All articles were imported into Mendeley Desktop© (ver-

sion 1.14) through which duplicates were removed and articles 

were screened for inclusion.

Measurement of the incidence of  
knee OA
Several measurements of knee OA incidence were included 

in this review: 1) radiographs, 2) bone scans, 3) MRI, and 

4) signs and symptoms associated with knee function. These 

outcome measures were required to provide evidence of 

joint degradation associated with knee OA. Signs of joint 

space narrowing and osteophyte formation were noted on 

radiographs. In one study, bone scans were used to comple-

ment radiographic findings, with the regional specific changes 

evaluated and scored.9 MRI has been recently used to specifi-

cally evaluate regional changes in knee cartilage.10,11 Finally, 

clinical measurements of signs associated with impaired knee 

function due to ACL deficiency and knee OA, such as knee 

laxity were included.

Apart from imaging evidence of joint degradation, subjec-

tive and objective assessments of knee stability and function 

were often reported. Subjective and objective measurements 

were recorded in this review. Knee instability, range of 

motion, and laxity measurements may be evaluated primar-

ily using the Lachman test, pivot shift test, and side-to-side 
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Table 1 Search strategy; 68 key words within four key terms (knee, osteoarthritis, anterior cruciate ligament, exercise)

Knee (5) Osteoarthritis (11) Anterior cruciate ligament (4)

1.  Knee 
2.  Knee joint 
3.  Menisci, tibial 
4.  Patellofemoral joint 
5.  �Superior tibiofibular  

joint

  1.  aOsteoarthrit* 
  2.  Osteoarthritis, knee 
  3.  Osteoarthrosis 
  4.  Arthritis, degenerative 
  5.  Cartilage 
  6.  Cartilage, articular 
  7.  Fibrocartilage 
  8.  Menisci, tibial 
  9.  Joint instability 
10. I nstability, joint 
11.  Laxity, joint

1.  Anterior cruciate ligament 
2.  Cruciate ligament, anterior 
3.  Ligaments, articular 
4.  Medial collateral ligament, knee

Exercise (48)
  1. E xercises 
  2. E xercise, physical 
  3. E xercises, physical 
  4.  Physical exercise 
  5.  Physical exercises 
  6. E xercise, isometric 
  7. E xercises, isometric 
  8. I sometric exercises 
  9. I sometric exercise 
10. E xercise, aerobic 
11. E xercises, aerobic 
12.  Aerobic exercise

13.  Aerobic exercises 
14. E xercise movement techniques 
15.  Movement techniques, exercise 
16. E xercise movement technics 
17.  Pilates-based exercises 
18. E xercises, Pilates-based 
19.  Pilates based exercises 
20.  Muscle stretching exercise 
21.  Muscle stretching exercises 
22. E xercise, muscle stretching 
23. E xercises, muscle stretching 
24. � Proprioceptive neuromuscular  

facilitation (PNF) stretching

25.  Static stretching 
26.  Dynamic stretching 
27. I sometric stretching 
28.  Active stretching 
29.  Passive stretching 
30.  Relaxed stretching 
31.  Static-active stretching 
32.  Static-passive stretching 
33.  Circuit-based exercise 
34. �W eight-lifting exercise program
35. �W eight-lifting strengthening program
36. �W eight-bearing exercise program

37. �W eight-bearing strengthening 
program

38.  Resistance training 
39.  Strength training 
40.  Rehabilitation 
41. E xercise therapy 
42.  Physical therapy modalities 
43.  Physical therapy (specialty) 
44.  Physiotherapy 
45.  Physical therapy 
46.  Manipulation, orthopedic 
47.  Musculoskeletal manipulations 
48.  Kinesiology, applied

Note: aThe search term was specifically “osteoarthrit*” not osteoarthritis. This ensured that words such as osteoarthritic were also searched.
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laxity ($3 mm) using a KT-1000 arthrometer. Additional 

manual tests, such as the anterior drawer test, and flexion/

extension range of motion may also be used to evaluate knee 

stability. Studies may quantify lower limb muscle strength 

differences between the injured and uninjured knees.12–14 

Also, standardized subjective reports of knee function may be 

assessed using scores obtained from questionnaires, including 

the Knee Injury and Osteoarthritis Outcome Score, Interna-

tional Knee Documentation Committee (IKDC), Lysholm, 

and Short Form-36. Self-reported knee instability, pain, and 

swelling were also recorded. Finally, the activity level was 

evaluated predominantly using Tegner scores, however, 

subjective reports of sport or occupational modifications due 

to injury or treatment were reported.

Each of the included studies was reviewed to determine 

whether specific trends could be identified with respect to 

the relationship between conservative management of ACL 

injuries through exercise and the incidence of knee OA. This 

included considering related factors such as knee instability, 

length of follow-up period, and late surgical intervention.

Critical appraisal
Included studies were critically reviewed using the PEDro 

critical appraisal scale. The PEDro scale was developed to 

assist researchers in identifying clinical trials with adequate 

internal validity and interpretable outcomes based on 

sufficient statistical information.15 The PEDro scale appraises 

articles based on eleven criteria. These criteria involve the 

eligibility of study participants, allocation to groups, blind-

ing procedures, and the use of outcome measures.15 A high 

score on the PEDro scale indicates that the study has high 

internal validity.

Results
A total of 18 studies were included in this review. The search 

strategy elicited 2,260 articles. After duplicates were removed 

(562), 1,698 were screened by title and abstract. Thirty-seven 

full journal articles were reviewed for eligibility, with 18 

articles meeting all of the inclusion criteria. Studies were 

primarily excluded due to not specifically assessing OA 

using an imaging approach and/or describing the approach 

used to address cartilage changes, as well as not specifically 

describing an exercise treatment plan to conservatively treat 

the ACL injury. In addition, any review papers, those studies 

evaluating nonhuman participants or children (,18 years) 

were excluded. A summary of the included studies, specifi-

cally the PEDro score, sample, and intervention as well as the 

results, are shown in Table 2. Three of the studies reported a 

different set of outcome measures from the same sample and 

thus their results are integrated within the table.1,16,17

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4

Duncan et al

T
ab

le
 2

 S
um

m
ar

y 
of

 s
tu

di
es

 in
cl

ud
ed

 in
 r

ev
ie

w

A
ut

ho
r 

(y
ea

r)
;  

P
E

D
ro

 s
ca

le
 s

co
re

Sa
m

pl
e 

in
fo

rm
at

io
n;

 le
ng

th
  

of
 fo

llo
w

-u
p;

 r
et

en
ti

on
In

te
rv

en
ti

on
; r

et
en

ti
on

R
es

ul
ts

 s
um

m
ar

y

G
io

ve
 e

t 
al

13
 

6/
11

Sa
m

pl
e:

 n
=2

4 
M

 (
24

) 
A

ge
 (

FU
): 

30
.2

±5
.2

 y
 

Le
ng

th
 o

f F
U

: t
im

e 
fr

om
  

re
ha

bi
lit

at
io

n 
to

 F
U

:  
12

.8
±4

.7
3 

m
o 

T
im

e 
fr

om
 I 

to
 F

U
:  

44
.2

5±
48

.9
1 

m
o

In
te

rv
en

tio
n:

 
 �

A
ll 

tr
ea

te
d 

w
ith

 e
xe

rc
is

e 
 

pr
og

ra
m

 (
m

in
im

um
 o

f 7
 m

o)

1.
 �R

ad
io

gr
ap

hi
c 

(n
=2

2;
 t

w
o 

pa
tie

nt
s 

re
fu

se
d 

ra
di

og
ra

ph
s)

 
  
N
o 
st
at
is
tic
al
ly
 s
ig
ni
fic
an
t 
di
ffe
re
nc
es
 b
et
w
ee
n 
in
ju
re
d 
an
d 
he
al
th
y 
co
nt
ra
la
te
ra
l k
ne
es

 
  

13
/2

2 
in

ju
re

d 
kn

ee
s,

 7
/2

2 
co

nt
ra

la
te

ra
l k

ne
es

 h
ad

 d
eg

en
er

at
iv

e 
ch

an
ge

s
2.

 �I
ns

ta
bi

lit
y,

 r
an

ge
 o

f m
ot

io
n 

an
d 

la
xi

ty
 

  �
H

ig
h 

pe
rc

en
ta

ge
 o

f p
ar

tic
ip

an
ts

 h
ad

 p
os

iti
ve

 a
nt

er
io

r 
dr

aw
er

 (
ne

ut
ra

l [
96

%
], 

15
° 

(e
xt

er
na

l 
ro

ta
tio

n 
[7

9%
])

, a
nd

 L
ac

hm
an

 t
es

ts
 (

96
%

)
  
N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
in
 r
an
ge
s 
of
 m
ot
io
n 
be
tw
ee
n 
in
ju
re
d 
an
d 
co
nt
ra
la
te
ra
l k
ne
es

3.
 �M

us
cl

e 
st

re
ng

th
 

  �
N

o 
di

ffe
re

nc
e 

in
 s

tr
en

gt
h 

be
tw

ee
n 

in
ju

re
d 

an
d 

co
nt

ra
la

te
ra

l k
ne

es
, b

ut
 q

ua
dr

ic
ep

s 
12

%
 

st
ro

ng
er

 t
ha

n 
ha

m
st

ri
ng

s 
in

 in
ju

re
d 

lim
b 

an
d 

15
%

 s
tr

on
ge

r 
in

 c
on

tr
al

at
er

al
 li

m
b 

(P
=0

.0
05

)
4.

 �A
ct

iv
ity

 le
ve

l 
  �

O
f n

=2
4 

re
tu

rn
in

g 
to

 a
ct

iv
ity

: 3
= 

pr
ei

nj
ur

y 
le

ve
l (

no
 s

ym
pt

om
s)

, 1
1=

 fu
ll 

ac
tiv

ity
 (

oc
ca

si
on

al
 

sy
m

pt
om

s)
, 8

= 
lim

ite
d 

ac
tiv

ity
 (

m
od

er
at

e 
to

 s
ev

er
e 

sy
m

pt
om

s)
, 2

= 
m

in
im

al
 p

ar
tic

ip
at

io
n

H
aw

ki
ns

 e
t 

al
22

 
2/

11
Sa

m
pl

e:
 n

=4
0 

M
 (

31
): 

W
 (

9)
 

A
ge

 (
I):

 2
2±

13
 y

 
Le

ng
th

 o
f F

U
: 

45
 (

rn
g,

 2
4–

79
 m

o)

In
te

rv
en

tio
n:

 
 

A
ll 

tr
ea

te
d 

w
ith

 a
n 

ex
er

ci
se

 p
ro

gr
am

 
 

La
te

 r
ec

on
st

ru
ct

io
n 

(3
0%

) 
R

et
en

tio
n:

 2
8/

40
 

 
(n

on
op

er
at

iv
e)

 
 

23
/2

8 
ra

di
og

ra
ph

s 
 

28
/2

8 
in

te
rv

ie
w

ed
 a

nd
 e

xa
m

in
ed

1.
 �R

ad
io

gr
ap

hi
c 

  
10

/2
3 

ha
d 

so
m

e 
de

ge
ne

ra
tiv

e 
ch

an
ge

s 
  

1/
23

 h
ad

 m
od

er
at

e 
O

A
 

  
4/

23
 h

ad
 m

ild
 o

r 
m

in
im

al
 O

A
2.

 �S
el

f-r
ep

or
te

d 
sy

m
pt

om
s/

ra
tin

g 
  �

Pa
rt

ic
ip

an
ts

 r
ep

or
te

d 
in

st
ab

ili
ty

/g
iv

in
g 

w
ay

 (
86

%
), 

ad
eq

ua
te

 o
r 

fu
lly

 fu
nc

tio
na

l (
61

%
), 

pa
rt

ic
ip

at
in

g 
in

 s
po

rt
s 

w
ith

 li
tt

le
 o

r 
no

 li
m

ita
tio

n 
(5

7%
), 

no
 p

ai
n 

(4
6%

) 
or

 m
ild

 p
ai

n 
w

ith
 

ac
tiv

ity
 (

36
%

), 
oc

ca
si

on
al

 o
r 

no
 s

w
el

lin
g 

(8
9%

)
  

O
ve

ra
ll 

ra
tin

gs
 g

oo
d 

(1
2.

5%
), 

fa
ir

 (
57

.5
%

), 
po

or
 (

30
%

)
K

an
nu

s 
an

d 
 

Ja
rv

in
en

14
 

5/
11

Sa
m

pl
e:

 n
=9

8 
M

 (
71

): 
W

 (
27

) 
A

ge
 (

I):
 3

2±
13

 y
 

 �I
n

ju
ry

 fr
om

 s
po

rt
  

re
la

te
d 

tr
au

m
a 

(4
8%

)
Le

ng
th

 o
f F

U
: 8

.0
±2

.3
 y

In
te

rv
en

tio
n:

 
 �

A
ll 

tr
ea

te
d 

w
ith

 e
xe

rc
is

e 
pr

og
ra

m
  

(o
nl

y 
in

iti
al

 o
pe

ra
tiv

e 
 

pr
oc

ed
ur

e 
w

as
 m

en
is

ce
ct

om
y)

 �
La

te
 A

C
L 

re
co

ns
tr

uc
tio

n 
(3

5%
); 

 
du

ri
ng

 t
he

 F
U

 p
er

io
d 

(2
0%

) 
 

an
d 

at
 F

U
 (

15
%

)
R

et
en

tio
n:

 9
0/

98
 

G
ra

de
 III

 i
nj

ur
y 

(4
9/

90
)

 
G

ra
de

 II
 in

ju
ry

 (
41

/9
0)

1.
 �R

ad
io

gr
ap

hi
c 

  �
G

ra
de

 III
: 

70
%

 h
ad

 s
ig

ns
 o

f O
A

 (
in

cl
ud

in
g 

os
te

op
hy

te
s,

 s
ub

ch
on

dr
al

 s
cl

er
os

is
 a

nd
 jo

in
t 

sp
ac

e 
na

rr
ow

in
g)

  
G

ra
de

 II
: 1

5%
 h

ad
 s

ig
ns

 o
f O

A
 (

si
m

ila
r 

ch
an

ge
s 

to
 g

ra
de

 III
)

2.
 �I

ns
ta

bi
lit

y,
 r

an
ge

 o
f m

ot
io

n 
an

d 
la

xi
ty

 
  �

G
ra

de
 III

: 
95

%
 w

er
e 

se
ve

re
ly

 (
3+

) 
or

 g
ro

ss
ly

 (
4+

) 
un

st
ab

le
 a

nt
er

io
rl

y 
(a

s 
pe

r 
an

te
ri

or
 

dr
aw

er
 a

nd
 L

ac
hm

an
 t

es
ts

)
  

G
ra

de
 II

: i
ns

ta
bi

lit
y 

le
ss

 s
ev

er
e 

bu
t 

co
m

pa
ra

bl
e 

fr
eq

ue
nc

y 
to

 G
ra

de
 III


3.

 �M
us

cl
e 

st
re

ng
th

 
  
G
ra
de
 II
I: 
st
re
ng
th
 d
efi
ci
ts
 –
 e
xt
en
si
on
 (
20
%

±1
8%

) 
an
d 
fle
xi
on
 (
16
%

±1
5%

) 
  
G
ra
de
 II
: s
tr
en
gt
h 
de
fic
its
 –
 e
xt
en
si
on
 (
6%

±1
0%

) 
an
d 
fle
xi
on
 (
4%

±8
%

)
4.

 �A
ct

iv
ity

 le
ve

l 
  �

G
ra

de
 III

: 
80

%
 r

ed
uc

ed
 a

ct
iv

ity
 le

ve
l, 

25
%

 c
ha

ng
ed

 o
cc

up
at

io
ns

 d
ue

 t
o 

kn
ee

 s
ym

pt
om

s;
  

40
%

 s
us

ta
in

ed
 s

ev
er

al
 r

e-
in

ju
ri

es
  �

G
ra

de
 II

: 6
6%

 h
ad

 s
am

e 
pr

ei
nj

ur
y 

ac
tiv

ity
 le

ve
l, 

7%
 c

ha
ng

ed
 o

cc
up

at
io

ns
; 1

5%
 s

us
ta

in
ed

 
se

ve
ra

l r
e-

in
ju

ri
es

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5

Exercise, ACL injury and knee OA prevention

Pa
tt

ee
 e

t 
al

21
 

3/
11

Sa
m

pl
e:

 n
=6

8 
M

 (
37

): 
W

 (
12

) 
A

ge
 (

I):
 2

7 
(r

ng
, 1

6–
46

 y
) 

Le
ng

th
 o

f F
U

: 
67

 (
rn

g,
 4

8–
12

2 
m

o)

In
te

rv
en

tio
n:

 
 

A
ll 

tr
ea

te
d 

w
ith

 e
xe

rc
is

e 
pr

og
ra

m
 

 �
La

te
 A

C
L 

re
co

ns
tr

uc
tio

n 
 

(n
=9

, 1
8%

) 
(e

xc
lu

de
d 

fr
om

 a
na

ly
si

s)
R

et
en

tio
n:

 4
9/

68
 

 
9 

ex
cl

ud
ed

 fr
om

 a
na

ly
si

s 
 

40
/6

8 
qu

es
tio

nn
ai

re
s 

 
31

/4
0 

ph
ys

ic
al

 e
xa

m
 

 
20

/3
1 

ra
di

og
ra

ph
s

1.
 R

ad
io

gr
ap

hi
c 

(n
=2

0/
31

)
  
�35
%
 s
ho
w
ed
 n
or
m
al
 r
ad
io
gr
ap
hs
, 5
0%
 h
ad
 m
ild
 fl
at
te
ni
ng
 o
f t
he
 fe
m
or
al
 c
on
dy
le
, 1
5%
 h
ad
 m
ild
 

su
bc

ho
nd

ra
l s

cl
er

os
is 

an
d 

os
te

op
hy

te
s, 

no
ne

 h
ad

 jo
in

t s
pa

ce
 n

ar
ro

w
in

g
2.

 I
ns

ta
bi

lit
y,

 r
an

ge
 o

f m
ot

io
n 

an
d 

la
xi

ty
 (n

=3
1/

40
)

  
Ph

ys
ic

al
 e

xa
m

: 8
7%

 h
ad

 p
iv

ot
 s

hi
fts

; a
ll 

pa
rt

ic
ip

an
ts

 h
ad

 p
os

iti
ve

 L
ac

hm
an

 te
st

s 
  �

C
lin

ic
al

 te
st

 (K
T-

10
00

): 
av

er
ag

e 
of

 3
.1

 m
m

 g
re

at
er

 a
nt

er
io

r 
di

sp
la

ce
m

en
t c

om
pa

re
d 

to
 

co
nt

ra
la

te
ra

l k
ne

e
3.

 S
el

f-r
ep

or
te

d 
sy

m
pt

om
s/

ra
tin

g 
(n

=4
0)

  
Pa

rt
ic

ip
an

ts
 r

ep
or

te
d 

in
st

ab
ili

ty
 (6

5%
), 

gi
vi

ng
 w

ay
 (3

5%
), 

pa
in

 (6
0%

), 
an

d 
m

ild
 s

w
el

lin
g 

(4
0%

)
D

an
ie

l e
t 

al
9  

6/
11

Sa
m

pl
e:

 n
=2

98
 

A
ge

 (
I):

 (
rn

g,
 1

5–
44

 y
;  

in
 9

1%
 o

f p
ar

tic
ip

an
ts

) 
Sa

m
pl

e 
at

 F
U

: 
n=

29
2 

M
 (

20
4)

: W
 (

88
) 

Le
ng

th
 o

f F
U

: 
64

 (
rn

g,
 4

6–
11

3 
m

o)

In
te

rv
en

tio
n:

 
1.

 �G
ro

up
 1

: e
ar

ly
 s

ta
bl

e,
 e

xe
rc

is
e 

 
(n

=5
4)

2.
 �G

ro
up

 2
: e

ar
ly

 u
ns

ta
bl

e,
 e

xe
rc

is
e 

 
(n

=1
47

)
3.

 �G
ro

up
 3

: e
ar

ly
 r

ec
on

st
ru

ct
io

n 
 

(n
=4

5)
4.

 G
ro

up
 4

: l
at

e 
re

co
ns

tr
uc

tio
n 

(n
=4

6)
 

R
et

en
tio

n:
 2

92
/2

98
 

 
28

5/
29

2 
in

te
rv

ie
w

ed
 a

nd
 e

xa
m

in
ed

 
 

7/
29

2 
in

te
rv

ie
w

ed
 

 
23

1/
29

2 
ra

di
og

ra
ph

s 
 

24
5/

29
2 

fu
nc

tio
na

l t
es

ts
 

 
26

3/
29

2 
m

ot
io

n 
m

ea
su

re
m

en
ts

  �
20

8 
kn

ee
s 

un
de

rw
en

t a
rt

hr
os

co
py

 to
 v

er
ify

 te
ar

s; 
n=

2 
(1

%
) o

f u
ns

ta
bl

e 
an

d 
n=

9 
(5

0%
) o

f s
ta

bl
e 

kn
ee

s 
di

d 
no

t h
av

e 
te

ar
s

  
Re

co
ns

tr
uc

te
d 

pa
tie

nt
s 

ha
d 

hi
gh

er
 in

ci
de

nc
e 

of
 m

en
isc

al
 s

ur
ge

ry
 

  
49

%
 o

f p
at

ie
nt

s 
w

ith
 a

n 
A

C
L 

in
ju

ry
 h

ad
 a

 m
en

isc
al

 te
ar

 
1.

 R
ad

io
gr

ap
hi

c 
(n

=2
31

/2
92

) a
nd

 b
on

e 
sc

an
 (n

=1
65

/2
92

)
  

G
re

at
er

 d
eg

en
er

at
iv

e 
ch

an
ge

s 
on

 b
ot

h 
sc

an
s 

in
 o

pe
ra

tiv
e 

gr
ou

ps
 

  
A

ll 
sc

or
es

 w
er

e 
ge

ne
ra

lly
 lo

w
; r

ad
io

gr
ap

h 
(5

.8
, r

ng
 0

–3
2;

 m
ax

im
um

 p
os

sib
le

 s
co

re
: 8

3)
,  

  
bo

ne
 s

ca
n 

(8
.6

, r
ng

 0
–2

4;
 m

ax
im

um
 p

os
sib

le
 s

co
re

: 2
4)

2.
 I

ns
ta

bi
lit

y,
 r

an
ge

 o
f m

ot
io

n 
an

d 
la

xi
ty

  
�D
iff
er
en
ce
 b
et
w
ee
n 
no
rm
al
 a
nd
 in
ju
re
d 
kn
ee
 in
 G
ro
up
 1
 s
ig
ni
fic
an
tly
 d
iff
er
en
t f
ro
m
 o
th
er
 

gr
ou

ps
 (P

,
0.

00
1)

 fo
r 

K
T-

10
00

 te
st

s, 
qu

ad
ric

ep
s 

ac
tiv

e 
te

st
 a

nd
 m

an
ua

l m
us

cl
e 

te
st

  �
89

%
–9

3%
 o

f G
ro

up
 1

, 1
6%

–5
5%

 o
f G

ro
up

 2
, 3

3%
–6

4%
 o

f G
ro

up
 3

 a
nd

 3
0%

–6
1%

 o
f G

ro
up

 4
 

ha
d 

di
sp

la
ce

m
en

t m
ea

su
re

m
en

ts
 ,

3 
m

m
, d

ep
en

di
ng

 o
n 

th
e 

te
st

3.
 �S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

 
  

G
ro

up
 1

 p
er

fo
rm

ed
 b

et
te

r 
on

e-
le

gg
ed

 h
op

 c
om

pa
re

d 
to

 a
ll 

ot
he

r 
gr

ou
ps

 (P
,

0.
05

)
4.

 �S
el

f-r
ep

or
te

d 
sy

m
pt

om
s/

ra
tin

g 
  �

N
o 

pa
rt

ic
ip

an
t c

ha
ng

ed
 o

cc
up

at
io

ns
, b

ut
 s

po
rt

s 
pa

rt
ic

ip
at

io
n 

re
du

ce
d 

in
 a

ll 
gr

ou
ps

 (4
4%

–5
5%

)
  

G
ro

up
 1

 h
ad

 lo
w

er
 s

ym
pt

om
s 

an
d 

im
pa

irm
en

ts
 c

om
pa

re
d 

to
 a

ll 
ot

he
r 

gr
ou

ps
Fi

nk
 e

t 
al

12
 

5/
11

Sa
m

pl
e:

 n
=1

13
 

 �
N

o 
di

ffe
re

nc
e 

in
 s

po
rt

s 
 

pa
rt

ic
ip

at
io

n 
or

 a
ct

iv
ity

-r
el

at
ed

  
sy

m
pt

om
s 

be
tw

ee
n 

gr
ou

ps
 (P

.
0.

05
)

Sa
m

pl
e 

at
 F

U
II:

 
O

pe
ra

tiv
e 

 
n=

46
 

 
M

 (3
7)

: W
 (9

) 
 

A
ge

 (I
): 

33
.6

±8
.0

 y
 

Ex
er

ci
se

 
 

n=
25

 
 

M
 (1

8)
: W

 (7
) 

 
A

ge
 (I

): 
32

.3
±9

.9
 y

 
Le

ng
th

 o
f F

U
: 

Fi
rs

t F
U

 (F
U

I):
 7

4.
2±

8.
1 

m
o 

Se
co

nd
 F

U
 (F

U
II)

: 1
32

.2
±8

.1
 m

o

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=7
2)

 
 E

x
er

ci
se

 (
n=

41
) 

 �
La

te
 A

C
L 

re
co

ns
tr

uc
tio

n 
 

(n
=2

 b
et

w
ee

n 
FU

I a
nd

 F
U

II)
R

et
en

tio
n:

 
 

O
pe

ra
tiv

e 
 

FU
I =

72
.2

%
; 

 
FU

II 
=6

3.
9%

 (
n=

46
) 

 E
x

er
ci

se
 

 
FU

I =
78

.1
%

; 
 

FU
II 

=6
1%

 (
n=

25
)

1.
 R

ad
io

gr
ap

hi
c

  �
M

ild
-to

-m
od

er
at

e 
de

ge
ne

ra
tiv

e 
ch

an
ge

s w
er

e 
no

t d
iff

er
en

t b
et

w
ee

n 
op

er
at

ive
 a

nd
 e

xe
rc

ise
 g

ro
up

s 
(P

.
0.

05
) b

ut
 d

id
 in

cr
ea

se
 o

ve
r 

tim
e 

(p
re

in
ju

ry
 to

 F
U

I a
nd

 F
U

II)
 in

 b
ot

h 
gr

ou
ps

 (P
,

0.
05

)
2.

 I
ns

ta
bi

lit
y,

 r
an

ge
 o

f m
ot

io
n 

an
d 

lax
ity

  �
K

T-
10

00
: g

re
at

er
 s

id
e-

to
-s

id
e 

lax
ity

 (P
,

0.
05

) a
nd

 h
igh

er
 in

cr
ea

se
 o

ve
r 

tim
e 

(P
,

0.
05

) f
or

 e
xe

rc
ise

 
gr

ou
p 

co
m

pa
re

d 
to

 o
pe

ra
tiv

e
3.

 S
ta

nd
ar

di
ze

d 
Su

bj
ec

tiv
e 

sc
or

es
  

FU
I a

nd
 II

 –
 o

pe
ra

tiv
e 

hi
gh

er
 L

ys
ho

lm
 a

nd
 O

rt
ho

pa
ed

isc
he

 A
rb

ei
ts

gr
up

pe
 K

ni
e 

sc
or

es
 th

an
  

  
ex

er
cis

e 
(P

,
0.

05
) 

N
ot

e:
 F

U
I a

nd
 F

U
II 

no
t d

iff
er

en
t (

P.
0.

05
) 

  I
K

D
C

 s
co

re
s 

at
 F

U
II:

 
  
N
o 
pa
tie
nt
s 
sc
or
ed
 “
no
rm
al”

 
  
43
.5
%
 o
pe
ra
tiv
e/
4.
3%
 e
xe
rc
ise
 “
ne
ar
ly 
no
rm
al”

 
  
52
.1
%
 in
 o
pe
ra
tiv
e 
gr
ou
p 
an
d 
52
.1
%
 in
 e
xe
rc
ise
 g
ro
up
 w
er
e 
“a
bn
or
m
al”

 
  
4.
3%
 o
pe
ra
tiv
e/
43
.5
%
 e
xe
rc
ise
 “
se
ve
re
ly 
ab
no
rm
al”

(C
on

tin
ue

d )

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6

Duncan et al

T
ab

le
 2

 (
Co

nt
in

ue
d)

A
ut

ho
r 

(y
ea

r)
;  

P
E

D
ro

 s
ca

le
 s

co
re

Sa
m

pl
e 

in
fo

rm
at

io
n;

 le
ng

th
  

of
 fo

llo
w

-u
p;

 r
et

en
ti

on
In

te
rv

en
ti

on
; r

et
en

ti
on

R
es

ul
ts

 s
um

m
ar

y

4.
 M

us
cle

 s
tr

en
gt

h
  �

H
igh

er
 k

ne
e 

ex
te

ns
or

 to
rq

ue
 (P

,
0.

05
) i

n 
co

nt
ra

lat
er

al 
lim

b 
of

 e
ac

h 
gr

ou
p 

co
m

pa
re

d 
to

 in
ju

re
d 

lim
b  

Si
m
ila
r 
kn
ee
 fl
ex
or
 to
rq
ue
 (P

.
0.

05
) b

et
w

ee
n 

lim
bs

 o
f e

ac
h 

gr
ou

p 
5. 

Se
lf-

re
po

rt
ed

 s
ym

pt
om

s/
ra

tin
g

  
FU

I a
nd

 II
 –

 o
pe

ra
tiv

e 
hi

gh
er

 s
el

f-r
ep

or
te

d 
ra

tin
g 

th
an

 e
xe

rc
ise

 (P
,

0.
05

)
6. 

A
ct

iv
ity

 le
ve

l
  �

O
pe

ra
tiv

e 
m

ai
nt

ai
ne

d 
hi

gh
er

 a
ct

iv
ity

 le
ve

l t
ha

n 
ex

er
ci

se
, b

ut
 b

ot
h 

gr
ou

ps
 r

ed
uc

ed
 o

ve
r 

tim
e 

(P
,

0.
05

)
  �

H
ig

he
r 

pe
rc

en
ta

ge
 o

f o
pe

ra
tiv

e 
gr

ou
p 

(P
,

0.
05

) c
ou

ld
 m

ai
nt

ai
n 

oc
cu

pa
tio

n 
at

 p
re

in
ju

ry
 le

ve
l 

(9
5.

6%
) c

om
pa

re
d 

to
 e

xe
rc

ise
 (7

3.
9%

)
Fi

th
ia

n 
et

 a
l19

 
5/

11
Sa

m
pl

e:
 n

=2
87

 
Sa

m
pl

e 
at

 F
U

: 
M

 (
10

1)
: W

 (
10

8)
 

A
ge

 (
FU

): 
39

 (
rn

g,
 1

6–
69

 y
) 

Le
ng

th
 o

f F
U

: 
6.

6 
(r

ng
, 3

–1
0 

y)

In
te

rv
en

tio
n:

 
 

Pa
rt

ic
ip

an
ts

 a
ss

ig
ne

d 
to

  
 

1/
3 

gr
ou

ps
 b

as
ed

 o
n 

in
iti

al
  

 
kn

ee
 s

ta
bi

lit
y 

te
st

in
g 

an
d 

 
pr

ei
nj

ur
y 

sp
or

ts
 p

ar
tic

ip
at

io
n 

le
ve

l: 
1.

 �H
ig

h 
ri

sk
 (

n=
55

) 
Ea

rl
y 

op
er

at
iv

e 
(n

=3
1)

 
�Ea

rl
y 

ex
er

ci
se

 (
n=

24
) 

(n
=1

8 
no

 la
te

 
op

er
at

iv
e 

[A
C

L 
re

co
ns

tr
uc

tio
n]

)
2.

 �M
od

er
at

e 
ri

sk
 (

n=
72

) 
Ea

rl
y 

op
er

at
iv

e 
(n

=2
6)

 
�Ea

rl
y 

ex
er

ci
se

 (
n=

46
) 

[n
=3

0 
no

 la
te

 
op

er
at

iv
e]

3.
 �L

ow
 r

is
k 

(n
=8

2)
 

Ea
rl

y 
op

er
at

iv
e 

(n
=6

) 
Ea

rl
y 

ex
er

ci
se

 (
n=

76
) 

 
[n

=6
5 

no
 la

te
 o

pe
ra

tiv
e]

N
ot
e:
 “
ex
er
ci
se
” 
w
ill
 in
di
ca
te
 n
o 

 
ea

rl
y 

or
 la

te
 A

C
L 

re
co

ns
tr

uc
tio

n
Re

te
nt

io
n:

 
 

21
0/

28
7 

at
 F

U
 

 �
1 

ex
cl

ud
ed

 d
ue

 t
o 

su
rg

er
y 

re
ce

iv
ed

  
el

se
w

he
re

; 1
1 

in
ju

re
d 

no
ni

nd
ex

 k
ne

e 
 

(e
xc

lu
de

d 
fr

om
 a

na
ly

sis
 t

ha
t 

re
qu

ir
ed

  
co

m
pa

ri
so

ns
 t

o 
no

ni
nd

ex
 k

ne
e)

  �
Lo

w
 r

isk
 g

ro
up

 h
ad

 fe
w

er
 la

te
r 

su
rg

er
ie

s 
(1

6%
) t

ha
n 

m
od

er
at

e 
an

d 
hi

gh
 r

isk
 g

ro
up

s, 
co

lle
ct

iv
el

y 
 

(3
3%

; P
=0

.0
08

)
1.

 R
ad

io
gr

ap
hi

c
  �

O
pe

ra
tiv

e 
ha

d 
hi

gh
er

 p
re

va
le

nc
e 

of
 O

A
 t

ha
n 

ex
er

ci
se

 a
t 

la
te

ra
l (

39
%

/2
5%

; P
=0

.0
3)

,  
pa

te
llo

fe
m

or
al

 (
71

%
/5

7%
; P

=0
.0

3)
 a

nd
 a

nt
er

io
r 

(1
8%

/6
%

; P
=0

.0
04

) 
jo

in
t 

sp
ac

es
2.

 I
ns

ta
bi

lit
y, 

ra
ng

e 
of

 m
ot

io
n 

an
d 

la
xi

ty
  

Pi
vo

t 
sh

ift
 a

nd
 L

ac
hm

an
 t

es
t: 

op
er

at
iv

e 
ha

d 
lo

w
er

 s
co

re
s 

th
an

 e
xe

rc
is

e 
(P

,
0.

00
1)

 
  �

K
T-

10
00

: h
ig

h 
ri

sk
 (

P=
0.

00
2)

, m
od

er
at

e 
ri

sk
 (P

=0
.0

02
), 

an
d 

lo
w

 r
is

k 
(P

=0
.0

4)
 h

ad
 le

ss
  

m
an

ua
l m

ax
im

um
 d

is
pl

ac
em

en
t 

th
an

 e
xe

rc
is

e 
in

 s
am

e 
ri

sk
 g

ro
up

s
3.

 S
ta

nd
ar

di
ze

d 
Su

bj
ec

tiv
e 

sc
or

es
  

Sh
or

t 
Fo

rm
-3

6 
(S

F-
36

): 
op

er
at

iv
e 

hi
gh

er
 o

n 
al

l s
ub

sc
al

es
 c

om
pa

re
d 

to
 e

xe
rc

is
e 

  �I
K

D
C

: o
pe

ra
tiv

e 
ha

d 
hi

gh
er

 p
er

ce
nt

ag
e 

of
 p

ar
tic

ip
an

ts
 s

co
re

d 
as

 n
or

m
al

 o
r 

ne
ar

ly
 n

or
m

al
 

(8
3%

) 
co

m
pa

re
d 

to
 e

xe
rc

is
e 

(3
3%

; P
,

0.
00

1)
  

Ly
sh

ol
m

 s
co

re
: o

pe
ra

tiv
e 

hi
gh

er
 s

co
re

 t
ha

n 
ex

er
ci

se
 (

P,
0.

05
)

4.
 A

ct
iv

ity
 le

ve
l

  �
Te

gn
er

 s
co

re
: a

ll 
gr

ou
ps

 h
ad

 r
ed

uc
ed

 s
co

re
s 

(P
,

0.
00

1)
, e

ar
ly

 o
pe

ra
tiv

e 
ha

d 
hi

gh
er

 s
co

re
s 

 
th

an
 e

xe
rc

is
e 

(P
,

0.
00

1)
 a

nd
 la

te
 o

pe
ra

tiv
e 

(P
=0

.0
07

)
5.

 S
el

f-r
ep

or
te

d 
sy

m
pt

om
s/

ra
tin

g
  E

x
er

ci
se

 g
ro

up
 h

ad
 h

ig
he

r 
in

st
ab

ili
ty

 r
at

e 
(g

iv
in

g-
w

ay
 e

pi
so

de
s)

 t
ha

n 
op

er
at

iv
e 

(P
=0

.0
09

) 
  �

O
pe

ra
tiv

e 
be

tt
er

 a
bl

e 
to

 w
al

k 
(P

=0
.0

4)
 a

nd
 c

lim
b 

(P
=0
.0
47
), 
bu
t 
ha
d 
m
or
e 
di
ffi
cu
lty
 k
ne
el
in
g 

 
(P

=0
.0

2)
 t

ha
n 

ex
er

ci
se

M
eu

ni
er

 e
t 

al
20

 
7/

11
Sa

m
pl

e:
 n

=1
00

 
O

pe
ra

tiv
e 

 
n=

44
 

 
M

 (
33

): 
W

 (
11

) 
 

A
ge

 (
I)=

 2
2 

(r
ng

, 1
4–

30
 y

)

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=4
2)

 
 E

x
er

ci
se

 (
n=

52
) 

 
La

te
 A

C
L 

re
co

ns
tr

uc
tio

n 
 

 
(n

=1
6,

 3
1%

)

  �
M

en
isc

us
 in

ju
ry

 p
re

va
le

nc
e 

lo
w

er
 in

 th
e 

op
er

at
iv

e 
gr

ou
p 

(1
2%

) c
om

pa
re

d 
to

 e
xe

rc
ise

 g
ro

up
 (3

5%
) 

(P
=0

.0
15

)
1. 

Ra
di

og
ra

ph
ic

  
N
o 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 O
A
 p
re
va
le
nc
e 
be
tw
ee
n 
op
er
at
iv
e 
an
d 
ex
er
ci
se
 g
ro
up
s 

  
50

%
 s

ho
w

ed
 O

A
 c

ha
ng

es
 a

fte
r 

15
 y

, b
ut

 ,
10

%
 s

ho
w

ed
 s

ev
er

e 
O

A
 c

ha
ng

es

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

7

Exercise, ACL injury and knee OA prevention

Ex
er

ci
se

 
 

n=
56

 
 

M
 (

35
): 

W
 (

21
) 

 
A

ge
 (

I) 
= 

21
 (

rn
g,

 1
4–

30
 y

) 
Le

ng
th

 o
f F

U
:1

5±
1 

y

R
et

en
tio

n:
 

 
O

pe
ra

tiv
e 

(4
2/

44
) 

 E
x

er
ci

se
 (

52
/5

6)

2. I
n

st
ab

ili
ty

, r
an

ge
 o

f m
ot

io
n 

an
d 

la
xi

ty
  �

O
pe

ra
tiv

e 
gr

ou
p 

ha
d 

re
du

ce
d 

ra
ng

e 
of

 m
ot

io
n 

(P
=0

.0
01

3)
 b

ut
 b

et
te

r 
kn

ee
 s

ta
bi

lit
y 

(L
ac

hm
an

 
te

st
s 

(P
=0

.0
2)

; K
T-

10
00

 (P
=0

.0
01

8)
) c

om
pa

re
d 

to
 e

xe
rc

ise
 g

ro
up

3.
 S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

  �
O

pe
ra

tiv
e 

gr
ou

p 
ha

d 
be

tt
er

 L
ys

ho
lm

 s
co

re
s, 

bu
t s

im
ila

r 
KO

O
S 

sc
or

es
, c

om
pa

re
d 

to
 e

xe
rc

ise
 

gr
ou

p
K

os
to

gi
an

ni
s 

et
 a

l16
 

6/
11

Sa
m

pl
e:

 n
=1

00
 

M
 (

58
): 

W
 (

42
) 

A
ge

 (
FU

): 
42

.1
  

(r
ng

 3
0–

57
 y

) 
Le

ng
th

 o
f F

U
: 

15
 (

rn
g,

 1
3–

20
 y

)

In
te

rv
en

tio
n:

 
 �

R
an

do
m

ly
 a

ss
ig

ne
d 

to
 s

up
er

vi
se

d 
 

ne
ur

om
us

cu
la

r 
tr

ai
ni

ng
 o

r 
se

lf-
 

m
on

ito
re

d 
tr

ad
iti

on
al

 t
ra

in
in

g
 �

A
fte

r 
6 

w
ee

ks
 4

9%
 o

f s
el

f-m
on

ito
re

d 
 

tr
ai

ni
ng

 g
ro

up
 w

er
e 

tr
an

sf
er

re
d 

to
  

su
pe

rv
is

ed
 �

23
%

 h
ad

 u
nd

er
go

ne
 r

ec
on

st
ru

ct
io

n 
 

at
 F

U
 (

tim
e 

fr
om

 in
ju

ry
 t

o 
 

re
co

ns
tr

uc
tio

n 
=4

 [
rn

g,
 0

.5
–1

1.
5 

y]
)

R
et

en
tio

n:
 

 
67

/1
00

 
 

M
 (

40
): 

W
 (

27
)

  �
N

o 
di

ffe
re

nc
es

 b
et

w
ee

n 
pa

tie
nt

s 
w

ho
 u

nd
er

w
en

t 
se

lf-
m

on
ito

re
d 

or
 s

up
er

vi
se

d 
re

ha
bi

lit
at

io
n

1.
 S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

  
K

O
O

S 
sc

or
e:

 L
ow

er
 s

co
re

s 
fo

r 
th

os
e 

in
ju

re
d 

in
 c

on
ta

ct
 s

po
rt

s 
co

m
pa

re
d 

to
 n

on
co

nt
ac

t (
P,

0.
05

) 
  

Lo
w

er
 s

co
re

s 
co

m
pa

re
d 

to
 m

at
ch

ed
 c

on
tr

ol
s 

on
 a

ll 
su

bs
ca

le
s 

ex
ce

pt
 p

ain
 (P

=0
.0

6)
 

  I
K

D
C

 s
co

re
: 1

5 
y 

FU
 s

co
re

 8
3.

3 
(r

ng
, 3

9.
1–

10
0)

 
  
�Si
gn
ifi
ca
nt
ly 
lo
w
er
 s
co
re
s 
fo
r 
th
os
e 
in
ju
re
d 
in
 c
on
ta
ct
 s
po
rt
s, 
co
m
pa
re
d 
to
 n
on
co
nt
ac
t (

P=
0.

00
7)

  
Ly

sh
ol

m
 s

co
re

: P
os

tin
ju

ry
 s

co
re

s 
si

m
ila

r 
at

 1
 y

 (
96

 [
rn

g,
 6

1–
10

0]
) 

an
d 

3 
y 

(9
5 

[r
ng

, 6
0–

10
0]

) 
  

15
 y

 F
U

 s
co

re
 d

ec
re

as
ed

 t
o 

86
 (

rn
g,

 3
2–

10
0;

 P
,

0.
00

1)
2.

 A
ct

iv
ity

 le
ve

l
  

Te
gn

er
 s

co
re

: S
co

re
 a

t i
nj

ur
y 

(7
, r

ng
 3

–9
); 

1 
y 

po
st

in
ju

ry
 (6

, r
ng

 2
–9

, P
,

0.
00

1)
; 3

 y
 p

os
tin

ju
ry

  
  

(6
, r

ng
 3

–9
); 

15
 y

 F
U

 (4
, r

ng
 1

–7
, P

,
0.

00
1)

  
A

t 
3 

y 
po

st
in

ju
ry

, 6
0%

 o
f e

xe
rc

is
e 

gr
ou

p 
ha

d 
sa

m
e 

or
 h

ig
he

r 
ac

tiv
ity

 le
ve

l a
s 

pr
ei

nj
ur

y

N
eu

m
an

 e
t 

al
1  

7/
11

Sa
m

pl
e:

 n
=1

00
 

A
ge

 (
I):

 2
6±

8 
y 

M
 (

58
): 

W
 (

42
) 

Le
ng

th
 o

f F
U

: 
15

.7
±1

.4
 y

In
te

rv
en

tio
n:

 
 �

A
ll 

su
bj

ec
ts

 t
re

at
ed

 in
iti

al
ly

 w
ith

  
ac
tiv
ity
 m
od
ifi
ca
tio
n 
an
d 
ph
ys
ic
al
  

th
er

ap
y 

w
ith

ou
t 

A
C

L 
re

co
ns

tr
uc

tio
n

 �
La

te
 A

C
L 

re
co

ns
tr

uc
tio

n 
(n

=2
2,

 2
3%

)
R

et
en

tio
n 

ra
te

: 9
4/

10
0 

 
93

/1
00

 K
O

O
S 

 
84

/1
00

 L
ys

ho
lm

 
 

84
/1

00
 T

eg
ne

r 
 

79
/1

00
 r

ad
io

gr
ap

hs

1.
 R

ad
io

gr
ap

hi
c

  
15

%
 o

f p
ar

tic
ip

an
ts

 d
ev

el
op

ed
 ti

bi
of

em
or

al
 (T

F)
 O

A
 (a

ll 
ha

d 
m

en
isc

al
 s

ur
ge

ry
) 

  
N

on
e 

of
 th

e 
pa

rt
ic

ip
an

ts
 th

at
 h

ad
 n

o 
(o

r 
m

in
or

) m
en

isc
al

 te
ar

 d
ev

el
op

ed
 T

F 
O

A
 (P

,
0.

00
01

) 
  

6/
17

 in
 o

pe
ra

tiv
e 

gr
ou

p 
an

d 
7/

62
 e

xe
rc

ise
 g

ro
up

 h
ad

 T
F 

O
A

 (P
=0

.0
3)

 
  

N
o 

TF
 O

A
 in

 n
=4

 o
f o

pe
ra

tiv
e 

gr
ou

p 
th

at
 d

id
 n

ot
 h

av
e 

m
aj

or
 m

en
isc

al
 in

ju
ry

2.
 S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

  
Ly

sh
ol

m
 S

co
re

: H
ig

he
r 

sc
or

e 
in

 e
xe

rc
is

e 
gr

ou
p 

co
m

pa
re

d 
to

 o
pe

ra
tiv

e 
gr

ou
p 

(P
=0

.0
49

) 
  �I

K
D

C
: 9

2/
10

0 
pa

rt
ic

ip
at

ed
 in

 s
po

rt
s 

at
 t

im
e 

of
 in

ju
ry

, 4
4/

79
 c

on
tin

ue
d 

to
 p

ar
tic

ip
at

e 
at

 1
5 

y 
FU

 (
P,

0.
00

01
)

  �
KO

O
S: 

H
ig

he
r 

pa
in

 s
co

re
s 

in
 p

ar
tic

ip
an

ts
 w

ho
 h

ad
 m

en
is

ca
l s

ur
ge

ry
 (

P=
0.

04
2)

 a
nd

 A
C

L 
 

re
co

ns
tr

uc
tio

n 
(P

=0
.0

35
); 

lo
w

er
 s

co
re

s 
in

 t
ho

se
 w

ith
 r

ad
io

gr
ap

hi
c T

F 
O

A
3.

 A
ct

iv
ity

 le
ve

l
  

Te
gn

er
 s

co
re

: R
at

in
g 

re
du

ce
d 

fr
om

 7
 (

at
 in

ju
ry

) 
to

 4
 (

15
 y

 F
U

) 
  

O
pe

ra
tiv

e 
gr

ou
p 

ha
d 

hi
gh

er
 s

co
re

 t
ha

n 
ex

er
ci

se
 (

P=
0.

08
5)

N
eu

m
an

 e
t 

al
17

 
5/

11
Sa

m
pl

e:
 n

=1
00

 
A

ge
 (

I):
 2

6±
8 

y 
Le

ng
th

 o
f F

U
: 

15
.7

±1
.4

 y

In
te

rv
en

tio
n:

 
 �

A
ll 

su
bj

ec
ts

 t
re

at
ed

 in
iti

al
ly

 w
ith

  
ac
tiv
ity
 m
od
ifi
ca
tio
n 
an
d 
ph
ys
ic
al
  

th
er

ap
y 

w
ith

ou
t 

A
C

L 
re

co
ns

tr
uc

tio
n

 �
La

te
 A

C
L 

re
co

ns
tr

uc
tio

n 
(n

=2
2,

 2
3%

)

  
R

ad
io

gr
ap

hi
c 

re
su

lts
 d

es
cr

ib
ed

 in
 N

eu
m

an
 e

t 
al

.1  
  

A
t 

FU
, 4

8%
 h

ad
 m

en
is

ca
l s

ur
ge

ry
 (

18
/2

2 
op

er
at

iv
e 

gr
ou

p,
 2

6/
72

 e
xe

rc
is

e 
gr

ou
p)

1.
 �I

ns
ta

bi
lit

y,
 r

an
ge

 o
f m

ot
io

n 
an

d 
la

xi
ty

 
  

Pi
vo

t 
sh

ift
 a

nd
 L

ac
hm

an
 t

es
t: 

Bo
th

 e
xe

rc
ise

 a
nd

 o
pe

ra
tiv

e 
sh

ow
ed

 im
pr

ov
ed

 s
ta

bi
lit

y 
fr

om
  

  
ba

se
lin

e 
to

 1
5 

y 
FU

 (P
,

0.
00

01
) 

  
O

pe
ra

tiv
e 

m
or

e 
st

ab
le

 (
P=

0.
00

7)
 a

nd
 lo

w
er

 p
iv

ot
 s

hi
ft 

gr
ad

e 
(P

,
0.

00
1)

 t
ha

n 
ex

er
ci

se
 

(C
on

tin
ue

d )

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8

Duncan et al

T
ab

le
 2

 (
Co

nt
in

ue
d)

A
ut

ho
r 

(y
ea

r)
;  

P
E

D
ro

 s
ca

le
 s

co
re

Sa
m

pl
e 

in
fo

rm
at

io
n;

 le
ng

th
  

of
 fo

llo
w

-u
p;

 r
et

en
ti

on
In

te
rv

en
ti

on
; r

et
en

ti
on

R
es

ul
ts

 s
um

m
ar

y

R
et

en
tio

n 
ra

te
: 9

4/
10

0 
 

74
/9

4 
La

xi
ty

 t
es

t, 
R

ad
io

gr
ap

hs
 

 
4/

94
 L

ax
ity

 t
es

t 
on

ly
 

 
5/

94
 r

ad
io

gr
ap

h 
on

ly
 

 
11

/9
4 

in
te

rv
ie

w

  
K

T
-1

00
0:

 S
ag

itt
al

 la
xi

ty
 c

or
re

la
te

d 
w

ith
 L

ac
hm

an
 (

P=
0.

00
01

) 
an

d 
pi

vo
t 

sh
ift

 (
P=

0.
00

1)
 t

es
ts

  �
D

iff
er

en
ce

 b
et

w
ee

n 
in

ju
re

d 
an

d 
co

nt
ra

la
te

ra
l k

ne
es

 w
as

 1
.8

±4
.2

 m
m

 fo
r 

op
er

at
iv

e 
gr

ou
p 

 
an

d 
2.

4±
2.

7 
m

m
 fo

r 
ex

er
ci

se
 g

ro
up

 (P
=0

.4
6)

K
es

sl
er

 e
t 

al
5  

6/
11

Sa
m

pl
e:

 n
=1

09
 

M
 (

68
): 

W
 (

41
) 

A
ge

 (
I):

 3
0.

7 
(r

ng
, 1

2.
5–

54
.0

 y
) 

Le
ng

th
 o

f F
U

: 
11

.1
 (

rn
g,

 7
.5

–1
6.

3 
y)

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=6
0)

 
 E

x
er

ci
se

 (
n=

49
)

1.
 R

ad
io

gr
ap

hi
c

  
N

o 
O

A
 p

re
se

nt
 in

 5
2%

 o
f p

ar
tic

ip
an

ts
 a

t 
FU

 (
45

%
 in

 o
pe

ra
tiv

e 
an

d 
61

%
 in

 e
xe

rc
is

e 
gr

ou
p)

 
  
�Si
gn
ifi
ca
nt
ly
 g
re
at
er
 r
is
k 
of
 O
A
 (

$
 G

ra
de

 II
) 

in
 o

pe
ra

tiv
e 

gr
ou

p 
(4

5%
) 

co
m

pa
re

d 
to

  
ex

er
ci

se
 g

ro
up

 (
24

%
) 

(P
=0

.0
3)

2.
 I

ns
ta

bi
lit

y,
 r

an
ge

 o
f m

ot
io

n 
an

d 
la

xi
ty

  
�K
T
-1
00
0:
 S
ta
tis
tic
al
ly
 s
ig
ni
fic
an
t 
di
ffe
re
nc
e 
be
tw
ee
n 
in
ju
re
d 
an
d 
co
nt
ra
la
te
ra
l k
ne
es
  

fo
r 

op
er

at
iv

e 
(3

.9
, r

ng
 0

–1
2 

m
m

) 
an

d 
ex

er
ci

se
 (

5.
7,

 r
ng

 0
–1

6 
m

m
) 

gr
ou

ps
 (P

,
0.

05
)

3.
 S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

  I
K

D
C

: o
pe

ra
tiv

e 
gr

ou
p 

ha
d 

be
tt

er
 s

co
re

s 
at

 F
U

 c
om

pa
re

d 
to

 e
xe

rc
is

e 
gr

ou
p 

(P
=0

.0
08

)
4.

 A
ct

iv
ity

 le
ve

l
  

T
eg

ne
r 

sc
or

e:
 n

o 
di

ffe
re

nc
e 

pr
es

en
t 

be
tw

ee
n 

gr
ou

ps
 (P

.
0.

05
)

M
eu

ffe
ls

 e
t 

al
2  

7/
11

Sa
m

pl
e:

 n
=5

0 
O

pe
ra

tiv
e 

 
M

 (
19

): 
(6

) 
 

A
ge

 (
FU

) 
= 

37
.6

±6
.2

 y
 

Ex
er

ci
se

 
 

M
 (

19
): 

(6
) 

 
A

ge
 (

FU
) 

= 
37

.8
±6

.8
 y

 
Le

ng
th

 o
f F

U
: 

10
 y

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=2
5)

 
 E

x
er

ci
se

 (
n=

25
) 

 �
Pa

rt
ic

ip
an

ts
 w

er
e 

m
at

ch
ed

 fo
r 

se
x 

(P
=1

.0
), 

ag
e 

(P
=0

.8
08

), 
BM

I (
P=

0.
44

3)
,  

an
d 

ac
tiv

ity
 le

ve
l (

P=
0.

83
1)

  
68

%
 o

f o
pe

ra
tiv

e 
an

d 
80

%
 o

f e
xe

rc
is

e 
gr

ou
p 

ha
d 

m
en

is
ca

l s
ur

ge
ry

 b
y 

10
 y

 F
U

 (P
=0

.3
33

) 
1.

 R
ad

io
gr

ap
hi

c
  

48
%

 o
f o

pe
ra

tiv
e 

gr
ou

p 
an

d 
28

%
 o

f e
xe

rc
is

e 
gr

ou
p 

ha
d 

ra
di

og
ra

ph
ic

 O
A

 a
t 

FU
 (P

=0
.1

45
)

2.
 I

ns
ta

bi
lit

y,
 r

an
ge

 o
f m

ot
io

n 
an

d 
la

xi
ty

  �
K

T
-1

00
0:

 1
7%

 o
f e

xe
rc

is
e 

gr
ou

p 
an

d 
6%

 o
f o

pe
ra

tiv
e 

gr
ou

p 
ha

d 
m

ax
im

um
 s

id
e-

to
-s

id
e 

 
di

ffe
re

nc
es

 .
3 

m
m

 (
P=

0.
00

2)
  

Pi
vo

t 
sh

ift
: 2

1%
 o

f e
xe

rc
is

e 
gr

ou
p 

an
d 

5%
 o

f o
pe

ra
tiv

e 
gr

ou
p 

ha
d 

sc
or

es
 $

1 
(P

,
0.

00
1)

3.
 �S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

 
IK
D
C
: n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps
 fo
r 
IK
D
C
 (P

=0
.4

42
), 

Ly
sh

ol
m

 (
P=

0.
68

3)
  

or
 o

ne
-le

gg
ed

 h
op

 t
es

t 
(P

=0
.5

22
)

4.
 �A

ct
iv

ity
 le

ve
l 

  
�T
eg
ne
r 
sc
or
e:
 s
co
re
s 
no
t 
si
gn
ifi
ca
nt
ly
 d
iff
er
en
t 
be
tw
ee
n 
op
er
at
iv
e 
an
d 

 
ex

er
ci

se
 g

ro
up

s 
af

te
r 

A
C

L 
in

ju
ry

 (
P=

0.
42

0)
 o

r 
at

 F
U

 (
P=

0.
18

8)
M

ih
el

ic
 e

t 
al

18
 

6/
11

Sa
m

pl
e:

 n
=5

4 
M

 (
44

): 
W

 (
10

) 
O

pe
ra

tiv
e 

 
n=

36
 

 
A

ge
 (

I) 
= 

25
.3

 y
 

Ex
er

ci
se

 
 

n=
18

 
 

A
ge

 (
I) 

= 
25

.5
 y

 
Le

ng
th

 o
f F

U
: 

17
–2

0 
y

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=3
6)

 
 E

x
er

ci
se

 (
n=

18
)

1.
 �R

ad
io

gr
ap

hi
c 

  
O

pe
ra

tiv
e 

gr
ou

p:
 5

0%
 h

ad
 m

ild
 a

nd
 1

6.
5%

 h
ad

 s
ev

er
e 

O
A

 
  
�Ex
er
ci
se
 g
ro
up
: n
o 
pa
rt
ic
ip
an
ts
 h
ad
 k
ne
es
 c
la
ss
ifi
ed
 a
s 
no
rm
al
 a
nd
 5
6%

 h
ad
 s
ev
er
e 
O
A
 

(P
,

0.
05

)
2.

 �I
ns

ta
bi

lit
y,

 r
an

ge
 o

f m
ot

io
n 

an
d 

la
xi

ty
 

  �
A

nt
er

io
r 

dr
aw

er
 t

es
t: 

83
%

 o
f o

pe
ra

tiv
e 

gr
ou

p 
an

d 
16

%
 o

f e
xe

rc
is

e 
tr

ea
te

d 
gr

ou
p 

ha
d 

no
rm

al
/n

ea
r 

no
rm

al
 k

ne
es

    


P
at

ie
nt

s 
w

ith
 s

ta
bl

e 
kn

ee
s 

ha
d 

be
tt

er
 fu

nc
tio

n 
an

d 
m

or
e 

sp
or

t 
ac

tiv
ity

3.
 �S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

 
  

Ly
sh

ol
m

 s
co

re
: o

pe
ra

tiv
e 

gr
ou

p 
ha

d 
hi

gh
er

 s
co

re
 (8

4.
3)

 th
an

 e
xe

rc
ise

 g
ro

up
 (5

3.
3)

 (P
,

0.
05

) 
  I

K
D

C
: o

pe
ra

tiv
e 

gr
ou

p 
ha

d 
hi

gh
er

 s
co

re
 (

83
.1

5)
 t

ha
n 

ex
er

ci
se

 g
ro

up
 (

64
.6

) 
(P

,
0.

05
)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

9

Exercise, ACL injury and knee OA prevention

4.
 �A

ct
iv

ity
 le

ve
l 

  
�T
eg
ne
r 
sc
or
e:
 s
ig
ni
fic
an
tly
 lo
w
er
 a
ct
iv
ity
 le
ve
l i
n 
ex
er
ci
se
 g
ro
up
 c
om

pa
re
d 
to
 o
pe
ra
tiv
e 

 
gr

ou
p 

af
te

r 
in

ju
ry

 (
P,

0.
05

), 
bu

t 
no

 d
iff

er
en

ce
 p

ri
or

 t
o 

in
ju

ry
 (

P,
0.

05
)

St
re

ic
h 

et
 a

l7  
6/

11
Sa

m
pl

e:
 n

=1
26

 
Sa

m
pl

e 
at

 F
U

: 
n=

80
 

O
pe

ra
tiv

e 
 

M
 (

28
): 

W
 (

12
) 

 
A

ge
 (

FU
): 

26
±6

.2
 y

Ex
er

ci
se

 
 

M
 (

28
): 

W
 (

12
) 

 
A

ge
 (

FU
): 

24
±6

.8
 y

 
Le

ng
th

 o
f F

U
: 

O
pe

ra
tiv

e 
15

.4
±0

.7
6 

y 
Ex

er
ci

se
 

15
.2

±0
.6

9 
y

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=4
0)

 
 E

x
er

ci
se

 (
n=

40
) 

 �
Pa

rt
ic

ip
an

ts
 w

er
e 

m
at

ch
ed

 fo
r 

ag
e,

  
se

x,
 B

M
I a

nd
 c

on
co

m
ita

nt
 in

ju
ri

es
  

(n
o 
st
at
is
tic
al
ly
 s
ig
ni
fic
an
t 

 
di

ffe
re

nc
es

)
R

et
en

tio
n 

ra
te

: 8
0/

12
6 

 
n=

14
 lo

st
 t

o 
fo

llo
w

-u
p 

 
n=

8 
lo

st
 t

o 
gr

af
t 

ru
pt

ur
e 

 
n=

6 
lo

st
 t

o 
la

te
 r

ec
on

st
ru

ct
io

n 
 �

n=
18

 lo
st

 t
o 

ag
e,

 s
ex

, B
M

I a
nd

 
co

nc
om

ita
nt

 in
ju

ri
es

  
Si
gn
ifi
ca
nt
ly
 h
ig
he
r 
ra
te
 o
f m

en
isc
al
 s
ur
ge
ry
 in
 e
xe
rc
ise
 g
ro
up
 t
ha
n 
op
er
at
iv
e 
gr
ou
p 
(P

=0
.0

28
) 

1.
 �R

ad
io

gr
ap

hi
c 

  
�Si
gn
ifi
ca
nt
 d
iff
er
en
ce
 in
 r
ad
io
gr
ap
hi
c 
O
A
 b
et
w
ee
n 
in
iti
al
 a
ss
es
sm
en
t a
nd
 F
U
 fo
r 
bo
th
 g
ro
up
s 

(W
ilc

ox
on

 t
es

t 
P,

0.
00

1)
; 6

2.
5%

 o
f o

pe
ra

tiv
e 

an
d 

55
%

 o
f e

xe
rc

ise
2.

 �I
ns

ta
bi

lit
y,

 r
an

ge
 o

f m
ot

io
n 

an
d 

la
xi

ty
 

  
�K
T
-1
00
0:
 n
o 
st
at
is
tic
al
ly
 s
ig
ni
fic
an
t 
di
ffe
re
nc
es
 in
 a
nt
er
io
r 
la
xi
ty
 a
t 
ei
th
er
  

20
° 

Fl
ex

io
n 

(P
=0

.3
89

) 
or

 6
0°

 F
le

xi
on

 (
P=

0.
73

2)
 

Pi
vo

t 
sh

ift
: B

et
te

r 
ro

ta
tio

na
l s

ta
bi

lit
y 

in
 o

pe
ra

tiv
e 

gr
ou

p 
co

m
pa

re
d 

to
 e

xe
rc

is
e 

gr
ou

p, 
bu

t 
no

t 
st
at
is
tic
al
ly
 s
ig
ni
fic
an
t 
(F
is
he
r 
ex
ac
t 
te
st
 P

=0
.6

62
) 

Si
gn
ifi
ca
nt
 r
el
at
io
ns
hi
p 
be
tw
ee
n 
a 
po
si
tiv
e 
pi
vo
t 
sh
ift
 a
t 
FU

 a
nd
 O
A
 p
re
va
le
nc
e 
(P

,
0.

00
1)

 
R
an
ge
 o
f m

ot
io
n:
 r
ed
uc
ed
 fl
ex
io
n 
ra
ng
e 
of
 m
ot
io
n 
at
 F
U
 fo
r 
n=

17
 in

 t
he

 o
pe

ra
tiv

e 
gr

ou
p 

(P
,

0.
05

)
3.

 �S
ta

nd
ar

di
ze

d 
Su

bj
ec

tiv
e 

sc
or

es
 

  
IK
D
C
: n
o 
st
at
is
tic
al
ly
 s
ig
ni
fic
an
t 
di
ffe
re
nc
es
 b
et
w
ee
n 
gr
ou
ps
 (P

=0
.0

66
)

4.
 �A

ct
iv

ity
 le

ve
l 

  
�Te
gn
er
 s
co
re
: s
ig
ni
fic
an
t 
de
cr
ea
se
 b
et
w
ee
n 
pr
ei
nj
ur
y 
an
d 
po
st
in
ju
ry
 in
 b
ot
h 
gr
ou
ps
  

(P
=0

.0
36

) 
bu

t 
no

 d
iff

er
en

ce
 b

et
w

ee
n 

gr
ou

ps
Po

tt
er

 e
t 

al
11

 
7/

11
Sa

m
pl

e:
 n

=4
0 

(4
2 

kn
ee

s)
 

O
pe

ra
tiv

e 
 

n=
28

 
 

M
 (

14
): 

W
 (

14
) 

 
A

ge
 (

I):
 3

5.
1±

8.
2 

y 
Ex

er
ci

se
 

 
n=

14
 

 
M

 (
4)

: W
 (

10
) 

 
A

ge
 (

I):
 4

1.
5±

9.
7 

y 
Le

ng
th

 o
f F

U
: 

ye
ar

ly
 F

U
 (

to
 m

ax
im

um
 o

f 1
1 

y)

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=2
8)

 
 E

x
er

ci
se

 (
n=

14
)

1.
 �S

ta
nd

ar
di

ze
d 

Su
bj

ec
tiv

e 
sc

or
es

 
  
�Sh
or
t 
Fo
rm
-3
6 
(S
F-
36
) 
sc
or
es
: n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps
  

fo
r 

ph
ys

ic
al

 (
P=

0.
13

9)
 o

r 
m

en
ta

l (
P=

0.
47

6)
  I

K
D

C
 s

co
re

s: 
de

la
ye

d 
re

tu
rn

 to
 fu

nc
tio

n,
 b

ut
 b

y 
2 

y 
ex

er
ci

se
 w

as
 c

om
pa

ra
bl

e 
to

 o
pe

ra
tiv

e
2.

 A
ct

iv
ity

 le
ve

ls
  
A
ct
iv
ity
 o
f D

ai
ly
 L
iv
in
g 
sc
or
es
: N

o 
sig
ni
fic
an
t d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps

 
  

A
ct

iv
ity

 R
at

in
g 

Sc
al

e 
sc

or
es

: 1
 y

: o
pe

ra
tiv

e 
(8

.5
±5

.7
), 

ex
er

ci
se

 (1
.3

±1
.5

), 
ns

 (P
=0

.0
56

) 
  

2 
y:

 o
pe

ra
tiv

e 
(8

.5
±6

.1
), 

ex
er

ci
se

 (8
.2

±5
.6

) 
  

3 
y:

 o
pe

ra
tiv

e 
(5

.6
±3

.9
), 

ex
er

ci
se

 (1
0.

0±
4.

9)
, n

s 
(P

=0
.0

88
)

3.
 M

RI
  �

A
cr

os
s 

bo
th

 g
ro

up
s, 

by
 7

–1
1 

y 
po

st
in

ju
ry

, r
isk

 o
f c

ar
til

ag
e 

lo
ss

 c
om

pa
re

d 
to

 b
as

el
in

e 
w

as
 5

0×
 

gr
ea

te
r 

fo
r 

lat
er

al 
fe

m
or

al 
co

nd
yl

e,
 3

0×
 fo

r 
th

e 
pa

te
lla

 a
nd

 1
9×

 fo
r 

th
e 

m
ed

ial
 fe

m
or

al 
co

nd
yl

e
  
�Si
gn
ifi
ca
nt
ly
 h
ig
he
r 
od
ds
 r
at
io
 e
ffe
ct
 fo
r 
ca
rt
ila
ge
 lo
ss
 o
ve
r 
m
ed
ia
l t
ib
ia
l p
la
te
au
 in
 e
xe
rc
is
e 

gr
ou

p 
co

m
pa

re
d 

to
 o

pe
ra

tiv
e 

gr
ou

p
Fr

ob
el

l e
t 

al
4  

9/
11

Sa
m

pl
e:

 n
=1

21
 

M
 (

88
): 

W
 (

32
) 

Sa
m

pl
e 

at
 F

U
: 

n=
12

0

In
te

rv
en

tio
n:

 
 

O
pe

ra
tiv

e 
(n

=6
1)

 
 E

x
er

ci
se

 (
n=

59
) 

 �
La

te
 A

C
L 

re
co

ns
tr

uc
tio

n 
 

(n
=3

0,
 5

1%
)

1.
 R

ad
io

gr
ap

hi
c

  
�N
o 
st
at
is
tic
al
ly
 s
ig
ni
fic
an
t 
di
ffe
re
nc
es
 b
et
w
ee
n 
op
er
at
iv
e,
 la
te
 r
ec
on
st
ru
ct
io
n 
an
d 
ex
er
ci
se
  

gr
ou

ps
 fo

r 
tib

io
fe

m
or

al
 O

A
 (P

=0
.2

5)
 o

r 
pa

te
llo

fe
m

or
al

 O
A

 d
ev

el
op

m
en

t 
(P

=0
.2

1)
  �

23
/5

8 
(4

0%
) 

of
 o

pe
ra

tiv
e 

gr
ou

p,
 7

/2
9 

(2
4%

) 
of

 la
te

 r
ec

on
st

ru
ct

io
n 

gr
ou

p 
an

d 
5/

26
 (

19
%

)  
of

 e
xe

rc
is

e 
gr

ou
p 

de
ve

lo
pe

d 
O

A
 (

tib
io

fe
m

or
al

/p
at

el
lo

fe
m

or
al

)

(C
on

tin
ue

d )

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

10

Duncan et al

T
ab

le
 2

 (
Co

nt
in

ue
d)

A
ut

ho
r 

(y
ea

r)
;  

P
E

D
ro

 s
ca

le
 s

co
re

Sa
m

pl
e 

in
fo

rm
at

io
n;

 le
ng

th
  

of
 fo

llo
w

-u
p;

 r
et

en
ti

on
In

te
rv

en
ti

on
; r

et
en

ti
on

R
es

ul
ts

 s
um

m
ar

y

O
pe

ra
tiv

e 
 

n=
61

 
 

M
 (

49
): 

W
 (

12
) 

 
A

ge
 (

I):
 2

6.
4±

5.
1 

y

2.
 �I

ns
ta

bi
lit

y,
 r

an
ge

 o
f m

ot
io

n 
an

d 
la

xi
ty

 
  
�O
pe
ra
tiv
e 
gr
ou
p 
ha
d 
si
gn
ifi
ca
nt
ly
 b
et
te
r 
kn
ee
 in
st
ab
ili
ty
 c
om

pa
re
d 
to
 e
xe
rc
is
e:
 L
ac
hm

an
 

te
st

 (
P,

0.
00

1)
; P

iv
ot

 s
hi

ft 
(P

,
0.

00
1)

Ex
er

ci
se

 
 

n=
59

 
 

M
 (

39
): 

W
 (

20
) 

 
A

ge
 (

I):
 2

5.
8±

4.
7 

y 
Le

ng
th

 o
f F

U
: 

O
pe

ra
tiv

e 
 

60
 (

95
%

 C
I, 

59
–6

1)
 m

o 
Ex

er
ci

se
 

 
59

 (
95

%
 C

I, 
57

–6
0)

 m
o

R
et

en
tio

n:
 1

20
/1

21
3.

 �S
ta

nd
ar

di
ze

d 
Su

bj
ec

tiv
e 

sc
or

es
 

  
K
O
O
S:
 n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps
 (P

=0
.4

5)
 

  
�Sh
or
t 
Fo
rm
-3
6 
(S
F-
36
) 
sc
or
es
: n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps
: p
hy
si
ca
l 

co
m

po
ne

nt
 (

P=
0.

78
), 

m
en

ta
l c

om
po

ne
nt

 (
P=

0.
34

)
4.

 �A
ct

iv
ity

 le
ve

l 
  
T
eg
ne
r 
sc
or
e:
 n
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
be
tw
ee
n 
gr
ou
ps
 (P

=0
.7

3)

N
eu

m
an

 e
t 

al
10

 
7/

11
Sa

m
pl

e:
 

C
oh

or
t 

fr
om

  
N

eu
m

an
 e

t 
al

.1,
17

 
n=

32
 

M
 (

17
): 

W
 (

15
) 

A
ge

 (
FU

): 
45

 (
rn

g,
 3

5–
61

 y
) 

Le
ng

th
 o

f F
U

: 
20

.6
 (

rn
g,

 1
8–

23
 y

)

 
A

ll 
tr

ea
te

d 
w

ith
 e

xe
rc

is
e 

pr
og

ra
m

 
 �

N
o 

ra
di

og
ra

ph
ic

 O
A

 (
gr

ad
e 

#
1)

  
at

 1
6 

y 
FU

 �
C

om
pa

re
d 

to
 h

ea
lth

y 
re

fe
re

nc
e 

 
gr

ou
p 

(n
=2

4)
 m

at
ch

ed
 fo

r 
le

ve
l o

f  
ph

ys
ic

al
 a

ct
iv

ity
 a

nd
 B

M
I  

(M
 [

14
]: 

W
 [

10
])

, A
ge

: 2
5 

y

1.
 �M

R
I (

dG
EM

R
IC

) 
  
�N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 
in
 T
1G

d 
(u
se
d 
to
 e
st
im
at
e 
ca
rt
ila
ge
 q
ua
lit
y)
 v
al
ue
s 
be
tw
ee
n 
A
C
L 

in
ju

re
d 

an
d 

he
al

th
y 

co
nt

ro
l g

ro
up

 (
m

at
ch

ed
 fo

r 
ph

ys
ic

al
 a

ct
iv

ity
 a

nd
 B

M
I) 

bo
th

 m
ed

ia
lly

 
(P

=0
.0

65
) 

or
 la

te
ra

lly
 (

P=
0.

31
)

  �
N

o 
di

ffe
re

nc
e 

in
 T

1G
d 

va
lu

es
 b

et
w

ee
n 

pa
rt

ic
ip

an
ts

 w
ith

 a
nd

 w
ith

ou
t 

ra
di

og
ra

ph
ic

 O
A

  
(g

ra
de

 #
1)

 (
P=

0.
85

)
  
�N
o 
si
gn
ifi
ca
nt
 d
iff
er
en
ce
 in
 T
1G

d 
va
lu
es
 b
et
w
ee
n 
pa
rt
ic
ip
an
ts
 w
ith
 a
nd
 w
ith
ou
t 
m
aj
or
 

m
ed

ia
l (

P=
0.

48
) 

an
d 

la
te

ra
l (

P=
0.

41
) 

m
en

is
ca

l i
nj

ur
y 

in
 t

he
ir

 r
es

pe
ct

iv
e 

si
de

s
2.

 �S
ta

nd
ar

di
ze

d 
Su

bj
ec

tiv
e 

sc
or

es
 

  �
K

O
O

S:
 A

C
L 

in
ju

re
d 

pa
rt

ic
ip

an
ts

 h
ad

 c
om

pa
ra

bl
e 

re
su

lts
 t

o 
he

al
th

y 
co

nt
ro

ls
; w

ith
 

si
gn
ifi
ca
nt
ly
 h
ig
he
r 
va
lu
es
 fo
r 
pa
in
 (P

=0
.0

34
) 

an
d 

A
D

L 
(P

=0
.0

08
4)

 s
ub

sc
al

es

A
bb

re
vi

at
io

ns
: A

C
L,

 a
nt

er
io

r 
cr

uc
ia

te
 li

ga
m

en
t; 

BM
I, 

bo
dy

 m
as

s 
in

de
x;

 IK
D

C
, I

nt
er

na
tio

na
l K

ne
e 

D
oc

um
en

ta
tio

n 
C

om
m

itt
ee

; K
O

O
S,

 K
ne

e 
in

ju
ry

 a
nd

 O
st

eo
ar

th
ri

tis
 O

ut
co

m
e 

Sc
or

e;
 O

A
, o

st
eo

ar
th

ri
tis

, n
, n

um
be

r 
of

 p
ar

tic
ip

an
ts

; M
, m

en
; 

W
, w

om
en
; y
, y
ea
rs
; m

o,
 m
on
th
s;
 r
ng
, r
an
ge
; F
U
, f
ol
lo
w
-u
p;
 I,
 in
ju
ry
; n
s,
 n
ot
 s
ig
ni
fic
ia
nt
; d
G
EM

R
IC
, d
el
ay
ed
 g
ad
ol
in
iu
m
-e
nh
an
ce
d 
m
ag
ne
tic
 r
es
on
an
ce
 im

ag
in
g 
of
 c
ar
til
ag
e;
 M
R
I, 
m
ag
ne
tic
 r
es
on
an
ce
 im

ag
in
g.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2016:8

Table 3 Exercise intervention description in the included studies

Author (year) Exercise intervention

Giove et al13 Muscle rehabilitation program targeting the quadriceps and hamstrings, including: isometric, isotonic and isokinetic 
exercises (at least 7 months)

Hawkins et al22 Physiotherapist supervised exercise program targeting the quadriceps and hamstrings
Kannus and Jarvinen14 Initial immobilization; isometric quadriceps exercises; rehabilitation (at least 6 months)
Pattee et al21 Exercise/rehabilitation program targeting the quadriceps and hamstrings (supervised 3–6 weeks; encouraged to continue)
Daniel et al9 Initial immobilization; home exercise of cycling, swimming, isotonic exercises targeting the hamstrings
Fink et al12 Home exercise program of cycling, swimming and strengthening exercises targeting the hamstrings
Fithian et al19 Initial range of motion and nonimpact closed chain strengthening; jogging and sport-specific exercise (6–12 weeks after 

injury); return to competitive sports (3 months after injury, if not symptomatic)
Meunier et al20 Rehabilitation program targeting strength and coordination
Kessler et al5 Rehabilitation program including: bracing (6 weeks), quadriceps and hamstring muscle exercises, proprioception 

exercises, no loaded flexion greater than 60° (6 weeks), return to sports (3 months, if not symptomatic), return to 
contact/pivoting sports (9 months, if not symptomatic)

Kostogiannis et al16 
Neuman et al1,10,17

Either physiotherapist supervised neuromuscular training or self-monitored training; both programs targeted stability and 
mobility, strength, performance, muscle activation strategies, proprioception and postural control

Meuffels et al2 Swelling reduction and range of motion; quadriceps and hamstrings strengthening program (at least 3 months)
Mihelic et al18 Initial immobilization; rehabilitation program including: range of motion, quadriceps strengthening (2 months); activity 

modification
Streich et al7 Physiotherapist supervised neuromuscular based rehabilitation program targeting stability and mobility; closed chain 

kinetic exercises, activity level progression
Potter et al11 Standard rehabilitation program
Frobell et al4 Rehabilitation program consistent with literature consensus
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The median PEDro score of the included studies was 

6/11 and ranged from 2/11 to 9/11. A variety of intervention 

approaches was used to determine the effect of an exercise 

program on knee OA development. Eight of the included 

studies employed solely a rehabilitative exercise intervention, 

while ten compared this conservative treatment with an opera-

tive ACL reconstruction treatment. Exercise programs varied 

across the included studies, however, several adopted similar 

neuromuscular training themes, including the quadriceps and 

hamstrings muscle training, in addition to stability, mobil-

ity, and range of motion exercises (Table 3). In two studies, 

while researchers indicated that a rehabilitation program was 

provided, specific details of the program were not indicated. 

As well, in addition to the exercise program, some treatment 

strategies included activity modification, such as avoiding 

competitive sport, or activities involving contact or pivoting 

movements.5,16,18

While all included studies contained participant groups 

initially treated with an exercise intervention, several required 

late surgical intervention within the follow-up period. 

Specifically, in twelve of the included studies, a median of 

23% (range, 5%–51%) of participants in the exercise group 

required late ACL reconstruction (Table 2). Despite this, it 

appears there is a minimal disadvantage to having delayed 

reconstruction.19 While a higher risk of meniscal surgery 

was evident in those who underwent ACL reconstruction 

later than 3 months post-ACL injury, the risk of radiographic 

degenerative changes was lower in this later reconstruction 

group. Across included studies, the mean and median follow-

up period post-ACL injury, was 11 years with a range of 

4–20 years.

Each study included a different combination of outcome 

measures (Table 2). Fourteen studies used radiographic 

imaging to evaluate OA prevalence, while two studies 

specifically assessed cartilage morphology or composition 

using MRI. Among the studies that captured radiographs, 

five different grading systems were adopted. The criteria 

for each of these scales used to address OA severity were 

comparable; predominantly evaluating joint space narrow-

ing and osteophyte formation, while some also considered 

the presence of sclerosis, flattening of the femoral condyles, 

subchondral cysts, calcification of ligaments, or varus/valgus 

deformity.4,9,14 Grading systems included the following: the 

Kellgren and Lawrence classification,2,5 IKDC radiograph 

grading system,7,18,19 the Fairbanks scale,12,13,20,21 and recom-

mendations posed by the Osteoarthritis Research Society 

International.1 The remaining studies did not use a standard-

ized radiographic grading scale and/or used the alternate 

subjective and objective measures of knee stability, laxity, 

and function to evaluate the treatment success.

Three of the included studies provided statistical evi-

dence that an exercised-based rehabilitation program for 

ACL injury treatment lowered the risk for knee OA devel-

opment.1,5,19 Several studies demonstrated no statistically 
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significant difference between surgical reconstruction and 

the conservative exercise treatment for ACL injury, despite 

some showing trends of higher OA prevalence in either opera-

tive2,4,7,9 or exercise5,18,20 treatment groups. However, research 

demonstrated trends that both knee instability2,17,19 and 

meniscal tear prevalence5,19 are associated with an elevated 

risk for OA incidence following exercise as compared to 

operative treatment, though this trend was inconsistent across 

studies. Additionally, while researchers in one study showed 

a reduction in subjective outcome scores and activity levels 

at the end of the follow-up period (15 years), reasonable 

scores were still reported (Lysholm score =86, IKDC score 

=83.3 at 15-year follow-up), with authors suggesting that this 

decline may be partially attributed to age-related changes.16 

In fact, at the 3-year follow-up, 60% of participants who 

underwent rehabilitative exercise and activity modification, 

had comparable activity levels to their preinjury state. Thus, 

this strategy of combining exercise with activity modification 

appears effective.

Discussion
Exercise and knee OA prevalence
The current available evidence regarding the effectiveness 

of exercise in reducing the risk of OA development is not 

conclusive. While some researchers demonstrated a lower 

prevalence of knee OA following exercise,1,5,19 most of the 

included studies showed no statistical advantage of exercise 

in reducing the risk of knee OA.

It is possible that the study sample sizes prohibited 

finding significant differences. Over half of the included 

studies had initial sample sizes $100 participants; however, 

many of these studies subdivided participants into two treat-

ment groups (operative and conservative). The sample size 

within each group was often unequal because, instead of 

random allocation, the treatment allocation was generally 

selected based on a combination of participant prefer-

ence, physician recommendation, and activity level, with 

a competitive, athletic population generally recommended 

for surgery.5,7,19 As well, within the conservative group, up 

to 51% of participants had reconstructive surgery by the 

end of the follow-up period. Cross-over from exercise to 

operative treatment resulted from either clinical signs and 

symptoms, notably chronic instability and giving way,7,12,14,20 

and/or physical activity level, with a higher incidence of 

late surgery in a high risk group of young athletes;19–21 this 

subsequently resulted in a lower exercise group sample 

size. Additionally, the sample size was reduced by reten-

tion rates at follow-up, as well as the inability to obtain all 

outcome measures from study participants that completed 

the follow-up evaluation.

The length of the follow-up period could have contributed 

to the difference in OA prevalence between treatment groups, 

as degenerative changes may not have yet become evident.13,22 

While progressive degradation has been noted in participants 

with established knee OA over as little as 2 years, these 

studies used measures from MRI which are more sensitive 

to change than many radiographic measures.23,24 The neces-

sary study follow-up period to detect cartilage degradation 

post-ACL injury is unclear. However, in the current review, 

the studies showing a lower prevalence of OA in the exer-

cise treatment group, represented short (6 years), moderate 

(11 years), and long (15 years) follow-up durations.

Exercise and associated  
risk factors for knee OA
Apart from radiographic evidence, several other outcome 

measures can be used to predict the risk of knee OA 

development. In particular, knee instability and laxity are 

highly evident following an ACL injury, with research show-

ing that 96% of participants had positive anterior drawer and 

Lachman stability tests.13 Knee instability, identified using 

a pivot shift test, was significantly related to OA prevalence 

(P,0.001).7 Further, despite similar radiographic outcomes, 

higher pivot shift, and Lachman test scores and maximal 

side-to-side displacements (KT-1000) indicative of knee 

instability, were identified in the exercise group.2,17,19 These 

findings may suggest that while exercise may pose higher 

risk for OA development, the progression may not occur for 

several years.

Among those with an ACL injury, meniscal tears 

have been consistently recognized as a risk factor for OA 

development. It was suggested that the loss of meniscal 

integrity, which acts to stabilize the knee in the absence 

of an intact ACL, may contribute to knee instability and 

subsequent risk of OA.5 However, while certain studies 

demonstrated a higher incidence of meniscal tears with 

exercise,5,19 others showed a similar prevalence of menis-

cal tear between treatment groups, despite the increased 

knee instability and laxity in the exercise group.4,12 

Additionally, in one study, no differences in radiographic 

degeneration were shown in those participants requiring 

a meniscectomy.13

Similar to the divergence in objective outcome measures 

of stability and degeneration, subjective measures of knee 

pain and function following treatment were inconsistent 

across studies. Several researchers showed that, compared to 
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operative treatment, exercise resulted in lower outcome scores 

at follow-up, as noted by IKDC scores,5,12,18,19 self-reported 

ratings,12,19 and Lysholm scores.12,20 Additionally, participants 

treated with exercise demonstrated lower relative activity, 

sports and occupation-related capabilities compared to both 

operative treatment and their baseline (preinjury) measure-

ment.12,19 Alternatively, other researchers showed no differ-

ence in subjective knee function scores between treatment 

groups.1,2,4,7,11

Additional risk factors related to ACL injury and OA 

development exist, including sex, age, and body mass. 

Researchers have identified a higher incidence of ACL inju-

ries sustained in women compared to men, with a ratio of 

3:1.25 As 70%–80% of ACL injuries result from noncontact, 

often occurring during sport, younger females are at a high 

risk for injury.3 Alternatively, OA is a progressive degenera-

tive disease that exists more prominently in women $55 years 

of age.26 Obesity has been identified as a risk factor for OA 

development. High body mass leads to cartilage degenera-

tion by increasing the mechanical load incurred at the knee 

joint.27 Reducing body mass will concurrently reduce knee 

joint loading, with a ratio of 1:4.28 As well, both greater age 

(P=0.03) and body mass index (P=0.03) related to OA devel-

opment in those with ACL ruptures.5 This suggests that ACL 

injuries sustained at a young age pose risk for OA develop-

ment and that this risk may be exacerbated by higher body 

mass. Thus, while rehabilitative exercise strives to improve 

muscle strength and knee joint stability, a secondary target of 

the exercise should be reducing total body mass. For example, 

rehabilitation strategies that aim to initiate weight loss would 

in turn reduce knee joint loading and subsequently reduce 

the risk of OA.

Factors contributing  
to treatment outcome
With inconsistencies present across the literature regarding 

the effectiveness of exercise after ACL injuries, it is important 

to consider possible factors that may confound treatment 

outcomes. ACL tear severity and the duration between injury 

and operative treatment were two factors evaluated within the 

included research studies. Kannus and Jarvinen14 compared 

OA prevalence, instability, muscle strength, and activity level 

for those with grade II and grade III ACL injuries. Overall, 

tear severity was inversely related to all outcomes measures. 

This could partially explain the lack of statistical findings 

between treatment groups, as the participant sample may 

have included several grades of injury. Similarly, only one 

study included individuals who had sustained an isolated ACL 

injury with no concomitant ligament, meniscal, or chondral 

injuries. While the results favored exercise due to the lower 

prevalence of radiographic OA, the results of this study may 

not be generalizable to most ACL injuries, as isolated ACL-

ruptures rarely occur.5 Research by Fithian et al19 included 

three treatment levels across the three study groups (high risk, 

moderate risk, low risk). Participants were initially prescribed 

exercise or early operative treatment, however, several under-

going exercise treatments opted for late operative treatment 

(.3 months postinjury). While those who solely underwent 

exercise had poorer stability and subjective function scores 

than operative groups, no statistically significant differences 

were present between early and late operative treatments with 

the exception of showing greater prevalence of meniscal tears 

in the late operative group. However, the exercise treatment 

group had significantly lower radiographic degeneration than 

operative groups. These findings, particularly the little added 

benefit of early ACL reconstruction, suggest that the best 

outcome after ACL injury results from late operative repair, 

after a period of exercise, following injury.

Limitations
The difficulty in evaluating the effectiveness of exercise after 

ACL injuries stems from the limited ability to conduct RCTs. 

Predominant limitations include a lack of randomization 

and concealed allocation, which subsequently results in low 

PEDro scores (median, 6/11) across the included studies. The 

use of randomization could create an ethical issue because 

clinical recommendations and patient preference may not 

match random allocation.1 Also, with regards to exercise or 

operative treatment of ACL injuries, it is not feasible to blind 

participants to treatment group. As well, it is not possible to 

blind the surgeons performing reconstruction, or the therapists 

leading the exercise. In practice, the treatment adopted stems 

primarily from patient preference and physician recommen-

dation, which often considers the current activity level of 

the patient. For example, one study stratified participants by 

activity level, with all high risk individuals (defined as young 

and participating in competitive activity) recommended for 

operative treatment.19 Despite the physician recommendation, 

44% of high risk participants declined and were treated with 

exercise. The only RCT included in this review (Frobell et al4) 

studied 121 active adults with an ACL injury. Participants 

were randomized to receive either early reconstruction or 

rehabilitation with the option of delayed ACL reconstruction. 

At a 5-year follow-up, the two groups did not differ in terms 

of the presence of radiographic knee OA. This RCT had the 

highest PEDro score of 9/11.
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Table 4 PRISMA 2009 checklist

Section/topic Number Checklist item Reported on 
page number

Title
Title 1 Identify the report as a systematic review, meta-analysis, or both 1
Abstract
Structured  
summary

2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; 
limitations; conclusions and implications of key findings; systematic review registration number

1

Introduction
Rationale 3 Describe the rationale for the review in the context of what is already known 1,2
Objectives 4 Provide an explicit statement of questions being addressed with reference to  

participants, interventions, comparisons, outcomes, and study design (PICOS)
2

Methods
Protocol and  
registration

5 Indicate if a review protocol exists, if and where it can be accessed (eg, web address), and, if 
available, provide registration information including registration number

N/A

Eligibility criteria 6 Specify study characteristics (eg, PICOS, length of follow-up) and report characteristics (eg, years 
considered, language, publication status) used as criteria for eligibility, giving rationale

2,3

Information  
sources

7 Describe all information sources (eg, databases with dates of coverage, contact with study  
authors to identify additional studies) in the search and date last searched

2

Search 8 Present full electronic search strategy for at least one database, including any limits used, such  
that it could be repeated

Table 1

Study selection 9 State the process for selecting studies (ie, screening, eligibility, included in systematic review, and,  
if applicable, included in the meta-analysis)

2

Data collection  
process

10 Describe method of data extraction from reports (eg, piloted forms, independently, in duplicate)  
and any processes for obtaining and confirming data from investigators

2

Data items 11 List and define all variables for which data were sought (eg, PICOS, funding sources) and any  
assumptions and simplifications made

2,3

Risk of bias in  
individual studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of 
whether this was done at the study or outcome level), and how this information is to be used in 
any data synthesis

3

Summary measures 13 State the principal summary measures (eg, risk ratio, difference in means) 3
Synthesis of results 14 Describe the methods of handling data and combining results of studies,  

if done, including measures of consistency (eg, I2) for each meta-analysis
N/A

Risk of bias across  
studies

15 Specify any assessment of risk of bias that may affect the cumulative evidence (eg, publication bias, 
selective reporting within studies)

N/A

Additional analyses 16 Describe methods of additional analyses (eg, sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were prespecified

N/A

Results
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with  

reasons for exclusions at each stage, ideally with a flow diagram
3

Study  
characteristics

18 For each study, present characteristics for which data were extracted (eg, study size, PICOS,  
follow-up period) and provide the citations

Table 2

Risk of bias within 
studies

19 Present data on risk of bias of each study and, if available, any outcome-level assessment (Item 12) 11, Table 2

Results of  
individual studies

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data  
for each intervention group and (b) effect estimates and confidence intervals, ideally with a forest plot

Table 2

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency N/A
Risk of bias across 
studies

22 Present results of any assessment of risk of bias across studies (Item 15) 13–15

Additional analysis 23 Give results of additional analyses, if done (eg, sensitivity or subgroup analyses, meta-regression [Item 16]) N/A
Discussion
Summary of  
evidence

24 Summarize the main findings including the strength of evidence for each main outcome; consider  
their relevance to key groups (eg, health care providers, users, and policy makers)

12,13

Limitations 25 Discuss limitations at study and outcome level (eg, risk of bias), and at review level  
(eg, incomplete retrieval of identified research, reporting bias)

13–15

Conclusion 26 Provide a general interpretation of the results in the context of other evidence, and implications  
for future research

15

Funding
Funding 27 Describe sources of funding for the systematic review and other support (eg, supply of data); role  

of funders for the systematic review
N/A

Note: Reproduced from Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. Ann Intern Med. 2009;151(4):264–249.31

Abbreviations: N/A, not applicable; PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses.
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Despite the overall median PEDro score, several aspects 

of the included studies were conducted well, adding to the 

overall rigor of the evidence. Notably, many studies had 

longer follow-up times (up to 20 years). This time frame is 

highly advantageous for examining OA development, as OA 

is a disease that slowly progresses over variable time periods, 

but typically over several years. The studies also included 

reasonably large sample sizes (in some cases matching par-

ticipants between treatment arms) and had rigorous inclusion/

exclusion criteria. Additionally, independent assessors, who 

were unaware of the treatment received, often evaluated the 

radiographs; thereby limiting potential bias.

It is possible that variation in exercise programs also 

limited the ability to identify an effect of exercise after 

ACL injury on knee OA risk. Common goals included neu-

romuscular rehabilitation, reduction of swelling, increased 

joint mobility, and the modification of activities, which 

included a reduction in participation in sports and activities. 

However, because the description of the exact treatment 

plan was limited in most studies, comparing the effective-

ness of different exercise programs was challenging. In 

fact, it is possible that research addressing the incidence of 

OA following conservative management of ACL injuries 

should be excluded from this review, due to not explicitly 

reporting their exercise management program. Future 

research should provide detailed reports of conservative 

treatment protocols and exercise programs, which would 

assist in offering more definitive conclusions regarding 

the effectiveness of exercise in reducing OA prevalence 

following an ACL injury.

Comparisons between exercise and operative manage-

ment of ACL injuries was also limited by late operative 

procedures (notably ACL reconstruction). Many of the 

included studies initially prescribed exercise, but several par-

ticipants underwent late reconstruction during the follow-up 

period. Finally, radiographic measurement of OA, which 

was included in 14 studies, is the current gold standard in 

diagnosing OA.10 However, radiography is insensitive to 

early degenerative changes and may not be the best available 

tool for determining the risk of OA development. Research 

examining the sensitivity of different imaging modalities 

to evaluate OA changes in the knee, namely radiographs, 

computed tomography and MRI, demonstrated that MRI 

was better able to detect changes while also being able to 

evaluate soft tissue abnormalities (meniscus, ligaments).29 

Additionally, the diagnostic capability of ultrasound for OA 

has been recently studied.30 While images from ultrasound 

denoting cartilage degeneration were a strong predictor of 

arthroscopic findings, negative findings from the ultrasound 

exam were identified in cases where arthroscopic OA was 

present. Thus, MRI, which is more sensitive to early cartilage 

changes, may be more effective in determining the risk of OA 

development.10,11 Advances in imaging which enables assess-

ment of cartilage composition with noninvasive techniques, 

such as transverse relaxation time (T2) mapping, may be 

useful in evaluating OA progression in future studies.

It should be noted that there is an important potential 

risk for assessor bias associated with this review due to not 

registering the protocol through PROSPERO. The lack of 

conclusive findings regarding the effectiveness of exercise 

treatment for ACL injuries reduces this risk. A PRISMA 

(Preferred Reporting Items for Systematic reviews and Meta-

Analyses) checklist, however, has been completed (Table 4) to 

demonstrate the scientific rigor in reporting this review.31

Conclusion
The collective results from this review demonstrated that the 

evidence regarding exercise after ACL injuries to reduce 

the risk of knee OA is inconclusive. However, compared 

to operative treatment, some evidence may suggest that 

exercise could increase the risk of knee instability and 

subsequent meniscal tears, which can further increase the 

risk of knee OA. However, this finding was not consistent. 

Additionally, research suggested that there was minimal 

benefit in undergoing early reconstructive treatment, with 

lower prevalence of OA shown in those who initially pursued 

exercise. Thus, initial exercise management, with the option 

of late ACL reconstruction, may be beneficial in reducing 

the risk of knee OA.

Future research specifically addressing the effect of knee 

stability and concomitant meniscus injuries on the develop-

ment of OA and their relationship to exercise versus operative 

treatment of ACL injuries is required. Ideally, conducting ran-

domized controlled or comparable trials would provide high 

quality evidence for ACL management and OA progression. 

Including activity modification treatment to prevent knee 

OA in ACL injured patients, rather than solely an exercise 

intervention may offer insight into conservative treatment 

strategies. Researchers suggest that modification of activity, 

including reduction of participation in physical activity and 

the avoidance of pivotal sports, may subsequently reduce the 

need for late ACL reconstruction.16

Understanding of the effects of exercise on the risk of 

developing knee OA is critical for the development of clini-

cal treatment guidelines for ACL injuries. This may include 

differential treatment based on tear severity and activity 

level, in addition to combined treatments of exercise and 

activity modification.
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