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Abstract: Overuse injuries of the extensor mechanism of the knee are common in both athletes and non-
athletes and usually occur during activities associated with repetitive loading, stress, and knee extension. 
Numerous reports have been published describing extensor mechanism injuries in athletes, but there is 
a paucity of studies that focus on quadriceps tendinopathy in the non-athlete population. In addition, 
there is no universally accepted classification system for tendon pathology. Therefore, we performed a 
comprehensive literature review of these studies. This review consists of 2 parts. In the previous part we 
reviewed: (I) epidemiology and (II) diagnosis of quadriceps tendinopathy in the athlete as well as the general 
population. In this part we discuss: (I) classification; (II) prognosis; and (III) treatment results.
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Current classification systems 

The main symptom of quadriceps tendinopathy is anterior 
knee pain, with varying intensity levels located within 
various areas of the extensor mechanism apparatus. Patients 
often complain of gradual worsening of pain which is 
related to activity, and often do not recall or describe 
an inciting event (1). The most common location is the 
origin of the patellar tendon (65% to 70% of the cases), 
followed by the insertion of the quadriceps tendon at the 
superior pole of the patella (20% to 25%), and the patellar 
tendon insertion on the tibial tuberosity (5% to 10%). The 
classification proposed by Blazina et al. (2) and Roels et al. (3)  
is based on the effects of pain and sports performance, 
however, a more recent classification by Ferretti et al. (4) is 
based on the intensity of pain. 

The Blazina classification consists of: 

(I)	 Pain after activity only without functional 
impairment; 

(II)	 Pain during and after activity with satisfactory 
performance levels; 

(III)	 Pain during and after activity more prolonged with 
progressively increasing difficulty performing at a 
satisfactory level. 

The classification by Roels et al. modified the Blazina 
classification scheme to include tendon rupture: 

(I)	 Pain at the infrapatellar or suprapatellar region 
after practice or event;

(II)	 Pain at beginning of activity, disappearing after 
warming up and reappearing after completion of 
activity; 

(III)	 Pain remains during and after activity and the 
patient is unable to participate in sports;

(IV)	 Represents a complete rupture of the tendon. 
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Ferretti et al. modified Blazina’s classification based on 
the intensity of pain: 

(I)	 Stage 0: no pain; 
(II)	 Stage 1: pain only after intense sports activity with 

no functional impairment; 
(III)	 Stage 2: moderate pain during sports activity with 

no restriction on sports performance; 
(IV)	 Stage 3: pain with slight restriction on performance; 
(V)	 Stage 4: pain with severe restriction of sports 

performance; 
(VI)	 Stage 5: pain during daily activity and unable to 

participate in sport at any level. 
To date, there is no tendinopathy classification scheme to 

diagnose and guide treatment protocols based on the wide 
pathologic tendon features rather than symptoms based 
alone. This highlights the importance of further studies that 
are needed to assist in the management of tendinopathy in 
clinical practice. 

Prognosis and treatment

Historically, the management of quadriceps tendinopathy 
is based on the classifications by Blazina, Roels et al., 
and Ferretti et al. ,  which correlated the treatment 
based on the stage of patient symptoms. It is most 
commonly treated non-operatively with rest, activity 
modification, ultrasound, and physical therapy with 
eccentric training programs (5-13) (Table 1). However, 
among patients with severe tendinosis who fail non-
operative treatments, the options of injections are also 
available. Patients with severe quadriceps tendinopathy 
are at  increased r isk for tendon rupture without  
treatment (26). A prospective study of 20 athletes with 
quadriceps tendinopathy were followed for 15 years by 
Kettunen et al. (23), found that compared to healthy 
controls, athletes with quadriceps tendinopathy had higher 
mean visual analog scale scores for knee pain with squatting 
(12.8 vs. 1.4; P<0.01), increased functional limitations 
measured by Kujala score (27) with means of 85.1 vs. 97 
points (P<0.01), and increased early retirement of their sports 
careers because of their knee problems 9 (53%) vs. 1 (7%).

In the early stages of quadriceps tendinopathy described 
by Blazina et al. (2) and modified by Roels et al. (3)  
non-operative treatment is often successful at providing 
symptomatic relief (11,20,25). A retrospective study of 172 
athletes with patellar tendinopathy (110 who remained in 
sport) by Ferretti et al. (4) evaluated the outcomes of non-
operative and surgical treatment in the various Blazina 

stages. The prevalence of different stages in the study 
included 24 (21.8%) stage 1, 42 (38.1%) stage 2, 43 (29.1%) 
stage 3, and 1 (1%) stage 4. Among the athletes being 
treated, localized pain was found at lower pole of the patella 
in 71 (64.5%), at the insertion of quadriceps tendon in 27 
(25%), and at the tibial tuberosity in 11 (10%). The overall 
results obtained from the study was classified into the 
following groups.

(I)	 Very good: no pain, tenderness, muscle wasting or 
limitation of activities. 

(II)	 Good: mild pain during vigorous sport but no 
restriction, slight tenderness, and moderate muscle 
wasting. 

(III)	 Poor: moderate to severe pain after a long 
period of sitting and during sport, limitation of 
activity, moderate to severe tenderness and severe 
quadriceps muscle wasting. 

According to the groups that were classified, they 
found non-operative treatment used on all patients had 
good outcomes in those with early stages of the disease.  
Non-operative treatment without rest or reduction of sports 
activity was used in 81 athletes, the outcomes of those in 
the first and second stage included very good in 16 (38%), 
good in 10 (24%), and poor in 16 (38%) compared to the 
outcomes of those in the third stage included 4 (10%) very 
good, 8 (20%) good, and 27 (69%) poor of which 15 of 
the 27 were operated on later. In 36 cases, the addition of 
a long period of rest and reduction of sporting activity was 
added to the treatment, and was found to be beneficial in 
all stages, especially for those in the later stages. A total of 
16 patients (19 knees) with stage 3 or 4 underwent surgical 
treatment which resulted in 7 (38%) very good, 5 (26%) 
good, and 7 (38%) poor outcomes. 

Multiple studies have evaluated the use of injections 
such as platelet rich plasma (PRP), and sclerosing agents 
such as polidocanol. Both of these may be viable treatment 
options and provide symptomatic relief in certain cases of 
tendinopathy (17,28). A randomized controlled trial of 23 
patients with patellar tendinopathy by Dragoo et al. (14) 
compared patients who were undergoing eccentric training, 
and compared outcomes of the addition of leukocyte-
rich PRP injection with dry needling. They found that 
the addition of a leukocyte rich PRP injection with dry 
needling provided earlier symptomatic relief compared to 
eccentric exercise and dry needling alone. After 12 weeks of 
treatment, only the PRP group demonstrated statistically 
significant improvements in pain and function compared 
to dry needling. At 26 weeks, both groups had clinical 
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improvements, however, the differences between the groups 
was not statistically significant. 

A retrospective review of 408 patients who had 
tendinopathy of the upper or lower limbs treated by 
a single US-guided PRP injection by Dallaudière  
et al. (15) demonstrated increased rapid tendon healing, 
satisfactory patient tolerance, as well as improvements in 
patellar tendinopathy tear lesion size (9.2 mm at day 0 to  
3.3 mm at week 6, P<0.001). Filardo et al. (18) evaluated 
the efficacy of multiple PRP injections in 31 patients with 
chronic grade III Blazina (29) patellar tendinopathy who 
failed conservative treatment for a minimum of 2 months 
compared with physiotherapy alone (15 PRP, 16 control 
physiotherapy). At 6-month follow-up the PRP treatment 
group had greater improvements in post-treatment sport 
activity levels compared to the control group (39% vs. 
20%, P=0.048), with mean Tegner (30) scores of 6.6 
from 3.7 for PRP (P=0.001) vs. 6.8 from 5.3 for controls 
(P=0.0005). These results demonstrate that PRP injections 
can improve clinical outcomes in refractory cases of patellar 
tendinopathy.

A randomized  contro l l ed  t r i a l  o f  33  pa t ient s  
(42 tendons), who had chronic patellar tendinopathy by 
Hoksrud et al. (22) compared outcomes with treatment of 
sclerosing injections of polidocanol compared with controls 
using lidocaine/epinephrine [17 patients (22 knees) were 
included in the treatment group vs. 16 patients (20 knees) in 
the control group]. They found significant improvements 
in knee function and reduction in pain in the polidocanol 
group compared to control with improvement in mean 
VISA (31) scores from 51 to 62 after 4 months in the 
polidocanol group vs. no change in control group (P=0.052). 
At 8 months, patients in the lidocaine/epinephrine control 
group received polidocanol treatment and demonstrated 
greater improvement in mean VISA scores compared to the 
primary polidocanol treatment group at 58 to 79 vs. 54 to 
70 points (P=0.022). At 12 months follow up, no differences 
in patient satisfaction between the lidocaine/epinephrine 
control and polidocanol treatment groups were seen. 

Surgical treatment

Several studies have evaluated the surgical treatment of 
athletes who had tendinopathy and have shown superior 
outcomes in patients who have failed non-operative 
treatments for a minimum of 3 months (4,16,25). Various 
surgical techniques for treatment of patellar tendinopathy 
have been described in the literature, however, a consensus 

for the best surgical treatment option still does not exist 
(32-38). A retrospective study by Cucurulo et al. (19)  
examined outcomes of 64 athletes who had patellar 
tendinopathy treated by arthroscopic or conventional open 
surgery after failing non-operative treatment that averaged 
28 months. Both arthroscopic and conventional surgical 
treatments provided symptomatic relief of activity related 
knee pain classified by Blazina et al. (2) when compared to 
the preoperative levels, however, differences between the 
two surgical techniques were not statistically significant. A 
randomized controlled trial by Willberg et al. (39) compared 
the clinical outcomes of 45 patients (52 knees) with patellar 
tendinopathy treated by either sclerosing polidocanol 
injections or arthroscopic shaving, both treatments 
utilized ultrasound plus color Doppler. Compared to the 
polidocanol injection group, the arthroscopic treatment 
group had significant improvements in mean VAS scores for 
pain at rest (5 vs. 19, P=0.004), pain with activity (12 vs. 41, 
P=0.001) as well as increased patient satisfaction. A similar 
study by Alfredson et al. (40) evaluated treatment consisting 
of ultrasound and Doppler guided arthroscopic shaving with 
open scraping followed by immediate weight bearing on 9 
professional rugby players with patellar tendinopathy. They 
achieved good clinical results with increased mean VISA 
scores at 78 from 49 at baseline (P<0.05), and 7 out of the 9 
players returned to play full professional rugby within 4 to 
6 months. The two players who could not return to sport 
due to poor clinical outcomes had previous tendon revision 
surgeries. 

A prospective study of 32 athletes, who had patellar 
tendinopathy by Ferretti et al. (4) evaluated long-term 
surgical outcomes according to symptoms and return to 
sport with a minimum of five years follow-up. Using a 
modified Blazina classification (2), as previously described, 
they grouped the results at the final follow-up into stages.

(I)	 Excellent: when patient was at stage 0 at the final 
follow-up.

(II)	 Good :  when  pa t i en t  was  a t  s t age  1  w i th 
postoperative improvement of at least two stages.

(III)	 Fair: when improvement occurred but the final 
result was stage 2 or higher.

(IV)	 Poor: no improvement occurred.
According to the grouped stages, satisfactory results were 

obtained for their technique of longitudinal splitting of 
the tendon, excision of abnormal tissue, and resection and 
drilling of the inferior pole of the patella. At final follow 
up, good or excellent results were seen in 28 (85%) knees, 
excellent in 23 (71%), good in 5 (16%), fair in 1 (3%), and 



King et al. Quadriceps tendinopathy part 2

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(4):72atm.amegroups.com

Page 4 of 8

T
ab

le
 1

 T
re

at
m

en
t o

f q
ua

dr
ic

ep
s 

te
nd

in
op

at
hy

R
ef

er
en

ce
Le

ve
l o

f 
ev

id
en

ce
N

um
be

r 
of

 
pa

tie
nt

s
A

pp
lic

at
io

n
R

es
ul

ts
/F

in
di

ng
s

D
ra

go
o 

 
et

 a
l. 

(1
4)

, 
20

14

I
23

 p
at

ie
nt

s 
w

ith
 p

at
el

la
r 

te
nd

in
op

at
hy

D
ou

bl
e 

bl
in

de
d 

R
C

T 
of

 2
3 

pa
tie

nt
s 

to
 c

om
pa

re
 o

ut
co

m
es

 
af

te
r 

si
ng

le
 U

S
 g

ui
de

d 
le

uk
oc

yt
e 

ric
h 

P
R

P
 in

je
ct

io
n 

co
m

pa
re

d 
w

ith
 d

ry
 n

ee
dl

in
g,

 b
ot

h 
gr

ou
ps

 h
ad

 s
ta

nd
ar

d 
ec

ce
nt

ric
 e

xe
rc

is
e 

re
gi

m
en

Le
uk

oc
yt

e 
ric

h 
P

R
P

 in
je

ct
io

n 
w

ith
 D

N
 a

cc
el

er
at

es
 re

co
ve

ry
 a

nd
 p

ro
vi

de
s 

ea
rli

er
 s

ym
pt

om
at

ic
 re

lie
f c

om
pa

re
d 

to
 e

cc
en

tr
ic

 e
xe

rc
is

e 
an

d 
D

N
 a

lo
ne

. 
Im

pr
ov

em
en

ts
 o

f V
IS

A
 m

ea
n 

sc
or

es
 a

ft
er

 1
2 

w
ee

ks
 o

f t
re

at
m

en
t w

er
e 

5.
2±

12
.5

 in
 D

N
 g

ro
up

 (P
=

0.
20

) v
s.

 2
5.

4±
 2

3.
2 

in
 P

R
P

 g
ro

up
 (P

=
0.

01
), 

an
d 

at
 g

re
at

er
 th

an
 2

6 
w

ee
ks

 s
co

re
s 

im
pr

ov
ed

 to
 3

3.
2±

14
.0

 in
 th

e 
D

N
 g

ro
up

 
(P

=
0.

00
1)

 v
s.

 2
8.

9±
25

.2
 p

oi
nt

s 
in

 th
e 

P
R

P
 g

ro
up

 (P
=

0.
01

)

D
al

la
ud

iè
re

 
et

 a
l. 

(1
5)

, 
20

14

III
40

8 
pa

tie
nt

s
R

et
ro

sp
ec

tiv
e 

re
vi

ew
 4

08
 p

at
ie

nt
s 

w
ith

 s
in

gl
e 

P
R

P
 

in
je

ct
io

n 
un

de
r 

U
S

 g
ui

da
nc

e 
of

 te
nd

in
op

at
hy

 (m
ed

ia
l/

la
te

ra
l e

pi
co

nd
yl

es
, p

at
el

la
, a

ch
ill

es
, h

am
st

rin
gs

 a
nd

 
ad

du
ct

or
 lo

ng
us

S
in

gl
e 

in
tr

at
en

di
no

us
 P

R
P

 in
je

ct
io

n 
im

pr
ov

ed
 (W

O
M

A
C

) s
co

re
s 

fo
r 

pa
te

lla
r 

te
nd

on
s 

at
 3

8.
1±

16
.6

 a
t d

ay
 z

er
o,

 1
6.

1±
13

.5
 a

t w
ee

k 
6,

 a
nd

 
6.

0±
6.

9 
at

 lo
ng

 te
rm

 fo
llo

w
 u

p 
av

er
ag

in
g 

20
.2

 m
on

th
s 

(P
<

0.
00

1)
. 

Im
pr

ov
em

en
ts

 in
 p

at
el

la
r 

te
nd

in
op

at
hy

 o
r 

te
ar

 le
si

on
 s

iz
e 

w
er

e 
se

en
 fr

om
 

9.
2±

3.
7 

m
m

 a
t d

ay
 0

 to
 a

 d
ec

re
as

e 
of

 3
.3

±
4.

8 
m

m
 a

t w
ee

k 
6 

(P
<

0.
00

1)

S
an

ta
nd

er
 

et
 a

l. 
(1

6)
, 

20
12

III
23

 p
at

ie
nt

s
R

et
ro

sp
ec

tiv
e 

23
 p

at
ie

nt
s 

w
ith

 s
ym

pt
om

s 
fo

r 
at

 le
as

t  
6 

m
on

th
s 

w
ho

 h
ad

 a
rt

hr
os

co
pi

c 
de

br
id

ed
 p

at
el

la
r 

te
nd

on
 

at
 in

fe
rio

r 
po

le
 a

nd
 p

er
ite

no
n:

 o
ut

co
m

es

A
rt

hr
os

co
pi

c 
tr

ea
tm

en
t o

f c
hr

on
ic

 p
at

el
la

r 
te

nd
in

op
at

hy
 re

lie
ve

s 
pa

in
 in

 
th

os
e 

w
ho

 fa
ile

d 
co

ns
er

va
tiv

e 
tr

ea
tm

en
t, 

co
m

pa
ra

bl
e 

ou
tc

om
es

 re
po

rt
ed

 
fr

om
 o

pe
n 

te
ch

ni
qu

es

G
os

en
s 

et
 a

l. 
(1

7)
, 

20
12

I
36

 p
at

ie
nt

s 
w

ith
 p

at
el

la
r 

te
nd

in
op

at
hy

E
va

lu
at

ed
 o

ut
co

m
es

 o
f p

at
ie

nt
s 

tr
ea

te
d 

by
 P

R
P

 in
je

ct
io

ns
 

an
d 

id
en

tif
ie

d 
if 

pr
ev

io
us

 tr
ea

tm
en

ts
 a

ffe
ct

ed
 th

e 
re

su
lts

. 
Fo

ur
te

en
 o

f 3
6 

pa
tie

nt
s 

pr
ev

io
us

ly
 tr

ea
te

d 
co

rt
is

on
e,

 
et

ho
xy

sc
le

ro
l a

nd
 o

r 
su

rg
er

y

P
R

P
 tr

ea
tm

en
t p

ro
vi

de
d 

si
gn

ifi
ca

nt
 im

pr
ov

em
en

ts
 in

 b
ot

h 
gr

ou
ps

. P
at

ie
nt

s 
w

ith
 n

o 
pr

io
r 

tr
ea

tm
en

t h
ad

 th
e 

la
rg

es
t i

m
pr

ov
em

en
t. 

Im
pr

ov
em

en
ts

 
in

 p
ai

n 
re

du
ct

io
n 

in
 th

e 
to

ta
l g

ro
up

 a
ft

er
 P

R
P

 in
je

ct
io

n 
w

er
e 

se
en

 w
ith

 
V

IS
A

-P
 m

ea
n 

sc
or

es
 im

pr
ov

in
g 

fr
om

 4
0.

1 
to

 5
7.

7 
(P

<
0.

00
01

), 
VA

S
 A

D
L 

de
cr

ea
se

d 
fr

om
 5

.9
 to

 2
.7

 (P
<

0.
00

01
), 

VA
S

 w
or

k 
de

cr
ea

se
d 

fr
om

 6
.3

 to
 

3.
2 

(P
<

0.
00

01
), 

an
d 

VA
S

 s
po

rt
 d

ec
re

as
ed

 fr
om

 8
.5

0 
to

 4
.6

1 
(P

<
0.

00
01

)

Fi
la

rd
o 

 
et

 a
l. 

(1
8)

, 
20

10

II
31

 p
at

ie
nt

s 
w

ith
 c

hr
on

ic
 

pa
te

lla
r 

te
nd

in
op

at
hy

E
va

lu
at

ed
 th

e 
ef

fic
ac

y 
of

 m
ul

tip
le

 P
R

P
 in

je
ct

io
ns

 in
 

ch
ro

ni
c 

pa
te

lla
r t

en
di

no
pa

th
y.

 1
5 

pa
tie

nt
s 

w
ith

 c
hr

on
ic

 
pa

te
lla

r t
en

di
no

pa
th

y 
w

ho
 fa

ile
d 

no
n-

su
rg

ic
al

 a
nd

 s
ur

gi
ca

l 
tr

ea
tm

en
ts

 w
er

e 
tr

ea
te

d 
w

ith
 3

 P
R

P
 in

je
ct

io
ns

 s
pa

ce
d 

2 
w

ee
ks

 a
pa

rt
, a

s 
w

el
l a

s 
ph

ys
io

th
er

ap
y 

vs
. 1

6 
pa

tie
nt

s 
pr

im
ar

ily
 tr

ea
te

d 
w

ith
 p

hy
si

ot
he

ra
py

 o
nl

y

P
R

P
 tr

ea
tm

en
t g

ro
up

 h
ad

 s
up

er
io

r 
ou

tc
om

es
 in

 s
po

rt
 a

ct
iv

ity
 le

ve
ls

 
co

m
pa

re
d 

to
 c

on
tr

ol
 g

ro
up

 w
ith

 E
Q

 V
A

S
 3

9%
±

22
%

 v
s.

 2
0%

±
27

%
 

(P
=

0.
04

8)
. T

he
re

 w
er

e 
no

 s
ig

ni
fic

an
t d

iff
er

en
ce

s 
in

 p
ai

n 
re

lie
f, 

tim
e 

to
 

re
co

ve
r, 

an
d 

pa
tie

nt
 s

at
is

fa
ct

io
n 

be
tw

ee
n 

th
e 

P
R

P
 a

nd
 c

on
tr

ol
 g

ro
up

C
uc

ur
ul

o 
et

 a
l. 

(1
9)

, 
20

09

II
64

 p
at

ie
nt

s
E

va
lu

at
e 

th
e 

ou
tc

om
es

 o
f 6

4 
pa

tie
nt

s 
w

ho
 fa

ile
d 

co
ns

er
va

tiv
e 

tr
ea

tm
en

t a
nd

 u
nd

er
w

en
t s

ur
ge

ry
: 1

0 
of

  
64

 h
ad

 a
rt

hr
os

co
pi

c 
su

rg
er

y.
 A

ve
ra

ge
 fo

llo
w

-u
p 

22
 m

on
th

s

A
rt

hr
os

co
pi

c 
an

d 
co

nv
en

tio
na

l s
ur

gi
ca

l t
re

at
m

en
t h

ad
 c

om
pa

ra
bl

e 
ef

fe
ct

iv
en

es
s 

w
ith

 im
pr

ov
ed

 fu
nc

tio
n 

an
d 

re
du

ct
io

ns
 in

 p
ai

n,
 a

lth
ou

gh
 

th
er

e 
w

as
 n

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s 

be
tw

ee
n 

th
e 

tw
o 

gr
ou

ps

Vu
lp

ia
ni

 
et

 a
l. 

(2
0)

, 
20

07

II
73

 p
at

ie
nt

s 
(8

3 
kn

ee
s)

E
va

lu
at

ed
 lo

ng
 te

rm
 o

ut
co

m
es

 o
f t

re
at

in
g 

sp
or

ts
 p

at
ie

nt
s 

w
ith

 ju
m

pe
r’s

 k
ne

e 
w

ith
 e

xt
ra

co
rp

or
ea

l s
ho

ck
 w

av
e 

th
er

ap
y

E
ffe

ct
s 

of
 S

ho
ck

 w
av

e 
th

er
ap

y 
ar

e 
tim

e 
de

pe
nd

en
t: 

im
pr

ov
em

en
ts

 in
 

m
ea

n 
VA

S
 p

ai
n 

sc
or

es
 w

er
e 

se
en

 fr
om

 7
.1

 b
ef

or
e 

tr
ea

tm
en

t, 
4.

23
 a

t  
1 

m
on

th
, a

nd
 3

.3
2 

at
 le

ss
 th

an
 1

2 
m

on
th

s,
 3

.2
8 

be
tw

ee
n 

12
-2

4 
m

on
th

s,
 

an
d 

1.
35

 a
ft

er
 1

2 
m

on
th

 fo
llo

w
 u

p 
(P

<
0.

01
). 

Im
pr

ov
em

en
ts

 in
 c

lin
ic

al
 

ev
al

ua
tio

n 
w

er
e 

se
en

 fr
om

 b
ef

or
e 

tr
ea

tm
en

t a
t 1

.9
5 

to
 1

.2
1 

at
 1

 m
on

th
 

tr
ea

tm
en

t, 
0.

96
 a

t l
es

s 
th

an
 1

2 
m

on
th

s,
 0

.8
3 

be
tw

ee
n 

12
–2

4 
m

on
th

s,
 a

nd
 

0.
31

 a
t g

re
at

er
 th

an
 2

4 
m

on
th

s 
fo

llo
w

 u
p 

(P
<

0.
01

)

T
ab

le
 1

 (c
on

tin
ue

d)



Annals of Translational Medicine, Vol 7, No 4 February 2019 Page 5 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(4):72atm.amegroups.com

T
ab

le
 1

 (c
on

tin
ue

d)

R
ef

er
en

ce
Le

ve
l o

f 
ev

id
en

ce
N

um
be

r 
of

 
pa

tie
nt

s
A

pp
lic

at
io

n
R

es
ul

ts
/F

in
di

ng
s

B
ah

r 
 

et
 a

l. 
(2

1)
, 

20
06

I
35

 p
at

ie
nt

s
35

 p
at

ie
nt

s,
 4

0 
kn

ee
s 

w
ith

 g
ra

de
 3

b 
pa

te
lla

r 
te

nd
in

op
at

hy
 

ra
nd

om
iz

ed
 to

 s
ur

gi
ca

l t
re

at
m

en
t v

s.
 e

cc
en

tr
ic

 s
tr

en
gt

h 
tr

ai
ni

ng
 (2

0 
vs

. 2
0)

 p
at

ie
nt

s 
ev

al
ua

te
d 

at
 1

2 
w

ee
ks

  
3,

 6
, 1

2 
m

on
th

s.
 O

ut
co

m
es

 fo
r 

V
IS

A

B
ot

h 
th

e 
su

rg
ic

al
 a

nd
 e

cc
en

tr
ic

 tr
ea

tm
en

t g
ro

up
s 

de
m

on
st

ra
te

d 
im

pr
ov

em
en

ts
 in

 m
ea

n 
pa

in
 s

co
re

s 
in

 a
ll 

fu
nc

tio
na

l t
es

ts
 w

he
n 

co
m

pa
re

d 
to

 
ba

se
lin

e 
to

 1
2 

m
on

th
s,

 in
cl

ud
in

g 
st

an
di

ng
 ju

m
p 

4.
3 

(3
.3

–5
.3

) t
o 

1.
3 

(1
.0

–1
.7

) 
su

rg
er

y 
gr

ou
p 

vs
. 3

.9
 (2

.7
–5

.1
) t

o 
1.

7 
(0

.9
–2

.5
) e

cc
en

tr
ic

 tr
ai

ni
ng

 g
ro

up
 

(P
=0

.0
02

), 
co

un
te

r-
m

ov
em

en
t j

um
p 

4.
8 

(3
.8

–5
.8

) t
o 

1.
7 

(0
.7

–2
.7

) s
ur

gi
ca

l 
gr

ou
p 

vs
. 3

.9
 (2

.7
–5

.1
) t

o 
1.

8 
(1

.0
–2

.6
) e

cc
en

tr
ic

 tr
ai

ni
ng

 g
ro

up
 (P

=0
.0

01
), 

an
d 

le
g 

pr
es

s 
st

re
ng

th
 te

st
 4

.1
 (2

.9
–6

.2
) s

ur
gi

ca
l g

ro
up

 v
s.

 4
.0

 (2
.6

–5
.4

) t
o 

1.
3 

(0
.5

–2
.1

) e
cc

en
tr

ic
 tr

ai
ni

ng
 g

ro
up

 (P
=0

.0
19

). 
A

m
on

gs
t t

he
 s

ur
gi

ca
l a

nd
 

ec
ce

nt
ric

 tr
ai

ni
ng

 g
ro

up
s,

 n
o 

di
ffe

re
nc

e 
in

 o
ve

ra
ll 

tre
at

m
en

t s
at

is
fa

ct
io

n 
an

d 
co

m
pl

ic
at

io
ns

 w
er

e 
fo

un
d

H
ok

sr
ud

 
et

 a
l. 

(2
2)

, 
20

06

I
33

 p
at

ie
nt

s 
(4

2 
te

nd
on

s)
R

C
T 

33
 e

lit
e 

at
hl

et
es

 (b
as

ke
tb

al
l, 

ha
nd

ba
ll,

 v
ol

le
yb

al
l).

 
S

ev
en

te
en

 p
at

ie
nt

s 
(2

3 
kn

ee
s)

 tr
ea

tm
en

t, 
16

pt
s 

co
nt

ro
l. 

In
ve

st
ig

at
e 

sc
le

ro
si

ng
 in

je
ct

io
ns

 w
ith

 p
ol

id
oc

an
ol

 to
 

de
cr

ea
se

 v
as

cu
la

r 
in

gr
ow

th
 o

n 
el

ite
 a

th
le

te
s 

w
ith

 p
at

el
la

r 
te

nd
in

op
at

hy

S
ig

ni
fic

an
t i

m
pr

ov
em

en
t i

n 
kn

ee
 fu

nc
tio

n 
an

d 
re

du
ct

io
n 

in
 p

ai
n 

in
 th

e 
tr

ea
tm

en
t g

ro
up

 c
om

pa
re

d 
to

 c
on

tr
ol

 w
ith

 im
pr

ov
em

en
t i

n 
V

IS
A

 s
co

re
 

fr
om

 5
1 

to
 6

2 
af

te
r 

4 
m

on
th

s 
in

 tr
ea

tm
en

t g
ro

up
 v

s.
 n

o 
ch

an
ge

 in
 c

on
tr

ol
 

gr
ou

p 
(P

=
0.

05
2)

, A
t 8

 m
on

th
s 

pa
tie

nt
s 

in
 c

on
tr

ol
 g

ro
up

 w
er

e 
cr

os
se

d 
ov

er
 

to
 p

ol
id

oc
an

ol
 tr

ea
tm

en
t g

ro
up

 a
nd

 d
em

on
st

ra
te

d 
gr

ea
te

r 
im

pr
ov

em
en

t 
of

 V
IS

A
 s

co
re

s 
of

 5
8 

to
 7

9 
vs

. p
rim

ar
y 

tr
ea

tm
en

t g
ro

up
 w

ith
 5

4 
to

 7
0 

(P
=

0.
02

2)
. A

t 1
2 

m
on

th
s 

fo
llo

w
 u

p 
no

 d
iff

er
en

ce
s 

in
 p

at
ie

nt
 s

at
is

fa
ct

io
n 

be
tw

ee
n 

co
nt

ro
l a

nd
 tr

ea
tm

en
t g

ro
up

s 
w

er
e 

se
en

.

Fe
rr

et
ti 

 
et

 a
l. 

(4
), 

20
02

II
32

 p
at

ie
nt

s 
(3

8 
kn

ee
s)

 
w

ith
 p

at
el

la
r 

te
nd

in
op

at
hy

Lo
ng

 te
rm

 fo
llo

w
-u

p 
of

 s
ur

gi
ca

l o
ut

co
m

es
 o

f p
at

el
la

r 
te

nd
in

os
is

 in
 re

ga
rd

 to
 s

ym
pt

om
s 

an
d 

re
tu

rn
 to

 s
po

rt
s.

 2
2 

of
 th

e 
32

 k
ne

es
 w

er
e 

at
hl

et
es

 w
ho

 s
til

l c
om

pe
te

d 
at

 ti
m

e 
of

 la
st

 fo
llo

w
 u

p.
 S

in
gl

e 
su

rg
eo

n 
us

ed
 s

am
e 

te
ch

ni
qu

e 
of

 
lo

ng
itu

di
na

l s
pl

itt
in

g 
of

 te
nd

on
, e

xc
is

io
n 

of
 a

bn
or

m
al

 ti
ss

ue
 

an
d 

re
se

ct
io

n 
an

d 
dr

ill
in

g 
of

 in
fe

rio
r 

po
le

 o
f p

at
el

la

Th
e 

su
rg

ic
al

 te
ch

ni
qu

e 
us

ed
 p

ro
du

ce
d 

re
lia

bl
e 

sa
tis

fa
ct

or
y 

ou
tc

om
es

 
ov

er
al

l: 
28

 (8
5%

) o
f t

he
 3

3 
kn

ee
s 

ha
d 

go
od

 o
r 

ex
ce

lle
nt

 re
su

lts
 a

t f
in

al
 

fo
llo

w
 u

p.
 E

xc
el

le
nt

 re
su

lt 
in

 2
3 

kn
ee

s,
 g

oo
d 

in
 fi

ve
, f

ai
r 

in
 o

ne
 a

nd
 p

oo
r 

in
 fo

ur
. F

ou
r 

of
 th

e 
fiv

e 
un

sa
tis

fa
ct

or
y 

re
su

lts
 w

er
e 

in
 v

ol
le

yb
al

l p
la

ye
rs

.  
5 

pa
tie

nt
s 

w
ho

 h
ad

 g
iv

en
 u

p 
sp

or
ts

 fo
r 

ot
he

r 
re

as
on

s 
ha

d 
co

m
pl

et
e 

he
al

in
g 

of
 te

nd
on

 a
nd

 w
er

e 
as

ym
pt

om
at

ic
. E

ig
ht

ee
n 

pa
tie

nt
s 

(8
2%

) w
er

e 
ab

le
 to

 re
tu

rn
 to

 s
po

rt
s 

at
 a

n 
av

er
ag

e 
of

 5
.5

 m
on

th
s 

po
st

op
er

at
iv

el
y,

 6
3%

 
of

 th
os

e 
kn

ee
s 

w
er

e 
as

ym
pt

om
at

ic

K
et

tu
ne

n 
et

 a
l. 

(2
3)

, 
20

02

II
47

 p
at

ie
nt

s
To

ta
l 4

7 
pa

tie
nt

s:
 2

7 
ju

m
pe

rs
 k

ne
e,

 2
0 

co
nt

ro
l. 

15
-y

ea
r 

fo
llo

w
 u

p 
pr

og
no

si
s 

fo
r 

sy
m

pt
om

s 
re

la
te

d 
to

 ju
m

pe
rs

 k
ne

e
A

th
le

te
s 

w
ith

 ju
m

pe
r’s

 k
ne

e 
ha

d 
hi

gh
er

 m
ea

n 
VA

S
 s

co
re

s 
fo

r 
kn

ee
 

pa
in

 w
ith

 s
qu

at
tin

g 
12

.8
 v

s.
 1

.4
 m

m
 (P

<
0.

01
), 

in
cr

ea
se

d 
fu

nc
tio

na
l 

lim
ita

tio
ns

 K
uj

al
a 

sc
or

es
 w

ith
 m

ea
ns

 o
f 8

5.
1±

15
.8

 v
s.

 9
6.

9±
6.

5 
(P

<
0.

01
), 

an
d 

in
cr

ea
se

d 
ea

rly
 re

tir
em

en
t o

f s
po

rt
s 

ca
re

er
s 

be
ca

us
e 

of
 th

ei
r 

kn
ee

 
pr

ob
le

m
s 

9 
of

 1
7 

(5
3%

) v
s.

 1
 o

f 1
4 

(7
%

). 
In

cr
ea

se
d 

pa
te

lla
r 

he
ig

ht
 (p

at
el

la
r 

te
nd

on
 le

ng
th

 to
 p

at
el

la
 le

ng
th

 r
at

io
) w

as
 c

or
re

la
te

d 
w

ith
 in

cr
ea

se
d 

sy
m

pt
om

s 
w

ith
 h

ig
he

r 
VA

S
 s

co
re

 (r
=

0.
51

, P
=

0.
04

), 
an

d 
K

uj
al

a 
sc

or
es

 
(r=

−
0.

46
, P

=
0.

05
) c

om
pa

re
d 

to
 h

ea
lth

y 
co

nt
ro

ls

Fe
rr

et
ti 

 
et

 a
l. 

(2
4)

, 
19

85

III
17

2 
pa

tie
nt

s 
tr

ea
te

d 
fo

r 
ju

m
pe

rs
 k

ne
e

C
lin

ic
al

 fi
nd

in
gs

 a
nd

 re
su

lts
 o

f c
on

se
rv

at
iv

e 
an

d 
su

rg
ic

al
 

tr
ea

tm
en

t o
f 1

25
 p

at
ie

nt
s 

fo
llo

w
ed

 a
t l

ea
st

 tw
o 

ye
ar

s 
si

nc
e 

on
se

t o
f s

ym
pt

om
s

C
on

se
rv

at
iv

e 
tr

ea
tm

en
t u

se
d 

as
 p

rim
ar

y 
ap

pr
oa

ch
 fo

r 
al

l p
ts

: a
de

qu
at

e 
w

ar
m

-u
p,

 ic
e,

 s
tr

et
ch

in
g,

 q
ua

dr
ic

ep
s 

st
re

ng
th

en
in

g,
 p

hy
si

ca
l t

he
ra

py
 a

nd
 

in
je

ct
io

n 
of

 h
yd

ro
co

rt
is

on
e 

in
 1

1 
pa

tie
nt

s.
 O

pe
ra

tio
n 

in
 1

5 
pa

tie
nt

s 
w

ith
 

ru
pt

ur
ed

 te
nd

on
s

T
ab

le
 1

 (c
on

tin
ue

d)



King et al. Quadriceps tendinopathy part 2

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(4):72atm.amegroups.com

Page 6 of 8

poor in 4 (13%), while 80% of the unsatisfactory results 
were in volleyball players. Eighteen patients (82%) were 
able to return to sports at a mean of approximately 6 months 
postoperatively, of those, 11 (63%) were asymptomatic.  

In summary, there are multiple treatment modalities for 
quadriceps tendinopathy. Non-operative measures have 
shown good outcomes in the early stages of tendinopathy. 
Injections of PRP and sclerosing agents such as polidocanol 
may provide symptomatic relief in those who have failed 
first line non-operative measures and are alternative 
treatment options. Surgical treatment for quadriceps 
tendinopathy should be reserved for those who are in the 
later stages of tendinopathy, and those who have exhausted 
non-operative treatments. Arthroscopic and open surgical 
treatments have shown superior outcomes in advanced stage 
tendinopathy compared to non-operative treatments. The 
outcomes of surgical treatment of quadriceps tendinopathy 
have been studied extensively in athletes, however, there is a 
need for additional studies in the non-athlete population.

Discussion/conclusions 

Quadriceps tendinopathy is an important cause of anterior 
knee pain. It is a clinical diagnosis characterized by activity-
related anterior knee pain and is most commonly seen 
with overuse activities in athletes. Structural histologic 
tendon changes found in quadriceps tendinopathy have 
consistently demonstrated more degenerative rather than 
inflammatory changes. The use of conventional diagnostic 
imaging for quadriceps tendinopathy diagnosis reveals 
morphologic changes of localized tendon thickening, 
hypoechoic areas, and increased vascularity. Quadriceps 
tendinopathy is initially managed non-operatively with rest, 
ice, proper warm-up, and physical therapy. Injections of 
PRP and sclerosing agents such as polidocanol have shown 
good outcomes in patients with patellar tendinopathy 
who have failed non-operative treatment. Arthroscopic 
and open surgical procedures have shown good outcomes 
in patients with severe symptoms who have failed  
non-operative treatment. More recently, an association has 
been found between non-athletic patients who have a high 
BMI and patellar tendinopathy. These findings highlight 
the importance in surveillance of quadriceps tendinopathy 
as a cause of anterior knee pain in non-athletes. In addition, 
the development of an ultrasound classification scheme 
for the management of tendinopathy based on pathologic 
tendon changes rather than just symptomology alone would 
prove invaluable for clinical practice, however, there is a T
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need for additional validation studies. 
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