
Brazilian Journal of  Physical Therapy 2021;25(2):156---161

https://www.journals.elsevier.com/brazilian-journal-of-physical-therapy

Brazilian  Journal  of
Physical  Therapy

ORIGINAL RESEARCH

Impaired  performance of women with patellofemoral

pain  during  functional tests

Camile  Ludovico Zamboti a,b,  Carlos Augusto  Marçal Camillo a,c,
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Abstract

Objective:  To  compare  the  performance,  reliability,  and  validity  of  functional  tests  between

women with  and  without  patellofemoral  pain.

Methods:  Twenty  women  with  a  diagnosis  of  patellofemoral  pain  between  18  and  40  years  of

age and  20  age-matched  pain-free  controls  participated  in the  study.  All  participants  performed

a set  of  five function  tests:  sitting-rising  test,  sit-to-stand  in  30  seconds,  stair-climb  test,  stair

descent  test,  and  six-minute  step  test.  To  investigate  reliability,  participants  were  assessed  on

two different  days,  seven  days  apart,  by  two  independent  investigators  blinded  to  the results

of the  other  investigator.  Validity  was  evaluated  through  associations  with  the  results  on  the

Anterior  Knee  Pain  Scale.

Results:  Performance  in the  tests  was  worse  in  women  with  patellofemoral  pain  than  in the

control group  for  the  sit-to-stand  in 30  seconds  (mean  difference  [MD]  3.4reps;  95%CI:  0.4,  6.4),

stair-climb  test  (MD:  0.36  s;  95%CI:  0.1,  0.63),  and  six-minute  step  test  (MD:  45reps;  95%CI:  20,

70). No  differences  were  observed  for  the sitting-rising  and stair  descent  tests.  All  tests  in  both

groups  showed  moderate  to  excellent  intra-  and  inter-rater  reliability  (intraclass  correlation

coefficients: 0.61  to  0.91  and  0.72  to  0.96,  respectively).  Finally,  only  the  results  on  the  sit-to-

stand in  30  seconds  test  correlated  with  the Anterior  Knee  Pain  Scale  (r =  0.44,  p  = 0.047)  in  the

patellofemoral  pain  group.

Conclusion:  Women  with  patellofemoral  pain  present  lower  performance  on  some  functional

tests. Functional  tests  are reliable  in patients  with  patellofemoral  pain,  although  they  are  not

associated  with  the  results  on the  Anterior  Knee  Pain  Scale  self-questionnaire.
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Introduction

Patellofemoral  pain  (PFP)  is  a condition  characterized  by
insidious  and  diffuse  pain  in the  anterior  region  of the  knee,1

which  worsens  during  activities  involving  repetitive  load-
ing  of  the  patellofemoral  joint.2,3 PFP  is  more  prevalent  in
women  and  impacts  daily  activities  exacerbating  pain  during
functional  tasks  such  as  sitting  and  getting  up  from  a chair  or
when  going  up  and  down  stairs.4 The  clinical  impact  is  that
an  estimated  75% of  patients  with  PFP  present  a  reduction  in
activities,  especially  sports  and  recreational  activities,  due
to  pain.5

Function  can  be assessed  using  self-reported  measures
and  performance-based  tests.6 The  Anterior  Knee  Pain  Scale
(AKPS)  is  a  commonly  used,  reliable,  self-reported  measure-
ment  of  function.7 Performance  and function tests  aim  to
provide  an  indirect  but  objective  and comparable  estimate
of  patient  tolerance  to  the physical demands  of  everyday
life.8 However,  it is  essential  that the results  of functional
tests  are  reliable  and  valid.9

Studies  that  used  functional  tests  in individuals  with
PFP  observed  exacerbation  of pain  while  performing  the
tests,4,10 with  the anteromedial  lunge,  step  down,  and  single
leg  press  being  moderately  correlated  with  pain  intensity  on
the  visual  analogue  scale  (VAS).  Tests  similar  to  activities  of
daily  living  that  exacerbate  pain  in this population,  such  as
going  up  and  down  stairs and  sit  to  stand  movements,  may
offer  a  more  realistic  assessment  of  functional  limitations.4

Additionally,  specific  functional  tests  for PFP  should include
overload  with  movements  throughout  knee flexion,  including
varied  movements  requiring  dynamic  muscular  control.10

Although  Loudon  et al.10 reported  reliable  functional
tests  associated  with  knee pain,  these  tests  were not  sen-
sitive  to  differences  in function  among  people  with  PFP.
Therefore,  the literature  lacks evidence  for  valid,  reli-
able,  and  sensitive  tests  of  functional  status  and  changes
in  patients  with  PFP.  The  aim  of the  present  study  was  to
compare  the  functional  performance  of  women  with  or  with-
out  PFP,  as well  as  to  evaluate  the  reliability  and  validity  of
functional  tests  that mimic  movements  exacerbating  knee
pain.

Methods

Study  design

This  cross-sectional  study  was  conducted  in accordance  with
resolution  466/2012  of the  Brazilian  National  Health  Coun-
cil  and  was  approved  by  the  institutional  review  board
(#1.757.451)  of  Universidade  Estadual  de  Londrina  (UEL),
Londrina,  PR,  Brazil.  All  participants  provided  an informed
consent  form  prior  to participation  in the study.

Sample  characteristics

Female  participants,  between  18  and  40  years  of  age  were
screened  for  eligibility  in a  non-probabilistic  design  with
a  convenience  sample.  To  be  included  in the study,  they
could  not  present  any  of the following  conditions:  history
of  traumatic  knee  injury;  previous  lower  extremity  surgery;

patellar  dislocation;  clinical  evidence  of  meniscal  injury;
ligament  instability  or  patellar  tendinopathy;  neurological,
cardiovascular,  or  rheumatic  diseases;  diabetes;  sensory
change  on the  plantar  surface  of  the foot;  using  medication
and/or  performing  physical  therapy  sessions  in  the previous
six  months; being  pregnant  at the time  of  the study.1 Addi-
tionally,  participants  in  the PFP  group  needed  to  present  the
following  features:  (1)  a  clinical  diagnosis  of  patellofemoral
dysfunction  by  a  physician;  (2)  anterior  knee pain  of  four
or  more  points  on  a  0---10  VAS  for  at  least eight  weeks
before  evaluation;  (3)  insidious  onset  of symptoms  unrelated
to  trauma;  (4)  presence  of  knee  pain  in at least  three  of
the  following  tasks:  climbing/descending  stairs,  crouching,
running,  kneeling,  or  sitting  for  prolonged  periods.11 Partici-
pants  in the control  group (i.e. without  PFP)  were included
if  they  did not present  any  complaints  of pain  or  disability,
in  any  joints  of  the body.  Participants  were  excluded  if they
did  not complete  all  tests  or  attend  the  retest  session.

Procedures

During  the initial  visit, all participants  were  informed  about
the  research  and  data  collection  procedures.  In  addition,
on  the same  day,  they  completed  a  general  questionnaire
for  sample  characterization,  the  VAS  for  pain,  and  the  AKPS
(both  translated  and  validated  for  Brazilian  Portuguese).12

Participants,  were  then  asked  to perform  five  functional
tests  in  a random  sequence:  sitting---rising  test  (SRT),  sit-to-
stand  in 30  s (STS30), stair-climbing  test  (SCT),  stair  descent
test  (SDT),  and six-minute  step  test  (6MST).

To  assess  inter-rater  reliability,  the set  of  5 tests  was
performed  twice  and  assessed  by  separate  investigators.
The  sequence  of  tests  and  the  order  of  the  two  investiga-
tors  were  chosen  randomly  on  Day  1 (while  one assessor
performed  the  evaluation  the other  remained  in a  sepa-
rate  room  to  blind  the  assessment  and  result).  Participants
returned  to  the laboratory  one  week  later  to  repeat
the  entire  procedure  (Day  2),  with  the  same  randomized
sequence  as  the first  visit  to  avoid  differences  due  to  fatigue.
A total  of  three  experienced  investigators  performed  the
data  collection.  To  guarantee  standardized  operational  pro-
cedures,  all  investigators  were  trained for  the  study  protocol
and participated  in a pilot  study  of  this protocol.

Functional  tests

Sitting---rising  test: The  SRT  assesses  the  ability  to  sit  down
and  stand  up from  the floor  with  partial scores  for  each  of  the
two  actions.  The  participant  is  required  to  get  up  from  the
floor, and  after  standing  up,  return  to  the floor,  trying  to  use
minimal  support.13 This  test  evaluates  the  quality  of move-
ments  to  sit and rise  from  the  floor.  The  quality  of  movement
is  analysed  and scored  from  zero  to 11.  For  each  external
support  necessary,  for  example  if the participant  need  to  put
their  hand  on  the  floor  to  perform  sitting,  or  if  imbalance
occurs  during  execution,  the total  score  is  reduced  by  a point
and  a  half  point,  respectively.  Higher  values  refer  to  better
functional  performance.  Due  to  the  lack  of  evidence  describ-
ing the number  of  repetitions  necessary  to  assure  reliability
of  the  test,  on  each  visit  the test  was  repeated  three  times
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with  1-min  rest  between  each execution.  The  mean  of  all
attempts  was  used as  the  test result.

Sit-to-stand  in  30  s: The  STS30  evaluates  the number  of
repetitions  of sitting  down  and  getting  up  from  a  42  cm-chair
in  30  s.  The complete  movement  of  sitting  and  getting  up  was
counted  as  one  repetition,  where  higher  number  of repeti-
tions  correspond  to  a  better  result.  If  participants  did  not
fully  extend  their  knees  or  sit  on  the chair,  the  repetition
was  not  counted.  On each  visit,  two  executions  of  the test
were  performed  with  2 min rest  between  them,  as  proposed
in  the  literature.14 The  mean  of the attempts  was  used  as
the  test  result.

Stair-climbing  test  and stair  descent  test: These  tests
evaluate  the  time  taken  to  go up  and down  a  set  of stairs,
respectively.  In  the  SCT,  the  volunteer  climbs  eight  steps
in  the  shortest  time  possible  without  external  support,  with
lower  values  corresponding  to greater  agility  and  better  per-
formance.  The  same  protocol  was  used  for  stair  descent.  On
each  visit,  participants  performed  two  trials  of each test
with  a  2  min  rest  between  attempts.15 The  mean  of the
attempts  for  both  SCT  and  SDT  was  used as  the test  result.

Six-minute  step  test: The  6MST  measures  the  number  of
times  the  participant  climbed  and  descended  from  a  20  cm
high  step  in 6  min.  The  aim  is  to  go up  and  down  the  step  as
fast  as possible,  with  higher  values  corresponding  to  better
performance.  The  number  of  repetitions  was  counted,  con-
sidering  one  repetition  when  the participant  went  up  and
down  the  step.  The  test  is  similar  to  the six-minute  walk
test  in  terms  of  rhythm,  timing,  and  encouragement.  Par-
ticipants  performed  the test  twice  on  each  day,  one  time
with  each  assessor,16 and  the best attempt  for  each assessor
(done  on  different  days)  was  used  as  the test  result.

For  safety  reasons,  heart  rate  (using  a cardio-frequency
metre)  and the subjective  sensation  of dyspnoea  and  exer-
tion  (using  the Borg scale)  were monitored  during  all  tests.
The  presence  of  syncope,  vertigo,  major  tachycardia  (100%
of  maximal  heart  rate), or  cyanosis,  were  indications  to
discontinue  testing;  however,  none  of these  events  were
observed  in this study. To  control  fatigue  and  pain,  the  Borg
scale  and  VAS  were  completed  before  and after  each  test,
if  there  was  increase  in pain  or  fatigue  participant  waited
before  performing  another  trial  or  test.

Statistical  analyses

Difference  in the  STS30  between  the  two  groups  was  defined
a  priori  as the primary  outcome.  Based  on  a pilot study,  forty
participants  (2  groups  of twenty)  were  needed  to  obtain
90%  power,  based  on  a difference  of  5.16  repetitions  in  the
STS30,  assuming  a  standard  deviation  of  4.27  repetitions,
and  an  alpha  lower  than  0.01.

Statistical  analyses  were  performed  using Statistical
Package  for  the Social  Sciences  (SPSS®)  20.0.  Data  are
described  as  mean  ±  SD or  median  [interquartile  range]
according  to  data  distribution.  Data  normality  was  assessed
by  the  Shapiro---Wilk  test.  Characteristics  of  the partici-
pants  and  performance  in  the tests  were  compared  between
patients  with  PFP  and  the control  group  using  unpaired  t
tests  or  Mann---Whitney  tests,  according  to  the data  distri-
bution.  Descriptive  data  of  the  tests  and  the  comparison
between  the  two  groups  were  done  using  the  results  of
the  first  patients’  assessment  during  the  first  day,  with  the

exception  of  6MST  which was  the only  one  performed  by two
raters  on  both  days,  so  the best  attempt  of  the  first  patients’
assessment  on  both  days  was  used.

Intra-rater  analysis  was  done  using  the two-way  mixed
effects,  absolute  agreement  and multiple  raters  (i.e.  all
test---retest  data  were  used).  Interrater  analysis,  was  done
using  the two-way random  effects,  absolute  agreement  and
multiple  raters  (i.e.  all  the  three  raters  were  used  in the
analysis).17,18 Reliability  was  deemed  moderate  if values
were  between  0.50  and  0.75,  good  if  between  0.76  and  0.90,
and  excellent  if above  0.90.19 To  observe  inter-evaluator  and
execution  differences,  two-way  ANOVAs  were  performed,
and  data  with  non-parametric  distribution  were normalized
with  log10.  The  Standard  Error  of  Measurement  (SEM)  was
calculated  to establish  the absolute  reliability,  by  means  of
the  following  equation:  SEM  =  SD

√
(1  −  ICC),  in which SD  is

the  standard  deviation  and  ICC  is  the  Intraclass  correlation
coefficient.20

Although  there  is  no  gold  standard  to  evaluate  function
in  individuals  with  PFP, validity  of  the  tests  was  assessed  by
determining  the extent  of  association  between  scores  on  the
tests  and score  on  the AKPS,  using  the  Spearman  correlation
coefficient.

In  addition,  Spearman  correlation  was  used  to  determine
the association  between  pain  intensity  (VAS)  and  perfor-
mance  for each test.  The  Mann---Whitney  test  was  used  to
compare  differences  between  pain  scores  between  groups
for  each  test. To  compare  pain  between  groups, the  aver-
age  of VAS  in the  end  of  all  tests  of  the SRT,  30STS,  SCT,  and
SDT  and  the  reported  VAS  during  the  best attempt  of the
6MST  were  used.  Statistical  significance  was  set  at p <  0.05
for  all  analyses.

Results

Forty  participants  were evaluated  in  the  study,  20  in the  PFP
group  and  20  in the  control  group.  Three  raters performed  all
study  assessments.  The  raters  were  all women,  with  mean
age  of  21.6  years  with  experience  in the application  of  all
tests  performed.  In  total,  160  assessments  were  performed
by  the raters.

Characteristics  of  the  participants  are presented  in
Table  1.  Participants  in  both  groups  were  similar  in  age  and
height,  but  those  in  the control  group,  had a  significantly
higher  body  weight  and  body mass  index  (BMI),  as well  as
total  AKPS  score.  The  PFP  group  demonstrated  worse  scores
compared  to  the  control  group  in three  tests,  STS30,  SCT,
and  6MST  (Table  2).

Intra-rater  reliability  was  deemed  from  moderate  to
excellent  (0.61  <  ICC  < 0.91) and  inter-rater  reliability  from
moderate  to excellent  (0.72  < ICC < 0.96)  in both  groups.  The
two-way  analysis  of  variance  did not indicate  significant
differences  neither  between  raters nor between  tests  exe-
cutions  and  no  interaction  between  raters  and  test were
observed.

Correlation  values  between  the score  on the AKPS  and
performance  on  the  functional  tests  were low  and  not  signif-
icant  (r  =  −0.30  to  0.23;  p > 0.05  for  all),  with  the  exception
of  AKPS  and  STS30  which  presented  a moderate  correla-
tion  (r  = 0.44;  p = 0.04,  Fig.  1). Additionally,  the  relationship
between  pain  scores  on  the  VAS  and  performance  on  the
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Table  1  Characteristics  of  the  participants.

PFP  (n  =  20) Control  (n  =  20)  p  value

Age  (years) 25.60  ± 4.97 26.50  ±  4.13  0.53

Body weight  (kg)  67.55  ± 12.40  59.15 ±  9.40  0.01

Height (cm)  164.00  ± 0.05  165.00  ±  0.08  0.76

BMI (kg/m2)  25.05  ± 3.49  21.75 ±  2.77  0.002

Pain (0---10  VAS)  5.40  ± 1.30  --- ---

Pain onset  (months  from  initial  evaluation)  70.35  ± 77.84  --- ---

AKPS (0---100  points)  70.50  ± 11.61  96.7  ±  4.80  <0.001

Data presented as mean ±  SD. SD, standard deviation; BMI, body  mass index; VAS, visual analogue scale; AKPS, Anterior Knee Pain Scale;
PFP, patellofemoral pain.

Table  2  Results  on the  functional  performance  tests.

Tests  PFP  (n  =  20)  Control  (n  =  20)  p  value

SRT  (total  score)  10  [9---10]  11  [9---11]  0.08

STS30 (repetitions)  15  [13---17]  19.2  [15---23]  0.01

SCT (s)  2.4  [2.0---2.6]  2.0 [1.7---2.2]  0.003

SDT (s)  2.1  [1.8---2.2]  1.9 [1.7---2.0]  0.09

6MST (repetitions)  182 [163---210]  227 [197---261]  0.001

Data presented as median [IQR]. IQR, interquartile range; PFP, patellofemoral pain; SRT, sitting---rising test; STS30, sit-to-stand in 30 s;
SCT, stair-climb test; SDT, stair descent test; 6MST, six-minute step test.

Figure  1  Correlation  of performance  on STS30  with  AKPS.

STS30: sit-to-stand  in 30  s; AKPS,  anterior  knee  pain  scale.

functional  tests,  were  not significant  (r  =  −0.09  to  0.15;
p  > 0.05  for  all).  Pain perception  was  significantly  higher
after  each  of  the tests  in the  PFP  group  compared  to  the
control  group  (Fig.  2).

Discussion

The  hypothesis  of this  study  was  partially  confirmed,  based
on the  worse  functional  performance  being  found in the  PFP
group  for  the STS30,  SCT,  and 6MST,  compared  to  the con-
trol  group.  The  results  of  the  present  study  differ  from  the
study  of  Loudon  et  al.,10 which  did not find  differences  in
functional  tests  (i.e.  leg  press,  balance  and  reach,  antero-
medial  lunge,  and bilateral  squat)  between  individuals  with
PFP  and  a  control  group.10 A  likely  explanation  for the dif-
ferences  may  be  the different  characteristics  of  the  tests
used.  In  the  present  study  we included  tests  that  induce
overload  to the knees  and  that  mimic  biomechanical  move-

Figure  2  Pain  perception  at  the end  of  the  functional  tests.

PFP, patellofemoral  pain;  SRT,  sitting---rising  test;  STS30:  sit-to-

stand  in  30  s;  SCT:  stair-climb  test;  SDT:  stair  descent  test;  and

6MST: six-minute  step  test.  *  Statistically  significant  difference;

p < 0.05;  analysed  by  the  Mann---Whitney  test.

ments  that  trigger  pain  (e.g.  sit  and  rise;  climb  and  descend
a  stairway).10

The  five  tests  used in this  study  reached  moderate  to
excellent  reliability  in both  groups.  Consistent  with  the
present  study,  Luque-Siles  et  al.21 demonstrated  moderate
to  good  intra-rater  reliability  in  the STS30  (ICC = 0.7---0.8)  in a
healthy  sample.21 Furthermore,  the SCT  and  6MST  presented
similar  results  to  those  found  in the  literature,  with  good
intra-  and  inter-rater  reliability  in healthy  individuals.16,22

Although  measurement  error  (Table  3)  in the  functional  tests
were  lower  than  the difference  in  both  groups, in clinical
practice  values’  dispersion  must  be  observed  to  verify  real
clinical  changes.
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Table  3  Reliability  of  functional  performance  tests.

Tests  Intra-rater  Inter-raters

ICC  95%  CI  SEM  (units  of

measurement)

ICC  95%  CI  SEM  (units  of

measurement)

SRT  (total  score) PFP  0.89  0.84,  0.92  0.35  0.77  0.56,  0.87  0.35

Control 0.86  0.73,  0.92  0.29  0.76  0.54,  0.87  0.34

STS30 (repetitions) PFP  0.91  0.84,  0.95  1.64  0.96  0.92,  0.98  0.45

Control 0.93  0.67,  0.97  1.53  0.94  0.86,  0.97  0.96

SCT (s) PFP  0.76 0.63,  0.85 0.17  0.76  0.55,  0.87  0.16

Control 0.90 0.81,  0.95 0.12 0.90 0.81,  0.94 0.08

SDT (s) PFP  0.61 0.40,  0.75 0.23 0.72 0.46,  0.86 0.14

Control 0.85  0.70,  0.92  0.13  0.78  0.60,  0.88  0.11

6MST (repetitions) PFP  0.91  0.80,  0.94  8.70  0.95  0.90,  0.97  6.93

Control 0.89  0.80,  0.94  13.88  0.84  0.70,  0.91  16.58

Data presented as ICC,  95% CI and SEM in units of  measurement of  each test. ICC, intraclass correlation coefficient; 95% CI,  95% confidence
interval. SEM, Standard Error of  Measurement; SRT,  sitting---rising test; STS30, sit-to-stand in 30 s; SCT, stair-climb test;  SDT, stair descent
test; 6MST, six-minute step test.

The  validity  of  functional  tests  was  assessed  using  AKPS
as  an  anchor,  as  there  are no  other  objective  parameters
for  this  measure,  and it is  a  widely  used  and  reliable  scale
of  function  in  studies  on PFP.12 The  results  showed  a  mod-
erate  correlation  between  AKPS  and performance  in  STS30
in  the  PFP  group,  although  only weak  correlation  between
self-report  questionnaires  and  STS were  found  in healthy
participants  in the literature.23 Considering  the significant
difference  in  the performance  of  the STS30  between  groups
and  its  moderate  correlation  with  AKPS,  it  can be hypoth-
esized  that  this  is the  best  tool  (objectively  measured)  to
identify  functional  limitation  in  individuals  with  PFP.

Additionally,  although  the  pain  was  stratified  as  low
intensity  in VAS  after tests  (Fig.  2), participants  present
functional  limitation  in tests,  reinforcing  the  importance
of  evaluating  functional  performance.  The  results  of  the
present  study  should be  interpreted  considering  some  poten-
tial  limitations.  Participants  were asked  to  perform  a large
number  of tests  and  repetitions,  which  may  have  interfered
in  the  obtained  results,  although,  to  avoid  this  potential  bias
the  randomization  of  test  sequence  was  performed.  Finally,
this  study  did not aim  to  evaluate  the responsiveness  of the
tests  to  a given  intervention  for  women  with  PFP.

Conclusion

Women  with  PFP  demonstrated  worse  performance  in  the
activities  of  sitting  and  rising  and  going  up  and  down  stairs
evaluated  by  different  functional  tests  as  compared  to the
control  group.  The  tests  presented  good  to  excellent  intra-
and  inter-rater  reliability,  with  the exception  of the SDT
for  the  PFP  group  which  demonstrated  moderate  intra-rater
reliability.  Although  validity  of the  tests  could  not be estab-
lished,  the  STS30  correlated  moderately  with  function  as
assessed  by the  AKPS.
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