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Abstract  :  The Q angle represents  an est imate of  the resul tant  force of
the quadriceps on the patel la and is  a  predictor of  the lateral  movement
of the patella under dynamic conditions. The aim of the present study was
to observe whether Isometric Quadriceps Activation (IQA) can decrease the
Q angle and to identify people at high risk of patellar subluxation. Q angles
were measured in 23 non impaired young women (22.9±2.3 years) in relaxed
standing and during IQA. There was a significant decrease (4.65±2.74°) in
the Q angle  values  for  subjects  with  IQA as  compared to  subjects  with
measurements in relaxed standing Significance levels were set  at  P<0.05.
The  Q angle  decreases  wi th  IQA which  was  h ighly  s igni f icant  ( t=8 .01 ,
P<0.001) .  The  resu l t  suppor t s  the  v iew tha t  an  excess ive  Q angle  may
predispose  women to  grea te r  l a te ra l  d i sp lacement  of  the  pa te l la  dur ing
vigorous activities and sports in which the quadriceps muscle is stressed.
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INTRODUCTION

Quadr icep  (Q)  ang le  i s  fo rmed by  the
resu l tan t  fo rce  o f  the  quadr iceps  femor i s
muscle  on  the  base  of  the  pa te l la  and the
line of the patellar ligament on the apex of
patella (1).  Normal values of Q angle have
been found to be 11.3–20.3 for women and
8.2–14.2 for men with knees in full extension
(2).  The patel la  is  embedded in the tendon
of quadriceps femoris complex, therefore the
magni tude  of  Q angle  var ies  wi th  changes
wi th  s t reng th  and  tonus  of  muscula ture .

L iv ings tone  LA e t  a l  demons t ra ted  tha t
though the 3 skeletal  landmarks define the
Q angle yet the location of the patella within
the quadriceps tendon leads to alteration in
the  magni tude  of  the  ang le  when  the
characteristics of the quadriceps musculature
changes (3,  4).  A common clinical estimate
of this  resultant  force vector is  made by a
line connecting anterior superior i l iac spine
to mid point  of  patel la,  this  vector is  then
related to the alignment if patellar ligament
from midpoint  of  pate l la  to  t ib ia l  tuberc le
(5, 6).
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volunteers  were  c lar i f ied  on the  procedure
used in  the  research.  Al l  par t ic ipants  read
and signed the consent form. Data collection
requi red  one  tes t ing  sess ion  las t ing  20–30
minutes  per  sub jec t .  Smal l  markers  were
applied to the r ight  Anterior  Superior I l iac
Spine (ASIS), midpoint of right patella and
the  middle  of  the  r ight  t ib ia l  tuberc le  for
measurement  of  the Q angle.  The midpoint
of patella was determined by the intersection
of the line from the medial to lateral patella
and  a  l ine  f rom the  in fe r io r  to  super io r
patella. Since the skin moved relative to the
patella during IQA, use of a single mark for
bo th  condi t ions  would  have  produced  a
cons iderab le  e r ror  in  measurement .  To
account  fo r  the  movement  o f  the  pa te l la
relative to the skin, the midpoint of patella
was first marked with the quadriceps relaxed
and  then  wi th  the  quadr iceps  con t rac ted ,
thus ,  making  2  marks .  The  midpoin t  o f
pa te l l a  was  rechecked  be tween  tes t
condi t ions .

Bi la te ra l  goniomet r ic  measurements  o f
the  Q angles  were  t aken  wi th  sub jec t s  in
the  s tanding  pos i t ion  wi th  knees  ex tended
and  the i r  fee t  shoulder  wid th  apar t  and
para l le l  to  each  o ther  wi th  the i r  we igh t
even ly  d i s t r ibu ted  over  bo th  fee t  us ing  a
s tandard  goniometer  modi f ied  wi th  an
extension rod attached to the stationary arm
to ensure accurate alignment with ASIS. For
the IQA condition, subjects were simply told
to  produce a  s t rong quadriceps  contract ion
and hold it for 5 seconds. Standing position
was  chosen  for  2  reasons .  F i r s t ,  r ecen t
s tud ies  sugges t  no  c l in ica l ly  s ign i f ican t
difference in standing and supine posit ions.
Second ,  s tand ing  wi th  weigh t  bear ing
through lower extremity represented a more
functional position to measure the Q, angle.

Emami e t  a l  substant ia ted the  fact  that
pa t ien t s  wi th  pa te l lo femora l  pa in  a re
assoc ia ted  wi th  pa te l l a r  mala l ignment  and
quadr iceps  weakness  which  a re  seen  more
commonly  in  women (7) .  H.H.  Huber t i
proved that tendofemoral contact of Q angle
a t  h igher  ang les  o f  f l ex ion  car r ies  the
significant fraction of the total contact force,
reduc ing  the  load  on  the  pa te l l a .  Both
increase  and  decrease  in  Q angle  l ead  to
more non uniform pressure distribution with
higher peak stresses and unloading of other
areas (8). The aim of the present study was
that whether IQA can decrease Q-angle since
h igher  Q-angle  po ten t ia tes  pa te l lo femora l
pa in  which  in  tu rn  l eads  to  pa te l l a r
subluxation. Clinically we can implement this
study in subjects with high risk of patellar
ins tab i l i t i e s  by  in t roduc ing  i somet r ic
quadr iceps  ac t iva t ion  as  a  par t  o f
rehabi l i ta t ion protocol .

MATERIALS AND METHODS

S u b j e c t s

Subjects  (n=23)  in  this  s tudy were non
impai red ,  pa in  f ree  women of  age  group
20–30 years  (22.9±2.3 years) .  Only women
were recrui ted for  this  s tudy,  because they
have larger Q angles and a higher incidence
of  pa te l lo femora l  p rob lems .  Exc lus ion
cr i te r ia  cons is ted  of  pr ior  h i s tory  of  knee
pathologica l  condi t ions ,  compla in t  of  knee
pa in ,  t r aumat ic / surg ica l  records  o r  any
pathology involving any of the joints of the
lower l imbs,  vascular ,  peripheral  or  central
neurological  disorders .

P r o c e d u r e

Before  per forming  the  assessments ,  a l l
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DISCUSSION

The resu l t s  o f  th i s  s tudy  presen ted  in
Fig. 1  which supported the  ear l ier  f indings
tha t  the  Q angle  decreases  wi th  IQA.
Excessive lateral displacement of the patella
with quadriceps muscle act ivat ion could be
in te rpre ted  as  a  pa te l l a r  t r ack ing  e r ror ,
which  has  been  hypothes ized  as  be ing  a
po ten t ia l  cause  of  pa te l lo femora l  pa in .
Pa te l lo femora l  pa in  i s  assoc ia ted  wi th
pa te l la r  mala l ignment  and  quadr iceps
weakness which are seen more commonly in
women (9).

Reduction in Q angle can be justified in
s tud ies  ana lyz ing  the  ac t iva t ion  of  vas tus
medialis oblique (VMO) and vastus lateralis
(VL)  musc les  upon  i somet r ic  exerc i ses  on
the  quadr iceps  hav ing  knee  in  to ta l
ex tens ion .  Fac tors  such  as  the  re la t ive
s t reng th  of  the  var ious  components  o f - the
quadr iceps ,  the  dep th  o f  in te r t roch lear
groove ,  the  shape  of  the  pa te l l a ,  the

Standing  Q angle  re f lec t s  a  compos i te
measure  o f  pe lv ic  ang le ,  h ip  ro ta t ion ,
t ib ia l  ro ta t ion ,  pa te l l a r  pos i t ion  and  foo t
posi t ion.

The degrees of pronation and supination
of the foot, hip anteversion and retroversion
and hip internal  and external  rotat ion have
been found to affect the Q angle.  Although
the degree of pronation and supination was
not  con t ro l led  and  the  p resence  of  h ip
an tevers ion  and  re t rovers ion  was  no t
de te rmined  in  the  s tudy ,  the  sub jec t s
in i t i a l  r e laxed  s tand ing  pos i t ion  was
recorded  by  mark ing  the  foo t  pos i t ions
on  the  f loor .  The  same pos i t ion  was
then  used  th roughout  t es t ing  to  ensure
the  same foo t  and  leg  pos i t ion .  I f  the
subjec t s  Q angle  was  in f luenced  by  these
fac tors ,  i t  was  assumed the  in f luence  was
s imi la r  on  a l l  measurements  t aken  in
s tand ing .

Stat i s t i ca l  ana lys i s

To assess the mean difference in the Q
angle between pre-IQA and during IQA paired
t-test was applied. The level of significance
was set  at  P<0.05.

RESULTS

Fig .  1  showed the  Q-angle  compar i son
between pre IQA and during IQA. The mean
value for Q angle before IQA came out to be
16.2±3.49 and during IQA it was 11.6±1.69.
The  d i f fe rence  of  mean  be tween  pre  and
during IQA was 4. 65±2.74. t-test was applied
(t=8.01, P<0.001). The result was statistically
signif icant .

F ig .  1 : Compar i son  o f  Q  ang le  ( in  degree )
be tween  p re  IQA and  dur ing  IQA.
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p resence  of  pa te l l a  a l t a  may  expla in  why
some individuals with high Q angles at rest
show l i t t le  d i f ference when the  quadr iceps
are  i somet r ica l ly  ac t iva ted  and  o ther
ind iv idua ls  wi th  normal  Q angles  a t  res t
show a considerable decrease.

High Q angle influences biomechanics of
knee  jo in t  and  espec ia l ly  pa te l lo femora l
art iculat ion by creating an abnormally high
valgus angle. This exerts a laterally directed
force leading to  mal t racking and excessive
pressure  on  the  pa te l lofemora l  a r t icu la t ion
and shifts the patella laterally and rotates it
media l ly ,  thus  increas ing  pa te l lo femora l
contact  pressure,  which consequently resul t
in anterior knee pain. Emami et al observed
the fact that patients with anterior knee pain
have larger Q angles than healthy individuals
(7) .  H.H. Hubert i  proved that  tendofemoral
contact of Q angle at higher angles of flexion
carr ies  the  s ignif icant  f ract ion of  the  tota l
con tac t  fo rce ,  reduc ing  the  load  on  the
patella (8).

Theoretically, a higher Q angle increases
lateral pull of quadriceps femoris muscle on
pa te l l a  and  po ten t ia tes  pa te l lo femora l
disorders (7,  10–11).  The SLR, an exercise
performed having the leg straight raised, is
a  way of  t rea tment  much employed in  the
pa te l lo femora l  d i sorder  rehab i l i t a t ion .
Presen t  t rea tment  p ro toco ls  emphas ize  the
strengthening of the abductor muscles of hip
due to kinematical imbalance of lower limbs.
It is also wise to initiate a kinesotherapeutic
SLR exercising program associated to the hip
abduction (12).

I t  can  be  conc luded  f rom the  presen t
study that there was a reduction in the value
of Q angle and the magnitude of this decrease
is relative to the magnitude of the Q angle
before  the  i somet r ic  ac t iva t ion .  Measur ing
the change in the Q angle with IQA compared
wi th  the  res t ing  Q angle  may  enhance  a
clinician’s ability to predict which individual
i s  a t  g rea te r  r i sk  o f  deve lop ing  pa te l l a r
t racking and patel lar  dysfunct ion.
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