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PATELLOFEMORAL 
JOINT STRESS

PFP across the lifespanPatellofemoral joint stress

Farrokhi et al, 2011, Osteoarthritis Cart, 19(3):287-94

� PFJ stress� PFJ stress� PFJ stress

adaptation

PAIN

PFP across the lifespanPatellofemoral joint stress

� PFJ contact area

� PFJ stress� PFJ stress� PFJ stress

� magnitude of PFJ force

Farrokhi et al, 2011, Osteoarthritis Cart, 19(3):287-94

LOCAL IMPAIRMENTS

PFP across the lifespanLocal impairments

quadriceps atrophy

PFP vs. control participants:
meta-analysis: atrophy in PFP

Giles L et al, 2013, JOSPT, 43:766-76

no difference in PFP vs. controls
Giles L et al, 2015, JOSPT, 45:613-19

Unilateral PFP (between-limb comparison):
meta-analysis: atrophy in PFP limb 
(thickness, CSA, volume)

Giles L et al, 2013, JOSPT, 43:766-76

VMO = VL       Giles L et al, 2015, JOSPT, 45:613-19

lateral medial

Quadriceps atrophy may decrease VMO pennation angle and 
medial stabilising force     Benjafield AJ et al, 2015, Clin Anat, 28:262-8
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PFP across the lifespanLocal impairments

lower quadriceps strength in older adolescents & adults

age 12-15 years - no difference in isometric 
knee extension strength (males & females)

Rathleff CR et al, 2013, PLoS ONE, 8(11):e79153

age 15-19 years - lower peak isometric 
quadriceps torque (females)

Rathleff MS et al, 2013, MSSE, 45(9):1730-9

adults: lower quadriceps peak torque in 
PFP vs. unaffected limb (females) and 
compared to controls (males)

Kaya D et al, 2011, KSSTA, 19:242-7
Bolgla L et al, 2015, Phys Ther Sport, 16: 215-21

meta-analysis: lower knee extension peak torque is a risk factor 
for PFP Lankhorst NE et al, 2012, JOSPT, 42(2):81-94

Quadriceps strength deficits may be present 
before PFP onset, and persist

PFP across the lifespanLocal impairments

Primal Pictures 2006

Vastus medialis 
obliquus

12-15o

50-55o

Vastus lateralis

altered quadriceps neuromuscular control

PFP across the lifespanLocal impairments
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stair ascent (p = 0.71 and p = 0.40 respectively), but statis-
tically significant for studies of stair descent by Egger's test
(p = 0.09 and p = 0.04 respectively). Based on data from
the six studies of stair ascent, the pooled mean difference
(17.7 ms, 95% CI: 3.8 ms to 31.6 ms) suggested that there
was a statistically significant delay in the onset of VMO
during stair ascent, between in the AKP group and the
control group. However, when the results of Boling et al
[15] are excluded, based on their heterogeneity, the signif-
icance of this delay is no longer statistically significant
(12.03 ms, 95% CI. -0.17 ms to 24.23 ms). During stair
descent, the pooled estimate also indicated a statistically
significant delayed VMO onset in AKP patients (pooled
MD 30.25 ms, 95% CI: 16.68 ms to 43.81 ms) although
again this is reduced when the results of Boling et al [15]
are excluded (pooled MD 21.33 ms, 95% CI. 16.47 ms to
26.19 ms).

The results from four studies which measured onset tim-
ing of the VMO and VL during functional activities other
than stair ascent and descent are presented in Figure 3.
Because the onset timing was measured during diverse
tasks, the results were not quantitatively pooled. Data pre-

sented in Figure 3 indicates that the onset of VMO relative
to VL tended to be delayed in the AKP group.

Figure 4 shows the results for onset timing of VMO and VL
during the patella tendon reflex reaction. The heterogene-
ity across studies was substantial (I2 = 93.4%, p < 0.0001).
Although there was a tendency that onset of VMO was
delayed in the AKP group compared to control subjects,
the pooled mean difference (0.75 ms, 95% CI: -0.19 ms to
1.69 ms) by random-effects meta-analysis was not statisti-
cally significant (p = 0.12). The small study bias was not
statistically significant (Begg's test p = 0.73, Egger's test p
= 0.11).

Some studies provided insufficient raw data or necessary
statistics in the text for meta-analysis [5,6,16-18,20,21].
For these studies the standard deviation was either esti-
mated from graphs or expropriated from the data of other
sources; details of which are provided in the legends of fig-
ures 2, 3, 4. The pooled weighted mean difference has
therefore been calculated after excluding these studies to
indicate the effect these studies may have had upon final
results. For figure 2, excluding Brindle [21] (who did not

The results of meta-analysis of studies investigating stair ascent and descentFigure 2
The results of meta-analysis of studies investigating stair ascent and descent. A negative VMO-VL value indicates 
VMO activation before VL activation. 2. Data for the mean and standard deviation was extracted from charts rather than the 
text for Cowan et al [5, 20] and standard deviation for Cowan et al [16]. 3. Standard deviation for Brindle et al [21] is an aver-
age estimate using data from other studies. 4. Small study bias: Stair ascent studies: Begg's test p = 0.71; Egger's test p = 0.40. 
Stair descent studies: Begg's test p = 0.09, Egger's test p = 0.04.

Review: EMG changes in vastus medialis oblique muscle (VMO) and vastus lateralis muscle (VL) in 
patients with anterior knee pain (AKP).   
Comparison: Onset time difference (VMO-VL, ms) between AKP and control subjects.  
Outcome: Stair ascent or descent. 
 

Study or Subgroup

1.1.1 Stair ascent

Boling 2006

Brindle 2003

Cowan 2001

Cowan 2002a

Crossley 2004

McClinton 2007

1.1.2 Stair descent

Boling 2006

Brindle 2003

Cowan 2001

Cowan 2002a

Crossley 2004

Mean

22.39

-17.5

15.8

16.58

16.66

-9.6

50.56

60.2
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19.71

19.07

SD

29.06

22.89
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19
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15.81

17.11
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-13.7

0

-15.92

-2.06

-3.32

-56.97

27.9

-4

-12.86

-0.37

SD

68.7

29.92

18.06

17.32

1.55

17.84

54.76

32.92

30.97

27.71

5.7

Total

14

12

33
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18
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33

12

18

Weight IV, Fixed, 95% CI

84.20 [45.13, 123.27]

-3.80 [-24.11, 16.51]

15.80 [4.14, 27.46]

32.50 [17.18, 47.82]

18.72 [13.76, 23.68]

-6.28 [-17.99, 5.43]

107.53 [55.90, 159.16]

32.30 [6.86, 57.74]

23.39 [9.91, 36.87]

32.57 [14.08, 51.06]

19.44 [13.88, 25.00]

AKP patient Control patient Mean Difference Mean Difference

IV, Fixed, 95% CI

-100 -50 0 50 100
VMO delay in Ctrl VMO delay in AKP

 

Chester et al, 2008, BMC Musculoskel Dis, 9:64
VMO onset is delayed relative to VL in people with PFP

altered quadriceps neuromuscular control

12.03 ms (-0.17 to 24.23)

21.33 ms (16.47 to 26.19)

Delayed onset of VMO vs VL was a risk factor for PFP 
development… delay 20-35ms = RR 1.62 to 2.07

Van Tiggelen D et al, 2009, Am J Sports Med, 37(6):1099-1105
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tasks, the results were not quantitatively pooled. Data pre-

sented in Figure 3 indicates that the onset of VMO relative
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sources; details of which are provided in the legends of fig-
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indicate the effect these studies may have had upon final
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altered quadriceps neuromuscular control

12.03 ms (-0.17 to 24.23)

21.33 ms (16.47 to 26.19)Quadriceps dysfunction may be present 
before PFP onset, and persist

PFP across the lifespanLocal impairments

altered quadriceps neuromuscular control

Why is this important?
significant increase in lateral PFJ load with 5ms VMO delay

Neptune RR et al, 2000, Clin Biomech, 15:611-18

1 2 5 6 7 8 943

VMO	=	VL

VMO	earlier

-10

10

VMO	delayed

Subject

0

PFP across the lifespanLocal impairments

altered quadriceps neuromuscular control

Why is this important?
lateral patellar stress is associated with lateral patellar lesions,   

and can be reduced by increased VMO activity

Elias JJ et al, 2009, J Orthop Res, 27:578-583

lateral



10/21/16

3

PFP across the lifespanLocal impairments

altered quadriceps neuromuscular control

A delay in VMO onset timing is not present in all people with PFP

VMO = VL (within 10ms)

VMO earlier than VL(>10ms)

VMO delay (>10ms after VL)

N
um

be
r o

f p
ar

tic
ip

an
ts

 

PFP PFPControl Control
0

3

6

9

12

15

18

21

24

27

30

33
12% 12%

21%

66%

9%

78%

30% 42%

42%

27%

33%

24%

Cowan et al, 2001, Arch Phys Med Rehab, 82(2):183-9

step up step down

May be related to 
greater physical 

activity
Briani R et al, 2016, JEK, 

26:137-42 

PFP across the lifespanLocal impairments

people with PFP have 
shorter hamstrings

compared to controls
Piva S et al, 2005, JOSPT, 35:793-801

White L et al, 2009, Physiotherapy, 95:24-8

shorter hamstring length

people with reduced hamstring 
length have greater total and 
lateral PFJ stress during squat 

descent and ascent
Whyte E et al, 2010, Gait Posture, 31:47-51

PFP across the lifespanLocal impairments

delayed onset of medial vs. lateral 
hamstrings during isometric 

hamstring contraction in 
PFP vs. controls

mean difference 53.8ms 
(95% CI 1.9 to 105.6)

Patil S et al, 2011, The Knee, 18:329-32

increased lateral hamstring and 
quadriceps activity during hop test in 

PFP vs controls
Kalytczak et al, 2016, Gait Posture, 49:246-51

altered hamstring neuromuscular control

lateralmedial

May increase pressure on the lateral patellar facet
Lee et al, 2003, JOSPT, 33:686-93

PROXIMAL 
IMPAIRMENTS

FIGURE 4. Example of excessive knee valgus while performing a
step-down maneuver. It is apparent from this picture that femoral
adduction (relative to the pelvis) is the primary contributor to this
knee position, as the tibia is relatively vertical.

in the external moment could exceed the strength
capacity of the h ip abductors, resulting in a
contralateral pelvic drop and excessive hip adduction.

CLINICAL IMPLICATIONS

Several authors have stressed the importance of a
classification system for PFP, based on potential
etiological factors, including suspected lower-quarter
biomechanical faults.7 Development of a sound treat-
ment program for the individual with PFP should
take into consideration all potential factors contribut-
ing to this syndrome. The decision to treat the lower
extremity needs to be based on a systematic
biomechanical evaluation, in particular, a thorough
analysis of gait and functional movements. This is
important, as not all patients with PFP will demon-
strate lower-limb abnormalities and/ or lack of dy-
namic control.
Once a lower-extremity abnormality is identified, a

decision should be made as to the cause of the
obser ved deviation. Structural factors are not neces-
sarily amenable to conser vative inter ventions, how-
ever, atypical motions resulting from muscle weakness

and/ or poor neuromuscular control can be ad-
dressed. When considering potential contributors to
abnormal motions, it should be realized that seg-
ments can be influenced from the ground up and/ or
from the hip and pelvis down. For example, ‘‘medial
collapse’’ of the lower limb during stair descent may
be the result of abnormal motion originating from
the foot and ankle, hip, or a combination of both
(Figure 5) . Obviously, the decision to address a
specific segment or joint will var y from patient to
patient as will the course of treatment.

SUMMARY

This paper describes a biomechanical rationale by
which segmental motions of the lower extremity may
affect the patellofemoral joint. Although excessive
motions of the tibia and femur in the frontal and

FIGURE 5. Schematic showing the potential contributions of the
various lower-extremity segments to abnormal alignment: (1)
contralateral pelvic drop, (2) femoral internal rotation, (3) knee
valgus, (4) tibia internal rotation, and (5) foot pronation. (Adapted
with permission from Gó̈tz-Neumann K. Gehen Verstehen:
Ganganalyse in der Physiotherapie. Dú̈sseldorf, Germany: Thieme-
Verlag, Inc.; 2002. !2002 Thieme-Verlag, Inc.)
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Powers, 2003, JOSPT, 33(11):639-46

greater hip adduction and IR during functional 
activities in PFP vs controls 

(e.g. SL squat, stairs, hopping, running) 
Dierks et al, 2008, JOSPT, 38(8):448-56; Willson & Davis, 2008, 

JOSPT, 38(10):606-15; Willson & Davis, 2008, Clin Biomech, 
23(2):203-11; Barton et al, 2009, Gait & Posture, 30:405-16; 
Souza & Powers, 2009, AJSM, 37:579-87; Souza & Powers, 

2009, JOSPT, 39:12-19; McKenzie et al, 2010, JOSPT, 40:625-
32; Bley et al, 2014, PLoS ONE, 9:e97606-7; de Oliveira Silva D 

et al, 2016, Clin Biomech, 35:56-61 

altered hip kinematics

hip adduction and IR are 
predictors of pain and function
Nakagawa T et al, 2013, Int J Sports Med, 

34:997-1002 
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knee position, as the tibia is relatively vertical.

in the external moment could exceed the strength
capacity of the h ip abductors, resulting in a
contralateral pelvic drop and excessive hip adduction.

CLINICAL IMPLICATIONS

Several authors have stressed the importance of a
classification system for PFP, based on potential
etiological factors, including suspected lower-quarter
biomechanical faults.7 Development of a sound treat-
ment program for the individual with PFP should
take into consideration all potential factors contribut-
ing to this syndrome. The decision to treat the lower
extremity needs to be based on a systematic
biomechanical evaluation, in particular, a thorough
analysis of gait and functional movements. This is
important, as not all patients with PFP will demon-
strate lower-limb abnormalities and/ or lack of dy-
namic control.
Once a lower-extremity abnormality is identified, a

decision should be made as to the cause of the
obser ved deviation. Structural factors are not neces-
sarily amenable to conser vative inter ventions, how-
ever, atypical motions resulting from muscle weakness

and/ or poor neuromuscular control can be ad-
dressed. When considering potential contributors to
abnormal motions, it should be realized that seg-
ments can be influenced from the ground up and/ or
from the hip and pelvis down. For example, ‘‘medial
collapse’’ of the lower limb during stair descent may
be the result of abnormal motion originating from
the foot and ankle, hip, or a combination of both
(Figure 5) . Obviously, the decision to address a
specific segment or joint will var y from patient to
patient as will the course of treatment.

SUMMARY

This paper describes a biomechanical rationale by
which segmental motions of the lower extremity may
affect the patellofemoral joint. Although excessive
motions of the tibia and femur in the frontal and

FIGURE 5. Schematic showing the potential contributions of the
various lower-extremity segments to abnormal alignment: (1)
contralateral pelvic drop, (2) femoral internal rotation, (3) knee
valgus, (4) tibia internal rotation, and (5) foot pronation. (Adapted
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Powers, 2003, JOSPT, 33(11):639-46

greater hip adduction and IR during functional 
activities in PFP vs controls 

(e.g. SL squat, stairs, hopping, running) 
Dierks et al, 2008, JOSPT, 38(8):448-56; Willson & Davis, 2008, 

JOSPT, 38(10):606-15; Willson & Davis, 2008, Clin Biomech, 
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32; Bley et al, 2014, PLoS ONE, 9:e97606-7; de Oliveira Silva D 

et al, 2016, Clin Biomech, 35:56-61 

altered hip kinematics

hip IR and dynamic knee valgus during drop 
landing is a risk factor for PFP 

Boling et al, 2009, AJSM, 37:2108-116; Holden S et al, 2015, SJMSS

greater hip adduction during running is a risk factor 
for PFP in female runners 

Noehren et al, 2013, MSSE, 45:1120-4
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hip IR and dynamic knee valgus during drop 
landing is a risk factor for PFP 

Boling et al, 2009, AJSM, 37:2108-116; Holden S et al, 2015, SJMSS

greater hip adduction during running is a risk factor 
for PFP in female runners 

Noehren et al, 2013, MSSE, 45:1120-4Altered hip movement patterns may be present 
before PFP onset, and persist

PFP across the lifespanProximal impairments

altered hip kinematics

Why is this important?
in weight bearing, the femur IR under the patella

Powers et al, 2003, JOSPT, 33:677-85

Non weight-bearing
Patellar tilt results from 

patellar rotation

Weight-bearing
Patellar tilt results from 

Internal femoral rotation

PFP across the lifespanProximal impairments

altered hip kinematics

Why is this important?

increased femoral IR (5-10°) during walking increases PFJ 
cartilage stress by ~30%  Liao et al, 2015, MSSE, 47:1775-80

Previous studies have reported that females with PFP
exhibit increased patellofemoral joint stress during func-
tional activities when compared with that in pain-free in-
dividuals (7,8,37). In the current study, higher patella
cartilage stresses were observed on the lateral facet of the
patella (Fig. 2). This is logical, as femur internal rotation would
move the lateral condyle of the femur closer to the lateral facet
of patella. In addition, the laterally directed force caused by
quadriceps muscle contraction also would contribute to higher
lateral pressure. On average, higher stresses were observed at
45- of knee flexion compared with those at 15-. This is logical,
given that quadriceps muscle forces are larger at higher degrees
of knee flexion during squatting.

From a mechanical standpoint, patellofemoral stress is
influenced by contact area (30). A post hoc analysis of our
data revealed that the area of contact between the patella and
femur decreased significantly as the femur rotation angle
increased. On average, contact area decreased to 22% and
31% when the femur was rotated 5- and 10- from the natural
position, respectively. However, the relatively small de-
crease in contact area from 5- and 10- of femur rotation did
not translate to a significant increase in stress.

Previous biomechanical studies have shown that females
with PFP exhibit increased hip internal rotation during
functional activities when compared with that in pain-free
individuals (2,26,28,29,35,38). The observed increase in hip
internal rotation in females with PFP has been attributed to
weakness of the hip external rotators (5,26,35). Our study
provides evidence that excessive hip (femur) internal rota-
tion may contribute to mechanical overloading of the
patellofemoral joint. This finding is supported by a recent
study that reported a moderate association between hip ki-
nematics and pain in persons with PFP (27). In addition, our

findings are consistent with studies that have shown that hip
external rotation strengthening decreases pain and improves
functional status in persons with PFP (1,17,20,21).

In light of the findings reported here, there are several limi-
tations that should be noted. From amechanical perspective, the
biomechanical function of articular cartilage is best understood
when the tissue is viewed as a multiphasic medium, with ma-
terial properties that vary with location (inhomogeneity), di-
rection (anisotropy), loading rate (viscoelasticity), and load
magnitude (nonlinearity) (11,24). That being said, the model-
ing approach used in the current study was based on the as-
sumption that the cartilage material was homogeneously
distributed and that the effects of anisotropy and viscoelasticity
were not considered. Given that articular cartilage has been
modeled previously as a single-phase, linear, elastic continuum
material (9,10,24), this simplification was deemed acceptable
to assess the fundamental aspects of cartilage loading (31).

SUMMARY

Internal rotation of the femur resulted in elevated patella
cartilage stress during a squatting task. Our results support
the premise that females with PFP who exhibit excessive hip
internal rotation may be exposed to abnormal patellofemoral
joint loading. As increased patellofemoral joint stress has
been shown to result in higher subchondral bone strain and
pain (19), clinicians may consider screening for altered hip
kinematics in this population.
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the American College of Sports Medicine.
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FIGURE 2—Hydrostatic pressure distribution of a representative subject at 15- and 45- of knee flexion at 5- and 10- of femur internal rotation.
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PFP across the lifespanProximal impairments

Powers, 2003, JOSPT, 33(11):639-46

lower hip strength

moderate evidence of lower 
isometric strength in PFP vs 
controls (males & females)

Rathleff et al, 2014, BJSM , 48(14):1088

moderate to strong evidence of 
no association between isometric 

hip strength & risk of PFP 
development

Rathleff et al, 2014, BJSM , 48(14):1088

Deficits in isometric hip muscle strength may be a result of PFP, 
rather than a cause       Plastaras C et al, 2016, AJSM, 44:105-112

PFP across the lifespanProximal impairments

altered gluteal neuromuscular control

GMed delayed & shorter in 
duration during stair ascent, 

descent & running in 
PFP vs controls

Barton et al, 2013, BJSM , 47(4):207-14

delayed GMed correlated 
with greater hip adduction 

during running 
Willson et al, 2011, Clin Biomech, 

26:735-40

PFP across the lifespanProximal impairments

lower isometric trunk strength

lower trunk 
isometric strength 
in PFP vs. controls

Ø extension
Ø flexion with rotation

Ø side bridge

the trunk, hip and knee kinematics in the frontal plane has not
been investigated in people with PFP.

It has recently been demonstrated that persons with PFP per-
formed greater ipsilateral trunk lean during weight-bearing activ-
ities (Nakagawa et al., 2012; Noehren et al., 2012). Trunk muscle
strength and muscle activation could influence trunk kinematics in
people with PFP; thus, it is important to investigate whether trunk
muscle strength and activation are altered during functional ac-
tivities and how those potential differences in trunk muscle
strength and activation may influence trunk, hip and knee kine-
matics in people with and without PFP. Also, the associations
among trunk biomechanics, hip adduction and knee abduction
should be analysed in both groups.

The purpose of this study was to compare trunk extension,
flexion with rotation and lateral flexion isometric strength; ilio-
costalis and external obliquemuscle activation and ipsilateral trunk
lean, hip adduction, knee abduction during a single-leg squat be-
tween people with PFP and healthy participants. In addition, the
associations among trunk biomechanics, hip adduction and knee
abduction were analysed in both groups. It was hypothesised that
the participants with PFP would present lower isometric trunk
muscle strength and diminished activation of the iliocostalis and
external oblique muscles when compared with the control partic-
ipants. It was expected given previous findings that peoplewith PFP
would present increased trunk, hip, and knee frontal plane motion.
It was also hypothesised that lower trunk muscle strength, lower
trunk muscle activation and greater ipsilateral trunk lean would be
associated with lower hip adduction and greater knee abduction in
both groups.

2. Methods

Sixty participants between the ages of 18e35 participated in this
study. The PFP group consisted of 20 females and 10 males
(mean ± SD age, 22.7 ± 3.4 years, height, 171.3 ± 9.2 cm, and body
mass, 65.3 ± 10.3 kg). The control group also consisted of 20 fe-
males and 10 males (age, 22.3 ± 3.0 years, height, 168.6 ± 8.6 cm,
and body mass, 63.3 ± 9.8 kg). The groups were matched for age,
height and body mass (p > 0.05).

All of the participants with PFP reported an insidious onset of
symptoms (>3 months). Furthermore, the participants reported
readily reproducible peripatellar or retropatellar pain while per-
forming at least 2 of the following activities: stair ascent or descent,
running, kneeling, squatting, prolonged sitting, jumping, or iso-
metric quadriceps contraction. Participants with no history of knee
injury or pain were selected for the control group. The exclusion
criteria for all groups included a previous history of knee surgery; a
history of back, hip or ankle joint injury or pain; patellar instability;
signs or symptoms of meniscal or knee ligament involvement, and
any neurological condition that would affect movement. Prior to
the data collection, all participants provided written informed
consent and the experimental protocol was approved by the
Institutional Review Board of the xxxxxxx. In the participants with
PFP who reported bilateral symptoms, the lower extremity re-
ported to be most affected was tested. The corresponding limb of
each gender- and age-matched control participant was tested.

The electromyographic signals (EMG) of the trunk muscles were
sampled at 2000 Hz using surface electrode DE-3.1 sensors (Delsys
Inc., Boston, MA, USA) and interfacedwith an amplifier Bagnoli™ 8-
channel system (Delsys Inc., Boston, MA, USA). The EMG activity
was recorded unilaterally between a frequency band from 20 to
500 Hz. Before the electrode placement, the skin was shaved,
abraded and cleaned with isopropyl alcohol. For the iliocostalis
muscle, the electrode was placed 1 finger width medially from the
line from the posterior spinal iliac superior to the lowest point of

the lower rib, at the L2 level (Hermens et al., 1999). For the external
oblique abdominis muscle, the electrode was placed midway be-
tween the anterior superior iliac spine and the rib cage (Ekstrom
et al., 2007).

The EMG data obtained during the single-leg squat were nor-
malised to the maximal voluntary isometric contraction (MVIC).
The participants performed one practice trial prior to the collection
of three 5-s MVICs for the iliocostalis muscle and the external
oblique abdominis muscle and rested for 30 s between the trials
(Bolgla et al., 2010). The handheld dynamometer (Lafayette In-
struments, Lafayette, IN, USA) was used to simultaneously measure
the trunk extension (Fig. 1A) and trunk flexion with rotation
strength (Fig. 1B) generated during each MVIC (Bolgla et al., 2010).
The participants were required to obtain three measurements with
a variability of ± 10%; otherwise, another trial was performed
(Bolgla et al., 2010). For the iliocostalis muscle (Fig. 1A), the par-
ticipants were in the prone positionwith their hands folded behind
their necks (Muller et al., 2010). The handheld dynamometer was
positioned between the scapulae, under a nylon strap secured
around the upper trunk and the examination table, which was used
to resist trunk extension. A second adjustable nylon strap, which
was placed on the distal thighs and secured firmly around the
underside of the table, was used to stabilise the participant on the
examination table. For the external oblique abdominis muscle
(Fig. 1B), the participant performed an oblique curl-up, attempting
to move the shoulder toward the opposite knee (Ekstrom et al.,
2007). The handheld dynamometer was positioned on the ster-
num, under a nylon strap secured around the upper trunk and the
examination table, which was used to resist trunk flexion with
rotation. A second adjustable nylon strap was placed on the distal

Fig. 1. (A) Trunk extension isometric strength test position. (B) Trunk flexion with
rotation isometric strength test position. (C) Side bridge test position.
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delayed onset of transversus abdominus and 
internal oblique in PFP vs controls

altered trunk neuromuscular control

Biabanimoghadam M et al, 2016, Knee, 23:382-6
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DISTAL IMPAIRMENTS

PFP across the lifespanDistal impairments

greater foot pronation

people with PFP (vs. controls) have significantly greater:
ankle dorsiflexion

calcaneal angle 

navicular drop, navicular drift

Foot Posture Index 
arch height mobility, foot mobility magnitude
McPoil et al, 2011, JAPMA, 101(4):289-96; Molgaard C et al, 2011,  

JAPMA, 101:215-22; Barton et al, 2010, JOSPT, 40(5):286-96

Greater foot pronation may be present 
before PFP onset, and persist

greater navicular drop is a risk factor for PFP development
Neal B et al, 2014, JFAR, 7:55 

PFP across the lifespanDistal impairments

greater rearfoot eversion during functional tasks

people with PFP (vs. controls) have significantly greater:
peak RF eversion during SL squat and stair ascent

peak RF eversion during SL triple hop
de Oliveira Silva D et al, 2016, Knee, 23:376-81; de Oliveira Silva D et al, 

2016, Clin Biomech, 35:56-61; Dos Reis A et al, 2015, JOSPT, 45:799-807  

runners with PFP use a greater percentage of their 
available pronation ROM during running

Rodrigues P et al, 2013, J Appl Biomech, 29:141-6

peak RF eversion has a positive correlation with peak hip 
adduction in PFP and controls

Barton C et al, 2012, Clin Biomech, 27(7):702-5 Greater foot pronation may have 
implications for proximal control 

PFP across the lifespan
Compared to controls, people with PFP demonstrate:

local impairments – quads atrophy, lower quads strength, 
altered quads & hamstring neuromuscular control, lower 

hamstring length

proximal impairments – altered hip kinematics, lower hip & trunk 
strength, altered gluteal & trunk neuromuscular control

distal impairments – greater foot pronation & mobility, greater 
rearfoot eversion during functional tasks

Key messages: physical impairments

n.collins1@uq.edu.au @natj_collins

Important to understand how impairments may relate to 
each other and to PFP symptoms/function

Impairments are likely to vary between patients with PFP
… individual assessment & targeted treatment
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