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Local impairments

quadriceps atrophy

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

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

Giles L et al, 2013, JOSPT, 43:766-76
no difference in PFP vs. controls \lateral
Giles L et al, 2015, JOSPT, 45:613-19

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



Local 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 fo controls (males)

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

Quadriceps strength deficits may be present

before PFP onset, and persist

Local impairments

altered quadriceps neuromuscular control

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

AKP patient Control patient Mean Difference Mean Difference
Study or Subgroup _Mean D Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl

111 Stair ascent

Boling 2006 2239 2006 14 6181 687 14 84.20[45.13, 123.27) —_—
Brindle 2003 75 2289 16 -137 2992 12 -3.80[24.11, 16.51) -

Cowan 2001 158 2903 33 0 1806 33 15.80 [4.14, 27.46] —

Cowan 2002a 1658 19 10 -1592 1732 12 32.50[17.18, 47.82] -

Crossley 2004 1666 17.16 47 -206 155 18 18.72[13.76, 23.68) -

McGlinton 2007 96 1988 20 332 1784 20 6.28(-17.99, 5.43)

1.1.2 Stair descent

Boling 2006 5056 81.96 14 -56.97 5476 14 10753 [55.90, 159.16]
Brindle 2003 602 3537 16 279 3292 12 32.30(6.86, 57.74]
Cowan 2001 1939 2452 33 -4 3097 33 2339 (991, 36.87] —
Cowan 2002a 1971 1581 10 -1286 2771 12 32.57[14.08, 51.06]

Crossley 2004 1907 1741 47 037 57 18 19.44 (13,88, 25

Local impairments

altered quadriceps neuromuscular control

Why is this important?
significant increase in lateral PFJ load with 5ms VMO delay
VMO = VL
VMO delayed
VMO earlier
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Neptune RR et al, 2000, Clin Biomech, 15:611-18
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Local impairments

altered quadriceps neuromuscular control

50-55°

Vastus medialis
obliquus

Vastus lateralis

Local impairments

altered quadriceps neuromuscular control

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

AKP patient Control patient Mean Difference Mean Difference
Study or Subgroup _ Mean _ SD Total Mean _ SD Total Weight IV, Fixed, 95% Gl IV, Fixed, 95% Gl

1.1.1 Stair ascent

Boling 2006 2239 2906 14 6181 687 14 84.20 [45.13, 123.27) —_—
Brindle 2003 175 2289 16 137 2092 12 -3.80 [24.11, 16.51]

Cowan 2001 158 2003 33 0 1806 33 15.80 [4.14, 27.46] —

Cowan 2002a 1658 19 10 -1592 1732 12 32,50[17.18, 47.82] —

Crossley 2004 1666 1716 47 206 155 18 18.72 (13.76, 23.68)

McGlinton 2007 96 1988 20 332 17.84 20 6.28[17.99,5.43]

1.1.2 Stair descent
Boling 2006 5056 81.96 14 -5697 5476 14 107,53 [55.90, 159.16]
Brindle 2003 602 3537 16 279 3292 12 32.30 (6.86, 57.74]
Cowan 2001 1939 2452 33 -4 3097 3 23.39[9.91,36.87]
Cowan 2002a 1286 27.71 12 32,57 [14.08, 51.06]

Quadriceps dysfunction may be present
before PFP onset, and persist

Local 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

lateral

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




Local impairments

altered quadriceps neuromuscular control

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

O VMO earlier than VL(>10ms)

[ VMO = VL (within 10ms)

B VMO delay (>10ms after VL)

May be related to
greater physical

Number of participants

activity
Briani R et al, 2016, JEK,
PFP Control PFP Control 26:137-42
step up step down

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

Local impair t

altered hamstring neuromuscular control

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

lateral
increased lateral hamstring and
quadriceps activity during hop test in
PFP vs controls
Kalytczak et al, 2016, Gait Posture, 49:246-51

May increase pressure on the lateral patellar facet

Lee et al, 2003, JOSPT, 33:686-93

Proximal impairments

altered hip kinematics

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

hip adduction and IR are
predictors of pain and function

Nakagawa T et al, 2013, Int J Sports Med,
34:997-1002

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

shorter hamstring length

people with PFP have
shorter hamstrings
compared fo controls
Piva S et al, 2005, JOSPT, 35:793-801
White L et al, 2009, Physiotherapy, 95:24-8

people with reduced hamstring
length have greater fotal and

lateral PFJ stress during squat
descent and ascent
Whyte E et al, 2010, Gaif Posture, 31:47-51

PROXIMAL

IMPAIRMENTS

Proximal impairments

altered hip kinematics

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:€97606-7; de Oliveira Silva D
et al, 2016, Clin Biomech, 35:56-61

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 A

Powers, 2003, JOSPT, 33(11):639-44)




Proximal impairments

altered hip kinematics

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

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, SIMSS

greater hip adduction during running is a risk factor

Altered hip movement patterns may be present

before PFP onset, and persist

Proximal impairments

altered hip kinematics

Why is this important?

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

15° Knee Flexion

Natural Rotation 5° Rotation 10° Rotation

45° Knee Flexion

Natural Rotation 5° Rotation 10° Rotation

Proximal 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
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Proximal impairments

altered hip kinematics

Why is this important?@

in weight bearing, the femur IR under the patella
Powers et al, 2003, JOSPT, 33:677-84

Non weight-bearing

Patellar filt results from
patellar rotation

Weight-bearing
Patellar filt results from
Internal femoral rotation

Proximal impairments

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

Proximal impairments

lower isometric trunk strength

lower trunk
isometfric strength
in PFP vs. controls

» extension
» flexion with rotation
> side bridge

Nakagawa T et al, 2015, Man Ther, 20:189-93




Proximal impairments

altered trunk neuromuscular control

delayed onset of fransversus abdominus and
internal oblique in PFP vs controls
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Biabanimoghadam M et al, 2016, Knee, 23:382-6

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

Greater foot pronation may be present
before PFP , and persist

Key messages: physical impairments
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, alfered gluteal & trunk neuromuscular control
distal impairments — greater foot pronation & mobility, greater
rearfoot eversion during functional tasks
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 freatment
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DISTAL IMPAIRMENTS

Distal 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

Greater foot pronation may have
implications for proximal control
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