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 Primary OA
 - malalignment

 - wear & tear

 - 61 yr old

 Secondary OA
 - trauma

 - ACL & meniscus

 ObesitySharma, L., et al., 
JAMA, 2001. 
286(2): p. 188-95.

 Bone Bruise Model

Messier, S.P., 
Med Sci Sports 
Exerc, 1994. 
26(12): p. 
1446-52.

 but OA maybe a direct result of excessive stress to the 
cartilage matrix irrespective of the mechanism of origin:

Joint derangement results 
in overloading regions of 
thinner cartilage matrix
- Andriacchi et al, 2005
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W Arthritis affects > 15% of USA (>43 million people)
� Direct medical costs -1992 ~ $15 billion nationally

� Total cost (direct & lost wages) ~ $65 billion

W OA affects 20.7 million people in US (>45 years old )
W Knee OA can be as disabling as cardiovasc. disease
W Due to demographic trends by 2020 > 18% of the US ( � 60 million) 

are anticipated to have some form of arthritis & co mmensurate 
increase in cost

W Brouwer et al. (2007) - varus & valgus malalignment associated 
with radiographic knee OA

www.arthritis.org and Healthy People 2010
Brouwer, G.M. et al. (2007). Arthritis & Rheumatism, 56(4), April 2007, pp 1204-1211.
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W Severe knee OA --- 300,000 TKR procedures in the U.S ., which costs 
~ $7.5 billion per year

W Buckwalter et al.  (2001) found < 500,000 knee OA p atients will 
require an operation/year while > 5,000,000 patient s/year will 
require non-operative treatment.
--- what are we going to do with them?---

W Pharmaceuticals have given pain relief but have bee n associated 
with several side effects such as peptic ulcers.  

W Bracing is an alternative conservative approach tha t has been 
advocated by the ACR. 

Buckwalter, J. A., W. D. Stanish, et al. (2001). Clin Orthop Relat Res(385): 36-45.
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W 28 bones (including sesamoids)
W 33 joints & 112  ligaments
W 13 extrinsic & 21 intrinsic muscles
W The hindfoot = ankle + STJ
W The rearfoot = ankle + STJ + MTJ
W The midfoot = Lisfrank 
W The forefoot = MTPJ, PIPJ, DIPJ



 
����	�!	"�����
�	�
�
���������	
#��	$����	������
����%

W Muscle weakness
W Joint laxity / instability
W Soft tissue imbalance / damage
W Bone or joint deformities
W Correlated postures / motions
W Compensatory postures / motions
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W Exercise, movement re-education & modalities
W Analgesics, NSAIDS, COX2 inhibitors?
W Artificial synovial fluid
W Improve proprioception: neoprene sleeves
W Improve stability: knee or ankle ligament bracing
W Correction of skeletal malaligments (off loading)

I OA Knee Braces: varus, valgus, bi-compartmental
I Foot orthoses
I Surgical reconstruction
I Surgical joint replacement

W Improve shock absorption: shoe gear

W Correlated and compensatory 
postures & motions occur in 
response to skeletal malalignments 
in the lower limb
I if knee varus is the primary 

malalignment
I hip abduction is a correlated posture to 

genuvarum
I foot & ankle pronation could then serve 

as the compensation

 Theory of Malalignment

 Riegger-Krugh & Keysor (1996)
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W Case A - Normal Alignment
I Fmed ~ Flat

I Fmcl ~ Flcl

W Case B - Varus Knee & Valgus 
Hindfoot
I Madd >>
I Fmed >> Flat

I Fmcl << Flcl

K. D. Gross, H.J. Hillstrom, Noninvasive 
Devices Targeting the Mechanics of 
Osteoarthritis, Rheum Dis Clin N Am, 
34(2008), 755-776.
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W Identify the joint malalignment(s) associated with 
a patient’s osteoarthritis.

W Consider realignment therapies that directly or 
indirectly improve the alignment of the involved 
joint(s).

W Goal: Minimize the excessive stress imparted to 
the synovial tissues

W
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W A lateral heel wedge may 
reduce varus knee deformity 

W To achieve this the foot and 
ankle are placed in greater 
pronation - the long term effects 
are not known
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W Over the Counter
W Semi- Custom
W Custom Molded
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W Over the counter (OTC) –

I flat (shock absorbing but not realigning):
G Spenco®, Air pillow®, bilayer, etc 

I 3D (mild realignment, not patient specific): 
G Dynastep®, Heel Guard®, etc

I Pros: low cost ($3-$20) & readily available 24/7
I Cons: not patient specific, usually not adjustable, can 

wear out quicker than a custom molded device

 top  bottom

 medial side
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W Semi-custom – (Lateral Wedges, ‘D’ sole, etc

I 3/4 (posterior heel to metatarsal heads) or full length

I Adjustable by heat, adhering corrective elements, or 
grinding away portions of the device to alter the 
realignment prescription

I Pros: moderate cost ($20-$45), adjustable, dispensed by 
qualified health care professional in a more patient 
specific form

I Cons: slightly more expensive then OTC device, requires 
clinical expertise to properly modify, can wear out  or 

deform quicker than custom molded device
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W Custom – (CMO, heat mold)

I Constructed: metatarsal, sulcus or full length versions 

I Adjustable by heat, adhering corrective elements, or 
grinding away portions of the device to alter the 
realignment prescription

I Pros: custom molded, fit to patient by health care 
professional - patient specific, adjustable, 1 - 3 years of 
optimal balance & alignment before replacement required

I Cons: significant cost ($250-$600) depending on the 
region/type of orthosis, requires clinical expertise to 
properly prescribe, cast, fit, & modify

 lateral
 top
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� 73% less likely to develop HAV if recently diagnose d RA 
patient was wearing a CMO

Budiman-Mak, E., K. Conrad, K. Roach, et al. Can Ort hoses Prevent Hallux Valgus Deformity in 
Rheumatoid Arthritis?  A Randomized Clinical Trial.  Journal of Clinical Rheumatology . 1:313-321, 
1995

� NPFOs (medial wedge type) were not efficacious for 
treating varus knee OA - pilot study

Kahler M, H.H., McGuire J, Whitney K, Schumacher HR . Immediate Effects of Foot Orthoses on Gait 
Parameters in Subjects with Medial Type Knee Osteoa rthritis. In Gait and Clinical Movement 
Analysis,  San Diego, CA, Gait and Posture, 1998.

� General use of foot orthoses for managing Rheumatic  
disease

Hillstrom HJ, Whitney K, McGuire J, Mahan KT, and L emont H:  "Evaluation and Management of the 
Foot and Ankle", Clinical Care in the Rheumatic Dis eases, 2nd Ed. Editors:  L. Robbins, M. Hannan. 
C. Burkhardt, and R DeHoratius. [American College o f Rheumatology:  Atlanta, GA.], 2001.
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W Postural pelvis, hip, knee, ankle, and foot 
alignment/function 
I Limb length discrepancy 

G open & closed kinetic chain

I Triplanar assessment of each major joint
G malalignments, pain, ROM

I Strength (muscle function testing)
I Stability (ligament testing)
I Coupled motions (e.g. screw home)
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W Clinical Impression
I Patient Supine - Observe 

Medial Malleoli from above
I This patient appears to 

have a shorter right limb

W Varus knee OA patients 
have significantly 
greater LLD than age 
matched healthy 
subjects

 Brower D, et. al. Lower extremity malalignment incidence in knee 
osteoarthritis. Arthritis and Rheumatism., 1997. 40(9 supplement):p. S174.
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W Frontal plane: 
I Genu varum: bow-legged
Normally the tibia is in slight
valgus w.r.t. the femur

I Genu valgum: knock-kneed
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W Frontal plane: 
I Joint stability - collateral ligaments 

G Valgus stress:  Patient supine, knee slightly flexed to 
unlock from full extension, secure ankle with one hand, 
place the other hand on the fibular head, push medially 
against the knee and laterally against the ankle - (3 point 
bending) 

G Varus stress: opposite
G Medial or lateral ‘gapping’

implies instability 
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W Sagittal plane: joint stability (ACL & PCL) 
I Anterior draw sign:  Patient supine, knee flexed to 90°and feet flat 

on table, stabilize foot by sitting on it, cup hands around posterior 
knee with thumbs on join lines, draw tibia towards you 

Posterior 
draw
tests the 
PCL

If it slides forward the ACL may be torn
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W Resist the action the muscle elicits during a 
concentric contraction and grade: 0 - 5
I 5 - normal: complete range of motion against 

gravity with full resistance
I 4 - good: same with some resistance
I 3 - fair: same with no resistance
I 2 - poor: complete ROM without gravity
I 1 - trace: slight contraction, no joint motion
I 0 - zero: no evidence of contractility

Kendal, F and McCreary, E, Muscles: Testing and Function.   3rd Ed. 
[Williams and Wilkins: Baltimore], 1983.
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W Medial femoral condyle �
1.7cm longer than lateral
I Helfet Test: Draw one 

bisecting line on the 
patellar and the other on 
the tibial tuberosity

I As knee extends the 
tibial tuberosity 
bisection should rotate 
laterally indicating that 
the tibia externally 
rotated

 motion could be blocked by a torn meniscus
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There is more than one type of 

foot

RCSP

Rectus          Planus

� Osseous & soft tissue 
architecture is a determinant of 
foot & ankle function

� This architecture = ‘Foot Type’

� Pes Planus, Rectus, Pes Cavus

� Initial Study: 
� 11 rectus & 10 planus young healthy 
subjects - RCSP, STJN, FF-RF

� Rectus & planus feet had 
significantly different biomechanics!

 J Song, H Hillstrom, D Secord, and J Levitt:“ Foot Type Biomechanics: 
Comparison of Planus and Rectus  Foot Types”, JAPMA 86(1), 16-23, 1996

�
�����
�	0
����	����-	
� 
	��
����	�!	��
���	����!���	
�������� ��
��
�	

��������	
+�����
�����

 ���	1	������	
�!	��������	

�-�������	����-

CPE

FW

CPEI = (CPE/FW) * 100%
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Bivariate Normal Ellipse P=0.900  FtTy=="P"
Bivariate Normal Ellipse P=0.900  FtTy=="R"
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 P

A Foot pronates if MVI’>0, CPEI’<4.6, and d>2

Discriminant Analysis
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Morphologic foot examination in 3 Planes 
Plantar Foot Borderline Assessment:

TransverseTransverseSagittalSagittal FrontalFrontal
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Forefoot Varus 
W Compensation for this deformity 

during stance will produce higher 
stress  and pressures to the 
medial forefoot area. 

W Reduction of these increased 
pressures associated with FF 
Varus  will be decompensated with 
the appropriate medial forefoot 
wedging or posting .
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RCSP

Rectus          Planus

� The angle between the calcaneal bisection and a line 
that’s perpendicular to the ground
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NORM.    PASSIVE (ROM)
45° Medial Hip Rotation (Internal)
45° Lateral Hip Rotation (External)
10° Ankle Dorsiflexion (Knee Straight)
15° Ankle Dorsiflexion (Knee Flexed)
20° Subtalar Inversion
10° Subtalar Eversion
10mm  First Ray Plantarflexion
10mm  First Ray Dorsiflexion
65° Hallux Dorsiflexion

40° Hallux Plantarflexion
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Pronated Rearfoot AlignmentPronated Rearfoot Alignment Neutral Rearfoot Alignment with WedgesNeutral Rearfoot Alignment with Wedges
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W Objective Gait Analysis can be very 
useful for assessing functional 
limitations and/or disabilities

W Observational Gait Analysis can also 
provide insight into aberrant patient 
function

W A low cost approach to estimating 
plantar pressures (e.g. PressureStat®) 
can aid in determining regions of 
excessive load. 

W Treatment planning may benefit from 
each of these assessments

�����������
W ‘Foam box’ based technique

I In STJN - patient seated with knee at 90°
G clinician then presses heel, lateral border,                   

Mets 5-2, toes, and then the first ray 
I Pros: not as messy as plaster, more time efficient
I Cons: not always as accurate an impression

W Plaster Slipper Cast
I Typically done with the STJ in neutral position
I Pros: very accurate if foot is properly positioned and held 

still while the plaster is setting
I Cons: messy, more time                                         

consuming then the ‘Foam                                                   
box’ or alternative                                                 
electronic method
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W Post to Vertical
I In general: align cast to improve foot alignment
I The ideal foot alignment may be LMI = 0 or NCSP
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W Plaster positive is formed by 
pouring plaster within the 
cast (negative)

W Orthoses are then 
constructed in a variety of 
manners to fit the positive
I e.g. heated material(s) 

may be draped over the 
positive in a vacuum 
forming machine
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W Your CMO prescription integrates the theory of 
treatment, patient’s chief complaint, patient 
specific malalignments, LLD, and other clinically 
relevant factors.
I In addition to the impression, the CMO fabrication 

laboratory needs to know if forefoot or rearfoot posting 
is desired, length of device, desired materials, and limb 
length correction (never > 3/8”) 
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W Clinical outcomes (activities of daily living (ADL), 
visual analogue scale (VAS) pain)and objective gait 
parameters of 15 patients (24 limbs)with varus knee 
OA (ACR criteria – Kellgren scale 1-3)were 
studied. 

W The patients were randomly assigned to one of two 
treatment groups:     (a) the Ossur-Generation II 
Unloader Select valgus knee brace (11 limbs)or (b) 
the valgus knee brace and a pair of custom molded 
neutral position in-shoe foot orthoses (13 limbs).
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W Each subject wore NB 571 walking shoes.  
W Baseline immediate effect and 12-week follow-up         

of the realignment therapies were performed. 
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QuickTime™ and a
Cinepak decompressor

are needed to see this picture.
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 d

 Posterior
 Lower Limb

 Ground
 Reaction Force

 d = moment
 arm

 Madd

 External Loading

 Adapted from Andriacchi (1994)

 Fknee

 Fm

 Fmed

 Flcl

 Flat

 Fmcl

 Internal Loading
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WOssur- Generation II Unloader Select
I carbon graphite composite
I lightweight 
I adjusted to 4°of correction
I based upon 3 point bending
I unloads the involved compartment

New Balance 571

W Custom molded foot orthoses
I casted in neutral position
I posted to vertical 
I tri-laminate construction
I provides tri-planar  balance              
and support
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W 15 patients (24 limbs) 
completed
� 8 patients were treated with 

valgus knee braces and foot 
orthoses (13 limbs)

� 7 patients were treated with the 
valgus knee braces only (11 limbs)

� 1 patient dropped out after 2 wks
� {this subject did not perceive a 

benefit and claimed to not have 
the time to complete all visits}
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 Baseline  Follow-up

u Stair ascent/descent

P < 0.0001
u 50’ Walk - comfortable pace

P < 0.0001
u 50’ Walk - fastest pace

P = 0.0016

)
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 P < 0.001
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Significant differences were also observed in anterior pelvic 
tilt, knee flexion angle, knee varus angle, knee flexion moment,
and foot rotation moment.

0

1

2

3

4

5

6

7

Baseline Follow-up

 P = 0.0469

Frontal Plane Knee Moment

OA patient
with brace

Normal

OA patient
w/o braceN-m/kg

% Gait Cycle
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u Half flight 
ascent/descent

P = 0.0152
u 50’ walk -
comfortable pace

P < 0.0001
u 50’ walk - fastest 
pace

P = 0.0009

 VAS
 Pain
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W Purpose: to assess the effectiveness of a knee brace or 
foot orthosis for the treatment of knee OA.

W Methods: Searched the Cochrane central register of 
controlled trials, Medline, and EMBASE up to May 2007.  
Screened reference lists of all identified trials as well.

W Inclusion Criteria: (1) a randomized controlled or 
controlled clinical trial, (2) all patients had knee OA, (3) 
intervention in one of the study groups was a knee brace 
or foot orthosis.

• Brouwer, R. W., T. S. Jakma, et al. (2005). "Braces a nd orthoses for treating 
osteoarthritis of the knee." Cochrane Database Syst Rev(1): C D004020. Updated 
(2007), The Cochrane Library , Issue 4, Published by John Wiley & Sons.

W 5 trials involving 589 subjects were included
W 2 trials investigated a knee brace -- 3 trials examined 

foot orthoses -- to treat knee OA
W Methodological quality: 3 high; 2 low 

(randomization/blinding insufficient)
W Follow-up periods: 6 weeks to 24 months 
W Pooling data difficult: due to data differences

• Brouwer, R. W., T. S. Jakma, et al. (2005). "Braces a nd orthoses for treating 
osteoarthritis of the knee." Cochrane Database Syst Rev(1): C D004020. Updated 
(2007), The Cochrane Library , Issue 4, Published by John Wiley & Sons.
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W Much work has been done at the pilot level but 
larger RCTs are sparse

W Most studies are small in sample size, have no or 
inadequate controls, are not randomized, 
blindedness not observed, and lack long term 
follow-up - Improved clinical trials are needed!

W Comprehensive studies that assess patient 
structure, function, pain, and disease pathogenesis 
in response to orthosis therapy (knee bracing 
and/or foot orthoses) are needed!
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