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Dr Jacobs was a Kirksville trained DO and PhD
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Learning Objectives

* At the end of this session, participants will be able to:

* Discuss the anatomy of the foot, the location of functional arches and
the insertion of the musculature and its role in the maintenance of
force transfer and normal gait

* Recognize common injury patterns that arise at the foot and ankle and
their implications for alterations of gait at the ankle, knee and more
proximally

* Understand basic foot orthosis and their role in altering gait, force
transfer and correction of common biomechanical dysfunctions.

* Diagnose common biomechanical dysfunctions of the foot and ankle
and apply osteopathic techniques to correct.
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Overview

« Discuss foot and ankle anatomy and the key components for the
foundation of this talk

« Discuss gait mechanics and force transfer across the foot and
their contribution to issues at the knee & more proximally in the
kinetic chain

* Review exam & treatment techniques for specific dysfunctions
and the role of orthotic use for control of motion, force and gait
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The Agony of Defeat
Vinko Bogataj & ABC Wide World of Sports

um}’..fw?_’

r
L4 -

' 2 “

-
- -

2026 Annual Clinical Conference

Running & Gait

* Impact forces from ground transmitted through
foot to body
* Repetitive impact leads to injury
* MTSS & stress fractures of LE
+ Patellofemoral syndrome
* Achilles tendinosis
* Plantar fasciosis
* Usually unilateral ?!

* What clues does gait and anatomy offer?
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The Hindfoot - Static Principles

¢ Talus and Calcaneus

* Subtalar joint
« “Shock absorber joint” 4
* Hindfoot strikers impact here
* Forces distributed proximally &
distally during gait
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Talus and Calcaneus

« Subtalar joint Subtatar

* Synovial Joint

* Oblique axis “declines
posteriorly and laterally”

« Distributes force proximally
& distally at foot strike
through push off.

+ A dynamic event

Lateral procoss of
calcaneal tuberosity

Calcaneus
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The Forefoot

iy,

* Reciprocal motion with

metatarsal heads Metatarsals

* Metatarsal heads
* Area of dysfunction

* Fascial distortions
* Callous formation

Lisfranc Joints

« Lisfranc joints
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The Midfoot

* Medial, middle and lateral
cuneiforms

* Strong ligament & muscle
connections

Cuneiforms N
« Specific shape of articular 'Ss
surface facilitates force

direction/transfer.

* Important areas of dysfunction
for arches
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The Midfoot

* Navicular & cuboid

* Essential force transmission
distally from heel strike
* Navicular via talus
* Cuboid via calcaneus

* Each can become dysfunctional ]
and contribute to altered gait Navicular s Cuboid
mechanics E
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Functional Arches

* Medial gitudinal Arch
* Essential for force transmission
« Often a target for intervention
* Medial and lateral component
* Bony articular facets
¢ Interosseous ligaments
* Fascial sheaths
Plantar ligaments
Functional musculature (later)
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Functional Arches

* Transverse arches

* Proximal transverse arch is
cuboid and navicular

+ Common source of dysfunctions

Proximal

« Distal is metatarsal heads, but .
dysfunctions can cause MTs to & AN Distal
drop, altering mechanics and B e
leading to plantar callous
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Functional Arches

* Proximal transverse arch

+ Articulation/bone shape and
muscle/ligamentous
attachments produce specific
rotation of cuboid & navicular

+ Common somatic dysfunctions

+ Associated with widening of
plantar fascia & increased
tension on calcaneal insertion
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Foot Arch Structure

* Pes Planus * Pes Cavus

¢ Increased force transmission * Increased force transmission
to tibia and patellofemoral to MT

Normal Foot Position Cavus Foot (Hight Arches)
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Foot Arch Structure

Talar & calcaneal positioning influences navicular & cuboid...

* Pes Planus * Pes Cavus

* Plantarflexed talus & calcaneus * Dorsiflexed talus & calcaneus

\ e

Cavus Foot (Hight Arches)
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Dynamic Considerations - Muscles

* Posterior tibialis
* Inserts on 6/7 tarsal bones (not the talus) mainly inferior medial cuneiform
« Originates from interosseous membrane, proximal tibia and fibula
 Plantar flexes, inverts foot and maintains medial longitudinal arch
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Dynamic Considerations - Muscles

* Peroneus (fibularis) longus
« Inserts on plantar proximal 15t MT and plantar aspect medial cuneiform
* Originates Fibular head and superior 2/3 of the fibula
* Pronates the foot, (eversion & abduction), brevis also plantarflexes

v
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Functional Biomechanics

« Traditionally, fibular motion
and talar motion are coupled
via ATF and PTF ligaments

* Motion occurs at talus, which
influence tibial & fibular
position, calcaneal position
and transmission of forces into
navicular & cuboid
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Functional Biomechanics

* Plantarflexion

* Requires talus to glide anteriorly and rotate
plantar-ward

 Fibula glides forward under tension of ATF
ligament

* Talus minor rotation about lateral & downward
(coronal plane) and posteriorly & lateral
(transverse plane)

« Tibia externally rotates/anterior medial glide
* Kuchera (among others) suggests minor
motions important in OMM

Functional Biomechanics

* Dorsiflexion

* Requires talus to glide posteriorly
and rotate dorsally

* Fibula base slides posterior/slight
lateral to accommodate wider
anterior talus

« Tibia: opposite rotation & glide

* Interosseus membrane & mechanical
advantage of compartments

Subtalar Joint & Taluss

Fernandez MP et al. SciRep 10,
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Subtalar Joint & Talus®

* Weight-bearing Inversion
& Eversion
+ Talus rotates & glides

* Motion controlled by talo-
calcaneal ligaments

Postesiortaocakanen!
gament
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Subtalar Joint & Talus®

 With Calcaneus Fixed
+ Talus rotates & glides
* Lateral sinus tarsi opens
inversion) & closes (eversion)
red arrows).
Lateral Talar tubercle rotates
towards the sustentaculum
tali from inversion to eversion
(yellow arrows),
Lateral malleolar surface
approaches the sinus tarsi
(CIVEEICIVER
Motions key to force transfer
distally and proximally
Kuchera (among others)
suggests minor motions
important in OMM
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Subtalar Joint & Talus®

 With Calcaneus Fixed
+ Talus rotates & glides
* Lateral sinus tarsi opens
version) & closes (eversion)
red arrows).
Lateral Talar tubercle rotates
towards the sustentaculum
tali from inversion to eversion
(yellow arrows),
Lateral malleolar surface
approaches the sinus tarsi
(blue arrows).
Motions key to force transfer
distally and proximally
Kuchera (among others)
suggests minor motions
important in OMM

Inversion
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Subtalar Joint & Talus®

* With Calcaneus Fixed
+ Talus rotates & glides
* Lateral sinus tarsi opens
inversion) & closes (eversion)
red arrows).
Lateral Talar tubercle rotates
towards the sustentaculum
tali from inversion to eversion
(yellow arrows),
Lateral malleolar surface
approaches the sinus tarsi
(blue arrows).
Motions key to force transfer
distally and proximally
Kuchera (among others)
suggests minor motions
important in OMM
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Subtalar Joint & Taluss

 With Calcaneus Fixed
+ Talus rotates & glides
* Lateral sinus tarsi opens
inversion) & closes (eversion)
red arrows).
Lateral Talar tubercle rotates
towards the sustentaculum
tali from inversion to eversion
(yellow arrows),
Lateral malleolar surface
approaches the sinus tarsi
(CIVEEICIVER
Motions key to force transfer
distally and proximally
Kuchera (among others)
suggests minor motions
important in OMM
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Gait Analysis

Applying basic science to actual movement

* Seeing anatomic motions within
gait
* Forces across ankle with impact
* Vertical
* Eversion/Inversion moments
« Eversion is expected & normal'#
* Too much eversion pathologic

 Effects up the chain
* Hip drop
* Knee abduction/rotation moments
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Gait Analysis
* Forces across ankle with impact
* Vertical

* Eversion Inversion moments
 Effects up the chain
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Ground Reactive Force

* Forces across ankle: Vertical; foot slight aDDucted, supination
* Force is 2.5-3x body weight across joint; peak vertical loading rate

Distinct Impact Peak Heel Strike
&

/) &
/ﬁ

Foroe (body weights)
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Ground Reactive Force

* Forces across ankle: Vertical
* Transition to subtalar neutral — foot is everting

? Distinct Impact Peak Heel Strike

Force (body weights)
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Ground Reactive Force

* Forces across ankle: Peak Ankle Eversion Velocity (AEV), Peak
Ankle Eversion Angle (AEA)

' Distinct Impact Peak Heel Strike
&

| ’/ ﬁ

P

Force (body weights)
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Ground Reactive Force

* Push off phase — activation of posterior muscles and

supination
Distinct Impact Peak Heel Strike
&
/ ﬁ/

o7

Foroe (body weights)
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Coordinated Motions of Foot
Ankle & Lower Extremity

* Foot supinates, ankle inverts
* Alters talus and calcaneus position

« Alters Cuboid, Navicular position
* Fibular head moves backward; base forward

« Tibial articulation externally rotates * tibial
plateau glides antero-medially

* Femur internally rotates

* Innominate rotates posteriorly and sacrum
moves into right on right position.
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Applying Biomechanics of the Foot &
Ankle to Running Injuries

Overuse Injury Associated Risk Factors
* MTSS & stress fractures of LE * Peak eversion angle/velocity®

* Patellofemoral syndrome * Knee abduction angular impulse?,
greater peak dorsiflexion®, greater
eversion angles'®

* Plantar fasciosis * Elevated peak vertical loading rates’

* Achilles tendinosis * Lower peak ankle inversion moment,
a lower peak ankle external rotation
angle; greater running volume®
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MTSS/Shin Splints

* Muscle fatigue increases load to bone
* Overuse leads to accelerated bone remodeling;

* Interventional goal is to lower bone stress therefore preventing
bone remodeling
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Shoe Type Prescription

Why we run: Because it feels so good when we stop...

B
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. Heel Counter
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) B lieclstabilizer

Shank : =
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Orthotics - Components of fabrication

* Cushion

* “Arch Supports'
* Arch height
* Flange

»

* Sole
* Prefabricated rigidity
¢ Custom - material rigidity
* Posting
* Hindfoot control leads to force
transfer control

Top Cover

Interventions for MTSS

* Altered NM firing patterns; gait change

* Shoe Types
* Increased cushioning

* Orthotics

Arch Height
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MTSS Targets for Intervention

Goal: decrease force load on ti

* “Non-modifiable” risk factors

* Sex, bone density & skeletal alignment

* Modifiable risk factors®
* Training volume, intensity
* Equipment & surfaces
« Alter running technique?® &
biomechanics
« Gait retraining for midfoot strike?,
speed, cadence, stride width
* Footwear

* Orthotics
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Footwear in MTSS

Effect of footware on tibial load

* Running barefoot  tibia load 2°
* Minimalist shoe 7 tibial load 2325
* Cushioned shoes — No effect %

* Motion control shoe ‘small’  in tibial
load 2223

* High cut shoes; controlled ankle motion
¢ tibial loading 2!
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Orthotics in MTSS

* OTC cushioned insoles ¥ VLRs'?

* No effect on Tibial Loading®
* Cushioned insole
* Softinsole
* Semi-rigid insole
* Rigid insole
* Arch taping
* Decreased muscle activation?®
« Textured orthotic footbed
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Interventions for Patellofemoral Pain

* Goalisto ¥ risk factors:
« 1 Knee abduction angular impulse?, © peak dorsiflexion®, * eversion angles'®
* Reduction of Internal rotation of knee/femur reduces lateral facet load 3'-32

« Stride/gait change
* Shoe type
* Orthotics

2026 Annual Clinical Conference
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Interventions for Patellofemoral Pain

* Goalis to V risk factors:
« 2 Knee abduction angular impulse®, * peak dorsiflexion®, * eversion angles'®
* Reduction of Internal rotation of knee/femur reduces lateral facet load 3'-32

* Runners with PFPS demonstrated:
* ¥ gait velocity, stride length, & cadence '
* ¥ knee flexion angles & knee extension moments 119
+ contralateral pelvic drop !
Females (not males) with PFP have * hip flexion & rearfoot eversion
4 contralateral pelvic drop occurs during running '
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Orthotic use in PFPS

 Correct hindfoot valgus & eversion
* Medial posting, arch & flange

* Improve knee alignment'8
* ¥ knee internal rotation moment
* With pronation; Internal rotation at
tibia equates to external rotation at
femur
* ¥ lateral patellar facet load by v
valgus rate & angle at knee
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Orthotic Use in PFPS

 Correct hindfoot valgus & eversion

* Medial posting, arch & flange 1516
* Improve knee alignment

« V lateral patellar facet load ®
 Greater hindfoot valgus & eversion

predicts orthotic success in PFPS 2°

* Anecdotal Evidence

* Use of OMT prior to fabrication

* Goal - optimize foot alignment; orthotic

supports normal motion & allows
ligament remodeling
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Posterior Oblique Ligament
AKA the posterior-medial capsule

* With pronation, tibia rotates
medially; tibial plateau
glides posterior & medially

* POL Main stabilizer to
prevent internal rotation of
tibia at 0-30° flexion

* Resisting posterior
translation of tibia (esp. in
PCL deficient knee)

* Resists external rotation
. e s B i
= -
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Testing Rotation

* Knee at 90° flexion, rotate distal tibia/ankle & observe
external/internal rotation at joint line

* Limited internal rotation indicates dysfunction

Testing POL
Anteromedial Rotatory Instability Test

* Knee at 30° flexion, externally rotate distal
tibia/ankle & apply valgus force

® | axity or pain suggests injury to the POL

NI [

2026 Annual Clinical Conference

17



Interventions for Achilles Tendinosis

Predictors of Achilles tendinopathy °
* ¥ lower peak ankle inversion moment
* ¥ peak ankle external rotation angle

* “Split” role for Achilles - leads to shear
+ Part pulling into inversion; part pulling into
external rotation |/
« Larger role: contraction for push-off phase J \‘H“\Mh”.ﬁ

/ tendon
Motion control with shoes, orthotics, OMT § o
1 running volume — education
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Contributions to Plantar Fasciosis

Runners with PF had:

« Significantly ™ maximum instantaneous load rate vertical GRF &7
« 1 ankle dorsiflexion ROM’

* ¥ medial & transverse arch index compared with control”

* No difference in rearfoot kinematics or hindfoot alignment”'2

* Orthotics and osteopathic manipulation
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Biomechanical interventions

* Orthotics to control foot motion & forces

* OTC insoles ¥ VLRs™

* No consistent effect on AEVs, AEAs, or KAAIs 12
* In runners with excessive pronation °

* Medial post ¥ ankle eversion

* ¥ ankle inversion moment

* ™ amount & rate of knee motion during

transition strike to stance
« Alters arch, weight transfer, dorsiflexion
angle & rate in flatfooted runners?®
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Biomechanical Principals

What contributes to plantar fascia tightness?

* Proximal transverse arch
flattens

* Cuneiforms collapse & widen
and flatten transverse arch
* Stretch of medial longitudinal
arch Boncsot e modlaaspectof

* Calcaneus dorsiflexed relative
to talus - results in tight Achilles

* Leads to strain on plantar fascia
atinsertion

Muscle Energy for Cuneiforms

* Muscle energy for middle/lateral
cuneiforms
* Variation of windlass maneuver
« Using toes indirectly
* Can also use tibialis anterior to raise
cuneiforms
* Must gap to allow proximal arch to form
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Osteopathic Approach to Midfoot
Dysfunctions

* Assess motion
* Talus-navicular
* Navicular-medial cuneiform
* Medial cuneiform — 15t MT

2026 Annual Clinical Conference
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Treatment of Navicular/Medial
Cuneiform Dysfunctions

* Muscle energy
* Posterior tibial/Fibularis Longus
* Moving medial cuneiform

* Video shows fibularis longus
moving first ray and medial
cuneiform relative to navicular

* Facilitated Positional Release
* Balanced Ligamentous Tension
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Assessment & Treatment of Talar and
Subtalar Joints

* Kuchera (among others) suggests
minor motions important in OMM

* Address:
+ dorsi-/plantarflexion
* Inversion/eversion
* AB-/AD-duction

* Muscle Energy, FPR, BLT or HVLA
from this position
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Additions for Plantar Fasciosis

* Muscle energy to the middle and lateral cuneiforms

* Address cuboid
* Muscle energy using fibularis brevis, chalking or HVLA

* Treat TP at PF insertion at medial distal calcaneus with SCS
* FDM techniques also helpful
* Address dysfunction prior to orthotic mold/production

2026 Annual Clinical Conference
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Summary

* The anatomy and biomechanics of the foot & ankle greatly
contribute to dysfunction & injury more proximally

* Combining anatomic and biomechanical knowledge allows a
potent lens for reviewing an applying the literature to clinical
practice

* Osteopathic techniques are at least adjuvant to other treatments
in correcting deficits that contribute to injury
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Thanks to Mentors & Colleagues

Phillip Greenman Stan Schiowitz
Dixie Tooke-Rawlins David Harden
Gunnar Brolinson Al Kozar
Stephen Blood Mark Rogers
Mike Sampson Matt Chung
Shawn Kerger Mary Mitchell

2026 Annual Clinical Conference

Questions?
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The ACSM Exchange Lecture

The Allen Jacobs Memorial Lecture is also the ACSM exchange lecture
this year. It pays tribute to an anatomist and physician who dedicated
his career to applying basic science to osteopathic principles in the
practice of clinical medicine. This lecture highlights the role of the feet
and foot mechanics to walking and running gait. Despite being the initial
contact point for all gait, only minimal time is allocated in sports
medicine curricula for gait, foot mechanics and orthotic training.
Dysfunctions and injuries of the feet alter gait mechanics and have
implications for injuries more proximally in the kinetic chain. This lecture
looks at the functional anatomy of the foot and its contribution to gait
related injuries, reviews evidence for specific interventions and clinical
osteopathic evaluation and treatment.
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