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Happy Feet
Our Plan Today:
• Overview of anatomy 

and physiology
• Overview of common 

musculoskeletal 
issues 

• Foot posture
• Walking patterns
• Ideas to share with 

your providers
• Insurance questions
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Today, we are going to be talking 
about feet. But first, let's talk 
about how people with Down 
syndrome are built!

People with Down syndrome have a UNIQUE 
PHYSIOLOGY! Before we get started, we need to
understand the unique physical, mental, and motor 
characteristics of people with Down syndrome. When it 
comes to muscles and bones, people with Down 
syndrome have:

• Flexible ligaments
• Flexible joints

• Lower resting muscle 
tone

• Flat feet
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Teen and Adult Systems Review

Cardiovascular Neuromuscular Endocrine Sleep Central nervous system

Lower Maximal Heart
Rate
- 100% of population

Joint Hypermobility
- 100% of population

Hypothyroid
- Congenital 1%
- 40% prevalence by 

adulthood

Obstructive Sleep 
Apnea
- 50-80% of population

Alzheimer’s Disease
- Higher incidence, earlier 

onset
- Studies on exercise helping 

people with AD
Pulmonary
Hypertension
- 38%
- 90% CHD and Ds vs. 

40% CHD without Ds

Spondylosis or
degenerative change 
of the cervical spine
- 33–64% of 

population

Early Menarche/ Puberty Seizures
- 1-13% of population

Decreased Endurance Ligamentous Laxity
- 100% of population

Early Menopause Depression
- 30% of population

Valve Dysfunction
(Prolapse, insufficiency, 
regurgitation)
- Mitral valve 36%
- Tricuspid valve 10%
- Aortic 8%

Atlantoaxial Instability
- 2-20% of people with 

Ds
- 1-2% symptomatic

Hypotonia
- 100% of population

Cardiac Malformation
(PDA, VSD, ASD)
- 50% of population

Scoliosis
- 50% of population
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Teen and Adult Systems Review
Musculoskeletal

Physiological Impact Literature Implications for PT

Ligamentous Laxity Caird, Wills, Dormans, 2006;
Concolino et al., 2006;
Foley & Killeen, 2019;
Merrick et al., 2000

Increased range of motion at all joints;
Decreased joint stability; 
Tendency for excessive pronation during 
standing and walking

Pes Planus Concolino et al., 2006; 
Foley & Killeen, 2019;
Perotti et al., 2018

Supportive footwear recommendations; 
Orthotics and arch support; 
Increased risk for hallux valgus, bunions, great 
toe abduction, decreased gait speed, decreased 
step length, fatigue with walking/standing

Scoliosis Foley & Killeen, 2019;
Milbrandt & Johnston, 2005

Asymmetrical weakness; 
Asymmetrical posture; 
Asymmetrical scapular strength and stability; 
Asymmetrical gait; 
Possible leg length discrepancy

Osteoporosis Angelopoulou et al., 2000; 
Capone et al., 2018;
Center et al., 1998;
Turner & Robling, 2003

Increase risk of fracture; 
Multifactorial interventions focused on physical 
activity;
Sunlight exposure and vitamin D
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Common Musculoskeletal Conditions
Primary Concern People with DS General Population Patients at MMTN

Atlantoaxial
Instability

10-20% (1-2% 
symptomatic) 
(El-Khouri 2014)

Rare – idiopathic or injury
11% in population with 
RA (Lacy 2023)

2/350
0.6%

Scoliosis 11% (Abousamra
2017)

2-3% (AANS 2024)

0.5-5% (Konieczny 2012)

50%

Hip 
Instability/Dysplasia

1-7% (Maranho 2018) 1.4% (Tao 2023) 50%

Knee (Patellar)
Instability

1.5% (Foley 2019) 3% of all knee injuries 
(Wolfe 2023)

30%

Pes Planus 91% (Foley 2019) 23% (Banwell 2014) 95%

Hypotonia 100% 0.5% (Straathof 2020 – 9/1100 
babies with global hypotonia)

100%

Ligamentous 
Laxity

100% 18-30% (Sobhani-Eraghi 2020) 100%
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Foot Changes

Primary Concern People with DS General Population

Flat Feet (Pes Planus) 91% 26%

Hallux Valgus 55% 23-36%

Metatarsal Adductus 15% unknown

***Foot PAIN! 62% 17-30%

(Bull 2011, Bull 2020, Bennet 1982, Fernhall 2001; Fithian 2004, Foley 2019, Perotti 2018, Hendry 2018, Pita-Fernandez 
2018, Hilgenkamp 2021; Concolino et al., 2006; Foley &amp; Killeen, 2019; Perotti et al., 2018)
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Common Musculoskeletal 
Diagnoses Your Provider Needs to Know

Ø Foot
Ø Pes planus
Ø External rotation
Ø Forefoot abduction
Ø Great toe external 

rotation and flexion 
(hallux valgus)

Ø Great toe abduction
Ø Calcaneal valgus

Ø Ankle
Ø Plantarflexion
Ø Eversion
Ø Limited dorsiflexion

Ø Gastroc/Soleus complex 
(Calf muscles)
Ø Muscle 

shortness/tightness
Ø Plantarflexion 

contracture

Ø Knees
Ø Genu valgum
Ø Genu recurvatum
Ø Increased Q-angle
Ø Hamstring tightness

Ø Hips
Ø Increased external 

rotation
Ø Increased Q angle
Ø Increased hip abduction
Ø Limited range of motion 

into internal rotation
Ø Limited range of motion 

into adduction/neutral
Ø Possible increase in 

retroverted hip position
Ø Decreased hip extension

Ø Pelvis
Ø Anterior pelvic tilt
Ø Short/tight hip flexors
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Common Sensory Integration Impairments
Ø Visual 

Ø Increased prevalence of visual impairment – up 
to 80% of people with Ds

Ø Increased prevalence of nystagmus and 
strabismus

Ø Hearing/Vestibular 
Ø Increased prevalence of hearing impairment –

50-75% of people with Ds
Ø Sensorineural hearing loss impacts to cranial 

nerve VIII (vestibulocochlear) which impacts 
vestibular function and balance

Ø Documented differences of inner ear 
anatomy/shape may impact vestibular function 
and balance

Ø Proprioception
Ø Decreased feedback from proprioceptive 

sensors in muscles/tendons/joints due to low 
muscle tone and ligamentous laxity – 100% of 
people with Ds
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People with Down 
syndrome have:
• Flexible Ligaments
• Flexible Joints
• Hypotonia - Lower 

Resting Muscle Tone
• Flat Footed Posture
• Hearing Impairment
• Visual Impairment
• Balance Impairment

Key Points to Remember!
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***What you should do***
Dr. Sarah’s 
recommendations -
Annually:
• Hip x-rays
• Scoliosis x-rays
• Bone Density scan
• Foot support
• Good shoes
• BASELINE 

measurements are    
SO HELPFUL! 
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Comprehensive Systems Review
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Let’s Talk Feet
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Now, let's talk feet!
These are Common Feet Features 
for people with Down syndrome

91% of people with Down syndrome have flat feet (due to ligamentous laxity) 

It is also very common for us to have increased heel tilt (calcaneal valgus)
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Here are some more Common Feet 
Features for people with Down 

syndrome

They may also have changes in their toes with 
something called bunions (Hallux valgus)

Or they may have great toe abduction (flip 
flop toe)

People with Down syndrome may have a wide base of support or increased foot turn out – that 
is an increased foot progression angle!
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What do feet tell us?

• Pressure points
• How the foot is 

working while walking
• Overuse patterns
• Callusing points
• Muscle compensations
• Pain?
• Do the feet need 

support?
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Why does it matter if feet are flat?
• Knees: Flat feet genu valgum (knees 

in) higher stress on the medial 
knee increased risk of lateral patellar 
dislocation

• Hips: Flat feet genu valgum (knees 
in) compensation with hip external 
rotation contribute to hip impairments

• Back: Flat feet genu valgum hip 
external rotation increased anterior pelvic 
tilt increased lumbar extension to increase 
stability increased pressure and pain on 
the low back poor posture fatigue in 
standing challenges with balance

• CFOs (and to some extent off the shelf 
inserts) - can immediately ameliorate the flat 
footed mechanics and lead to dramatic 
biomechanical improvements up the chain. 
It is not a cosmetic improvement, but rather 
a foot up improvement in musculoskeletal 
biomechanics
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So - what do we do? Shoe To-Do List
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This is our 
off-the shelf 
shoe and 
orthotics list 
with options 
we have had 
good success 
with for a 
wide variety 
of patients!



***Get Good Shoes – TODAY!***
• Brooks Adrenaline
(adult size 5+, narrower foot)
• Saucony Triumph
(adult size 5+, wider foot)
• Saucony Cohesion
(kids size 10-5)
• Saucony Baby Ride Jr.
(little kid foot size 4-10)
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Benefits of inserts and orthotics
– Provides direct support to 

the arch and heel
– The arch should have 

support all the way to the 
"first met head"

– Improves alignment for 
foot, ankle, knees, and 
hips

– Can relieve pain
– Improves "mechanics" for 

walking
– Can reduce progression 

of poor foot patterns
– Provides improved 

support for movement
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Benefits of good shoes and orthotics
– Improves foot position
– Improves ankle, knee, hip 

position
– Decreases propensity for hallux 

valgus, great toe abduction
– Improves foot comfort
– May decrease pain with 

walking, running or jumping

– Improves participation in 
activity!!
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But what if we don't like laces?
– There are so many 

options to turn tie 
shoes into slip-ons!

– Lock laces – very snug, 
require a little more 
adjustment

– Stretchy laces with a 
lock tie – often more 
successful

– Velcro adapters –
velcro option, but 
velcro does wear out
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Orthotic support options 
• SMAFO
• Sure Step SMOs
• Custom insoles
• Cascade DAFO Chipmunks
• KidSole inserts (older elementary)

Pediatric Flat Feet

Benefits of foot support
• Controls heel position
• Stable platform for balance
• Flexible support for muscle 

development and physical activity
• Decreases hallux valgus, great toe 

abduction
• Improves proprioceptive and body 

awareness
• Improves participation in activity

Photos credit Sure Step Website
http://www.surestep.net
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Does Insurance Cover Orthotics?
Depends on your insurance!

And your willingness to jump through the right hoops
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• BCBS – partial coverage, some plans
• UHC – partial coverage, some plans
• Cigna, Aetna, Humana – not usually
• Medicaid – usually yes, state specific
• Medicare – yes depending on the type 

of orthotic
• Tricare – usually yes



Does Insurance Cover Orthotics?
What do you need?
• General orders from your PCP or 

Pediatrician (evaluate for foot 
support)
• Specific written orders from your 

PCP or Pediatrician (specific 
codes requested)
• Letter of medical necessity 

(LMN) from your PT signed by 
both your PT and PCP
• Prior Authorization – from your 

insurance before orthotics and 
shoes are delivered
• Face to face notes for SMOs 

(F2F)
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General orders –
evaluate and 

treat

Letter of Medical 
Necessity – signed –

PCP and PT

Specific written 
orders – exact codes 

–
L3010/L3202/L3215

Insurance – prior 
authorization - PAR

Delivery receipt



Does Insurance Cover Orthotics?
What codes do you bill?
• L3010: Foot, insert, removable, molded to 

patient model, longitudinal arch support
• L3215: Orthopedic footwear, ladies shoe, oxford
• L3219: Orthopedic footwear, mens shoe, oxford
• L3202: Orthopedic shoe, oxford with supinator or 

pronator, child
• L1907: Ankle orthosis, supramalleolar with 

straps, with or without interface/pads, custom 
fabricated

• L2275: Addition to lower extremity, varus/valgus 
correction, plastic modification, padded/lined

• L2280: Addition to lower extremity, molded inner 
boot

• L3310: Lift, elevation, heel and sole, neoprene, 
per inch
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Does Insurance Cover Orthotics?
Look it up with Massachusetts Medicaid –
MassHealth
https://www.mass.gov/doc/masshealth-ort-and-prt-
payment-and-coverage-guideline-tool-v22-
0/download
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Let’s Talk Walking

Walking affects so much!
• Participation:
– Speed
– Work
– Community
– Home

• Physical fitness:
– Activity
– Endurance
– Efficiency
– How you feel!
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Common Gait Features

• Wide base of support
• Slower speed
• Decreased hip extension
• Increased weightbearing 

on inside of foot
• Increased use of toes
• Decreased knee stability
• Increased foot turn out
• Increased hip turn out
• Limited weight shift
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What does gait tell us?

• How feet affect walking
• Muscle imbalance
• Hip and knee instability
• Balance concerns
• Difficulty with weight 

shift
• Tight muscles (hips and 

calves)
• Endurance
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Talk to your Doctor or Pediatrician if you have concerns regarding 
your son or daughter’s foot posture or walking pattern. They can 
refer you to PT or to a good podiatrist who can help!
• Start with good shoes
• Then foot support
• Then PT to help with underlying factors!

How do we get providers to listen and help?
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How do we get providers to 
listen and help?

• Most providers truly 
want to help

• They may not have all 
the information or be 
familiar with the details 
about people with Ds–
especially as it relates to 
feet and walking!

• Bring the data to them!
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Formal Gait Assessment

• Gait assessment (Rancho Los Amigos)
• Gait speed (m/s)
• Gait and functional movement (Timed Up and 

Go)
• Orthotics Codes
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Ranchos Los Amigos 
Gait Assessment

Periods Stance Period Swing Period

Functional 
Task

WA SLS SLA

Phases IC LR MSt TSt PSw ISw MSw TSw

Critical 
Evens

Heel 
contact

Hip stability
Controlled 
knee flexion
Controlled 
plantar-
flexion

Controlled 
tibial
advancement
Pelvic 
stability

Heel rise 
with 
controlled 
dorsiflexion
Trailing limb 
posture

Rapid 
plantar-
flexion
Passive 
knee 
flexion to 
40°

Active 
hip 
flexion
Peak 
knee 
flexion 
60°
Pelvic
stability

Peak hip 
flexion (30°)
Ankle 
dorsiflexon to 
0°

Knee 
extension to 
neutral
Ankle 
dorsiflexion 
maintains 0°
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Common Gait Compensatory Patterns:
Foot and Ankle

• Flat foot initial contact
• Base of support wider than hip width
• Decreased eccentric plantarflexion control 

during loading response – heavy footfalls or 
“slapfoot”

• Increased eversion of foot during loading 
response

• Increased weightbearing on medial arch 
with navicular drop during loading response 
and stance

• Increased forefoot and/or great toe 
abduction during stance

• Decreased dorsiflexion during midstance
• Excess plantarflexion during terminal stance 

- early heel rise due to gastroc/soleus 
muscle tightness

• Toe-off forces isolated to first metatarsal
• Increased external rotation and flexion of 

great toe (hallux valgus) during stance 
and/or swing

• Decreased active dorsiflexion for foot 
clearance during swing

• Increased extension of great toe bilaterally 
during swing phase to assist with foot 
clearance

• Excessive plantarflexion during mid swing 
and terminal swing 

• Increased external rotation of foot 
throughout gait cycle

• Excessive plantar flexion throughout gait 
cycle

• Increased foot progression angle (due to 
forefoot abduction)
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Common Gait Compensatory Patterns:
Knee

• Increased foot 
progression angle (due to 
tibial external rotation)
• Increased genu 

recurvatum in loading 
response, midstance, 
and/or terminal swing
• Increased genu valgum

during midstance and/or 
initial swing

•Poor knee flexion control 
during midstance and/or 
pre-swing
•Use of hip external 

rotation and abduction 
for foot clearance during 
pre-swing and initial 
swing bilaterally (due to 
decreased passive knee 
flexion)
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Common Compensatory Patterns:
Pelvis and Hip

• Starts with base of support 
wider than hip width
• Lead step with left/right foot
• Decreased passive hip 

extension during terminal 
stance bilaterally
• Use of hip external rotation 

and abduction for foot 
clearance during pre swing 
and initial swing bilaterally 
(decreased passive knee 
flexion)

• Increased hip or foot external 
rotation during swing, stance 
or throughout gait cycle
• Pelvic obliquity on stance leg 

(“hip drop”) due to gluteus 
medius muscle weakness
• Pelvic obliquity on swing leg 

(“hip hike”) to clear foot due 
to decreased ankle 
dorsiflexion
• Increased foot progression 

angle
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Common Gait Compensatory Patterns:
Eyes, Head, Neck, Trunk

• Excessive forward trunk lean 
for momentum
• Excessive posterior trunk lean 

for limb advancement due to 
hip flexor weakness
• Excessive lateral trunk flexion 

during stance due to 
decreased hip stability
• Decreased lateral weight shift 

during stance resulting in 
short step length
• Asymmetrical torso posture

• Rounded shoulders with 
excessive protraction 
bilaterally
• Preference for head turned 

to one side
• Preference for head tilted to 

one side
• Downward gaze, looking at 

one’s feet
• Decreased trunk rotation 

with decreased arm swing 
and diminished shoulder-on-
hip dissociation
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Ranchos Los Amigos Gait Assessment 
vs. 

Common Compensatory Patterns
Periods Stance Period Swing Period

Functional Task WA SLS SLA

Phases IC LR MSt TSt PSw ISw MSw TSw

Critical Events Heel-first
contact

Hip stability
Controlled 
knee flexion
Controlled 
plantarflexion

Controlled 
tibial
advancement

Heel rise with 
controlled 
dorsiflexion
Trailing limb 
posture

Rapid 
plantar-
flexion
Passive 
knee 
flexion to 
40°

Peak knee 
flexion 60°

Peak hip 
flexion (30°)
Ankle 
dorsiflexon to 
0°

Knee 
extension to 
neutral

Common 
Compensatory
patterns

Flat foot 
contact
Hip or 
tibial 
external 
rotation

External or 
internal hip 
rotation
Knee hyper-
extension
Uncontrolled 
plantarflexion 
(“foot slap”)
Excessive 
forefoot 
abduction, 
eversion

Poor control 
of ankle 
rockers
Forefoot 
abduction 
with excessive 
pronation
Genu valgum
Excessive 
lateral trunk 
flexion
Hip external 
rotation

Early heel rise
Decreased hip 
extension
Excessive 
lateral trunk 
flexion

Decreased 
concentric 
plantar-
flexion
Toe-off 
forces 
isolated to 
first 
metatarsal

Hip 
external 
rotation
Hip 
abduction
Forefoot
abduction

Decreased hip 
flexion
Excessive genu 
valgum
Hip external 
rotation
Forefoot 
abduction with 
slight 
plantarflexion 
Excessive great 
toe extension

Knee hyper-
extension
Hip external 
rotation
Increased foot 
progression 
angle
Wide step 
(foot lateral to 
hip)
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Hopefully that will help you and 
your person with Down syndrome!

Today we covered:
• Anatomy and physiology
• The muscle and bone system
• Common foot posture
• Orthotics and footwear 

recommendations
• Common walking patterns
• Ideas to share with your providers
• Now, what questions can we answer for 

you?
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Strength, Balance, Gait
Resources
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