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SGL Vancouver

e .5 fte Director
* 1.0 Engineer

.8 PT (shared by 2)
e 2 Orthopaedic Surgeons
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Mandate

* To provide clinical decision support to

Orthopaedic Surgeons, Physiotherapists and
Orthotists

* To conduct clinically relevant research to aid
our decision support role
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History of MSFM

e 2004 — GCMAS Foot Modeling Symposium

e 2004 — 2 Mech Eng Students OFM in V3D

e 2007 — Hired an Engineer

e 2008 — Compared the OFM to other models

* 2010 — Settled on Shriners Hospital for
Children Greenville (SHCGFM)
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Shank

*  Coordinate System Alighment:

The shank coordinate system (right
shank is used for this example) is
aligned with the plane formed by
Right_Knee (mid-point of R.KNEE and
R.KNEE.MEDIAL), R.ANKLE, and
R.ANKLE.MEDIAL.

5 workspace Status | [ Signal and Event Processing B Model Building | 25 Reporting | 3] Real-Time Capture

Segments Landmarks | Muscles | Subject D ata / Metrics |

Segments] Segment Properties Right Shatk l

Define Proximal Joint and B adius
Lateral Jaint Medial Radius [Meters)

|N0ne ﬂ|HIGHT_KN j|None j |Knee_Hadius

Define Distal Joint and B adius
Lateral Joint Medial Fadius (Meters]

|RANKLE  ~|| ||RANKLEM ~|
Eutra Target to Define Orientation (if needed]

Location | J | J

Proximal End:

Select Tracking T argets [Chil-Left Mouze Click to Multizelect] 1

5 ™ Use Calibration Targets for Tracking nght—Kn ee
R.ANKLE R.KNEE E
[ R.ANELE MEDIAL R KNEE MEDIAL C .
O .55 LI R.LAT SHANK C Distal End:
OrELBOW O R.LAT. THIGH C . . .
O RLHEEL OrPsis C Right_Ankle - mid-point between
< >

R.ANKLE and R.ANKLE.MEDIAL

Depth (Meters] Buid Model| Close Tab |
Guess Marker Set

Tracking Markers:
R.ANKLE, R.KNEE, R.SHANK

as
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Foot

B workspace Status | [ Signal and Event Processing Bl Model Building | 58 Reparting | Bl Real-Time Capture

Segments  Latdmarks | Muscles | Subject Data £ Metrics |

Segments ] Segment Properties

Define Proximal Joint and R adius

Lateral Joint

Right Vittual Foot ]

Medial Radiuz [Meters]

[More v ||RHEEL

v |[more | |0.uaaa?22

Define Digtal Joint and Fadius
Lateral Joint

Medial Radiuz [Meters]

[More ~||R.TOE

B G

Eutra Target to Define Orientation (if needed)

Location |&nteiior  w|[RCALZ -]

Select Tracking Targets [Chil-Left Mouse Click to Mulhzelect]

I™ Use Calibration Targets for Tracking

RLAMKLE

[ R.ANKLE.MEDIAL
Or.45i5

O R ELBOw
R.HEEL

<

R KHEE

[ RKMEE.MEDIAL
O FR.LAT SHANK
O F.LAT.THIGH
ORFsIS

YFEmmm

Depth [Meters):
Guess Marker Set

as

BuiIdModeI| Dlose Tab |

Coordinate System Alignment:
The virtual foot coordinate system
(right foot is used for this
example) is aligned with the plane
formed by R.HEEL, R.TOE, and
RCAL2.

Proximal End:
R.Heel

Distal End:
R.Toe

Tracking Markers:
R.HEEL, R.TOE, RP1MT, RP5MT
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B Workspace Status] k= Signal and Event Processing Bl Model Buiding | iE Heporting] M Real Time Capture

Hindfoot

Segment: Landmarks | Muscles | Subject Data / Metrics |

Segments | Segment Properties  Riaht Hindfoot ]

Define Prowimal Joint ahd B adius
Lateral Jaint Medial Radius [Meters)

|Nane w|[RHEEL  v][None | |s

Define Distal Joint and Radius
Lateral Jaint Medial Radius [Meters)

|Hone _~|[RT_Cal_Mid ~|[None | |03

Ewtra Target to Define Orientation [if needead)

Location [Anterior v |[RCALZ |

Select Tracking Targets [Chil-Left Mouse Click to Multizelect)
[~ Use Calibration T argets for Tracking

OrGT O rPEMT

RLCAL OrTT

R CAL [ STERNUM

O RPIMT O TOPHEAD

OFrPzHD

< >

Depth [Meters): Bvild bdodel Cloge Tab

Guess Marker Set

as

Coordinate System Alignment:

The hindfoot coordinate system (right
foot is used for this example) is aligned
with the plane formed by R.HEEL,
RT_Cal_Midpoint, and RCAL?2.

The vector from R.HEEL to
RT_Cal_Midpoint_Projected (Cal Mid-
point is offset such that this vector is
parallel to the ground) forms the Y-
axis, the X-axis is perpendicular to the
hindfoot plane (described above), and
the Z-axis is orthogonal to X and Y.

Proximal End:
R.Heel

Distal End:
RT_Cal_Midpoint

Tracking Markers:
R.HEEL, RMCAL, RLCAL, RLCAL2
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Segments Landmalksl Muscles| SubiectDala/MehicsI

Segmenls] Segment Ploperlies[ Right Virtual Foot  Right Forefoot ’
Define Proximal Joint and Radius
Lateral Joint Medial Radius (Meters)

]None L] [H_Forefoot_ j |None ﬂ !.DS

Define Distal Joint and Radius
Lateral Joint Medial Radius [Meters)

]None _v_HFi_Folefool_ _v_HNone _vJ 03

Extra Target to Define Orientation (if needed)
Location |Latersl  ~|[RP2ND_Y_ |

Select Tracking Targets [Ctrl-Left Mouse Click to Multiselect)
™ Use Calibration Targets for Tracking

Guess Marker Set

CIRGT RP5MT

O RLCAL OrTT

[ RMCAL I STERNUM

RPIMT CITOP.HEAD

O RP2ND

< >
Depth (Meters): Build Model | Close Tab

Forefoot

E5 Workspace Slatus[ [ Signal and Event Processing Model Building IEU Heporting] B RealTime Capture |

Coordinate System Alignment:

The forefoot coordinate system is set
parallel to the floor at the same height
as the heel marker (for convenience to
match the HF coordinate system).

The forefoot origin (R_Forefoot_Origin)
is located at RP2ND, projected onto the
forefoot plane described above. The
vector from R_Forefoot_Origin to
R_Forefoot_Distal (the R.Toe marker
projected onto the forefoot plane)
forms the Y-axis, the X-axis is
perpendicular to the Y-axis, within the
forefoot plane, and the Z-axis is
orthogonal to X and Y.

Proximal End:
R_Forefoot_Origin

Distal End:
R_Forefoot_Distal

Tracking Markers:
RP5MT, RD5MT, RP1IMT and R.TOE
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Repeatability

* Intra/Inter tester Reliability.
e 2PT’s, 1 adult, 3 sessions

* mSHCGFM forefoot angles: PT1(M 5.8°, SD
1.5°) PT2 (M 6.5°, SD 0.7°)

* mMSHCGFM hindfoot angles: PT1(M 7.1°, SD
2.3°) PT2 (M 6.0°,SD 1.2°)

as
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What’s Wrong With a Mid-Foot Break (MFB)?

* Pain
* Foot Mechanics
— lever arm dysfunction
* Reduced moment arm
* Reduced power generation

Sagittal Joint Powers (Watts/kg)

Right Left
347 3.41
=
Qr
Q
2 5
< 2 =X [ 7
@ f P + e
> h‘ \¢ — e
c i = o 41 gl
< N J s
1.3 . 2.1+ -
00 100.0 0.0 100.0

5

-21

Average
3.4 verag

0.0

100.0
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Ways to ldentify MFB

e Clinical
e Radiographic
 Plantar Pressures

e Kinematics
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Clinical

e Sagittal Plane:

— HF in equinus

— FF dorsiflexed relative to HF
* Coronal Plane:

— HF valgus

— FF pronated

* Transverse Plane:

b — FF abducted
¢
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Normal X-Ray MFB X-Ray

L

X-TABLE

/‘QQ( Davids, J.R. et al. | Pediatr Orthop 25, 769-76 (2005).



wh

(il

Pedobarography

Right

a

Heel Mean +/- [ 5D in=1121 - Medial Midfoot Medial Forefoot
i Looa 103.0—
a0 BOO— B.D—
GO0 L= 6.0
400 40— 4.0~
200 = W00=
u ] [ [ [ [ n': I 1 i [] i [} '._I ] [ 1 ]
] N &) ] LU ] ¥ an al ] Lo 1] H 40 &0 [ 1]
Composite Lateral Midfoot Lateral Forefoot
1500 BT 108.0
150 T a0
1000
B0 0|
TR0
son 4ng A0
250 L] 00—
n - . TT—— e 0= 1 ' I | 1 o=y | | " v \ Ly 1 I 1 I
A Frogression Angle Bt Eresslon Angle (1] F. ] & [ M 1m ] 1] 40 (5] B 100 1] N &0 ]
[ 1500 I| Exlernal ] I I External | -
* Thee data an the graphs are represented as a percentage of the total load assumed by the fool Tor each segment.
Force SI]]'I'I]'I'IHI‘}' * The data it each graph begins with beel strike and ends with toe off (stance). Data were dilated to 100 podnts (% axis).
LHeel |EHeel [-1 5D |41 SD | LLMEF|RLME -1 8D |+1 SD | LMMEJERME -1 3D |+] 8D |LLFF |ELFF | -1 50 |+1 5D |LMFF | EMFF|-1 51} [=] SD| LAl [EALL |-1 5D (+1 5D
9 Beance ol Imitiation 20 2.0 .0 (1R} 0 .0 33 0.9 (K1} il 307 o | (KK 34 06 5.0 [IK}] .4 14.8 .0 .0 [IK}] 0
% Stance ai Termination .0 630|338 |TL6  (BOOD (950 (400 984 |70 (2G40 (0.0 504|950 1000|572 (1000 | 1004 1000 600 (1000 (10000 ) 1000 |60 | 1000
% of Total Imgulse 1 (§5 ) 1w (414 J67 4.0 |63 189 [47.3 4 (] 14 1.3 143 175|404 M5 L5 188|420 1000 | 10D |60 [LCTA
Maximum % Force 1.4 426 |52 |70 [LLD (590 (104 (2RO |659 |17 0 2.6 e |¥W6 210 (480 (TLI |103 134|730 | 1000 (1000 (600 | 10
G Stance ot Maximam Force 40 230 12.2 7.0 J41.00 |510 195 51.5  |430 190 292 |&67.6 glO |ET0 (234 fil.2 BR.0 |90 46,1 923 |430 2000 L8 |48.2
Braking Maximum % Farce 100,00 ] 100,00 [59.3 | L0
Rruking % Sionce ot Max Farce | | | [#30 200 Tran [aam
Progulsion Maximum % Farce 4.2 |84 [519 | IO
Propulsion % Stance ot Max Force | | l B2 gl 387 %33




Kinematics
a hew perspective on MFB

Normal MFB




Plant - Dars

Mormal

”Q Forefoot and hindfoot angles with respect to the lab. FF = solid line, HF
= dotted line. Black: Normal Mean, n=30. Red: MFB Mean, n=30.

20k

Plant - Dars

Ank
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20
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MFB Vs Normal

* In the MFB Group, the HF
moves into plantarflexion
starting at foot strike, while
the FF remains in contact
with the floor initially and
moves into plantarflexion at
a slower rate.

* Relative to the floor, there was
a much greater difference
between the FF and HF angle in
the MFB group (p<.05).

* 17.1 +/-5.5 deg (MFB)
e 6.2+/-2.1deg(Normal)

as

20

Plant - Dors

B0 F

B0 F

20

0

-20

-40

Plant - Dors

B0

B0k

20k

Aok

1 1 1 1
a 20 40 g0 80 100

1 1 1 1
a 20 40 5O 5o 100

Mormal

6.2+/-2.1deg

MFE

171 +/-5.5 deg

'+,
‘¢‘
*,
s,
-

% Gait Cycle

Forefoot and hindfoot angles with respect
to the lab. FF = solid line, HF = dotted line.
Black: Normal Mean, n=30. Red: MFB
Mean, n=30.
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Clinical Case 1

* 8 year old female with CP Diplegia
* GMFCS level 2

* FMSin 20094, 3,3

* FMSin 20115,5,3
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Pre-Op Xray
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Pre-op/Post-op Comparison

Surgery:

* bilateral gastrocnemius recessions
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Post-Op Xray
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Kinematics

Ankle, Forefoot Hindfoot Angles wrt Prox Segment (deg)

Ankle - Right Ankle - Left
30.019 300
o J
a 1 " e
é 50 50 \
n_ﬁj 1 M
1 N
-40.0 T T T T T T T T ] -40.0 1 T T T T T T
0.0 500 100.0 0.0 0.0
Hindfoot - Right Hindfoot - Left
20.07 200
® i F\A
=1 T
e e = — \ _—
4+ 100 -10.0
& N
= \
-40.0 T T T T T T T T ] -40.0 1 T T T T T T T T T 1
0.0 =0 100.0 0.0 %00 100.0
Forefoot - Right Forefoot -Left
200 20.01
- ]
g I‘/“_-:\ 2 %
a9 \n
— 10.0 -10.0
E \\/_\
o ]
-40.0 T . T — T T T T ] -40.0 T T T — T . T T !
0.0 0o 100.0 0.0 w0 100.0

% Gait Cycle

Shriners Gait Lab at Sunny Hill Health Centre - HM -

% Gait Cycle

(Condition 1 = 2014. Condition 2 = 2011 Post-op, Condition 3 = 2009 Pre-Op)
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Plant- Dors

Kinematics

HF - FF Difference wrt Lab (deg). Sagittal Plane - Rep Trial

Mormal (dark = HF, light = FF)

300~
35.0 \
b \\_/
-100.0 T T T T T T T 1
00 500 100.0

Plant - Dors

30.0
]b r
25.0- \\ /
7 --..-/
-100.0 T T T o T T T T 106_0
Condition 2. Right (dark = HF, light =FF)
30.07
T, Vot
35.04 *QX/
-100.0 T T T ED‘.D T T T T 10[.]-0
Condition 3: Right (dark = HF, light =FF)
30.04
35,0
-100.0 T T T T T a T T 1
0.0 =00 100.0

Shriners Gait Lab at Sunny Hill Health Centre - HM -

% Gait Cycle

300]

Condition 1: Left (dark = HF, light = FF)

=

—

-35.0
-100.0 T T T — T T T 1
0.0 w00 100.0
Condition 2: Left (dark = HF, light = FF)
30.0

500 100.0

0.0
Condition 3: Left (dark = HF, light = FF)
300
-35.0
-100.0 1 T T T T T T T 1
0.0 00 100.0

(Condition 1 = 2014. Condition 2 = 2011 Post-op, Condition 3 = 2009 Pre-Op)
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Clinical Case 2

e 12 yr old male with Diplegic CP

e 2013 Bilateral calcaneal lengthenings, gastroc
recessions, H/S releases, RF transfer, LT
peroneal lengthening

* Pre-op FMS 6,5,5
* GMFCS 2
* GDI 67 bilaterally

as
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Pre-op Xray




Shriners %

GAIT Q" e ——




Sagittal Plane Kinetics - Rep Trial (Fixed Scale)

Trunk Tilt
40.0 7
= 4
< 4
3 1”'W
o em—
o
20.0 — T — — T —
0.0 =00 100.0
Hip Flexion - Extension
60.0 7
5 3
i i
3_,; 2007 |t
L
200 — T — T T —
0.0 =00 100.0
Hip Moment
2.0
~ 4
L 4
» 0.5
@
w 3
-1.0 T T T T T T T T T 1
0.0 0.0 100.0
Hip Power
3.07 P
c 4
@
[
w 05
] iy
-20 T T T T T T T T T 1
0.0 50.0 100.0

% Gait Cycle
Shriners Gait Lab at Sunny Hill Health Centre -

-

~N

Pelvis Tilt Foot - Floor Angle
40.0 7 2900
e ™ :
10.0 § 30.0
i 2
-20.0 T _p T ! T s o o
0.0 = 100.0 5 5
\ J " % Stance Phase it
Knee Flexion - Extension Plantar - Dorsiflexion
80.0 ] 40.0 7
-1 w -
5 g ]
T : / (] i _,._—-—h\
o 33.5—@ é 00 N —
o ] & \__,_h
o
200 T T T T T T vy ) L
k 0.0 =00 100_y 0.0 =00 100.0
Knee Moment Ankle Moment
2.07 2.0
= T = 1
L 4 i} ]
Bl N 5 o
[ [
1.0 T T T T T T T T 1 1.0 T T T T T T T T T 1
\_ 00 50.0 100.0 / 0.0 50.0 100.0
Knee Power ( Ankle Power
3.0 3.017
c i c |
- 0.5 LN\ w 05 N
o ¥ o m ; o
* N/ M o
_ T T T T T T T T 1 20 T T T T T T T T T 1
0.0 50.0 100.0 0.0 50.0 100.0

% Gait Cycle

- 4/9/2013 Barefoot

% Gait Cycle
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Foot Kinematics

Ankle, Forefoot Hindfoot Angles wrt Proximal Segment (deg) -

Ankle
20.0 7
a8 Z\ ——
= _5_5>/ \ \f\'
5 |
o oy
=300 T T T 1
0.0 50.0 100.0
Hindfoot
2007
a A A
E', 5.0 \y \-
= ]
o
-30.0 T T T 1
0.0 500 100.0
Forefoot
2007
P e

Plant - Dors

v Y

-30. 0

0.0 00 100.0

% Gait Cycle

Shriners Gait Lab at Sunny Hill Health Centre -

10.07

Ankle

Pron - Sup
b

A~

-30.0 T

1
100.0

0.0 50.0
Hindfoot
20.07
_
>
_‘; 0.0
= | ;-\
200 T T T 1
0. 500 100.0
Forefoot
40.0
[« N
=
w
!I: 200
=
o
0.0 - T |
0.0 =00 100.0

% Gait Cycle

4/9/2013 Barefoot

Rep Trial
Ankle
20.07
*_—'); 5.0
s ~ >>Q
= : /|
=300 T T 1
0.0 500 100.0

| :yf

Hindfoot

~N

T 1
00 100.0

Ext- Int

J
Farefoot \
|N 74 B

_R,_J‘”J
' 100.0 )

E-E: 0
% Gait Cycle
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Foot Kinematics

Forefoot & Hindfoot Angles - Sagittal Plane - Rep Trial (deq)

Normal (dark = HF, light = FF)

3007 /\
N -
(] 4
W 25D
b |
1 \/ Normal
-80.0 T — :
0.0 500 100.0
Right (dark = HF light = FF
30_01\ ght ( g )
(TR
(]
W 250
o
R_Hindfoot WRT_Room_ZYX
-80.0 T — .
0.0 500 100.0
0,
0.0+ Right Arch Height (% Foot Leng}hﬂ} i
250

0.0 . :
0.0 50.0
H: % Gait Cycle

Shriners Gait Lab at Sunny Hill Health Centre -

1
100.0

- 4/9/2013 Barefoot

FF wrt HF
20.07

M: /_S"?;\
7 N

-20.0 T - T |
0.0 500 100.0
Left (dark = HF, light = FF)
30.0 7
-25.07 \
L_Forefoot WRT_room_ZYX
80.0 L_Hindfoot WRT_Room_Z¥X — . .
0.0 00 100.0
Left Arch Height (% Foot Length)
400 L_Arch_Height_MNorm_%_Filt
25.0
1007 T = T T
00 0.0 100.0
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Post-Op Xray
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Kinematics

HF - FF Difference wrt Lab (deg): Sagittal Plane - All Trials

Normal (dark = HF, light = FF)

Plant - Dors

1
100.0

50.0
Condition 1: Right (dark = HF, light = FF)
o 30.01
o _— e
[} 4
1 - _—\\. -
£ -35.04
& J
o 4
-100.0 T T T T — T T T ]
0.0 0o 100.0
Condition 3: Right (dark = HF, light = FF)
30.07
i i
-25.04 :ﬁ/
-100.0 T T T T T T T T ]
00 00 100.0

% Gait Cycle

Shriners Gait Lab at Sunny Hill Health Centre - Gag* -

Condition 1: Left (dark = HF, light = FF)

300 :I
-35.04 \/
-100.0 T . T — . T T T !
0.0 =0 100.0
Condition 3: Left (dark = HF., light = FF)
300
e
-25.0 \/
-100.0 1 T T T T T T T 1
00 00 1000

(Cond 1 = 2014 Post-op, Cond 2 = 2013 Pre-op, Cond 3 = Pre-op 2012)
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* By using the mSHCGFM, it is now possible to
guantify the presence and severity of MFB in
children in the sagittal plane and monitor the

progression over time.
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Future Directions

e Examine forefoot and hindfoot
motion in coronal and transverse
planes

e Application to Clubfoot
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Heel Mean +/- 150 (n=1121  Medial Midfoot Medial Forefoot

Lateral Midfoot

A Propression Angle B Progression Angle

T Internal [ am W internal -
I—_Il I I * The data in the graphs are represented as a percentage of the 1otal load assumed by the foot for each segment,
* The data im each graph hegins with heel strike and ends with toe off (stance). Data were dilated to H0 poinis (x axis).

Right Ankle Power
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