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Knee Power Is an Important Parameter in
Understanding Medial Knee Joint Load
in Knee Osteoarthritis

KRISTINA M. CALDER,"' STACEY M. ACKER,”> NEHA ARORA," KAREN A. BEATTIE,!
JACK P. CALLAGHAN,? JONATHAN D. ADACHI,' axo MONICA R. MALY'

Objective. To determine the extent to which knee extensor strength and power explain variance in knee adduction
moment (KAM) peak and impulse in clinical knee osteoarthritis (OA).

Methods. Fifty-three adults (mean = SD age 61.6 = 6.3 years, 11 men) with clinical knee OA participated. The KAM
waveform was calculated from motion and force data and ensemble averaged from 5 walking trials. The KAM peak was
normalized to body mass (Nm/kg). The mean KAM impulse reflected the mean total medial knee load during stride (Nm x
seconds). For strength, the maximum knee extensor moment attained from maximal voluntary isometric contractions
(MVIC) was normalized to body mass (Nm/kg). For power, the maximum knee extensor power during isotonic contrac-
tions, with the resistance set at 25% of MVIC, was normalized to body mass (W/kg). Covariates included age, sex, knee
pain on the Knee Injury and Osteoarthritis Outcome Score, gait speed, and body mass index (BMI). Relationships of the
KAM peak and impulse with strength and power were examined using sequential stepwise forward linear regressions.
Results. Covariates did not explain variance in the KAM peak. While extensor strength did not, peak knee extensor
power explained 8% of the variance in the KAM peak (P = 0.02). Sex and BMI explained 24% of the variance in the KAM
impulse (P < 0.05). Sex, BMI, and knee extensor power explained 31% of the variance in the KAM impulse (P = 0.02),
with power contributing 7% (P < 0.05).

Conclusion. Knee extensor power was more important than isometric knee strength in understanding medial knee loads
during gait.

INTRODUCTION

Given that knee musculature has the capacity to modify
the loading environment at the knee (1), there has been

much interest in a potential role of muscle in the devel-
opment and progression of knee osteoarthritis (OA). Defi-
cits in knee extensor strength, i.e., reductions in the net
maximum extensor moment during voluntary contrac-
tions, are related to pain and mobility impairments in
people with knee OA (2). However, changes in knee ex-
tensor muscle strength are not necessarily related to pro-
gression of knee OA. In a prospective, 30-month study
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| SYMPOSIUM: CURRENT APPROACHES IN CEREBRAL PALSY, A FOCUS ON GAIT PROBLEMS

Current Approaches in Cerebral Palsy, A Focus on Gait Problems
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In modern terms, cerebral palsy is defined as a childhood
condition in which a motor deficit occurs due to a static,
nonprogressive lesion of the brain. From a historical per-
spective, William John Little was the first to characterize
spastic cerebral palsy in the 1830s [1]. He described it as a
brain injury due to oxygen deprivation to the brain at birth.
Sir William Osler was one of the first early researchers to
study cercbral palsy and wrote the first book on the topie,
Lne Cerebral Falsies of Chudren |£]. Lerebral paisy 1S a
heterogencous condition. The size and location of the brain
lesion approximates both the severity and characterization
of motor involvement. Gait problems are common in
ambulatory patients with cerebral palsy. Ambulatory ability
may vary from independent ambulation to the need for
ambulatory aids such as a walker. In the latter case, ambu-
latorv abili:v mav aiso aepena on gooa upper extremity  Fig. 1 Kirk W. Dabney, MD, is shown.
urcuor.

In this symposium, “Current Approaches in Cerebral
Palsy, A Focus on Gait Problems,”™ pediatric orthopaedic
surgeons from cerebral palsy centers in various countries
have been invited to focus on current problems that affect
ambulatory children with cerebral palsy. The initial article
highlights current assessment and outcome measurement

4ssessing upper extremity [unclion in patients who may
require upper limb function for the use of an ambulatory aid.

All ICMJE Conllict of Inlerest Forms Lor authors and Clinical
Orthopacdics and Related Research editors and board members are
om file with the publication and can be viewed on requesl,

K. W. Dabney (7<), F. Miller

Cerebral Palsy Program, Nemours/Alfred I. duPont Hospital

for Children, 1600 Rockland Road, Wilmingtan,

DE 19899, USA

e-mail: kdabney @nemours.org Fig. 2 Frceman Miller, MD, is shown.
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GMFCS Level |

Children walk indoors and outdoors and climb stairs
without limitation. Children perform gross motor skills
including running and jumping, but speed, balance and
co-ordination are impaired.

GMFCS Level I

Children walk indoors and outdoors and climb stairs
holding onto a railing but expenence limitations walking
on uneven surfaces and inclines and walking in crowds
or confined spaces.

GMFCS Level Il

Children walk indoors or nutdoors on a level surface with
an assistive mobility device. Children may climb stairs
holding onto a railing. Children may propel a wheelchair
manually or are transported when traveling for long
distances or outdoors on unevean terrain.

GMFCS Level IV

Children may continue to walk for short distances on a
walker or rely more on wheeled mobility at home and
school and in the community

GMFCS Level V

Physical impairmant restricts voluntary control of
movement and the ability to mamtain antigravity head and
trunk postures. All areas of motor function are imited
Children have no means of independ2nt mobility and
are transported.
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The Gait Cycle

| STRIDE |
Phases STANCE 3>CiEtH SWING %318
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Table 1.1

Floor Contact Periods

Stance
Initial Double Stance 10%
Single Limb Support 40%

Terminal Double Stance 10%
Swinn
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Figure 3.19 Progression (arrow) over the supporting foot is assisted by the actions of three functional rockers
(1) heel rocker, (2) ankle rocker, (3) forefoot rocker.

i

AEEREH BROCTAH U A




NI

5948 (swing phase)
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Figure 4.13 Mid swing limb advancement (arrow)
continues the demand on the tibialis anterior.
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wmaﬂbﬂﬂﬂﬂl ySiS Aggregate Temporal/Spatial Data

Patiznt Name: || Zhuyuyin Measure: Spatial Temporal
ID.# File Name: TRIMMED WALKI14XLS
Test Date: 51372014 Norm File: 2Lnm

| Comment: | |C0mparison Overlay

Right Side Measures Left Side Measures
1/ 4/8/2014 5/13/20) Normal | 4/8/2014 4/8/201 5/13/20]
Step Length Awvg (cm) ) 50.10 48.33 64,88 51.39
Standard Deviation 2.73 7.60 3.49
MNumber of Steps 4. 14.00 15.04 10.00 15.00
Stride Length Avg (cm) 06,51 | 10146 : 120.82 10145
Standard Deviation 67 4.31 3 15.05 4.06
MNumber of Strides 10.0¢ 12.00 ! 10.00 13.00
Forward Velocity Avg (cm/s)| 7 93.71 50 118.34 93.72
Standard Deviation 3.6¢ 4.38 3.59 17.83 4.87
MNumber of Strides 0. 12.00 2 10.00 13.00
Cadence Avg (steps/min) ; 111.01 ; 109.46 110.68
Standard Deviation 331 J 8.52 441
Number of Steps 12.00 : 10.00 13.00
Total Support Time (%) 62.88 60.56 64.74
Standard Deviation 141 2, 0.87 217
Number of Strides 12.00 (1200 |10.00 13.00
Swing Phase (%) 3712 ; 39.44 35.26
Standard Deviation 141 : 0.87 217
Number of Strides 12.00 : 10.00 13.00
Initial Double Support Time| 13.72 3.63 10.53 14.18
Standard Deviation 1.25 0.83 1.48
Number of Strides 12.00 10.00 13.00
Single Support Time (26) 35.26 30,44 37.12
Standard Deviation 217 0.87 141
Number of Strides 13.00 10.00 [ 10.00 12.00
Step Width (cm) 12.00 11.97
Standard Deviation 1.19 331
MNumber of Trials 4.00 10.00
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@Mﬂﬁﬂﬂﬂﬂﬂl ySis Multiple Conditions Comparison

Patient Name: (| zhuyuyin Measure: Anlde Joint Angles (deg) Condition Labels
1D = Comment: Comparison Overlay 4/8/2014
Test Data: 5132014 File Name: TEIMMED WALK14XL5 /8/2014
MNorm File: 21 ntm ]]_ FpEE
2f 1 JfL£ 14

Right (RHS to RHS) Left (LHS to LHS) Data Properties by Condition

Diorziflaxion

Filz (3alid) Fit Cweles
TEIMMED_WAL) 3
TEIMMED WAL

FlexExtension . . TEIMMMED WAL 3
TEINMMED WAL

File (Dashad) Rt Cyeles
TRIMMED WAL
TRIMMED_ WAL
TRIMWED WAL
TEIMMED WAL

Pro/Supination

File (Dottad) Et Cyeles
TRINMED WAL
: | ! MED WAL
Foot Prog (vs Tibia) 2 .4 5 TRIMMED WAL
TEIVMMED WAL
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Multiple Conditions Comparison

Patient Name: (| zhuyuyin Measure:

Arm Joint _-'\.ngles (dﬂg) Condition Labels

1D.# Comment:

Test Date: 31372014 File Name:

MNorm File:

Comparison Overlay 4/8/2014
TEIMMED WALK14XL5 /8,/2014

Right (RHS to RHS)

2 1 —
]]3_."1.3;'.:5‘1‘—'

Left (LHS to LHS) Data Properties by Condition

Shoulder Flexion

L

Fit Cweles

40.0- Filz (Solid)
TRIMMED_WAL] 3
s TRIMMED_ WAL
0.0- TEIVMMED_ WAL 3
TRIMMED WAL
-20.0-
-40.0-

Shoulder Adduction

File (Dashad) Rt Cyeles

TRIMMED WAL

TRINMED WAL

30.5=
zo-o—;f“ﬂcg

TRIMMED WAL

10.0- TRIMMED_WAL

Extension

File (Dottad) Et Cyeles

TRIMMED WAL

MMED WAL

TRIVMED WAL

TRIMMED. WAL
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. @Mﬂﬁﬂﬂﬂﬂﬂl ySis Multiple Conditions Comparison

Patient Name: (| zhuyuyin Measure: Knes Joint Angles (deg) Condition Labels
1D = Comment: Comparison Overlay 4/8/2014
Test Data: 5132014 File Name: TEIMMED WALK14XL5 /8/2014
MNorm File: 21 ntm ]]_ FpEE
2f 1 JfL£ 14

Right (RHS to RHS) Left (LHS to LHS) Data Properties by Condition

Filz (3alid) Fit Cweles
TEIMMED_WAL) 3
TEIMMED WAL
TEIMMED WAL 3
TEINMMED WAL

|

FlexExtension

File (Dashad) Rt Cyeles
TRIMMED WAL
TRIMMED_ WAL
TRIMWED WAL

TRIMMED WAL

—h
I

File (Dottad) Et Cyeles
TEIMMED WAL 3
TRIMMED WAL 3
Tibial Torsion . j TRIVMED. W 1
TEIVMMED W 3




B MY L o e
TR s)

@Mﬂﬁﬂﬂﬂﬂﬂl ySis Multiple Conditions Comparison

Patient Name: (| zhuyuyin Measure: Hip Jeint Angles (deg) Condiion Labels
1D.# Comment: Comparison Overlay 4/8/2014
TestDate: || 5/13/2014 File Name: || TRIMMED WALKI4XLS /8/2014
Norm File: 21.nmm ]]_ TR
2f 1 JfL£ 14

Right (RHS to RHS) Left (LHS to LHS) Data Properties by Condition

60.0- Fil= (3alid} Rt Cyelas
TEIMMED WAL 3
25.0- TREIMMED WAL

FlexExtension TEIMMMED WAL 3
0.0- TRIVMED WAL

File (Dashad) Rt Cyeles
TRIMMED WAL
TRIMMED_ WAL
TRIMWED WAL
TEIMMED WAL

File (Dottad) Et Cyeles
TRINMED WAL

MED WAL
FRotation ; 4 ; TRIMMED WAL
TEIVMMED WAL
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| ﬁMoﬂbﬂAﬂaIySlE Multiple Conditions Comparison

Patient Mame: [ zhuyuyin Measure: Trunk Orientation Relative to Foom Condition Labels
1D.#2 Comment: Comparisen Overlay /872014

Teazt Date: 5/132014 File Mame: mﬂ\-{ED_“’_—"J_K!i}ﬂ_S /8/2014

Norm File: 21.mm ]]3!;1 32010

Right (RHS to RHS) Left (LHS to LHS) Data Properties by Condition

Shoulder Forward 15.0- 15.0-

Fil= (8olid) Eit Cryelaz
TEIMMED WAL| 3

TEIMMED WAL
0.0- 0.0- TRIMMED WAL 3
TEIMMED_WAL!

Bhovlder Trailing

Anterior : File (Dashed)
TRIMMED_WAL]
TRIMMED_WAL]
TRIMMED WAL
TRIMMED_WAL]

Forward Lean

File (Dotted) Et Cyeles
TEINIVED WAL 3

TEILAED WAL
Lateral Flexion TEILVED WAL

1

TRIVMED WAL

Shouldsr Down
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. @Mﬂﬁﬂﬂﬂﬂﬂl ySis Multiple Conditions Comparison

Patient Name: (| zhuyuyin Measure: Pelvis Orientation Relative to Room Condiion Labels
1D.# Comment: Comparison Overlay 4/8/2014
Test Date: 3/132014 File Name: || TRIMMED WALKI4 K18 /8/2014
Norm File: 21.nm —
[l5/13/2014

Right (RHS to RHS) Left (LHS to LHS) Data Properties by Condition

Filz (3alid) Fit Cweles
TEIMMED_WAL) 3

TRIMMED_WAL]
Pelvic Rotation : = j j TRIVMMED_WAL] 3

TEINMED WAL

Hip Trailing

Anterior File (Dashad) Rt Cyeles
TRIMMED WAL
TRIMMED_ WAL
TRIMWED WAL
TEIMMED WAL

Pelvic Tilt

File (Dottad) Et Cyeles
TRINMMED WAL 3

. TRIMMED WAL 3

Pelvic Obliquity . : ; TRIVMED. W, 5
TEIVMMED W 3
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First rocker: Heel Rocker

B4 B
2R i 5
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Second Rocker: Ankle Rocker
R 75 i
R
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Third rocker:Foreoot Rocker’
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. @Mﬂﬁﬂﬂﬂﬂﬂl y.ﬂ's Multiple Conditions Comparison

Patient Name: (| zhuyuyin Measure: Ground Reaction Forces (N'kg) Condiion Labels
1D.# Comment: Comparison Overlay 4/8/2014
Test Date: 31132014 File Name: TRIMMED WALK14 XS /8/2014
Norm File: 21.nrm

[l5/13/2014
Right (RHS to RHS) Left (LHS to LHS) Data Properties by Condition

Filz (3alid) Fit Cweles
TEIMMED_WAL) 3

TEIMMED WAL
Vertical TEIMMED WAL 3
TEINMMED WAL

File (Dashad) Rt Cyeles
TRIMMED WAL
TRIMMED._ WAL
Tateral TRIMMED_WAL
TRIMMED WAL

File (Dottad) Et Cyeles
TRINMED WAL
TRIMMED WAL
TRIMMED WAL
TEIVMMED WAL
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@Mﬂﬁﬂﬂﬂﬂﬂl y.ﬂ's Multiple Conditions Comparison

Condition Labels

Patient Name: (| zhuyuyin Measure: Sagittal Joint Powers (Wattskg)

Test Date: 31132014 File Mame: TRIVMED WAT K14 %18
MNorm File: 21 ntm

1D.# Comment: Comparison Overlay 4/8/2014
H:f 8/2014

[l5/13/2014

Right (RHS to RHS) Left (LHS to LHS) Data Properties by Condition

Filz (3alid) Fit Cweles
TEIMMED_WAL) 3

TRIMMED WAL

TEIMMED WAL 3
TEINMED WAL

File (Dashad) Rt Cyeles
TRIMMED WAL
TRIMMED_ WAL
TRIMMED_ WAL
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