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ABSTRACT Objective: To analyze the differences of EMG activity of lower limb muscle group and joint angle impulse in knee
osteoarthritis (KOA) patients and normal people, for rehabilitation programmes designed to provide biomechanics of reference. Methods:
Using the Qualisys 3D motion analysis system and the Delsys wireless surface electromyography system, gait analysis was performed on
10 KOA patients and 10 normal persons who met the inclusion and exclusion criteria, and the root mean square value (RMS) of the lower
limb muscle group, the ratio of the synergistic co-activation of the medial and lateral muscles, the ratio of the common activities of the
biceps femoris and the lateral femoral muscle, and the contrast of the hip and knee joints on the frontal and sagittal planes was used to
compare and analyze the effect of lower limb muscle co-activation pattern on joint loading. Results: Compared to the normal control,
during ascending stairs, rectus femoris RMS in KOA (P<0.05), the ratio of VM/VL RMS was decreased in KOA patients (P<0.05), the
ratio of BF/VL RMS was increased in KOA patients (P<0.05). During descending stairs, rectus femoris RMS increased in KOA patients
(P<0.05), gluteus maximus and the ratio of VM/VL RMS descresed (P<0.05). During ascending stairs, the angular impulse of joint on the
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frontal planes of hip and knee joint in KOA patients is larger than that of normal people, the angular impulse of the knee joint on the
sagittal plane was greater than that of the normal group. During descending stairs, there was no statistical difference in the angular
impulse on the frontal planes and sagittal planes of hip and knee (P>0.05). There was no direct correlation between VM/VL and BF/VL
in KOA group and the change of angular impulse on frontal planes and sagittal planes of knee joint (P>0.05). Conclusion: In KOA
patients, the co-activation activity of rectus femoris increased, while the muscle co-activation of medial and lateral femoris decreased,
while the joint co-activation of agonist and antagonist muscles increased. In KOA patients, both muscle co-activation strategies modulate
in unison to promote joint stability. Although there is no direct correlation between the lower limb neuromuscular co-activation mode and

knee joint loading, it may be that there are many biomechanical factors influencing knee joint loading. The neuromuscular co-activation

mode is only a part of the influencing factors, and other biomechanical factors will be added in the future.
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Table 1 Comparison of general information

Groups Treatment group Control group P

Number 10 10 -

Gender female female -
Age (years) 67.10+4.63 63.00+7.44 0.156
BMI (kg/m?) 24.75+2.71 26.45+2.75 0.182
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Table 2 The angular impulse of hip and knee joint on sagittal and frontal planes was compared between experimental group and control group

Angular impulse Angular impulse
. (frontal planes) (sagittal planes)
Project Groups
Knee Hip Knee Hip
(N-m-s-kg") (N-m-s-kg") (N-m-s-kg") (N-m-s-kg’)
Stair ascent Treatment group 0.07+0.02 0.12(0.11,0.14) 0.02(0.01,0.04) 0.04+0.02
Control group 0.05+0.02 0.10+0.03 0.01+0.01 0.05+0.03
P 0.031* 0.031* 0.037* 0.244
Stair descent Treatment group 0.56+0.01 0.10+0.04 0.01+0.01 0.04+0.02
Control group 0.50(0.45,0.55) 0.10+0.31 0.01(0.01,0.01) 0.03+0.03
P 0.226 0.906 0.11 0.49

Note: Two independent samples t-test was used for those conforming to normal distribution, and non-parametric test was used for those not conforming to

normal distribution, ( * )show P<0.05.
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Fig.1 Comparison of angular impulse of hip and knee joint in sagittal and coronal plane between KOA patients and normal subjects

during stair ascent and descent

Note: Data were expressed as x+ SD, n=10. *P< 0.05.
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Table 3 Comparison of RMS, VM/VL and RMS BF/VL of lower limb muscles between the experimental group and the control group(%, x=s)

Stair ascent Stair descent
Project (RMS%)
Treatment group Control group P Treatment group Control group P
Tibialis anterior ~ 38.48(34.43,53.62) 36.60+9.21 0.096 30.67+13.88 26.32+8.92 0.414
Gastrocnemius
o 32.24(26.40,36.58)  25.41(21.04,37.45) 0.241 21.44+10.67 18.43(11.53, 21.60) 0.496
medialis
Vastus lateralis 49.72+19.34 51.56+8.44 0.788 45.15+14.78 47.76+16.74 0.822
Rectus femoris 37.26+13.40 17.67(11.10, 30.71) 0.019* 37.52+16.03 23.10+10.57 0.029*
Vastus medialis 40.81+11.76 42.77+9.56 0.686 47.68(22.12,50.17)  36.18(26.77+52.37) 0.880
Lateral biceps
. 22.27+5.58 25.44+11.89 0.455 16.98+6.36 16.95+6.36 0.993
femoris
Gluteus maximus 38.85+9.76 36.70+12.15 0.668 17.67+4.59 29.61+13.71 0.036*
Gluteus medius 26.19+6.98 24.67+9.63 0.666 15.17+6.45 17.70+8.66 0.469
VM/VL 0.655+0.151 0.89+0.265 0.026* 0.69+0.17 0.88+0.20 0.037*
BF/VL 0.60(0.56,0.98) 0.51+0.117 0.028* 0.61+0.32 0.74+0.43 0.466

Note: Two independent samples t-test was used for those conforming to normal distribution, and non-parametric test was used for those not conforming to

normal distribution, ( * )show P<0.05.
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Fig.2 Comparison of RMS of lower limb muscle groups between KOA patients and normal subjects during stair ascent and descent
Note: Data were expressed as x £ SD, n=10. *P< 0.05.
% 4 KOA £ VM/VL.BF/VL 5@ REM KR E L XT5 RmEREXED (%, xx5)
Table 4 Correlation analysis of VM/VL and BF/VL in KOA patients with joint angular impulse on frontal and sagittal planes(%,xzs)
Frontal Sagittal Frontal Sagittal
Groups Project VM/VL BF/VL
Knee Knee Knee Knee
) ) Contraction of
KOA Stair ascent Co-contraction 0.66+0.15 0.66+0.15 . 0.60(0.56,0.98)  0.60(0.56,0.98)
antagonism
KAAI 0.06+0.02 0.02(0.01,0.04) KFAI 0.66+0.02 0.02(0.01,0.04)
r -0.25 0.17 r 0.30 0.01
P 0.48 0.65 P 0.39 0.99
Contraction of
KOA Stair descent Co-contraction 0.69+0.17 0.69+0.17 . 0.61+0.32 0.61+0.32
antagonism
KAAI 0.05(0.05,0.06) 0.01+0.01 KFAI 0.05(0.05,0.06) 0.01+0.01
r 0.25 0.08 r -0.48 0.12
P 0.48 0.83 P 0.17 0.74

Note: Pearson correlation analysis was used for those conforming to normal, while Spearman correlation analysis was used for those not, (* )show P<0.05.



- 1694 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.9 MAY.2020

LB SR Z Y TE AR S , WL PR SL GG ARG ] LA I 1 A
FMUREAL 575 8 Sk FIL A 288 JTLRIT I R AL 558 % IR D1 67 £ ) B ik
TR, (AL AR IR 55 J R T bR T 587
FmriE Z AR SCHE . KOA BB b i b B SMILILEI3 ]
W 246 A AR 2 L5 P S MO LS 35 e A -5 R AR T A EEAR T 1 )
S i A AL AR DG, BT LA OGS Jil FE LR e 4 2> S 30
KA IG INBI R A BT, TR T T B A R 41
M KOA B BRI S i) T BB J 22 N R ib A IR %
UMK A 8 B O B B0z Bl R R A S A B VA R AP
PE Y AP HAESE TR T RE SRR IR R K . AR
PR AR ANT SR L, IS ERR BE— LTS

KOA S AR IR B Bl H 836 Sl R OCT J& R 22 AL
DA ERMACR N OG TS B A ARDO OC R (B — 2B )

5 %5k

KOA U ETEIATEALIG SN, I B i LRI I
WU P B AL AMI L [ B AN B K B IR — Sk LS
JBEAIMIU FIL 18 S ) 35 H A, A SR T 0 O AR T ) G 3 #f ofo f
BIOR, BRSO i 22 (] B4 AR DG
EF eA= 90 02 PR A OC , T RERR 22 LA S i i o ik
SN T Fas s A HAU AR W) 02 PR R TR M DG T B
45 o I LATE S 252 A RITSE Hh B3 AR AR S5t A A=) ) 2 R R 23
AW Z AEISEE NGRS P B e

% # 37 #f(References)

[1] Brunner R, Romkes J. Abnormal EMG muscle activity during gait in
patients without neurological disorders[J]. Gait Posture, 2008, 27(3):
399-407

[2] Bouchouras G, Patsika G, Hatzitaki V, et al. Kinematics and knee
muscle activation during sit-to-stand movement in women with knee
osteoarthritis[J]. Clin Biomech (Bristol, Avon), 2015, 30(6): 599-607

[3] Wang S, Chan K, Lam R, et al. Effects of foot progression angle
adjustment on external knee adduction moment and knee adduction
angular impulse during stair ascent and descent[J]. Hum Mov Sci,
2019, 64: 213-220

[4] Meireles S, Reeves N D, Jones R K, et al. Patients With Medial Knee
Osteoarthritis Reduce Medial Knee Contact Forces by Altering Trunk
Kinematics, Progression Speed, and Stepping Strategy During Stair
Ascent and Descent: A Pilot Study[J]. J Appl Biomech, 2019, 35(4):
280-289

[5] Alshawabka A Z, Liu A, Tyson S F, et al. The use of a lateral wedge
insole to reduce knee loading when ascending and descending stairs
in medial knee osteoarthritis patients[J]. Clin Biomech (Bristol, Avon),
2014, 29(6): 650-656

[6] lijima H, Shimoura K, Aoyama T, et al. Biomechanical characteristics
of stair ambulation in patients with knee OA: A systematic review
with meta-analysis toward a better definition of clinical hallmarks[J].
Gait & Posture, 2018, 62: 191-201

[7] Hodges P W, van den Hoorn W, Wrigley T V, et al. Increased duration
of co-contraction of medial knee muscles is associated with greater
progression of knee osteoarthritis[J]. Man Ther, 2016, 21: 151-158

[8] Rudolph K S, Schmitt L C, Lewek M D. Age-related changes in

strength, joint laxity, and walking patterns: are they related to knee
osteoarthritis?[J]. Phys Ther, 2007, 87(11): 1422-1432

[9] Thorp L E, Sumner D R, Block J A, et al. Knee joint loading differs in
individuals with mild compared with moderate medial knee
osteoarthritis[J]. Arthritis Rheum, 2006, 54(12): 3842-3849

[10] w4 B F A RIRmF o 4. B X0 350 B8 77 45 d ] 4 KR
g/ 7 &, 2010, 14(6): 416-419

[11] &% KB A XY SRAT%FREIR [J]. b EF, 2017,
12(04): 521-524

[12] Kellgren J H, Lawrence J S. Radiological assessment of osteo-
arthrosis[J]. Ann Rheum Dis, 1957, 16(4): 494-502

[13] Trzepacz P T, Hochstetler H, Wang S, et al. Relationship between the
Montreal Cognitive Assessment and Mini-mental State Examination
for assessment of mild cognitive impairment in older adults[J]. BMC
Geriatr, 2015, 15: 107

[14] Paquette M R, Zhang S, Milner C E, et al. Effects of increased step
width on frontal plane knee biomechanics in healthy older adults
during stair descent[J]. Knee, 2014, 21(4): 821-826

[15] Cappozzo A, Catani F, Croce U D, et al. Position and orientation in
space of bones during movement: anatomical frame definition and
determination[J]. Clin Biomech (Bristol, Avon), 1995, 10(4): 171-178

[16] Thorp L E, Sumner D R, Block J A, et al. Knee joint loading differs
in individuals with mild compared with moderate medial knee
osteoarthritis[J]. Arthritis Rheum, 2006, 54(12): 3842-3849

[17] Hermens H J, Freriks B, Disselhorst-Klug C, et al. Development of

SEMG sensors and

procedures[J]. J Electromyogr Kinesiol, 2000, 10(5): 361-374

recommendations for sensor placement

[18] Chang A, Hurwitz D, Dunlop D, et al. The relationship between
toe-out angle during gait and progression of medial tibiofemoral
osteoarthritis[J]. Ann Rheum Dis, 2007, 66(10): 1271-1275

[19] Jenkyn T R, Hunt M A, Jones I C, et al. Toe-out gait in patients with
knee osteoarthritis partially transforms external knee adduction
moment into flexion moment during early stance phase of gait: a
tri-planar kinetic mechanism[J]. J Biomech, 2008, 41(2): 276-283

[20] Kean C O, Hinman R S, Bowles K A, et al. Comparison of peak knee
adduction moment and knee adduction moment impulse in
distinguishing between severities of knee osteoarthritis [J]. Clin
Biomech (Bristol, Avon), 2012, 27(5): 520-523

[21] Simic M, Hinman R S, Wrigley T V, et al. Gait modification
strategies for altering medial knee joint load: a systematic review[J].
Arthritis Care Res (Hoboken), 2011, 63(3): 405-426

[22] Hochberg M C, Altman R D, April K T, et al. American College of
Rheumatology 2012 recommendations for the use of nonpharmacologic
and pharmacologic therapies in osteoarthritis of the hand, hip, and
knee[J]. Arthritis Care Res (Hoboken), 2012, 64(4): 465-474

[23] Childs J D, Sparto P J, Fitzgerald G K, et al. Alterations in lower
extremity movement and muscle activation patterns in individuals
with knee osteoarthritis[J]. Clin Biomech (Bristol, Avon), 2004, 19
(1): 44-49

[24] Sharma S K, Yadav S L, Singh U, et al. Muscle Activation Profiles
and Co-Activation of Quadriceps and Hamstring Muscles around

Knee Joint in Indian Primary Osteoarthritis Knee Patients[J]. J Clin
Diagn Res, 2017, 11(5): C9-C14 (&5 1792 T1)



- 1792 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.9 MAY.2020

Case-Control Study[J]. Neurosurgery, 2019, 84(1): 132-140

[11] Meling TR, Romundstad L, Niemi G, et al. Adenosine-assisted
clipping of intracranial aneurysms [J]. Neurosurg Rev, 2018, 41(2):
585-592

[12] Yamaguchi S, Ito O, Koyanagi Y, et al. Microcatheter shaping using
intravascular placement during intracranial aneurysm coiling [J].
Interv Neuroradiol, 2017, 23(3): 249-254

[13] Darsaut TE, Findlay JM, Magro E, et al. Surgical clipping or
endovascular coiling for unruptured intracranial aneurysms: a
pragmatic randomised trial[J]. J Neurol Neurosurg Psychiatry, 2017,
88(8): 663-668

[14] Bender MT, Vo CD, Jiang B, et al. Pipeline Embolization for Salvage
Treatment of Previously Stented Residual and Recurrent Cerebral
Aneurysms[J]. Interv Neurol, 2018, 7(6): 359-369

[15] #&jk, ERM, 8 5, . o8 WA EAF I & A F K08 57 A
kG 89 3Tk A [J]. & B s BRAb 22 92 &, 2018, 23(11):
727-728

[16] 4%, 246, FX, F. FHBHA LMK L o F NAEERE ST AR
FBRSE HFL S P B R N R AUR A ST AT (D). S5 R S B A
Ja2e &, 2018, 26(5): 70-72

[17] Banik S, Rath GP, Ramsal R, et al. Balloon-assisted coil
embolization of intracranial aneurysm and zero bispectral index [J].
Neurol India, 2018, 66(5): 1501-1502

[18] Mayer TE. The unruptured intracranial aneurysm treatment score: A
multidisciplinary consensus[J]. Neurology, 2016, 86(8): 792-793

[19] Durand A, Penchet G, Thines L. Intraoperative monitoring by
imaging and electrophysiological techniques during giant intracranial
aneurysm surgery[J]. Neurochirurgie, 2016, 62(1): 14-19

[20] Syta-Krzy;anowska A, Jarocka-Karpowicz I, Kochanowicz J, et al.
F2-isoprostanes and F4-neuroprostanes as markers of intracranial
aneurysm development[J]. Adv Clin Exp Med, 2018, 27(5): 673-680

[21] Wang J, Cao Y. Characteristics of circulating monocytes at baseline

and after activation in patients with intracranial aneurysm [J]. Hum
Immunol, 2020, 81(1): 41-47

[22] Yang Q, Yu D, Zhang Y. B-Sitosterol Attenuates the Intracranial
Aneurysm Growth by Suppressing TNF-a-Mediated Mechanism [J].
Pharmacology, 2019, 104(5-6): 303-311

[23] Liu X, Zhang Y, Liu Z, et al. Application of second-generation
Shikani optical stylet in critically ill patients undergoing cerebral
aneurysm embolization[J]. J Int Med Res, 2019, 47(4): 1565-1572

[24] &, HAZ, R 2, F. TG ERLEGIT AN G &
R JG i 2 ERAYZ ik Fem (1 PEAREF L&,
2018, 28(13): 104-108

[25] 4, Ze40 i, MR E, 5. 425104 e R xR A 3 Bk kR
Jii Lt Fa B Ao K UG b 2N Dy Rt %om [J]. M6 R 2 &,
2019, 35(10): 941-944

[26] Zhang Y, Zhu X, Hou K, et al. Clinical outcomes of surgical clipping
for intracranial aneurysms in patients with a Hunt and Hess grade 4 or
5[J]. Arq Neuropsiquiatr, 2016, 74(6): 478-481

[27] Dunet V, Bernasconi M, Hajdu SD, et al. Impact of metal artifact
reduction software on image quality of gemstone spectral imaging
dual-energy cerebral CT angiography after intracranial aneurysm
clipping[J]. Neuroradiology, 2017, 59(9): 845-852

[28] Ito Y, Yamamoto T, Ikeda G, et al. Early retreatment after surgical
clipping of ruptured intracranial aneurysms [J]. Acta Neurochir
(Wien), 2017, 159(9): 1627-1632

[29] Intarakhao P, Thiarawat P, Rezai Jahromi B, et al. Adenosine-
induced cardiac arrest as an alternative to temporary clipping during
intracranial aneurysm surgery[J]. ] Neurosurg, 2018, 129(3): 684-690

[30] Mooney MA, Brigeman S, Bohl MA, et al. Analysis of overlapping
surgery in patients undergoing microsurgical aneurysm clipping:
acute and long-term outcomes from the Barrow Ruptured Aneurysm

Trial[J]. J Neurosurg, 2018, 129(3): 711-717

(E#EF 1694 )

[25] #HAK R, iTAE, ¥ RAR. EH ABEF IR v Sk UL B 09 34 J7 AR e L
Yl ss A 4Eng £ A [T]. & A SR, 2016, 26(03): 25-28

[26] Smith S L, Allan R, Marreiros S P, et al. Muscle Co-Activation
Across Activities of Daily Living in Individuals with Knee
Osteoarthritis[J]. Arthritis Care Res (Hoboken), 2019, 71(5): 651-660

[27] Bennell K L, Hinman R S, Metcalf B R. Association of sensorimotor
function with knee joint kinematics during locomotion in knee
osteoarthritis[J]. Am J Phys Med Rehabil, 2004, 83(6): 455-463, 464-
466, 491

[28] M, EZ 3K, A de, . B X W X &4 L - EE R @
o, B AT R [J].4 8 5 B £ & 5, 2015, 6(06): 13-16

[29] Thompson J A, Chaudhari A M, Schmitt L C, et al. Gluteus maximus
and soleus compensate for simulated quadriceps atrophy and activation
failure during walking[J]. J Biomech, 2013, 46(13): 2165-2172

[30] Selistre L F, Mattiello S M, Nakagawa T H, et al. The relationship

between external knee moments and muscle co-activation in subjects

with medial knee osteoarthritis[J]. J Electromyogr Kinesiol, 2017, 33:
64-72

[31] Gerbrands T A, Pisters M F, Theeven P, et al. Lateral trunk lean and
medializing the knee as gait strategies for knee osteoarthritis [J]. Gait
Posture, 2017, 51: 247-253

[32] Kierkegaard S, Jorgensen P B, Dalgas U, et al. Pelvic movement
strategies and leg extension power in patients with end-stage medial
compartment knee osteoarthritis: a cross-sectional study [J]. Arch
Orthop Trauma Surg, 2015, 135(9): 1217-1226

[33] Dunphy C, Casey S, Lomond A, et al. Contralateral pelvic drop
during gait increases knee adduction moments of asymptomatic
individuals[J]. Hum Mov Sci, 2016, 49: 27-35

[34] Paquette M R, Klipple G, Zhang S. Greater Step Widths Reduce
Internal Knee Abduction Moments in Medial Compartment Knee
Osteoarthritis Patients During Stair Ascent[J]. J Appl Biomech, 2015,
31(4): 229-236



