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Abstract: Objective To investigate the translation and rotation of healthy elbow joints during active flexion and
extension, so as to provide references for the treatment of elbow instability and injuries. Methods Ten healthy
subjects with no history of upper extremity trauma were recruited. Dual fluoroscopic imaging system ( DFIS) was
applied to quantify six-degree-of-freedom ( 6-DOF ) kinematics of humeroulnar and humeroradial joint from full
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extension to maximum flexion in supination position. Correlation analysis was used to evaluate the relationship
between the 6-DOF kinematics of the elbow joint. Results Valgus angle of humeroulnar joint gradually decreased
from 15.2°+3. 1° to 5. 3°+2. 3° with the flexion increasing. Valgus angle of humeroradical joint gradually decreased
from 19.7°+£4.2° to 8.2°+2.4° from full extension to maximum flexion. The valgus angle of humeroulnar and
humeroradial joint was linearly related to the flexion angle during flexion and extension. The internal rotation of
humeroulnar joint was quadratic nonlinearly related to the flexion angle during motion. The maximum internal
rotation of the ulnar was 4. 0°+4. 9° at 110° flexion, and the maximum external rotation was 5. 1°+4. 2°. The internal
rotation of humeroulnar joint gradually increased from 3.2°+16.0° to 27.2°+18.0°. Conclusions During normal
flexion and extension of the elbow, the valgus angle of humeroulnar joint decreased linearly, while the internal and
external rotation angle showed a nonlinear change, which first rotated internally and then rotated externally. The
valgus angle of humeroradial joint decreased linearly and the internal rotation angle increased linearly. Therefore,
humeroulnar joint is not a hinge joint during elbow flexion and extension. There is a kinematic difference between
humeroulnar joint and humeroracial joint. For clinical treatment of complex elbow injuries, elbow instability and elbow
replacement, different motion characteristics in joints should be considered to improve the outcome after surgery.

Key words: elbow joint; flexion-extension motion; in vivo kinematics; dual fluoroscopic imaging system ( DFIS)

JiF O e A TS Bl b R A G EEE .
H A TG annz iR PR |4 2 45 2 s 2,
e 8 A I G YT e A LR I S A B AE SE .,
AE N RTS8 A BB, JRE 5657 48485 £ 722 4k 3 Rl 7
6.7°~22. 5°Z [A]M O B4 I ST A ANk R /N
ST MEE A S PT A R RE s B A (4B
) AR TR RIE 51 & I O R R KR sk T fig
B AR ) B O Y B A 1 33 Rl (range of
motion, ROM) /& [ Wi 5 19 1% 2h T BE 1Y TR 224 4,
Il R 58 2R W, (R AR OGS ROM 2R 0° ~150°, Ji 5%
T HAT ROM 7E 30° ~ 130° /2 DL 5E i H 4 KB o 16
" S BATAMI T ARA T A AR T U
#B ROM Jii/Iy, 24 ROM T B 50% |, I 55 B2 44 (132 5
IRES TR 80% , ™ F g i) AT H R AR T

Ji S5 TR Az B2 43 A R S I 5 T e B 4
XTIIRERYREIR , 5 R F SR PEAL 67 AR & BCR
AT E B AR AR b S TR AR A 5 AR A Ak
BEFA BT AN B 22 (Al I sh AR5 RPLE T %
TS B ST AR I T T A A
ST HNRHAR 1 G R Rkt S I R T 04 R PN
B R IGE R A 1 B A Ak 2 B TR
FF 561 et B (57 LA R ST N R S s AE e
A ARV I SR, BT A M S 2R T R
PRI R VC I T BB 235 | R e B T R 3t
SRS AR ST RIS AR i
H iz B2 SR, REAR X I ST T RE YR FE A

et M SRR B I

PATESE T B AR AR 14 1 3l iz 3 2 1 5004 i e
BB AR R, WA RS 7 i i 7 vh iz g2 A
b, IER X o3 RUB FIRE B 7 A i 72 rhoz gl o
A6 BEFE R, Sl A LT RS G
TR A A W] 25 5, gl iz s T B RE
S WAL LS TV R g sh g o
A RIS F Bl iz sh B HRE , BRI S
T e A 5 R AR B0 Sh A4k, k= X N SN E £ Bl
AR 5T 534, LA KO Il KRG A O 1 7E Je At
BT HAD A RS R

AR AR AR A S Sl 2 XCF X 257 R 5
Z 4t ( dual fluoroscopic imaging system, DFIS) 5 2D-
3D PG e v 5 AR S BAE AR T 5 5 a2 2l A 8 i
i, A A A P I IEROSCTTRY 6 AR
AR WS RBEAE MAR JN S S 2 S i e
IR AR ROM % 8l LK LS PN A e #7722
WAFAEZE S o AR S o 42 I B I 56 5 3 3l i
ISP AR B 1) 32 Bl 22 AR AR TR, I 5 H 18 A 5 P o
B PAMIE A 2 1) B RH S O IR O 4 43 3R T
Rt=%,

1 A
1.1 ZREBEAXEHR

A FEAT B 22 30 K2 I 2 B F e AR LA
PR 2 B 45 T 2% 61 4> 7 4t (SHOH-2019-TS-2) . fE4E



EREMHE $£35% F£S5H 2020510 A
492 Journal of Medical Biomechanics, Vol. 35 No.5, Oct. 2020

10 Z R IEE (6 BB 4 ZActk) PN
(21.1+0.8) %, G {K i 535 40 (body mass index,
BMI) Jy 21. 8 +4. 1; 52 1 Y 3% [ /5 I S BE 20
(American Shoulder and Elbow Surgeons Shoulder
Score, ASES) #4100 43, TTHLIA & # Filiz 3l pf 48
7 TH R, B Y TEAM e
1.2 ETF CT RGN HSEMWFESREE

JIiAT 2R H452. CT 434 (SOMATOM Definition
AS, Siemens/AH], FEE)  FEMEMIZEHT BP0
ST, F3 AT 30 I RS AR AR TR T )
JZER 0.6 mm, FHZE N2 HEE N0, 4 mmx0. 4 mm,
BIH& IR 512x512, (fH] Amira 6.7. 0 B4 =2
@ij}(ﬁ:('ﬂlermo Fisher Scientific 2\ F], %[ﬂ)é}%ﬂﬂfzﬁ’ N
Bett JUEI CT S5 JF a4 3D Asps, mh
B X ML BV Pulsera, Philips 23 F], faf %) 4351
TSR IUE S5 S 5 P00 2 i M > L
TG AR G5 LA AR SE 4k 58 UM e J i R i
B F e e R s 78 8, X S Zepl & A 2 DA
30 HeREERAR PR IRFTE A2 s

B —FR N X 2 LI 5T A 92 50 5 S A A
BREF MATLAB( MathWorks 22w, G ) i, B,
ML TE AT B 52 AR A T L IR 8 1, 7 R SRR Y

(d) BE R

(e) MakeTT

AR L B T P B R AR ORI AL S, K S
[ S5 T ~F- Al A B H SUP TR - Al 1 R G O AR
1 3D HH AL 5 AR rh R AT R e R, 2
F MR 52 5 T 18 37 A AR A A ) - e
AHVERC . M e A B TT 4R (0 s ) 3 e K it s
(25), 5501 s( 53 W) HEIZL, 5E A IE3)
A AE, DI 5 © &9 k% 7 Wk FE TR
1 mm (f3285) LUK 10 (BeREfIEE) IR
1.3 ZHTHEEHFTE

K H E A=) 712132 (International Society of
Biomechanics, 1SB)fE7# 1Y € S )7 ¥ 87 R 5G9 )i
B UE BeE B L GE sh AR R e 1
Fe7s BB vl 8 SO B W AMIRE b 05 RO
(bt SCRAAE KB DD R B v e s
SE SC Ry BRI i O T T RY BT L. B R Xl
( anterior-posterior, AP ) $8 [a] [ , ¥ §ill ( proximal-distal ,
PD)fgm I, Z ﬁl( medial-lateral , ML) B ah, ST
B R BEARRSCTS R A ST Ry Z-X-Y 5 %68 TR
BROCHT R ARy X-Z-Y . X T2 5C
T AR, 8 3D B0 I X 2R AR
HESRAT 25 B W 1] (8 R X 25 TA) 62 B, DT 333 I OG5
(4 3D B S (G P R RGeS ) . BT 0T Ak

(f) REascHy

1 FXTBHNLRRURMXT 6 BHETELRR

Fig.1 Elbow anatomical coordinate systems and 6 DOF kinematics measurement system (a) Humerus,

(b)Ulna, (c¢) Radius, (d) Humeroulnar joint, (e) Humeroradial joint, (f) Ulnoradial joint
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F¥ (y==5.2+0.17x-0.000 86 x>, R>=0.93,
P<0.000 1, x:JEMA,y: WIMGESM) . X0 Y BE e
KT — EHE N BERS K s F BN E 3. 2°+
16. 0 B4 E] P JE 18. 0°+15. 4°, F5c 2 3] g A S iy 1)
PIE 27.2°18.0°[ WLIE 2(b) 1. XFT IR RS &
W, B R Z R JE AR A S N ANE AR
AR (P<0.000 1)

3 g

AR sh A XCF 1 X 4238 R R 50 9F
454 2D-3D EHMRECHEBA , I 76 A5 OG5 it
BT 6 H W B iz s 2E g, A LR ik ke
DL RUSe 5 1 7 i A o A v 1 S 1 8 8h I A B A
o MERECTTHERT G I ik mAi %, DL S E AR A
SMER PN A1IE ROM i 5k 25 LU ARG R (LK 2)
JR A AR T BB R BEASE 5 T A1 B A1 DL S AR DG
N AN E fA RN (i fR 5L 2R A O (R = 0.979,
P<0.000 1), i RSCHT B AN AS Ak 22 30 — ik R4k
PEAHE (R =0.93, P<0.000 1) . il e iy 4h jig
AR, il RS 78 J Ao 78 o AN 2 B 2 Y 5
KT,

DI RB 58 R B, Hf)i‘?éw” fifiz gh i, J
i1 ROM & - 10° ~ 150°"" | [N 7 & ROM Hy 7° ~
350010 1 PYALGE ROM g 40 ~ 1700450 AR RFSE &
BRSNS B AR E ROM HE AR R
TR (il 144.9°+22.6° vs 141°£20. 1°; P 4b
B .11.6°+3. 7°vs 9. 8°+3. 3°; INHME: 24. 1°+10. 7°
vs 10.8° 4. 1°) , X Al fE 5 R bBe5 Z [0 A & 7716

2.7°+1.3° RN A 22 2.3°+ 1. 9 AN Bl A E 25 45
%, Hop AME ROM 22 55 mT BE AL IR Bl be 565
SERAHC , BEASS ST HE N 55 BT 2 2K 0 P A1 i Y
PERUS FEREAN i i ad A2 o, 265 R AR R 41
B RO AN EIAA DA 15, 2008/ E) 5. 30 BE R ST
G PEAR S S BUAH ) A 78 Ak R 34 (0 LA B A dn ¢
INFIERE ST, McDonald 26 BF 58 2 0H , I 65
(51 B A 2 BE A T i AR 2GR TN, O St I PR AR
b, SAMIR AR —3, Roy &V HFITINH 56
PR AR AR AR B P TS DR S G, R4
FAXEIN T AR B VE R RSl A B R A
sl N E iR IT a, F IR R b s Z [0 JE
i NANER  PIANIE ROM , L% S22 i 4 B £ 1
Ak 2 5 AT LA R T TR A B R T Ak 19 5 e
X IR) AT, B B A N OGBS SRR T, BRARR R
J ST AR XU

HFEEEDT  ARFR AR SN A 56, iE
M2 PRSI AFFSRI N 7R
iz sl B RSETT Hot M RS sl AUk A e 3 A
77 1, ERT G LA e 3 7 1] B AT 1 ~2 mmiF8
T, Goto 25 FIFH CT HA T M EMERA T
W RU e 5 1 118 3 f 1y FRUAR Ak, 057 5 o) e
R P o e AR 57 AR el A ) P A R R, HL 2%
WFSE I A X W (8 22 K 47X . Hurbanek
VTR A TR R ML R E S A BRAE 3~ 4 mm, 5
ARWFFEAENEROETT 3 AN J7 1) it b A A8 Ak A 3 (L
F 1), (BFEA AR B ARME I, Bk o1 19 67 B 1 5l
JE 52 HEHA B A ST B, X HU BB T [ (3. 9+



SREEE, . N REhAS I AR BRF ST Y 5 E B R IS B4R E
Z0U Diyang, et al. In vivo Kinematic Characteristics of the Elbow during Active Flexion-Extension Motion Using
Dual Fluoroscopic Imaging System 495

1.0) mm] S5HEREH[(1.9+0.7) mm ]| DL R AR
KATL(1.7£0.9) mm ] 1Y% [ALF G2 A5 2 0, B
TR T v B BRI ML 6 Sl B, TEIR YT I G
TANERE I, B O R AR BT, 025 R
G X s [V B8 R M AN ] e B, il Ao 5G9 v
PLACVF HE RS AT SRR TR Bl

ABEFERT TR S T iz sl b i R R
AT IEA [R] i AR A AL . B ROOG 5 7 T it
FErh 2L E 5 MRy &, JFTE 1100 J il &
IRF AR AE, BE A5 OG5 A Jet o A vp 0 —
ELREBLN RS R AL, DATESE T B AR AS Y 5
Pz s LL S i A 1 = 4z sh 2 ot se d &k 3 T Ak
OGS PIE Ja AN IER AR LR A Bl ROEH
AR rp e N IS A1 Y32 Bl 4 LS Miyake
RO R IR ARL, i O T 90° i it |
Il 3 ASMERRAS AL E, A BAE 90° F BE R A
Jidde R, e RN i ) 22 S 1 RE IR T AN ) SE 86 1501
2257, BEROCHY N AMIE A Y22t B, I 5G9 T
AR 2 — AN PRAR B BBk X532 ), #F Coonrad-
Morrey LR Rl 7Y 4 5 O AR B i CHAEET
AT s R b A B A R R AL, R RS OTEIR
B3 FRETEIE AR & A AN Y A8k AN 5 T A A
B O T 23 I 8 25 PO s T 6 O, S B0 4t
TR TR R OGS i A 2o B v g AN i 1 AR
AT S A 0GB B H e it 225 Bl B iseit
T I OCT i fa RR SE B I AP IE LA K A AR B
W AR B B Al A, T REAE PR IR RS 18 3 B A
BT B LA K B 5 128 S O DL T 5 | & AL 3
SEIFRIE DT A A A

ABWFFERRRPEI T . © HidE T 10 4324
BN IB B A TR, BmARREA LR D B2
FIH A A B R BEE 5615 N A E ROM 22 4k, 3 o
G-power TR 1% 10 44 32104 BERI ST K €
J1IKEN 0. 97 , AHFFE L R AR UL Ul B R 535 T A ) AH
B ;@ T X LICIE X A LR, ok
VAL ) B L AR5 A %o 32 By~ RS2 ) Jim 22 m) 3 it
RG AR B 7 AR A R 3k — 20 5 e W 5
@) RV E IO 0 B2, o % Lo fgt R A2 1
IR B Z IR Y 22 5 T BT 5 WA AN () 26
U S S 45 B GORE, X U [ R 575 32 450060 B
KT SR A IZ B 1

4 8

FEIEH IO JE iz sl IR 51 A0 HE T ik
JOEETT ROM AR AR i BB K 5 iR e 51 B
& AR R, SN R AR B AR, SRR e,
AR B SRR RO e e s AN iE, ke
KA —H BB S, mT UL R OG5 1 I Az 2
HAJE B A Y BCEE G , AR BETT A T AR RN
e A 12 gl Pk IO AR B a2 S 9 ik 1) e % 224k,
ORI R R 51 A 2 Bl S A o 7 v B3 Bl o 2
5o BERBW] TR AT AT IR T s ST B
By, 25 B B TR s sl R B 22 5%, LA
L B2 AN EI RN S E -5 T A AR S R

S

[ 1] ROY P, BAEYENS JP, FAUVART D, et al. Arthro-kine-
matics of the elbow. Study of the carrying angle [ J].
Ergonomics, 2005, 48(11-14) . 1645-1656.

[2] OOSTERWIJK AM, NIEUWENHUIS MK, SCHANS CP,
et al. Shoulder and elbow range of motion for the perform-
ance of activities of daily living: A systematic review [ J].
Physiother Theory Pract, 2018, 34(7) . 505-528.

[3] ZKRF, BRI, R, % BT llizarov FAR I EAHE

O TE I O e e ZE e T Il R (U], BB AR
2, 2014, 29(4) : 79-83.
QIN DP, ZHANG XG, SONG M, et al. Clinical application
of a new deformity correction device based on llizarov tech-
nique for flexion and extension contracture of elbow [J]. J
Med Biomech, 2014, 29(4) . 79-83.

[4] GOTO A, MORITOMO H, MURASE T, et al. In vivo
elbow biomechanical analysis during flexion. three-
dimensional motion analysis using magnetic resonance
imaging [J]. J Shoulder Elbow Surg, 2004, 13(4); 441-
447.

[ 5] OURAK, SHIGI A, OKA K, et al. Corrective osteotomy for
hyperextended elbow with limited flexion due to supracon-
dylar fracture malunion [ J]. J Shoulder Elbow Surg, 2018,
27(8) . 1357-1365.

[ 6] BROWNHILL JR, POLLOCK JW, FERREIRA LM, et al.
The effect of implant malalignment on joint loading in total
elbow arthroplasty: An in vitro study [ J]. J Shoulder
Elbow Surg, 2012, 21(8); 1032-1038.

[ 7] STAVLAS P, JENSEN SL, SOJBJERG JO. Kinematics of
the ligamentous unstable elbow joint after application of a
hinged external fixation device: A cadaveric study [J]. J
Shoulder Elbow Surg, 2007, 16(4) : 491-496.



496

EREMHE $£35% F£S5H 2020510 A
Journal of Medical Biomechanics, Vol. 35 No.5, Oct. 2020

[10]

[11]

[12]

[13]

JOHNSON JA, RATH DA, DUNNING CE, et al. Simula-
tion of elbow and forearm motion in vitro using a load con-
trolled testing apparatus [ J]. J Biomech, 2000, 33(5):
635-639.

DUCK TR, DUNNING CE, KING GJ, et al. Variability and
repeatability of the flexion axis at the ulnohumeral joint
[J]. J Orthop Res, 2003, 21(3) : 399-404.

MCDONALD CP, MOUTZOUROS V, BEY MJ. Measuring
dynamic in-vivo elbow kinematics : Description of technique
and estimation of accuracy [ J]. J Biomech Eng, 2012,
134(12) ; 124502.

TSAITY, LI JS, WANG S, et al. A novel dual fluoroscopic
imaging method for determination of THA kinematics:
In-vitro and in-vivo study [ J]. J Biomech, 2013, 46(7):
1300-1304.

TSAI TY, LIOW MHL, LI G, et al. Bi-cruciate retaining
total knee arthroplasty does not restore native tibiofemoral
articular contact kinematics during gait [ J]. J Orthop Res,
2019, 37(9) : 1929-1937.

WU G, HELM FCT, VEEGER HEJ, et al. ISB recommen-
dation on definitions of joint coordinate systems of various
joints for the reporting of human joint motion—Part II.
shoulder, elbow, wrist and hand [ J]. J Biomech, 2005,
38(5) : 981-992.

[14]

[15]

[16]

[17]

[18]

[19]

GOTO A, MURASE T, MORITOMO H, et al. Three-
dimensional in vivo kinematics during elbow flexion in
patients with lateral humeral condyle nonunion by an
image-matching technique [ J]. J Shoulder Elbow Surg,
2014, 23(3) . 318-326.

MIYAKE J, SHIMADA K, MORITOMO H, et al. Kinematic
changes in elbow osteoarthritis: /n vivo and 3-dimensional
analysis using computed tomographic data [ J]. J Hand
Surg Am, 2013, 38(5) : 957-964.

QUIGLEY RJ, ROBICHEAUX GW, LEE TQ. The proximal
and distal position of the radius relative to the ulna through
a full range of elbow flexion and forearm rotation [J]. J
Hand Surg Eur, 2014, 39(5) . 535-540.

HURBANEK JG, ANDERSON K, CRABTREE S, et al.
Biomechanical comparison of the docking technique with
and without humeral bioabsorbable interference screw
fixation [J]. Am J Sports Med, 2009, 37(3) : 526-533.
FUTAI K, TOMITA T, YAMAZAKI T, et al. In vivo three-
dimensional kinematics of total elbow arthroplasty using fluor-
oscopic imaging [J]. Int Orthop, 2010, 34(6) . 847-854.
LAPNER M, WILLING R, JOHNSON JA, et al. The
effect of distal hemiarthroplasty on articular
contact of the elbow [ J]. Clin Biomech, 2014, 29(5):
537-544.

humeral





