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Coupling of the spine and hip joint, or spine-hip ratio, has been described as : . : : : . : - :

) - T ) . ) i Figure 1 displays time series kinematic data of a typical participant with
an important aspect of clinical examination in patients with low back pain. 60 80 1 chgronic Iowpba?:/k pain and a matched healthy con%/r%I to ﬁlustraﬁe the spine
Numerous studies have analyzed the movement between the spine and hip g : : : ) .

: : : : _ 50 - 60 - and hip joint motions used during this task. Subjects in both groups used
during a forward bend in healthy subjects (Thomas & Gibson 2007; Lee et al. more sppjine motion and less hip rglotion when perjforming the f%rwaprd bend
2002, Porter et al. 1997, McClure et al. 1997, Esola et al. 1996, Paquet et al. = i : : : . : ) :
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1994). In these studies, agreement exists as to the gross pattern of movement | & g ( O 2 s o i 2n0 spine valocity of
between the =PIne and hip. Studies analyzmg the sp|ne?h|p ratio d_urlng_ 5 307 3 7 forward bend test. This figure clearly indicates that spine motion preceded
fo.r\{vard bending have conclgded that spine move'T‘e”t. 'S predor_mnate in the 3 2 0 hip motion for both subjects. The stick figures shown in Figure 3 provide
initial phases of forward flexion, with the hip contributing more in the latter T 20 S insiaht into the differences irll the excursions of the spine and hio ioints in
part of the movement. During the return to upright posture, hip movement 2 - th 9 biect Th tici t with low back pI! st I?Jd )
predominates the initial movement, while the spine contributes more towards 10 - ﬂ F_ese SgAJeC ngOUpS' 'ne part_|0|p?n er1' OWt. ack pain ;I ustra et trl1n K
the latter part of extension (Lee et al. 2002, Porter et al. 1997, McClure et al. 40 - alngdutrr?e pal:tsic?ipaenstswsﬁsmui?bolel?g ’toeuscsh tlr?en;cr)ollj)r:](’j mlr?rceon('?rxellgtn Igiguree :?Bee’
1997’ Esolaetal. 1.996’ I?aqugt etal. 1994). However, in squects with low back ° -60 shows that the matched healthy control used more .spine motio’n less hip
pain the no_rn_wa_l spine-hip ratio may be_ altered as the SUbJe.Ct attempts to 0&0 motion, and was able to touch the ground. In fact, on average pa’rticipants
protect their injury or prevent pain. Pain and fear may also influence changes -10 ' ' ' ' ! .80 , , , , , with ch’ronic low back bain had si nificantll less s ne motior’1 than
in the kinematic patterns chosen by participants with chronic low back pain. 0 ! 2 3 4 > 0 1 2 3 4 5 tched health ¢ pl F=& 73g <05 |):/ 4p 4 th

Time (s) rime (9 matc ?j'ff ea ycpnhr_o:_s(_ =5.73,p .F_:)g(zlggr(()a8 ). qwehver, _erehyvere_no
In addition to examining joint excursions of the spine and hip, the onset 1B 2B 3B group differences in hip joint motion (F=3.2, p=.08), or in the spine-hip ratio

(F=.001, p=.980). Figure 5 shows that there were no significant group

timing of these joints is thought to be important, However, data regarding differences in the spine-hip ratio during the forward bend test. There were

onset timing of the spine and hip joints provides conflicting results. Several

studies report simultaneous onset of the spine and hip motion during forward 60 - . %0 spine 3':5:0022 grfgglcilfgr:e;vceerz”;t?netzgs;‘?)tr\t/\l/rgrlc?%gr]:;hris\rl)tlarr]rfe%r:i hilr?ej?:(])tt?on
bending (Paquet et al. 1994, Esola et al. 1996, Lee et al. 2002, and Porter et al. — f}ﬁ)‘”e 60 — hip pr;;:edécliol:ip métion by 77gm’s Additionally, there was no groupp effect on
1997). However, only Lee et al. (2002) specifically analyzed onset timing. In i . ' L )
contrast to these findings, Nelson et al. (1995) reported timing between the ? 40 - f[h.e peak;to-pezik joint torques of th'e Iumbar spine (F=.53, p=.46), or hip
spine and hip to be simultaneous during spine flexion, but sequential during 40 . _ joints (F=.56, p=.456) as presented in Figure 6.
the return to upright posture with hip movement preceding that of the spine. A = 2 20 1
recent study by Thomas and Gibson (2007), provides evidence that there are = <) .
clear differences in onset timing of the spine and hip during natural reaching é 07 2 97 COﬂClUSlOnS
movements. Therefore, the purpose of this was study to examine the influence 2 3 During constrained forward bending tasks, subjects with chronic low back
of chronic low back pain on the timing and excursions of the spine and hip in 20 7 2 201 pain use less lumbar flexion, but had no differences in hip joint excursion,
participants performing a forward bend test. Additionally, we examined the JJ( spine-hip ratio or onset timing of the spine and hip. Perhaps more
peak-to-peak joint torques in this cohort. 10 1 407 !) importantly, the reduction in spine motion did not appear to reduce the
60 general muscle torque on the lumbar spine.
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Methods | | | . . . | | | | | e

Twenty subjects with chronic low back pain and twenty healthy controls 0 1 2 3 4
matched according to age, height, weight, and gender performed two trials of
the forward bending task. Subjects were instructed to bend forward as far as
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possible while keeping the knees extended, and then return to an upright Figure 1: Time series displays of hip and spine flexion motion in a Figure 2: Time series displays of hip and spine velocity in a low back Figure 3: Stick figures illustrate a low back

L i ici ‘ . pain participant (A) and a matched healthy
posture. Participants performed the forward bend test at a self-selected low back pain participant (A) and matched healthy control (B). pain participant (A) and matched healthy control (B). control (B) performing a FBT
speed. Motions of the trunk, pelvis, and limb segments were recorded using a Spine and Hip ROM P g ' Referen ces
7-camera Vicon MX-13 System. An Euler angle sequence was used to derive Esola, M.A., McClure, P.W., Fitzgerald, G.K., Siegler, S.,(1996). Analysis of
the three dimensional joint motions of the lumbar spine (i.e. motion of the o como Lo Spine-Hip Ratio Spine and Hip Torque lumbar spine and hip motion during forward bending in subjects with and without
thorax relative to the pelvis), and right hip (i.e. motion of the pelvis relative to %07 @ Ler ' 297 a history of low back pain. Spine 21, 71-78.
the right femur). For the joint kinematics, peak-to-peak excursion of the - 160 Lee, R.Y., Wong, T.K., (2002). Relationship between the movements of the lumbar
lumbar spine and right hip as well as the ratio of spine to hip excursions were { 0.9 1 : contl spine and hip. Hum Mov Sci 21, 481-494.
calculated. Using custom algorithms, onset timing of the spine and hip was 80 160 McClure, P.W., Esola, M., Schreier, R., Siegler, S., (1997). Kinematic analysis of
defined as the point where joint angular velocity first exceeded 5% of peak 5 2 o8 o lumbar and hip motion while rising from a forward, flexed position in patients with
velocity. The spine hip latency was determined by subtracting hip joint onset 3 57 { a Z 1497 and without a history of low back pain. Spine 22, 552-558.
from spine joint onset as defined above. General muscle torques of the § o ; . Paquet, N., Malouin, F., Richards, C.L., (1994). Hip-spine movement interaction
lumbar spine and hip were also determined using a 15 segment inverse T { g o = and muscle activation patterns during sagittal trunk movements in low back pain
dynamic model developed in this lab using Matlab Simulink. The peak-to-peak 65 100 - patients. Spine 19, 596-603.
spine and hip joint torques were extracted from the time series data. ¥ 0.6 - Porter, J.L., Wilkinson, A., (1997). Lumbar-hip flexion motion. A comparative study

60 801 i between asymptomatic and chronic low back pain in 18- to 36-year-old men.
: Spine 22, 1508-1513; discussion 1513-1504.

Data An aIyS IS » oo . oe oo o ” Spine Hip Thomas, J.S., Gibson, G.E., (2007). Coordination and timing of spine and hip

Univariate ANOVAs were used to analyze the effects of group on the peak-to-
peak excursions of the spine and hip joints, the spine-hip ratio, the spine-hip
latency, and joint torques of the spine and hip.

joints during full body reaching tasks. Hum Mov Sci 26, 124-140.

Figure 4: Aggregate data for low back pain participants and matched Figure 5: There was no significant difference in the Figure 6: Aggregate data of participants with low back pain and
healthy controls during a forward bend test. Spine ROM was spine hip ratio’s of individuals with low back pain and matched healthy controls during a FBT demonstrate no significant
significantly different between groups but hip ROM was not. matched controls. differences between groups in joint torque at the spine or hip.
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