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Abstract— This paper presents an analysis of patterns of coupled
motion between axial rotation and lateral bending in the upper
cervical spinein an in vitro set-up. Hereby, motions were induced
manually. The use of cross-correlation, ratio and phase coefficients
showed to offer a more precise approach for the analysis of
coupling patterns than comparing the values of the coupled motion
components at the peak values of the main motion.
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. INTRODUCTION

Three dimensional aspects of segmental motion licaup
patterns in the cervical spine have been studiedssfy and
mainly in laboratory situation applying pure mongeat forces
to induce planar motions [1, 2, 3] . Only prelimpa
information exists on the kinematics of manual segtal
mobilization serving to manual therapy [4, 5, 6,THe present
study focuses on the in vitro registration of upjpgervical
segmental coupled motions during manually perforraricl
rotation and lateral bending mobilization. The aifithe study
was to collect qualitative information on the Kkirggios
behavior and motion coupling patterns between axitgdtion
and lateral bending at the atlanto-axial motiomsegt during

digitized using a 3D drawing stylus (3DX-Microsajb The
individual sensor data were used to describe cduple
movements between atlas and axis by means of thenpters
of the finite helical axes (FHA) [8, 9] for disceesampling
ranges of the movements: i.e. orientation (n), taos(p), shift
(s) along and rotatior®) about the estimated helical axis. This
FHA-approach was chosen instead of the Euler/Caadgtes
method for methodological reasons [10]. The anatahdata
were used for the definition of local bone embedaed
ordinate systems. To analyze the 3D-arthrokinemsaticthe
atlanto-axial joints, the finite helical axis wadated to a co-
ordinate system based on the transverse processksha
anterior tubercle of C1 and the transverse prosemse centre
of the anterior corpus of C2 (fig.1). Finite heli@angles ;,
0,, 03) were derived by decomposing the rotation vectd) (
according to the defined local frame. Charactesdsof
motion coupling patterns were studied by comparthg
associated rotational components at the momeneak pxial
rotation or lateral bending (= main motion). Pattewere
labeled ipsi-or contra-lateral according to thensigf the
rotations. If the coupled motion was less or eqodl® it was
concluded that no coupling was present. The resuése
compared with the data from cross-correlationpratid phase
shift calculations between main and coupled motfonsach

mobilization techniques. Such information can bépfé in
understanding the effects of manual therapy oraspiotion.

Il. METHODS

One fresh and nine embalmed cervical spine specirfrem
the occipital level to the first thoracic spine wdaken from
human cadavers. Each specimen was clamped ordastagid
by fixing T1, leaving the cervical spine fully fré® move. 3D-
electromagnetic tracking sensors (Flock of BirdseXxsion
Technologies) were fixed on C1 and C2. Subsequeetigh
specimen was first mobilized in a functional anatahaxial
rotation and later in a lateral bending directiohiles the
position and orientation of each sensor were citbcAt a
later stage, the positions of local anatomical taacks were

angle between two sinusoidal signals equals thedsse
correlation coefficient [11].

Figure 1. local coordinate frame of atlanto-axial joint



. RESULTS

The results indicate that, although the segmentahual
mobilizations are induced as so called planar motite
arthrokinematic analysis reflects the 3-dimensioaspects.
These 3D-aspects were analyzed in terms of coupleiibn
patterns between axial rotation and lateral bendimdytermed
ipsi- or contra-lateral, according to the sign bé tcoupled
motion relative to the main motion.
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Figure 2. results of axial rotation mobilization of specinten

A. Axial rotation

The results of the axial rotation movements of gpecimens
show the combined helical angles for the atlaniald1-C2)
segments (figure 2, table I). At this motion segmére results
of the rotation around the Y-axis during axial tma generate
the largest segmental rotational movement in theeupervical
spine (48° 8°). During the axial rotation movement, the main
rotation around the Y-axi®y); was combined with a contra-
lateral rotation around the Z-axi$y), in seven out of ten
specimens.

The results of the cross-correlation analysis econfthese
observations. Seven out of ten specimens have atineg
cross-correlation coefficient indicating a contagelal coupling
pattern between the main axial rotation and thepleallateral
bending motion.
specimens is -0,75& 0,169. The cross-correlation coefficient
for the ipsi-lateral coupling specimens is 0,888121).

The mean ratio was 0,4420,222 and 0,432+ 0,169 for the
contra-lateral and ipsi-lateral coupling specimesspectively.
This indicates that during axial rotation mobilipatthe range
of coupled lateral bending motion is somewhat kbss half
the main axial rotation motion.

The phase shift results indicate that there is igdigea delay
between the main and coupled motion (resp. 37.8°tte
contra-lateral coupling and 24.7° for the ipsidategroup).

The mean cross-correlation of these

The standard deviation of this shift parameter hmme
indicates large differences in the amount of thiaydéor the
individual specimens.

The results of the fresh specimen (spec.10) did différ

significantly from the results of the embalmed ones

B. Lateral bending

The manually induced lateral bending movementpsasented
by (6x).. Based on the analysis of peak rotations at thatat
axial level, no systematic coupling pattern arotimel Y-axis
(64), could be observed during the manually induced aater
bending mobilization (column 2 table I). And thenge of
motion was mostly small around all axes. In eigigcimens,
the coupled motion components around the Y-a%ig; (
exceeded the main motion around the Z-aXig,.( At the
atlanto-axial motion segment, the fresh specimersgnted a
contra-lateral coupling between the main motioruatbthe Z-
axis and the coupled motion around the Y-axis. s Toiupling
pattern was observed only once in the embalmed pgrou
Ranges of the main and coupled motion componentg we
significantly different from the embalmed group.

However, using the cross-correlation coefficieraftgrns of
coupled motion could be determined as ipsi-lat@rateven
cases and contra-lateral in the three others. Pheldteral
coupling specimens showed a higher cross-correlatdue of
0,869 (+ 0,142) with respect to the contra-lateral coupling
specimens, which showed a cross-correlation coerficzalue
of -0,686 £ 0,253)

The mean ratio was 2,686 1,562) and 1,978 « 0,887) for the
ipsi-lateral and contra-lateral coupling specimezspectively.

These results indicate larger coupled axial rotatio
components, compared to the main lateral bending
components.

The analysis reveals mean phase shifts values batlageral
bending and axial rotation, ranging between 7.26f &6,42°.
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Figure 3. results of lateral bending mobilization of speainge



AXIAL ROTATION C1-C2 coupling pattern peak rot/lat bend icross-correlation {coupling pattern | ratio i{phase shiftin °
spec 1 contra -0,558 contra 0,295 56,08
spec 2 contra -0,869 contra 0,581 29,66
spec 3 ipsi 0,750 ipsi 0,369 41,41
spec 4 contra -0,987 contra 0,332 9,25
spec 5 ipsi 0,936 ipsi 0,624 20,61
spec 6 (ipsi) 0,978 ipsi 0,304 12,04
spec 7 contra -0,649 contra 0,268 49,53
spec 8 contra -0,667 contra 0,881 48,16
spec 9 contra -0,659 contra 0,298 48,78
spec 10 contra -0,920 contra 0,439 23,07
mean -0,192 0,439 78,95
sd 0,822 0,210 34,71
mean - -0,758 n=7 0,442 37,79
sd - 0,164 0,222 17,31
mean + 0,888 n=3 0,432 24,69
sd + 0,121 0,169 15,10
LATERAL BENDING C1-C2 icoupling pattern peak rot/lat bend icross-correlation icoupling pattern i ratio iphase shiftin °
spec 1 no -0,416 contra 1,753 65,42
spec 2 no 0,869 ipsi 1,438 29,66
spec 3 no 0,771 ipsi 4,761 39,56
spec 4 no -0,918 contra 2,956 23,36
spec 5 no 0,918 ipsi 3,702 23,36
spec 6 ipsi 0,992 ipsi 3,331 7,25
spec 7 contra -0,723 contra 1,226 43,70
spec 8 changing 0,965 ipsi 0,550 15,20
spec 9 ipsi 0,971 ipsi 3,398 13,83
spec 10 contra 0,597 ipsi 4,587 53,34
mean 0,381 2,568 67,60
sd 0,813 1,384 35,65
mean - -0,686 n=3 1,978 44,16
sd - 0,253 0,887 21,03
mean + 0,869 n=7 2,686 32,48
sd + 0,142 1,562 16,17
mobilization an important coupling of motion occwiich has
to be taken into account.
TABLE 1. RESULTS OF AXIAL ROTATION AND LATERAL BENDING

COUPLING PATTERNS

IV. DISCUSSION AND CONCLUSION

Several authors [12, 13] have reported ranges leetw8° and
88,5° for active axial rotation at the C1-C2 motisegment
from in-vivo studies using stereo-photogrammeteichniques.
In this in vitro study, the mean range of axiahtimn motion is
situated in the lower range of the values emandtmg the in
vivo studies. Taking into account the age of thecspens, this
can be regarded as normal.

The calculation of the ratio between the main andpted
motion components offers an objective interpretatid the
relative importance of the coupled motion. Thisled lateral
bending reached almost half of the mean axial imtanotion
at the atlanto-axial level in the contra-lateralgiing group,
and was slightly smaller in the specimens presgnipsi-
lateral coupling patterns. This shows that durilzgar manual

Panjabi et al.[2] have reported combined movemanthe
upper cervical spine in different positions, applyi pure
moments of force. These authors equally registdredargest
angular displacements in the axial rotation compbrend
found them to be contra-laterally coupled with fatéending
in the atlanto-axial joint.

The use of cross-correlation coefficient showeddoa more
useful and objective tool to analyze patterns afpbed motion,
especially when the patterns are less clear toyamdike in
lateral bending mobilization of the atlanto-axi@hi. Using the
cross-correlation coefficient an ipsi-lateral cangl pattern
was revealed in 7 out of 10 cases and a contrezladattern in
the three others. The large standard deviatiorteeofatio are
indicative for large inter individual differencdsyt the overall
values depict the generally larger coupled axi#htion over
the main lateral bending component.

Phase shifts are generally present in all specimbut the
results show large inter-individual variations.



These results also support the idea that axiatiootas the
dominant movement in the atlanto-axial joint. 6]

The presented set-up and analysis approach offers
opportunities for future study of manually perfodneomplex
movements in the cervical spine with specific dali 7
relevance. The use of cross-correlation, ratio ashulft
coefficients may also be relevant for further inosiresearch

of coupled motion in the upper cervical spine.
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