Methods for Assessing Passive Cervical Spine Flexion in Human Volunteers
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Head trauma is the most frequent injury sustained by Table 1. Subject characteristics. Head-to-l\_leck Ratio Is the dir_ne_nsion ratio -Pediatric subjects experienced significantly greater cervical
. . . of the head to the neck. Neck slenderness Is the neck length divided by the . : 0 : . _

children In car accidents, and the neck plays a key . neck girth. spine flexion angles at 90° rotation (difference=-12.99,
role in governing head kinematics during the crash. p=0.028).
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Subjects . . - -
E:S;jfr;gr?ﬁ;hggfez?rggmlgf Le:; ddi?]\'/tlﬁesin(?:;)?tsgl i;er 'S MIF cm kg | width | Depth | Gith | > oermess Pediatric  subjects had larger head-to-neck width
7 F 123 24.5 1.71 1.87 1.72 0.48 - -
crashes, yet the pediatric ATD nec{< iz a size-scaled o 0 i el 1 29 L 199 L 2o) 1 oM 054 (p=0.01), depth (p<0.01), and circumference (p<0.01) ratios
P4 P . e 2 ; e L [T when compared with adults.
model of the adult ATD neck, with no consideration T 3 = - T o B I B B B =
I " I 10 M 140 29.1 1.54 2.46 1.88 0.54

for the tissue and morphol_oglcal chang_es durln_g 0 d 0 L o1 | 1S ) 246 | 188 054 DISCUSSION
human development. The primary objective of this Average | 93 | M=3F=4] 1352 | 318 | 164 | 229 | 190 051

dv i A . ical . flexi 20 M 170.5 72.3 1.27 1.80 1.47 0.49 ] ] o ]
study Is to compare the passive cervical spine Tlexion ! 20 Y 174 | 0 | 147 | 101 | 159 0.42 Segmental cervical spine mobility decreases with age
of children in specific age groups with adults. The L Uprh Cervical Spine Flexion = = ¥ R T T e e - (Kasai et al (1996)).
data will help guide the development and validation - | | < 2 - T T B St _
of pediatric cervical Spine computational models. ;I%:Jre_Z_ MetT(Od for CaICL:Iatlgg TeCk ﬂ:X'(I):n aE?Ie' 26 M 173 66.8 1.41 1.82 1.57 0.56 'I—arger _head-to-ngck ratio COU_Id produce greater

3|e eC(tI'\‘I’e_mar ZFSE AWISI';G pdace_ 32 %‘9 td% rankiort Average | 221 Tm=SF=2] 1609 | o641 J 145 | 195 ] 163 0.49 deformation of passive muscle and ligament structures.
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EXIisting data does not clarify exactly where the flexion is

—
METHODS O 120 occurring.
. . . N O
*Subjects with restrained torsos and lower extremities —
S . _ o 100
were exposed to a 1G inertial load In the posterior-to- % B Adult LONG TERM GOAL
anterior direction, such that the head-neck complex — 80 - o Whole and functional spinal unit PMHS cervical-spine
flexes when the subject relaxes their neck % 60 B Pediatric experimental data are available in the literature. However
musculature. g Student T-Test these protocols lack quantification of muscle response. Our
. . _ *p=0.028 - - - .
-Electromyography with audio feedback was used to O 40 goal Is to fasses_s the “glamerlFOEJtS Cer(\j"fa' ﬂetx'llgmt ”: the
coach t_he subjects to rglax theil_' neck musculatl_Jre CEl 20 - grisenCe 0 IPC?StS_IVG mtu]fc e ag_l\;l_y, and (;)::ton rl _uelz nese
(paraspinous, sternocleidomastoid, and trapezius N dla a5 a valldation set Tor pediatric and aduit cervical-spine
muscle groups). & 0 - computational models being developed at Duke University.
A multicamera 3-D target tracking system was 45 Degrees 90 Degrees®
employed to capture the motion of specific landmarks
on the head (Frankfort Plane), thoracic spine (T1 and W FUTURE WORK
T4), and torso (acromion processes, manubrium, and *Future research will break subjects into four groups (ages

Xyphoid process). Figure 3. Average head vs. spine flexion angle of adult (n=7, age=20-23) and pediatric (n=7, age=7-12) subjects seated upright, and 6-8, 9-12, 20-30, 31-40 years) to study changes throughout

+The head vs. spine angle (i.e. neck flexion) was rotated to spine angles 45 and 90 degrees from upright. A statistically significant increase (*p<0.028) in cervical spine flexion was maturation.
found in children when compared to adults using separate mixed effects linear regression models accounting for repeated measures.

computed using two vectors In the sagittal plane — the *The Investigation will also Incorporate 1mproved

vector through the Nasion and the midpoint between Liga?f;éfﬁeﬁépme measurements of C-Spine curvature to better understand the
the left and right External Auditory Meadus (EAM), {Dl} location of C-Spine flexion.

and the vector through T1 and T4.
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Figure 1. Pediatric subject seated in test apparatus (left) and rotated Figure 4. Cervical spine flexion data in coordination with Reference: Kasai et al. “Growth of the Cervical Spine”. Spine 21:18 pp. 2067-2073, 1996.
90° with the head experiencing 1g inertial load (right). Duke neck model.




