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Abstract The insufficient exploration of intervertebral
translation during flexion and extension prevents the fur-
ther understanding of the cervical biomechanics and
treating the cervical related dysfunction. The objective of
this study was to quantitatively measure the continuous
intervertebral translation of healthy cervical spine during
flexion and extension by videofluoroscopic technique. A
total of 1,120 image sequences were analyzed for 56
healthy adult subjects by a precise image protocol during
cervical flexion and extension. our results showed there
were no statistical angular differences among five spinal
levels in either flexion or extension, except for the com-
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parison between C2/3 (13.5°) and C4/5 (22.6°) angles.
During cervical flexion, the smallest anterior translations
were 0.7 mm at C2/3 level, followed by 0.9 mm at C6/7,
1.0 mm at C3/4, 1.1 mm at C5/6, and the largest 1.2 mm at
C4/5 levels. The significantly greater translations were
measured in the posterior direction at C3/4 (1.1 mm,
P =0.037), C4/5 (1.3 mm, P = 0.039), and C5/6 (1.2 mm,
P = 0.005) levels than in the anterior one. The relatively
fluctuant and small average posterior translation fashion at
C6/7 level (0.4 mm) possibly originated from the varia-
tions in the direction of translation during cervical exten-
sion among subjects. Normalization with respect to the
widths of individual vertebrae showed the total translation
percentages relative to the adjacent vertebrae were 9.5,
13.7, 16.6, 15.0, and 8.6% for C2/3 to C6/7 levels,
respectively, and appeared to be within the clinical-ac-
cepted ranges of translation in cervical spine. The inter-
vertebral translations of cervical spine during flexion and
extension movements were first described in quality and
quantity based on the validated radiographic protocol. This
analysis of the continuous intervertebral translations may
be further employed to diagnose translation abnormalities
like hypomobility or hypermobility and to monitor the
treatment effect on cervical spines.

Keywords Cervical spine - Intervertebral translation -
Videofluoroscopy - Biomechanics

Introduction

The cervical spine supports the skull and allows for a wide
range of physiological motion of neck in order to integrate

the head with the rest of the body and environments.
Abnormal intervertebral movements of spine have been
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reported to be associated with trauma and pathological
conditions [1, 4, 12, 25, 33, 38]. The evaluation of cervical
intervertebral movements is essential for providing the
diagnostic information in cervical related dysfunction.

Several methods of determining the cervical motion
(such as tape measure, goniometer, and inclinometer) are
available to the medical practitioners [19, 36, 41]. The
application of these methods is relatively easy and inex-
pensive, but the absence of accurate identification of the
skeletal movements leads to controversy. Recently, the
experimental instruments like electromagnetic tracking
device, video-based motion analysis, and ultrasonography-
based system have been applied to investigate the move-
ment of spine [6, 13, 15, 20, 34, 37, 39]. However, without
resorting to invasive techniques, the precise assessment of
clinically relevant variables, such as intervertebral move-
ments, is difficult to obtain. The radiographic evaluation
has long been considered as a gold standard for studying
the cervical intervertebral motions. Several studies ex-
plored the intervertebral angles or spinal curvature by lat-
eral plain radiographs [3, 5, 7, 8, 17, 21, 28], but the
translation movements between spinal segments attracted
limited attentions. The abnormal or excessive translations
between vertebrae in the sagittal plane are clinically
important clues to dysfunction or instability. Roche et al.
[33] reported the different distance indexes to detect the
anterior atlanto-axial subluxation in patients with rheu-
matoid arthritis. Tsai et al. [38] explored the abnormal
lumbar segmental angulation and translation in patients
with the spinal spondylolisthetic change. Frobin et al. [8]
proposed a new protocol to precisely measure the sagittal
plane intervertebral motion of the cervical spine by
radiographs. Though these radiographic researches pro-
vided a highly reliable tool for measuring the segmental
spinal curvatures, the use of the X-ray photographic
method is restricted to static imaging and excessive radi-
ation exposure.

Because of the real-time visualization and reduced
radiation exposure, the videofluoroscopy technology is
more appreciated when the examination of skeletal move-
ments is necessary for clinical diagnosis and research pur-
poses [2, 28]. A few researchers have applied the
videofluoroscopy to evaluate the continuous spinal move-
ment and the different time lags and motion sequences were
detected between normal and pathological spines [12, 25].
The dynamic intervertebral movements in lumbar flexion
and extension were recently investigated [10, 20, 42],
however, these studies revealed the divergent results on
motion sequences in flexion and extension from upper to
lower vertebrae and the variations on anatomical identifi-
cation. Penning further suggested that the segmental motion
of cervical spine was not simply a rocking movement but
accompanied by a displacement between vertebrae [28].
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Those previous studies which have included only the rota-
tional movements between vertebral segments, the transla-
tion movements were usually disregarded. Despite the fact
that translational data could be assessed at the end range of
movement [8, 30, 32], the drawback of those results was the
absence of information regarding the dynamic motion that
occurred throughout the ROM. Therefore the objective of
this study was to quantitatively analyze the continuous
intervertebral translation of healthy cervical spine during
flexion—extension movements by a standard radiographic
image protocol in order to provide additional insights to the
cervical biomechanics.

Methods

A total of 56 healthy adult subjects (28 males and 28
females) without neck symptoms within recent 4 weeks
participated in this study. Their ages ranged from 20 to
30 years with a mean age of 25.8 + 2.7 years. The subjects
were excluded if she/he had (1) history of cervical trauma
or surgery, (2) bone pathology, (3) arthritic or other
inflammatory disorders, (4) pregnancy, and (5) restrictive
muscle spasm.

The videofluoroscopy system (Diagnost 97, Philips
Corporation, USA) was applied to evaluate the continuous
segmental movement of the cervical spine at a rate of 30
frames per second. The image intensifier was used in
videofluoroscopy instead of intensifying screens and film
as an image receptor, and this permited imaging at very
low radiation exposure to the patient. This study was
approved by the ethics committee for human research of a
medical center. The experimental procedures and risks of
the radiation exposure were fully explained to each subject,
and signed informed consent was obtained. During
screening, the images were displayed on a high-resolution
monitor and recorded by a super VHS video recorder. The
subjects were instructed to stand upright between the image
intensifier and the examination table. The subjects placed
their forearms on the armrests aside the examination table
to reduce excessive trunk movement. The radiographic
beam field of the videofluoroscopy unit was collimated to
obtain optimal sharpness of the image. The size of the
imaging field was also adjusted to view the whole cervical
spine motion.

The measurement of the kinematics in the sagittal plane
in this study involved two assumptions. First, the voluntary
flexion—extension has been reported to be accompanied by
limited lateral bending or axial rotation [36]. Second, the
intact vertebral body was assumed to be a rigid body for the
kinematic analysis. Before actual screening, the subjects
were allowed to practice the flexion—extension of the cer-
vical spine a few times with correction to reduce the trunk
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and out-of-plane motions. Though the fluoroscopic image
sequence could provide an objective and precise quantifi-
cation of intervertebral movement, the out-of-plane motion
and errors in reference point placement should be consid-
ered [11]. To increase accuracy of intervertebral translation
measurement in 2-D representation of the videofluoroscopy
system, it was important to align the projection direction of
the radiographic beam perpendicular to the plane of
movement. Two portable laser alignment devices were
used to assure the perpendicularity between the plane of
cervical motion and the projection direction of the radio-
graphic beam. A semicircular guide was also positioned in
the mid-sagittal plane in front of the subjects during cer-
vical motion. The subjects were instructed to move at a
modest, constant rate to avoid the motion blur or excessive
radiation exposure. The motion of cervical flexion, exten-
sion, and then return to the neutral position was performed
in five seconds.

The recorded video images of the cervical motion were
captured at 30 frames per second using the Matrox RT
2000 (Matrox Electronic Systems Ltd., Quebec, Canada)
and Adobe Premiere 6.5 computer software (Adobe Sys-
tems Inc., USA) and then transformed into sequences of
bitmap pictures. Ten pictures in evenly divided intervals of
the cervical ROM in flexion and extension were selected
for digitizing, respectively. During the image analysis, the
positions of the 22 bony landmarks were digitized utilizing
SigmaScan 5.0 (SPSS Inc., Chicago, IL, USA) on a high-
resolution monitor. The anatomical identifications of the
bony landmarks were based on the well-accepted radio-
graphic method of Frobin et al. [8, 22, 29]. There were two
inferior corners of the second vertebra (C2), and anterior-
posterior corners of the superior and inferior endplates
from the third to seventh cervical vertebrae (C3—C7). This
method of skeletal identification has been proved valid,
accurate, and reliable for detecting the intervertebral
movements [22, 29]. The methods for identifying vertebral
landmarks were blinded between examiners and totally 2
sets of 1,120 image sequences were digitized by 2 trained
individuals. These vertebral landmarks were digitized three
times each, and the mean values of the three measurements
were used for subsequent analysis.

A custom computer program was used to construct the
midplanes of vertebrae defined as a line running through
the midpoints between anterior two corners and posterior
two corners, bisectrix between two midplanes, and the
perpendiculars from centers of the adjacent vertebrae in
order to calculate the relative translation of cervical spine
[8, 29] (Fig. 1). An X-ray ruler was used to obtain the
actual vertebral dimensions and the width of next upper
vertebral endplate was used to normalize the measurement
of intervertebral anterior or posterior translation. The
reliabilities of the digitizing procedures within raters at a

2-week interval and between raters were assessed with the
intraclass correlation coefficient (ICC) and mean absolute
difference (MAD) methods in six different randomly
selected subjects [18, 35, 43]. Comparisons among inter-
vertebral angulation or translation movements throughout
ROM were performed with one-way analysis of variance
(ANOVA) with a probability level of P < 0.05 selected as
the criterion for noting significant difference. For any
statistically significant findings obtained in the ANOVA,
the Tukey’s studentized range (HSD) test was performed
to identify the differences among 5 vertebral levels in
both flexion and extension. For the comparison at the
same spinal level, a Student ¢ test with a probability level
of P < 0.05 was selected as the criterion for noting sig-
nificant difference between flexion and extension move-
ments. Analyses were performed using the Scientific
Package for Social Sciences (version 12; SPSS, Chicago,
IL, USA).

Results

The mean ages of the 56 asymptomatic participants were
25.8 + 2.7 years  (female:  25.1 £ 2.5 years;  male:
26.5 + 1.8 years). The body heights and weights were
160.7 £ 3.8 cm and 51.3 + 4.7 kg for the female subjects,
and 172.8 £ 5.7 cm and 70.7 + 6.2 kg for the male sub-
jects.

Evaluation of errors and repeatability

Two assessments were conducted to measure the errors on
identifying the positions of vertebral landmarks and cal-
culating the derived sequential translation movements
throughout the flexion and extension. The ICCs averaged
0.993 and 0.999 for the first and second raters on identi-
fying the positions of vertebral landmarks in sequential
images, respectively. The MADs of identifying the posi-
tions of vertebral landmarks were 0.7 = 0.1 mm for both
raters. For the inter-rater reliability, the ICC values aver-
aged 0.974 with a MAD of 0.7 + 0.2 mm on identifying
the positions of different vertebral landmarks in sequential
images.

The ICCs for the calculated sequential translation
movements throughout the flexion and extension ranged
from 0.710 to 0.918 (average = 0.802) and the corre-
sponding MAD averaged 0.2 + 0.1 mm and 0.3 £ 0.1 mm
within the first rater and second rater, respectively. Con-
sidering the inter-rater reliability, the ICC values for the
calculated sequential translation movements ranged from
0.662 to 0.882 (average = 0.723) and the MAD averaged
0.2 £ 0.2 mm between raters.
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Fig. 1 Definition of the
intervertebral angulations and
translations between C5/6 from 7

sequential images during

cervical extension. The

intervertebral angulation was

determined by the angle of 10
midplanes, and the
perpendiculars from centers of
the adjacent vertebrae were
applied to calculate the
translation at specific spinal
level

C5 geometric

center

Translation D

Bisectrix

C6 geometric

center

Intervertebral angulation

In order to understand better the intervertebral movement,
the spinal angulation between two vertebrae defined by the
angle of vertebral midplanes was also presented (Fig. 1).
The range of intervertebral angles that accounted 95% of
our subjects studied during flexion and extension move-
ments were summarized in Table 1. In general, there were
no statistical angular differences among 5 spinal levels in
different motion, whereas only the comparison between
C2/3 angle and C4/5 angle revealed the significances at
extension (P = 0.044) and at total ROM (P = 0.007). For
the comparison between flexion and extension at the indi-
vidual spinal levels, no significant angular differences were
detected (P = 0.066-0.931).

Intervertebral translation

The intervertebral translations accounting 95% of our
subjects studied during flexion and extension movements
were summarized in Table 2. There were statistical dif-
ferences among five spinal levels in anterior, posterior, and
total translations (P < 0.001; P < 0.001; P < 0.001). The
Tukey HSD tests showed the least anterior translation at
C2/3 level, followed by C6/7, and C4/5 as well as C5/6
levels had the greatest translations during cervical flexion.
The C6/7 level revealed the least posterior translation,
followed by C2/3 level, while C4/5 level again had the
greatest translations during cervical extension.
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The significantly greater translations in the posterior
direction during extension were detected for C3/4, C4/5,
and C5/6 spinal levels in comparison with those during
flexion. A significantly lesser range of posterior translation
at C6/7 level was noted when compared to the anterior one.
The stepwise linear patterns of the intervertebral transla-
tions at different points of cervical flexion and extension
ROM are shown in Figs. 2 and 3.

Discussion

The cervical spine motion was commonly evaluated by
means of plain radiographic methods. Since the number of
radiographs obtained is limited by the radiation exposure,
the assessment of dynamic intervertebral motion, espe-
cially for translation movements were usually ignored. This
study utilized the videofluoroscopic technique to quantify
the translation movements between intervertebral segments
throughout the cervical flexion—extension movements and
demonstrated the good reliabilities within and between
raters.

Evaluation of errors and repeatability

Considering the reliability tests within raters in the present
study, the high ICCs on identifying the vertebral landmarks
in sequential videofluoroscopic images were in accordance
with the thumb and finger results which averaged 0.967 and
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Table 1 The mean values of the intervertebral angulations with 95% confidence intervals at each spinal level during cervical flexion and

extension
Level Mean Standard Individual 95% confidence interval Comparison between
(degree)  deviation flexion and extension
Lower bound Upper bound P value

C2/3 Angle (1) Flexion 5.8 2.8 44 7.1 0.066
Extension 7.7 3.7 6.0 9.5
Total ROM  13.5 4.8 11.2 15.8

C3/4 Angle (2) Flexion 7.3 3.8 5.5 9.2 0.079
Extension 10.0 5.6 7.2 12.7
Total ROM  17.3 7.4 13.7 20.8

C4/5 Angle (3) Flexion 10.0 6.4 6.7 13.4 0.268
Extension 12.6 5.2 10.0 15.1
Total ROM  22.6 7.9 18.8 26.4

C5/6 Angle (4) Flexion 9.6 6.1 6.7 12.6 0.931
Extension 9.4 6.7 6.2 12.7
Total ROM  19.0 6.6 15.9 222

C6/7 Angle (5) Flexion 10.0 6.6 6.4 13.7 0.204
Extension 7.9 7.7 3.6 12.2
Total ROM 179 9.1 13.6 223

Comparison among 5 spinal levels  Flexion 0.083

P Value Extension 0.044* (1,3)
Total ROM  0.007* (1,3)

No significant difference was found between flexion and extension within each level

s

P < 0.05 compared among spinal levels; no significant difference was found among spinal level in flexion. There were significant differences

between C2/3 and C4/5 (1,3) angles in extension and total ROM

0.940 [18, 35]. The average ICC values in marking vid-
eofluoroscopic images were reported to reach 0.880 and
0.920 in the lumbar and cervical spinal researches [20, 43].
The error of locating vertebral landmarks within raters was
comparable to the findings of Harada et al. [10]. The
standard deviation of digitizing was documented as
0.5 mm in the X and Y directions in their study while our
corresponsive standard deviation valued only 0.3 mm. The
small error for derived translations was also supported by
the early publications [8, 32]. Forbin et al. summarized an
approximately 0.7 mm standard deviation within rater in
intervertebral translation corresponded to a vertebrae of
15 mm width on a radiographic method.

For the reliability tests between raters, though the mean
ICC was slightly decreased with a larger MAD compared
to the within rater ones, our results were still in agreement
with the above-mentioned researches. In a recent video-
fluoroscopic study [32], a 16% error (2.4 mm) of the ver-
tebral width (15 mm) in measuring the vertebral shear
movement between raters appeared to be much greater than
our results of 0.2 mm. One possible explanation for the
discrepancies may be resulted from the selection of dif-
ferent vertebral landmarks in digitizing procedure. The
anatomic symmetry in adopting the midpoints of vertebral
bodies as reference points in present study may provide a

better vertebral identification than using a single vertebral
corner. Reitman et al. [32] have suggested that the mea-
sured displacements between vertebrae could be more
reproducible by selecting the anterior- and posterior-
midpoints of the vertebral bodies (as our experimental
procedure) than by selecting only the anterior or posterior
inferior corner between adjacent vertebrae.

Intervertebral angulation

In general, the angular ROM was least for C2/3 spinal
level, whereas the greatest for C4/5 and C5/6 levels in
flexion or extension. Our mean values and standard devi-
ations of each intervertebral angulation and the trend of
motion contribution among segments in cervical movement
were consistent with previously published studies [Ta-
ble 3]. The measurement errors of intervertebral angles
were 1.6° and 1.9° within and between raters. The atypical
orientation of the C2/3 facet joint which faced not only
upwards and backwards but also medially by about 40°
may be attributed to the significantly smaller angular
motion in sagittal plane when compared to the relatively
horizontal facets at other lower spinal levels [4]. On the
other hand, one probable reason for the larger ROM in
C4/5 and C5/6 levels may be associated to the larger disc

@ Springer



1440

Eur Spine J (2007) 16:1435-1444

Table 2 The mean values of the intervertebral translations with 95% confidence intervals at each spinal level during cervical flexion and

extension
Level Mean Standard Individual 95% confidence interval Comparison between
(mm) deviation flexion and extension
Lower bound Upper bound P value
C2/3 Translation (1) Anterior 0.7 0.2 0.6 0.8 0.543
Posterior 0.7 0.2 0.6 0.8
Total translation 1.4 0.3 1.3 1.6
C3/4 Translation (2) Anterior 1.0 0.3 0.9 1.1 0.037"
Posterior 1.1 0.3 1.0 1.2
Total translation 2.1 0.5 1.8 2.3
C4/5 Translation (3) Anterior 12 03 1.1 1.4 0.039"
Posterior 1.3 0.4 1.1 1.4
Total translation 2.5 0.6 2.2 2.8
C5/6 Translation (4) Anterior 1.1 0.3 1.0 1.2 0.0057
Posterior 1.1 0.4 1.0 1.3
Total translation 2.2 0.6 2.0 2.5
C6/7 Translation (5) Anterior 0.9 0.4 0.7 1.1 0.0017
Posterior 0.4 0.7 0.1 0.7
Total translation 1.3 1.0 0.8 1.7

Comparison among 5 spinal levels Anterior translation

P value Posterior translation

Total translation

<0.001%* (1,2)(1,3)(1,4)(3,5)
<0.001%* (1,3)(1,4)(2,5)(3,5)(4,5)
<0.001%* (1,2)(1,3)(1,4)(2,5)(3,5)(4,5)

o

P < 0.05 compared among spinal levels; There were significant differences between C2/3 & C3/4 (1,2), C2/3 & C4/5 (1,3), C2/3 & C5/6 (1,4),

C3/4 & C6/7 (2,5), C4/5 & C6/7 (3,5), and C5/6 & C6/7 (4,5) in total translation during cervical motion

T P <0.05 compared between flexion and extension within each level; There were significant differences between anterior and posterior
translation within C3/4, C4/5, C5/6 and C6/7 levels during cervical flexion and extension

height of these two spinal levels [9]. The disc heights had a
proportionally linear relationship with the sagittal plane
angle, and the anterior disc height increased with the
increasing cervical extension angle [9]. Moreover, the loss
of disc height was regarded as one sign of clinical vertebral
degeneration and the restoration of disc height was docu-
mented to have a positive effect on ROM [14, 16, 30].

Intervertebral translation

The intervertebral motion was usually assessed either at the
end range of movement [3, 7, 8, 28, 30-32] or with the
fixed time frames of the spinal movements [10, 12, 25].
The drawbacks in previous studies were the absence of
information regarding the dynamic motion sequences
occurred throughout the ROM and the hardship in com-
parison between subjects due to the time dependent
parameter. Since the definition of vertebral landmarks
varied in individual studies, comparison with proposed
findings would be more complicated. On the other hand,
the spinal alignment was suggested to be determined by the
George’s line in some occasion [4, 33, 40], yet the judg-
ment on smoothness of this line measured from the
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posterior vertebral alignment throughout ROM was re-
ported to be not precise for clinical interpretation of ver-
tebral instability [22]. Therefore, the translation
movements presented in the present study were the trans-
lations between adjacent vertebrae at the normalized 10
evenly-divided points of ROM. This method has been
validated and would simultaneously illustrate the inter-
vertebral motions in quality and quantity throughout ROM
as presented in Figs. 2 and 3. In general, the stepwise linear
patterns might help to explore the dynamic motion con-
tribution between cervical segments at different points of
ROM, though they were variable between subjects. Onan
et al. [26] have proposed that the intact cervical segment
permitted a maximum of 3.5 mm translation before the
removal of surrounding ligaments and facet joints. The
translation movement between vertebrae greater than
3.5 mm or 20% of the vertebral width was suggested to be
an indicator of spinal instability or pathologies [27, 40].
The average measured total translation in the present study
ranging from 1.3 mm to 2.5 mm appeared to be within the
reasonable range of translation in cervical spine, however
the intervertebral translation based on the single observa-
tion of a range of motion must be interpreted carefully.
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Fig. 2 The intervertebral
translation showed the
ascending patterns at each
spinal level throughout the
different percentages of cervical
flexion range. The relative
anterior translation was adjusted
by the difference between two
different points of cervical
flexion

Anteriot Translation (mm)

After adjusted for the normalized width of individual ver-
tebrae, our results of translation percentages relative to the
next adjacent vertebrae were 9.5, 13.7, 16.6, 15.0, and
8.6% from C2/3 to C6/7 levels, respectively. These find-
ings were in agreement with the vertebral shear results of
Reitman et al. [32]. Their average shear percentages rela-
tive to the adjacent vertebrae were 11.7, 15.1, 16.2, 11.7,
and 6.2% from C2/3 to C6/7 levels, respectively. The
segmental contributions of the translation movements in
present study were also encouraged by the radiographic
observations [8, 30] (Table 3).

Our results indicating the lesser translations occurred at
C2/3 level during flexion and extension could be associated
with the medically inclined and socket-like facets which
nestled the inferior articular processes of the C2 [4]. The

Fig. 3 The intervertebral
translation showed the
ascending patterns at each
spinal level throughout the
different percentages of cervical
extension range. The relative
posterior translation was
adjusted by the difference
between two different points of
cervical extension

Posterior Translation (mm)

10%

20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Flexion Cycle

unique orientation and anatomic congruence of C2/3
articular surfaces may restrict the translation movement at
C2/3 level. The C4/5 and C5/6 levels demonstrated the
greater translations in either flexion or extension could be
partially related to the higher discs as mentioned in the
previous discussion. The reduced spinal stability resulted
from the increased disc annulus and cortical stresses after
spinal disruption or degeneration was also reported to be
concentrated on C4/5 and C5/6 motion segments [23, 27].
Interestingly, there were significantly smaller amounts of
posterior translation and consequent total translation at
C6/7 level compared to those of other segments. White and
Panjabi [40] identified that the cervical alignment affected
the spinal motions, with the motion at one level sometimes
occurring in a direction opposite to that at the adjacent

10%

90%

20% 30% 40% 50% 60% 70% 80% 100%

Percentage of Extension Cycle
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Table 3 Historical comparison of reported mean values (standard deviation) of the intervertebral angulations and translations for cervical

flexion and extension at each spinal level

Intervertebral movement C2/3 Level C3/4 Level C4/5 Level C5/6 Level C6/7 Level
Angulation (degrees)

Bhalla and Simmons [3] 9 (1) 15 (2) 23 (1) 19 (1) 18 (3)
Penning [28] 12 18 20 20 15
Dvorak et al. [7] 12.0(3.0) 17.2 (3.9) 21.1 (3.5) 22.6 (4.2) 21.4 (3.7)
Panjabi et al. [27] 6.2 (2.3) 7.7 (5.0) 10.1 (4.9) 9.9 (4.8) 7.1 (4.0)
Frobin et al. [8] 84 (3.4) 152 (4.7) 17.0 (5.5) 17.9 (6.6) 11.4 (6.8)
Reitman et al. [32] 9.9 (4) 15.2 (3) 16.9 (4) 15.8 (4) 13.5 (5)
Present study 13.5 (4.8) 17.3 (7.4) 22.6 (7.9) 19.1 (6.6) 18.0 (9.1)
Translation (mm)

Frobin et al. [8] 1.00 1.72 1.89 1.21 0.30
Reitman et al. [32] 1.73 2.26 2.41 1.86 0.99
Pickett et al. [30] 1.56 2.16 245 2.05 1.14
Present study 1.4 (0.3) 2.1 (0.5) 2.5 (0.6) 2.2 (0.6) 1.3 (1.0)

level. The anterior translation movement at C6/7 level
during cervical extension was occasionally observed in 18
subjects (18/56) in the present study. Bogduk and Mercer
[4] proposed that the maximum ROM of a given cervical
segment was not necessarily reflected by the full flexion or
extension. The reverse motion may occur especially before
reaching its final position. Similarly, the posterior transla-
tions at C6/7 spinal level displayed a relatively inconsistent
trend on movement direction throughout ROM in Fig. 3.
This scenario could be the reason accounting for the small
average posterior translation at C6/7 level observed in the
present study. The cervical spine motion was reported to be
stepwise from the upper to lower levels with motion lags
from maximum extension to maximum flexion in the study
of Hino et al. [12]. However, the current results did not
agree with this finding because the intervertebral transla-
tions took place at all cervical levels at the beginning of
flexion or extension from the neutral position (Figs. 2, 3).
Though the segmental translation was unevenly contrib-
uted by each spinal level, every segment did move with a
different extent of translation at the first ten percentage of
cervical motion which accounted 0.2-0.3 s from neutral
position. The different starting positions of cervical
movements and variations in habitual control of cervical
motion could possibly attribute to the divergence in motion
fashion.

The total amount of spinal translation was rarely
investigated in the literature, and consequently the anterior
and posterior translations during flexion and extension at
each spinal level have never well explored. The anterior-
posterior displacement described by the posterior aspects
of adjacent vertebrae [32] or the anterior-posterior
distraction calculated by disc height displacement [30]
made the definition of vertebral translation equivocal and
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laborious for contrast. Generally, the linear descending and
ascending patterns of the intervertebral translation at dif-
ferent spinal levels were observed in flexion and extension
before the adjustment for initial offset. However, the rel-
atively fluctuant translation fashions at different levels in
cervical extension compared to flexion may imply a larger
variation in cervical extension pattern among subjects. One
possible reason could be that the extension movement
facilitated the intervertebral joints into close-packed con-
ditions allowing relative irregular articular glide among
segments before reaching the end range of extension. Our
results suggested that the significantly greater translations
occurred in the posterior direction than the anterior one at
C3/4, C4/5, and C5/6 levels. The segmental motions of
cervical spine have been reported to be the angular rotation
accompanied by the horizontal translation. The ratio be-
tween translation and rotation was suggested to be rela-
tively stable across spinal segments [8]. The greater
posterior translation and extension angle in present study
were endorsed by the larger segmental angulation in cer-
vical extension relative to flexion movement [24, 39]. The
only exception was that a smaller average posterior trans-
lation at C6/7 level could possibly originate from the pre-
viously discussed variations in the direction of translation
during cervical extension. To summarize, the intervertebral
translations of cervical spine during flexion and extension
were first described in quality and quantity based on the
validated radiographic protocol. With the advantages of
low radiation and real-time visualization of vertebral seg-
ments, the highly reliable videofluoroscopic technique is
considered feasible in clinical and research applications.
The quantitative analysis of the continuous intervertebral
translations may be employed to diagnose translation
abnormalities like hypomobility or hypermobility and to
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monitor the treatment effect on the cervical spines; how-
ever, our study focuses on a group of similar age asymp-
tomatic male and female subjects.

Future researches expand the subject groups across

different spinal problems and ages may reveal more com-
plicated or even compensatory movements for the spinal
impairment.
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