1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Orthop Res. Author manuscript; available in PMC 2016 April 25.

-, HHS Public Access
«

Published in final edited form as:
J Orthop Res. 2013 December ; 31(12): 1881-1889. doi:10.1002/jor.22437.

Cervical Disc Deformation During Flexion—Extension in
Asymptomatic Controls and Single-Level Arthrodesis Patients

William Anderst, William Donaldson, Joon Lee, and James Kang
Orthopaedic Surgery, University of Pittsburgh, Biodynamics Lab, 3820 South Water Street,
Pittsburgh, Pennsylvania

Abstract

The aim of this study was to characterize cervical disc deformation in asymptomatic subjects and
single-level arthrodesis patients during in vivo functional motion. A validated model-based
tracking technique determined vertebral motion from biplane radiographs collected during
dynamic flexion—extension. Level-dependent differences in disc compression—distraction and
shear deformation were identified within the anterior and posterior annulus (PA) and the nucleus
of 20 asymptomatic subjects and 15 arthrodesis patients using a mixed-model statistical analysis.
In asymptomatic subjects, disc compression and shear deformation per degree of flexion—
extension progressively decreased from C23 to C67. The anterior and PA experienced
compression—distraction deformation of up to 20%, while the nucleus region was compressed
between 0% (C67) and 12% (C23). Peak shear deformation ranged from 16% (at C67) to 33% (at
C45). In the C5-C6 arthrodesis group, C45 discs were significantly less compressed than in the
control group in all disc regions (all p< 0.026). In the C6-C7 arthrodesis group, C56 discs were
significantly less compressed than the control group in the nucleus (p = 0.023) and PA (p= 0.014),
but not the anterior annulus (AA; p=0.137). These results indicate in vivo disc deformation is
level-dependent, and single-level anterior arthrodesis alters the compression—distraction
deformation in the disc immediately superior to the arthrodesis.
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Degenerative changes adjacent to fused cervical vertebrae are well documented,~7 and lead
to recurrent pain3 and ultimately adjacent level surgery in 6-16% of patients.2-38-11 The
etiology of adjacent segment disease following cervical arthrodesis remains controversial.
The disease may progress due to the underlying spondylosis,*12:13 the arthrodesis may lead
to increased motion in adjacent vertebrae, resulting in overload and instability,1-14-16 or
adjacent segment degeneration may result from a combination of these two factors.2:°

Previous kinematic studies investigating adjacent segment disease have focused on vertebral
range of motion (most often flexion—extension and anterior translation) when assessing
spine mechanics in asymptomatic subjects and arthrodesis patients.1”-18 One limitation of

Correspondence to. William Anderst (T: 412-586-3946; F: +1-412-261-6949; anderst@pitt.edu).



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Anderst et al.

Page 2

these kinematic studies is that they only take into account bone position at the end of the
range of mation, typically under static loading conditions. Relative motion between adjacent
vertebrae in the middle range of motion (which is most often encountered in activities of
daily living1%29) and during dynamic, functional loading is not assessed. A second
limitation is that kinematic reports that focus solely on bone range of motion fail to reveal
how the coupled translation and rotation between adjacent vertebrae combine to deform the
intervertebral disc throughout the movement. These are critical limitations because
intervertebral disc deformation during dynamic, functional movement can reflect the
magnitude and direction of the loads applied to the disc and the material properties of the
disc. Therefore, disc deformation patterns may be beneficial in identifying altered
mechanical loading and modified disc material properties following cervical arthrodesis.

Techniques to evaluate in vitro disc strain have progressed from adhering optical targets to
the disc surface?! to using high-resolution MRI images and image correlation techniques.?2
In vitro testing, however, has limitations in replicating subject-specific in vivo dynamic
loading and kinematics. In vivo disc deformation during functional loading remains poorly
defined due to limitations of previous studies, including the large error associated with
manual identification of vertebral edges on radiographs23-24 and data collection restricted to
static postures.24

The primary aim of this study was to characterize cervical disc deformation in asymptomatic
control subjects during in vivo dynamic flexion—extension. It was hypothesized that each
disc level would exhibit a unique shear and compression/distraction deformation pattern
during dynamic loading. A secondary aim was to assess disc deformation in single-level
arthrodesis subjects. It was hypothesized that discs adjacent to the arthrodesis would
undergo increased shear and compressive deformation when compared to corresponding
discs in asymptomatic control subjects.

MATERIALS AND METHODS

Subjects

Twenty asymptomatic control subjects (46 + 9 years; 7 M, 13 F) and 15 single-level anterior
arthrodesis patients (10 C5-C6 arthrodesis: 45 + 6 years; 2 M, 8 F; 7 + 1 month post-
surgery; 5 C6-C7 arthrodesis: 2 M, 3 F, average age 43 + 8 years; 7 + 1 months post-
surgery) provided informed consent to participate in this Institutional Review Board-
approved study. Asymptomatic controls that reported no previous neck disability were
recruited to approximately match the age and gender distribution of the arthrodesis patients.
Control subject recruitment was accomplished through an advertisement in an employee
newsletter and word of mouth. Arthrodesis subjects who were at least 18 years of age and
scheduled to undergo (or recently received) single-level anterior cervical discectomy and
fusion (ACDF) surgery were identified during clinic visits. Pregnant women, subjects
diagnosed with osteoporosis, and subjects with any other injury or disease that interferes
with spine function were excluded.
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Data Collection

Subjects were seated within a biplane X-ray system (Fig. 1A) and, for each trial, directed to
continuously move their head and neck through their entire range of flexion—-extension. A
metronome set at 40—44 beats/min was used to ensure the participants moved at a
continuous, steady pace to complete each full movement cycle in approximately 3 s.
Radiographs were collected at 30 frames per second for 3 s for each trial of flexion—
extension (X-ray parameters: 70 KV, 160 mA, 2.5 ms X-ray pulses, source-to-subject
distance 140 cm). Radiographs were recorded for 2 or 3 separate trials for each subject
(allowing for a rest period between trials). A total of 92 dynamic flexion—extension trials
were included in this analysis, however, multiple trials for each subject were averaged to
obtain a single trial for each participant for statistical analysis. An additional 0.1 s static trial
was collected for each subject with the head in the neutral position. The effective radiation
dose for each 3-sec dynamic flexion—extension motion trial was estimated to be 0.16 mSv
(determined using PCXMC simulation software, STUK, Helsinki, Finland).

High-resolution CT scans (0.29 mm x 0.29 mm x 1.25 mm voxels) of the cervical spine
(C2-C7) were acquired on each participant (GE Lightspeed 16). The effective dose of a
cervical spine CT scan has been reported to be between 3.0 and 4.36 mSv.2526 Bone tissue
was segmented from the CT volume using a combination of commercial software (Mimics
software, Materialise, Leuven, Belgium) and manual segmentation.2” A three-dimensional
(3D) model of each vertebra was generated from the segmented bone tissue. Eight markers
were placed on the 3D bone models to define bone-specific anatomic coordinate systems (4
on each endplate: most anterior, most posterior, left edge and right edge).

Data Processing

A previously validated bone-model-based tracking process was used to determine three-
dimensional vertebral motion with sub-millimeter accuracy for all static and dynamic
trials.28 The bone-model-based tracking algorithm involved recreating the geometry of the
biplane imaging system within the computer and passing simulated X-rays through the
three-dimensional subject-specific bone models to create digitally reconstructed radiographs
(DRRs; Fig. 1B). A computer algorithm translated and rotated the 3D bone model in lab-
based 3D space until the DRRs were matched to edge-enhanced versions of the original
radiographs. Details describing the volumetric model-based tracking process, including
hardware and software specifications, calibration and distortion correction procedures, and
computational algorithms have been extensively described.28-31 Tracked bone movement
data were filtered at 1.0 Hz using a fourth-order, low-pass Butterworth filter with the filter
frequency determined using residual analysis.32 The tracked data were used to determine
intervertebral flexion—extension using the bone-specific anatomic coordinate systems.

Nucleus and annulus regions were defined on the vertebral endplate surfaces according to
previous reports,33:34 and all disc height and dynamic disc deformation measurements were
acquired within the central 1/3rd of the disc width (Fig. 2). Average disc height within the
nucleus (N), anterior annulus (AA), and PA regions was determined from the static trial
using an automated computer algorithm that measured disc height over the entire central
1/3rd of the disc width (Fig. 3A and B). Average disc deformation was calculated every
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frame of dynamic movement within each disc region to determine shear and compression—
distraction deformation (Fig. 3C). Disc deformations were normalized to disc height in the
static neutral position to determine the average percent deformation within each anatomic
region of the disc (Fig. 4). The disc deformation versus intervertebral flexion—extension
curves generated from the continuous motion data were interpolated at 1° increments of
flexion—extension to facilitate statistical analysis.

The average disc height across all three disc regions of all discs between C2 and C73° and
the precision of the tracking system in measuring flexion—extension rotation and anterior—
posterior translation8 were used to estimate that the tracking system can determine disc
deformation (shear and compression—distraction) with a precision of 3.6% or better. A power
calculation was performed to estimate the number of subjects necessary to identify
differences between groups that were in excess of our tracking system variability (i.e.,
>3.6%). This power analysis indicated that 17 subjects would be necessary per group, with
power set at 0.80 and alpha equal to 0.05.36

Data Analysis

RESULTS

Within-subject differences in disc deformation during the flexion and extension movement
directions were assessed within each disc region (PA, N, and AA) and disc level (C23
through C67) in control subjects. These flexion versus extension differences were used to
determine if disc deformation was dependent upon movement direction. The within-subject
trial-to-trial variability in disc deformation was also determined within each disc region and
disc level in control subjects in order to assess within-subject repeatability in disc
deformation during functional loading.

A linear mixed-model analysis was performed to identify differences in disc compression—
distraction and shear deformation curves at each disc level (C23 through C67) for each of
the three disc regions (PA, N, and AA) in control subjects. Arthrodesis and control subject
comparisons were also performed using linear mixed model analysis to identify differences
in compression—distraction deformation curves at discs adjacent to the arthrodesis (C45 and
C67 for the C5-C6 arthrodesis group, and C56 for the C6-C7 arthrodesis group) for each of
the three disc regions (PA, N, and AA). In order to statistically compare shear deformation
in control and arthrodesis groups, the slope of the line formed by the shear deformation
versus flexion—extension angle plot was determined (i.e., the rate of shear deformation). T-
tests were used to identify differences between arthrodesis and control subjects in terms of
the rate of shear deformation (calculated by the slope of the shear deformation vs. flexion—
extension angle for each motion segment). Significance was set at p < .05 for all tests, with
the Bonferroni correction applied in cases of multiple comparisons.

Flexion Versus Extension Differences

The average difference in disc deformation between the flexion motion and the extension
motion at identical angles of intervertebral flexion—extension was 0.9% and 0.1% for disc
compression—distraction and disc shear, respectively, across all disc levels (C23 through
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C67) and all disc regions (AA, N, and PA) in the control subject group. Therefore, disc
deformation values during flexion were averaged with deformation values during extension
at each corresponding intervertebral angle for all subsequent analysis.

Repeatability

Within-subject trial-to-trial variability (i.e., standard deviation) in compression-distraction
deformation at identical angles of intervertebral flexion—extension averaged 2.4% across all
disc levels, with greatest variability in the C23 disc (3.8%) and smallest variability in the
C56 disc (1.4%) in control subjects. Within-subject trial-to-trial variability in shear
deformation at identical angles of intervertebral flexion—extension was consistent across disc
levels and averaged 1.1%.

Control Subject Disc Deformation

A consistent pattern in control subject disc compression—distraction was evident across disc
levels in each disc region. Disc compression was greatest in the C23 disc, and compression
decreased with each successive inferior disc (Fig. 5). In the control group in the AA region,
the C23 disc was significantly more compressed than all other discs (all p< 0.001).
Similarly, the C34 AA was significantly more compressed than the C45, C56, and C67 AA
regions (all p<0.002; Fig. 5A). C45, C56, and C67 compression—distraction patterns in the
AA were not significantly different (all p=1.000; Fig. 5A). In the nucleus region, the C23
disc was significantly more compressed than all other discs (all p< 0.001; Fig. 5B). The C34
nucleus region was more compressed than the C56 and C67 nucleus regions (p < 0.001). The
C45 nucleus was more compressed than the C56 (p = 0.029) and C67 nucleus regions (p <
0.001). Compression in the C56 and C67 nucleus was not significantly different (p= 0.193;
Fig. 5B). In the PA region, the C23 disc was significantly more compressed than all other
discs (all p<0.002; Fig. 5C). No significant differences were identified among the C34,
C45, and C56 PA regions (all p=0.514); however, the C67 PA was significantly less
compressed than all other disc levels (all p< 0.001; Fig. 5C).

The rate of disc shear deformation progressively decreased from the C23 disc to the C67
disc (Fig. 6). The only significant difference in the rate of shear deformation occurred
between the C67 level and the C23, C34, C45 levels (all p< 0.001). Static disc height within
each disc region was not significantly different among disc levels (Fig. 7).

Control Versus Arthrodesis Adjacent Segment Deformation

In the C5-C6 arthrodesis group, the C45 discs were significantly less compressed than in the
control group in all disc regions (p= 0.003, p=0.022, and p=0.026 in the AA, N, and PA,
respectively; Fig. 8). No significant differences between the C5-C6 arthrodesis group and
the control group were identified in the C67 disc compression—distraction curves for any
disc region (p=0.759, p=0.743, and p=0.398 in the AA, N, and PA, respectively). In the
C6-C7 arthrodesis group, the C56 discs were significantly less compressed than the control
group in the nucleus (p= 0.023) and PA (o =0.014) regions, but not the AA region (p=
0.137).

J Orthop Res. Author manuscript; available in PMC 2016 April 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Anderst et al. Page 6

No significant differences in the rate of shear deformation were identified at any disc level
adjacent to the arthrodesis region when comparing the control and arthrodesis groups (all p=
0.264 and all p= 0.105 for the C5-C6 and C6-C7 arthrodesis groups, respectively; Fig. 6).

DISCUSSION

The control subject data provide new insights into disc deformation during in vivo functional
loading and provides a standard for comparison when evaluating the effects of surgery on
adjacent cervical discs. The mean control subject compression—distraction curves were
“shifted” toward compression during in vivo functional loading (with the exception being
the C67 disc). As an example, during the dynamic movement trial, when the intervertebral
angle was identical to the neutral position angle, all three disc regions (AA, N, and PA) were
compressed (with the exception being the C67 disc). Similarly, at equivalent magnitudes of
flexion or extension, the compression deformation was much greater than the distraction
deformation (with the exception being the C67 disc; Fig. 5). This shift toward compression
likely reflects the effects of increased muscular forces necessary to produce the dynamic
flexion—extension.

Few reports of disc deformation are available to compare with the present results. In one
study, preoperative flexion/extension radiographs of cervical fusion patients indicated that
pre-operative shear strain averaged 5-7% in segments adjacent to the surgical site.24
However, the magnitude of the pre-surgical adjacent segment range of motion was not
provided, making it difficult to interpret this finding. Another study used cineradiography to
estimate lumbar disc deformation during standing flexion and extension.23 This study
estimated maximum compressive and shear strains of 35% and 60%, respectively, at full
flexion.23 In vitro studies of lumbar motion segments have reported strains averaging
between 5% and 8%.21:37

The disc deformation curves presented here may be used to improve in vitro organ level or
explant mechanobiology dynamic loading regimens and in vivo controlled loading via
external fixation devices.38-42 As previous studies have demonstrated, certain dynamic
loading conditions are beneficial to maintaining matrix homeostasis*344 and improving
various biological therapies.#>46 However, the loads applied to the disc during in vivo
physiologic loading are currently unknown, so it is not clear how well these in vitro tests
replicate in vivo loading. The control subject disc deformation curves presented here provide
valuable information regarding the in vivo deformation experienced by disc tissues during
functional loading. For example, the current results indicate that during dynamic flexion—
extension, the anterior and PA regions of cervical discs undergo compression—distraction
deformation of up to 20%, while the nucleus region is continuously compressed between 0%
and 15%, depending on disc level. Similarly, the results indicate that during in vivo flexion—
extension, the peak shear deformation ranges from 16% (at C67) to 33% (at C45), given the
average flexion—extension range of motion at each motion segment.3% This information may
be used to guide in vitro and in vivo studies that investigate cell and tissue responses to
stress and strain. As noted previously, reproducing in vivo conditions is important because
the wrong type or magnitude of loading will lead to very different cell responses, and
potentially misleading results.*
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There are two potential explanations for the significant level-dependent differences in
compression—distraction observed in this study. First, the results may be explained by
variation in disc material properties from the C23 disc to the C67 disc. The present data
indicate that the C23 disc compresses the most, and compression decreases with each
successive inferior disc. This suggests the C23 disc is the most compliant, and compressive
stiffness increases with each successive inferior disc. This idea is supported by in vitro
material testing that demonstrated compressive stiffness progressively increases from the
C23 disc (637.5 N/mm) to the C67 disc (829.7 N/mm).*8 An alternative explanation for the
observed level-dependent differences in disc compression—tension is that in the static neutral
position, which was used as a reference to normalize all disc deformation measurements,
compressive loading on the C23 disc was relatively small (compared to the load applied
during functional motion) and the static compressive loading on the C67 disc was nearly
equivalent to the load applied during functional motion.

The trend toward decreasing shear deformation per degree of flexion—extension, from the
superior to inferior discs, indicates the translation between endplates decreases successively
from C23 to C67 for a given amount of intervertebral flexion—extension. As a result, even
though the flexion—extension range of motion in the C2—C3 motion segment is slightly less
than in the C6—C7 motion segment,3° the C23 disc undergoes considerably more shear
deformation. The significant decrease in C67 shear deformation, in comparison to superior
discs, corresponds to a relatively fixed center of rotation in the C6—C7 motion segment in
comparison to cranial levels during flexion— extension.4®

This study provides evidence to suggest that single-level anterior arthrodesis alters the
compression— distraction patterns in the disc immediately superior to the arthrodesis while
not affecting compression—distraction inferior to the fused site. While it is not clear why this
difference exists superior to the arthrodesis, potential explanations include a change in disc
material properties, altered compression—distraction loads following arthrodesis, or there
may be an iatrogenic cause. The current shear deformation results agree with a previous
study that reported no increase in the shear strain in discs adjacent to fusion using
measurements obtained from static full-flexion and full-extension radiographs.24

The relatively short time between surgery and testing for arthrodesis subjects is one
limitation of this study. Fusion may not have occurred in the arthrodesis group at 7 months
post-surgery. Fusion status was evaluated using total flexion—extension ROM during
dynamic movement in a subgroup of 8 C5-C6 arthrodesis patients who have returned for
follow-up testing 2-years post surgery. In this sample of 8, total ROM at the operated site
decreased from 3.6° at 7 months post-surgery to 2.4° at 24 months post-surgery. Differences
in disc deformation adjacent to the arthrodesis may be amplified as motion decreases in the
operated segment. Therefore, 2-year follow-up testing is being completed for the remainder
of the arthrodesis group. Another limitation is that the results are specific to single-level
anterior arthrodesis and it would be inappropriate to extrapolate the results to different
single-level or multiple-level anterior surgeries. The asymptomatic control subjects, who
were selected to approximately match the age of the arthrodesis patients, exhibited varying
amounts of age-related spondylosis. Considering the well-known changes that occur in the
spine with age,0-53 the disc deformation patterns presented for the control group are likely
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representative only of subjects within their age-range. We are currently collecting data on a

co

hort of young (20-35 years) asymptomatic subjects to assess the effect of age on spine

kinematics. Finally, the deformation values reported in this study were obtained using bone-
to-bone measurements that represent in vivo tissue-level deformation. The reported

de
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Digitally Reconstructed Radiograph #1

&
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Digitally Reconstructed Radiograp

Simulated X-ray Source #1

Figure 1.
The biplane radiography system and bone-model-based tracking technique. (A) The biplane

radiography system was configured with an angle of approximately 55° between X-ray tube/
image intensifier pairs. Each cardiac cine-angiography generator produced short duration
(2.5 ms), high powered (70 kVp, 160 mA), X-ray pulses at a rate of 30 pulses per second.
(B) The virtual X-ray system for model based tracking. A 3D CT reconstruction of the bone
was placed in a computer-generated reproduction of the X-ray system. Simulated X-rays
were then passed through the 3D CT reconstruction to generate digitally reconstructed
radiographs (DRRs). Bone position and orientation was determined by a computer algorithm
that optimized the correlation between the DRRs (green in image) and the edge-enhanced
radiographs (red in figure).

J Orthop Res. Author manuscript; available in PMC 2016 April 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Anderst et al.

Page 12

nucleus

anterior annulus

Figure 2.
The superior endplate of a vertebral body with color-coded regions of interest. Green:

posterior annulus, teal: nucleus, red: anterior annulus. Dashed lines indicate the central 1/3rd
of the disc region included in the analysis.
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Figure 3.

Calculating disc height and disc deformation. (A) Anatomical coordinate systems were

created in each bone and used to calculate the flexion—extension angle for each motion

segment (red arrows). A line in the direction of the inferior endplate of the superior bone and
a line in the direction of the superior endplate of the inferior bone in the sagittal plane were
created (blue lines). The average direction of these two lines defined the average anterior—
posterior (AP) axis of the disc in the static neutral position (green line). (B) Using the static
neutral data, line segments connecting the endplates and perpendicular to the average disc
AP axis were constructed (over 100 per disc; only five are shown for clarity). The average
disc height within each region was determined from this static neutral data. (C) The
endpoints of each line segment remained connected to each bone during the dynamic motion
(blue bone). Disc deformation parallel to the disc static AP axis (shear) and perpendicular to
the static disc AP axis (compression—distraction) was determined for each line segment. All
measurements were performed in three-dimensions, but only the sagittal plane is shown for

clarity.
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Figure 4.
C23-C67 disc compression—distraction deformation (above) and shear deformation (below)

during dynamic flexion—extension for a representative participant. A series of five instants
from the flexion portion of the dynamic trial are shown for demonstration purposes. Line
segments connecting bone endplates are color-coded according to percent compression—
distraction (above) and shear (below) deformation relative to the static neutral position.
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Figure5.
Mean disc compression—distraction deformation in the anterior annulus (A), nucleus (B) and

posterior annulus (C) during flexion—extension in asymptomatic control subjects (1= 20).
Disc compression-distraction, expressed as a percentage of disc height in the static neutral
position, is plotted on the vertical axis. Intervertebral flexion—extension angle, normalized to
the static neutral position, is plotted on the horizontal axis. Error bars indicate inter-subject
variability (i.e., 95% confidence interval at each disc level) and averaged 3.9% across all
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disc levels, disc regions and intervertebral flexion—extension angles. Note that statistical
tests for differences among disc levels were performed using within-subject analysis.

J Orthop Res. Author manuscript; available in PMC 2016 April 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Anderst et al.

% Shear Deformation Per Degree of Flexion-Extension

Page 17

Rate of Shear Deformation

B Control
B C56 Arthrodesis
B C67 Arthrodesis
AA N PA AA N PA AA N PA AA N PA AA N
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Figure®6.

Average rate of disc shear deformation in the anterior annulus (AA), nucleus (N), and
posterior annulus (PA) for each cervical disc. Error bars indicate upper and lower 95%
confidence intervals for the mean of each group. C23 disc data were not available for the
arthrodesis groups. For the control group, the rate of C67 shear deformation in each disc
region was significantly less than corresponding regions of all other discs. Control and
arthrodesis groups were not significantly different at any disc region.
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Figure7.
Mean disc height in the anterior annulus (AA), nucleus (N), and posterior annulus (PA) for

each cervical disc when in the static neutral position. Error bars indicate upper and lower
95% confidence intervals for the mean of each group. C23 disc data were not available for
the arthrodesis groups.
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Figure8.
Mean disc compression—distraction deformation in the anterior annulus (A), nucleus (B) and

posterior annulus (C) during flexion—extension in C56 arthrodesis patients (n= 10). Disc
compression-distraction, expressed as a percentage of disc height in the static neutral
position, is plotted on the vertical axis. Intervertebral flexion—extension angle, normalized to
the static neutral position, is plotted on the horizontal axis. Error bars indicate inter-subject
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variability (i.e., 95% confidence interval at each disc level). Note that only C45 disc curves
are shifted toward distraction in comparison to asymptomatic controls (Fig. 5).
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