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Abstract

Objective:
To investigate and better understand the influence of Anterior Cervical Discectomy
and Fusion surgery on cervical kinematics and to elucidate possible relationships

between cervical morphometrics and altered cervical biomechanics.

Introduction:

Anterior Cervical Decompression and Fusion (ACDF) is one of the most
commonly employed surgical techniques to treat Cervical Spondylotic Myelopathy
(CSM). Despite the reported high clinical success rates of ACDF, an increased rate of
adjacent segment disease (ASD) post ACDF surgery has raised some significant
concerns in the literature.

Many demographical factors such as gender, age and duration of symptoms have
all been implicated to contribute to the development of ASD, however, limited studies
have specifically attempted to quantify the relationship between over-compensatory
adjacent segmental contribution to total cervical Range of Motion (ROM) and the
development of ASD. Given the likely alternation of the cervical biomechanics due to
the immobilization of a segment following ACDF, a better understanding of the
postoperative kinematical change is well warranted.

Moreover, no study has conducted a morphometric analysis of the cervical
vertebral column and its influence on the global and segmental ROM in the literature to
date. Based on the immanent biomechanical relationship between vertebral morphology
and resultant spinal kinematics, a better understanding of the potential influence using

an in-vivo, prospective design is needed to fulfill this gap in our knowledge.
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Materials and methods:

Forty-seven patients with clinically diagnosed CSM undergoing either a single- or
two-level ACDF were recruited in the study.

Neutral, full active flexion and extension lateral radiographs were taken
preoperatively and then at 3, 6 and 12 month follow-ups for all patients. Using the
obtained radiographs, global ROM of C2-7, ROM of the treated functional spinal unit
(FSU) as well as the superior and inferior segmental ROM were obtained using a
computer based quantitative measurement analysis software. The relative contribution
from the FSU and each of the adjacent segments to total cervical ROM were compared
pre- and post-operatively. MRI scans conducted as part of the preoperative workup were
also obtained in order to accurately determine the vertebral morphometric
measurements, which included vertebral length, vertebral height, and disc height.

In order to investigate and simulate the cervical biomechanical properties during
the movement, a number of parametric finite element models (FEM) were also
constructed based on patients’ radiographs with the observed ROM inputted as the
individual loading conditions.

Statistically, a mixed design repeated ANOVA analysis was used to determine the
interaction and main effects of surgery type (single or two-level) and time (pre-, 3, 6, 12
month). A univariate linear regression analysis was then conducted to determine the

relationship between morphological factors and the kinematical changes.

Results

Overall, 30 single-level and 17 two-level ACDF patients were recruited. The
patients consisted of 28 males and 19 females with a mean age of 55.4 (range 30 to 79)
years.
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Single-cage patients demonstrated a significantly decreased total ROM at 3 months
(p=0.002) but improved to pre-operative level by 6 months. In contrast, patients with two-
cage ACDF demonstrated significantly decreased total ROM at all follow up assessments
(p<0.02) and did not reach pre-surgery level even at 12 months post-surgery. Similar trend
was observed for the FSU ROM where a significantly decreased contribution was found
for the single-cage patients at all follow up assessments (p<0.01), however, the FSU
contribution was only significantly decreased at 12 months (p=0.047) for the two-cage
patients.

In terms of upper adjacent ROM contribution, it was found to be significantly
increased at all follow up assessment points (p<0.05) for the single-cage patients but was
only significantly increased at 6 months (p=0.042) for the two-cage patients when
compared to pre-surgery. However, in terms of the raw contribution, it was noted that the
two-cage patients demonstrated a 10-15% more in contribution to the total ROM when
compared to the single-cage at the upper adjacent segments. No significant changes were
found for both groups for the lower adjacent ROM contribution.

For the correlation of morphological factors and cervical kinematical change, in
patients with two-cages, the posterior disc height of the FSU’s upper segment was found
to have a strong (R=-0.717) and significant (p=0.03) negative correlation with an
increased upper adjacent segmental contribution to total ROM. This was not the case for
single-cage patients. No other morphological factors were found to have a significant
correlation with the post-operative kinematical changes.

The FEM modeling illustrated that based on the obtained radiographs, the two-
cage patients demonstrated a greater increase in upper adjacent intradiscal pressure
(IDP) than the single-cage patients for both flexion (44% vs 20%) and extension (34%
Vs 23%) respectively.
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Conclusion:

Single-cage patients regained their pre-operative total ROM by 6 months post-
surgery and the fused segment demonstrated adequate fusion and immobility by 3
months. The results indicated that the regained total ROM were mostly due to a slight
increase in the upper adjacent segment contribution at 3 months, which then remained
unchanged throughout the study period. In contrast, due to the increased levels of fusion
in the two-cage patients, the fused segment did not demonstrate adequate
immobilization until 6 to 12 month post-surgery. Furthermore, patients with two-cages
demonstrated a significant increase of upper segment contribution at 6 months and
coupled with greater likelihood of an increase in IDP based on the FEM analysis. Lastly
but not the least, the upper posterior disc height of the FSU was found to have an
association with the increased upper adjacent segment contribution in patients with two-

cages.

Keywords:
Cervical spondylotic myelopathy, ROM contribution, Morphological factors, Cervical

intradiscal pressure.
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* 2.2 ik

Material properties
Cross-
Element section
number | Components E (Mpa) Y References
type area
(mm~2)
1 Cortical shell | Solid185 | 12000 0.3 Goel,1988
2 Endplate Solid185 500 0.4 Kumaresan,1997
3 Disc annulus | Solid185 4.2 0.45 Goel,1988
4 Disc nucleus | Solid185 0.03 0.499 -
Cancellous
5 Solid185 100 0.2 Goel,1988
core
10 CL Link180 7.5 0.3 30 Goel,1988
11 PLL Link180 10 0.3 20 Goel,1988
12 ALL Link180 7.8 0.3 63.7 Goel,1988
13 ISL Link180 10 0.3 40 Goel,1988
14 FL Link180 15 0.3 40 Goel,1988
15 PEEK Solid185 3600 0.4 -
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