Received: 22 June 2021

Revised: 2 November 2021

Accepted: 30 November 2021

DOI: 10.1002/jsp2.1185

SPECIALISSUE ARTICLE

JOR Spin€uas

Using the cobweb classification system as a digital location
system for the neurologic compression in cervical degenerative

disease

Yang Xiong!
Yong-Dong Yang? |
Kai-Tan Yang?

1Department of Orthopedics, Dongzhimen
Hospital, Beijing University of Chinese
Medicine, Beijing, China

2Department of Traditional Chinese Medicine,
Peking Union Medical College Hospital,
Beijing, China

Correspondence

Xing Yu, Department of Orthopedics,
Dongzhimen Hospital, Beijing University of
Chinese Medicine, No. 5 Haiyuncang Street,
Dongcheng District, Beijing 100700, China.
Email: yuxing34163@163.com

Funding information
Observation on the effect of biomimetic
mineralized collagen artificial bone in the

treatment of spinal diseases and bone fracture,

Grant/Award Number: DZM-601111

| Ying-Li Yang?
Ding-Yan Zhao?

| Xing Yu? | Feng-Xian Wang! |
| He Zhao' | Chuan-Hong Lit |

Abstract

Objective: To provide the cobweb classification system (CCS) for the precise digital
location and description of the neurological compression in cervical degenerative dis-
ease (CDD), and the reliability and the clinical subgroup analysis of the system were
tested and analyzed.

Methods: The CCS consisted of three parts: compression zones (1-12), degrees (a, b) and
ossification (s, m, h). Computerized tomography (CT) and magnetic resonance imaging
(MRI) images from 238 CDD patients were reviewed. All compression cases were classified
by five independent reviewers with varied clinical experience in spine surgery. The reliabil-
ity of the CCS was tested by calculating the kappa (k) statistics value. Finally, 74 patients
with anterior cervical surgery treatment were enrolled for the clinical subgroup analysis.
Results: For the small compression, including single and double compression zones,
there was a good interobserver reliability between the reviewers (x coefficient = .855,
P < .001). For the large compression with three or more involved zones, there was a fair
reliability between the reviewers (x coefficient = .696, P <.001). The whole
intraobserver reliability was good (x coefficient = .923, P < .001). For clinical practice,
the operative time in the large compression and the m/h group was significantly longer
than the small compression and the s group, respectively (P < .05), and the blood loss in
the m/h group was significantly increased as well (P < .01). Though the preoperative
Japanese Orthopedic Association score in Group b was lower than Group a (P < .05), all
patients had achieved significant clinical improvement at last follow-up.

Conclusions: The CCS can be used to provide detailed and objective descriptions of the
location, extent, and severity of neurological compressions in CDD with satisfactory reli-
ability. Surgeons should pay more attention to the patient with large zone, degree b, and

ossification compression, because the operation may be more challenging.
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1 | INTRODUCTION
Degeneration of the cervical spine develops in most people as we age,
and the appearance of cervical disc protrusion positively correlates
with the severity of the cervical degeneration.® Although the underly-
ing risk factors remain to be fully characterized, the advancement of
cervical degeneration can eventually lead to symptomatic spinal cord
or nerve roots compression. The most common causes of neurologic
compression include disc herniation, ossified and/or hypertrophic liga-
ments, osteoarthritis, and osteophyte formation.? Spinal surgical tech-
niques have advanced rapidly over the last 50 years. However,
evaluation of the location and severity of neurologic compression is
still mainly relegated to an often incomplete and short non-
standardized text description in clinical practice.>* To maximize the
benefit from the great progress in surgical techniques, it is necessary
for surgeons to be able to accurately and objectively evaluate the
location and severity of neurologic compression before making deci-
sions on the specific surgical procedures. Although there are lots of
quantitative grading or scoring reports on the analysis of the neuro-
logical compression in cervical degenerative diseases (CDDs),
researches on digital location of the compression at the cross-section
of injured level remain rare.

For the first time, we propose a novel cobweb classification system
(CCS), whose reliability we have tested and analyzed, for the digital descrip-
tion of the location and severity of neurological compression in CDD.

2 | METHODS

21 | Patients

For reliable analysis, a total of 1648 computerized tomography
(CT) and magnetic resonance imaging (MRI) images of 238 patients
with CDD, including 412 degenerated segments, were reviewed from
January 2016 to December 2019. And 74 patients were enrolled for
the clinical subgroup analysis. All patients met the following condi-
tions: symptomatic CDD was diagnosed based on clinical and radio-
logical corroborations and anterior cervical discectomy and fusion
(ACDF) and/or cervical disc arthroplasty (CDA) was performed after
failed conservative treatment. Patients with a history of cervical

trauma or cervical spinal surgery were excluded.

2.2 | The cobweb classification system

We developed the CCS based on the following three criteria: com-

pression zones (1-12), degrees of compression (a, b), and levels of

ossification (s, m, h) (Figure 1). To define the compression zone, a
central circle was drawn across the vertebral body in the cross-sec-
tion. The central point of the vertebral body (point O) was placed
as the center of the central circle. The radius of the circle was the
distance from point O to the tip of the lateral uncinate process.
The central circle was divided into 12 equally spaced zones num-
bered as zones 1 to 12, in a clockwise direction. The lines at the
boundaries of zones 3 to 9 were extended. The extended bound-
ary lines of zones 4, 5, 6, 7, and 8 intersected the posterior verte-
bral arch at points B, D, C, and A, respectively. Points A and B
were close to the medial edge of bilateral facet joints, and points
C and D were close to the root of the spinous process. Thus, zones
4 and 8 corresponded to the bilateral intervertebral foramen (yel-
low area L and green area R in Figure 1, respectively), and zones
5 through 7 corresponded to the spinal canal area (blue area M in
Figure 1).

In order to distinguish different degrees of compression, areas
L, R, and M were divided into two parts (a and b). A compression of
degree a represents any compression localized to part a, that is,
<1/2 of the sagittal diameter of the spinal canal while a compression
of degree b represents any compression extended into part b, that
is, 21/2 of the sagittal diameter of the spinal canal. Zones 3 and
9 were also divided into two parts (a and b) according to vertical
lines extended from points A and B, respectively, as shown in
Figure 1. To distinguish ossification, all the herniated tissues were
classified as soft (s), ossified/hard (h), or mixed (m) according to the
corresponding CT features. All the compressions were classified as
small or large according to the number of compression zones
involved. Using the proposed system above, all aspects of common
spinal cord or nerve roots compressions can be accounted for and

accurately described.

2.3 | Clinical application of the CCS

The CCS, as a supplementary for preoperative surgical decision-mak-
ing, can be easily applied clinically. The compression zones (1-12) in
the CCS were designed in a clockwise direction. For surgeons, the dig-
ital location of any degenerative protrusion through CCS is as conve-
nient as determining the time through a clock. Three cases were given
to show the digital location and description of the neurological com-
pression through the CCS:

Case 1 (Figure 2): A 58-year-old male patient with myelopathy
symptoms related to C5-6 level. MRI and CT scan showed a small
compression with a single compression zone (6as) in CCS. With
2-year follow-up after the CDA surgery, a satisfactory clinical out-

come was achieved.
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FIGURE 1 Schematic representations
of the cobweb classification system (CCS)

(Zones 1-12)

2. Compression degrees:
(@<1/2, bz1/2)

3. Ossification:

(s,soft; m, mixed; h, hard)

1. Compression zones:

JOR SPinees

Small compression:
one or two zones involved
in the process;

Large compression:
three or more zones affected

in the process.

FIGURE 2 A small compression with a single compression zone (6as in CCS). (A) CT scan in cross-section. (B) Corresponding MRI section.
(C) Lateral radiograph, 2-year postoperation. CCS, cobweb classification system; CT, computerized tomography; MRI, magnetic resonance imaging

Case 2 (Figure 3): A 50-year-old female patient with cervical
radiculopathy symptoms related to C5-6 level. MRI and CT scans
showed a small compression with two compression zones (78bm) in
CCS. With 1-year follow-up after the ACDF surgery, a satisfactory
clinical outcome was achieved.

Case 3 (Figure 4): A 69-year-old female patient with cervi-
cal myeloradiculopathy symptoms related to C5-6 level. MRI
and CT scans showed a large compression with four compres-
sion zones (5678bm) in CCS. At 1-year follow-up after the

ACDF surgery, the patient's symptoms had subsided almost
totally.

2.4 | Reviewers' criteria
Five independent individuals with different clinical experiences,
including two original developers of the CCS and three randomly

selected spine surgeons, were chosen as reviewers. Spinal
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FIGURE 3 A small compression with two compression zones (78bm in CCS). (A) CT scan in cross-section. (B) Corresponding MRI section.
(C) Lateral radiograph, 1 year postoperation. CCS, cobweb classification system; CT, computerized tomography; MRI, magnetic resonance imaging

FIGURE 4 Alarge compression with four compression zones (5678bm in CCS). (A) Soft tissue window of the CT scan. (B) Bone window of
the CT scan. (C) MRI image of the corresponding section. (D) Lateral radiograph, 1 year postoperation. CCS, cobweb classification system; CT,

computerized tomography; MRI, magnetic resonance imaging

compressions from 412 cervical degenerative segments were classi-
fied and recorded by all reviewers independently based on 1648
corresponding CT and MRI images. A month later, all reviewers were

asked to reevaluate the same images.

2.5 | Clinical subgroup analysis

Based on the CCS, 74 enrolled patients were divided into 3 pairs of
comparative subgroups. Patients with any segment of large compres-
sion or degree b compression or ossification were divided into the
large compression group (Group LC) or Group b or Group m/h,
respectively. The Japanese Orthopedic Association (JOA) score, the
Neck Dysfunction Index (NDI) score, Visual Analogue Scale (VAS) of
neck pain and arm pain were used to evaluate the clinical outcomes of

the patients.

2.6 | Statistical analysis for reliability assessment

The classification results from five independent reviewers were com-
pared to evaluate the reliability of the CCS. Both the interobserver
and intraobserver reliabilities were estimated by calculating the kappa

(x) coefficient values of simple and weighted components at 95%

confidence intervals as established with SAS software (SAS Institute,
Cary, North Carolina). The k coefficients ranged from +1 to O to —1,
which means perfect agreement to chance agreement and to less
agreement than expected by chance. Based on the publication by
Svanholm et al, the x values >.75 represent good or excellent reliabil-
ity; and « values between .5 and .75 indicate fair reliability; and
x values <.5 reflect poor reliability.®> For the subgroup analysis, the
results were expressed as mean * SD. The independent-samples t-test
was used to compare the data between subgroups. The Wilcoxon
signed rank test or paired-samples t-tests were used to evaluate the
data between preoperative and postoperative parameters. A P-value
<.05 was considered statistically significant.

3 | RESULTS

3.1 | Reliability assessment outcomes

A good interobserver reliability between the reviewers was deter-
mined for analysis of the small compression cases (x coefficient = .855,
P < .001). For the large compression with three or more involved
zones, the interobserver reliability was fair (x coefficient = .696,
P < .001). The intraobserver reliability for both small and large com-

pressions was good (k coefficient = .923, P < .001), which was based
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on readings at two-time intervals and at a minimum of 1 month apart.
This indicated that the CCS had both good interobserver and
intraobserver reliability, and it was reliable to be used as a supplemen-

tary quantitative tool for the surgical decision-making.

3.2 | Demographic outcomes

Patients in group small compression (SC), Group a, and Group s were
more than Group LC, Group b, and Group m/h, respectively. But no
significant difference was detected in terms of the mean age, male
ratio, and mean follow-up (P > .05). For surgical data, the operative
time in the LC and the m/h group was significantly longer than the SC
and the s group, respectively (P < .05), and the blood loss in the m/h
group was significantly increased as well (P < .01). The result informed
that patients with large or ossificated compression may carry a higher
surgical risk.>® And the CCS may improve the prediction of a patient
with more severe compression. A summary of demographic and surgi-
cal data were shown in Table 1.

3.3 | Clinical outcomes

The inter-subgroup comparison showed that the preoperative JOA
score in Group b was statistically lower than that in Group a (P < .05).
For intra-subgroup comparison, the postoperative mean JOA, NDI,
and VAS scores in all subgroups significantly improved when com-
pared with preoperative values (P < .05). But there was no significant
difference between every two subgroups at the last follow-up
(P > .05). Clinical outcomes can be influenced by multiple factors,
including the degree of compression, the surgical techniques and
implants, the patient's sociodemographic and psychological fac-
tors.”*2 However, the indispensable sine qua non for achieving satis-
factory clinical outcomes remains early diagnosis and complete
decompression. A summary of clinical outcomes were shown in
Table 2.

4 | DISCUSSION

Since the first report of ACDF surgery in the 1950s, the surgical treat-
ment of CDD has progressed rapidly and advanced greatly. Especially
in the last two decades, the emergence of various new technologies
and devices has led to rapid development of the surgical treatment of
CDD. These changes were accompanied by both opportunities and
challenges. The degeneration of the cervical intervertebral disc was
first graded by the X-ray method'® and a variety of novel classification
methods have been developed for clinical application in recent

14-16

years, which include several etiological factors of CDD, such as

ossification of the posterior longitudinal ligament (OPLL), ossification
of the ligamentum flavum (OLF), spinal stenosis, hyperplasia of the
uncinate and postoperative ossification

process, heterotopic

(HO).Y7-2* Some studies classified the signal intensity of the cervical

spinal cord through MRI images. The results showed that changes in
the intensity may correlate with clinical symptoms in cervical
spondylotic myelopathy.?®> Patients with low signal intensity might
experience good surgical outcome and greater recuperative poten-
tial.2¢ But increased signal intensity with wide range might relate to
deteriorate preoperative neurological function and poorer surgical
outcomes.?” Other studies had graded or scored the degree of cervi-
cal spinal degeneration or nerve compression either preoperation or
postoperation.283! These methods were helpful to the quantitative
analysis of local lesions. However, most of the techniques had only
limited clinical application, because of the heterogeneity characterized
by different definitions. In addition, they missed the digital location
function at the cross-section level. It is important to accurately locate
the neurological compression to effectively achieve complete decom-
pression and satisfactory clinical results. So far, the most commonly
used location methods in clinical practice are still based on text
descriptions that often lack sufficient details and accuracy.'®
Mysliwiec et al used the MSU system to generate digital partition and
location of lumbar disc herniation.®2 However, this method is only
applicable to the localized protrusion and cannot be applied to the
large or wide-ranged protrusion. Furthermore, the method neither
accurately determined the left or right position nor establishes if there
was accompanying ossification, which may have a significant impact
on the surgical decision-making.

Compared with previous studies, the CCS system that we pro-
pose has the following advantages: (a) the neurological compression
will be digitally located and graded objectively; (b) the number of
involved compression zones immediately reflects the shape and
extent of the compression as small/localized or large/wide-ranged
and; (c) the ossification can be easily diagnosed by preoperative CT
scans. Thus, the CCS, which involves three parameters of the spine,
could have promising prospects for clinical applications.

Based on different anatomical structures, each compression zone
of CCS may relate to different clinical application potential. Zone 12
contains the anterior midline of the cervical spine, which could be
used to locate the midline in the anterior cervical surgery. Large
osteophytes might be seen in this region in patients with diffuse idio-
pathic skeletal hyperostosis (DISH) disease or HO.2% Zone 1 is sym-
metrical to zone 11, and the medial border of the longus colli attaches
to this area. In order to fully expose the intervertebral space during
the ACDF surgery, the longus colli should be distracted to the ending
point of zone 2 while the contralateral tissue should reach the starting
point of zone 10. Thus, the distance from these two points to the
median line could be measured preoperatively as a reference for the
intraoperative distraction of the longus colli. Zones 3 and 9 are adja-
cent to vertebral arteries, and decompression in this region should be
extremely careful. In particular, the risk of vertebral artery injury
would be greatly increased if the operation range exceeded the divid-
ing line of a and b corresponding to zones 3 and 9 during surgeries
with total resection of the uncinate process. Preoperative evaluation
is the most effective way to avoid intraoperative vertebral artery
injury.3* Therefore, the horizontal distance from this dividing line to

the midline could be measured preoperative to determine the safe
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range of uncinate process resection. Zones 4 and 8 corresponded to
the bilateral intervertebral foramen (areas L and R). Clinically, the
nerve root symptoms would be more common when the hyperplasia
enters region b. This is a key point to the efficient decompression of
intervertebral foramen, as it only requires the removal of the uncinate
process in zones 4 and 8.3° Zones 5, 6, and 7 were the most common
sites of cervical disc herniation in clinical practice. However, different
clinical symptoms could be induced between zone 6 and the adjacent
zones: compression in zone 6 might lead to spinal cord symptoms,
while zones 5 and 7 might cause nerve root symptoms. And the divid-
ing line between a and b corresponding to zone 6 is close to the K line
of the vertebral canal in sagittal plane.*® However, some large com-
pression involving zone 6 can result in varying symptoms, which
included nerve root symptoms, spinal cord symptoms, or mixed symp-
toms. Thus, both radiological and clinical findings should be evaluated
to locate the responsible compression site precisely. It should be
noted that protrusions in region a may not necessarily cause clinical
symptoms, but we found that, the closer the protrusion is to region b,
the more severe the compression is. Also, the more compression
zones involved, the more extensive the neurological compression
is. Finally, ossification of the protrusion might also affect the surgical
decision-making and will bring additional challenges to the decom-
pression procedure. Using CCS, a detailed and accurate evaluation of
a given case of compression will provide valuable guidance for surgical
decompression of the cervical spine.

In this study, we observed a good interobserver reliability for
the small compression cases and a fair interobserver reliability for
the large compression cases. Several factors may account for these
findings. First, there are inevitable systematic errors during the
reading process. Second, the large compression involves more com-
pression zones, which also increased the bias in comparison to the
small compression cases. Although the evaluation by multiple (five)
reviewers with varying surgical experience could also increase the
bias, we noticed only slight differences in the judgment of the
potential decompression site, and the intraobserver reliability for
both small and large compressions was good. The results in this
study demonstrate that the CCS is suitable for clinical applications
with satisfactory reliability.

For clinical practice, the result of subgroup analysis showed that
patients with large or ossificated compression may have a longer
operative time and more blood loss. And patients with degree
b compression may have a severe neurological deficit. These results
informed that surgeons should pay more attention to the patients
with large or degree b or ossificated compression because the
decompression operation may be more challenging. And sufficient
decompression is still the primary goal of the surgery for CDD
patients.

In our initial clinical experience, the CCS can make the surgical
planning more accurate, and also assist surgeons to implement the
surgical planning more precisely. CCS has the potential to facilitate
the collection and categorization of detailed data on neurological

compression and provide guidance on optimal treatment plans. For

JOR SPin€uec. MMRAN

further potential clinical application assessment, additional studies
are needed with the focus on the minimal invasive surgeries, the
robot-assisted surgeries, and the evaluation of spinal tumors and

deformities.

5 | LIMITATIONS

The current study presents some limitations. First, only patients with
anterior cervical decompression were enrolled for the subgroup analy-
sis. This results in non-comprehensiveness of the subgroup analysis of
the CDD. An additional clinical analysis for the patients with OPLL or
OLF requires posterior decompression would have been useful in
order to fully assess the validity of the CCS. In addition, patients from
single hospital may lead to statistical bias in the final data. A larger
cohort study with multiple research centers is needed to get more
reliable results. Second, the mean follow-up is relatively short, mid- to
long-term follow-up is required to determine whether there is a signif-
icant relationship between the subgroups in the CCS and the clinical
outcomes. Finally, the correlation between the CCS and the clinical
symptoms of CDD has not been established, a correlation-regression
study is needed to address the problem.

In conclusion, the CCS can be used to provide detailed and objec-
tive descriptions of the location, extent, and severity of neurological
compressions in CDD with satisfactory reliability. Adoption of CCS
will be beneficial for the assessment of neurological compression and

assisting the treatment decision-making.
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