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Abstract: Cervical compressive myelopathy (CM) remains a common entity in the practice of spine surgery. Though MRI is
the diagnostic modality for CM, there are a subset of patients whose clinical features are suggestive of multilevel compression
caused by dynamic factors, which however cannot be detected by a static MRI study. The causes include buckling of
ligamentum flavum, collapse of disc height and changes in posterior longitudinal ligaments at the level of compression. These
changes can only be detected on dynamic MRI. The application of Dynamic MRI can reveal not just additional levels of
compression but even the site of maximum pressure, thus playing a vital role in surgical planning. It is also seen that adjaent
level disease, commonly thought to be secondary to Cervical fusion was actually pre-existing and could have been picked up if
dynamic MRI were used. We thus planned a prospective cohort of 24 patients of multilevel cervical compessive myelopathy
who were studied with dynamic MRI at the Sakra Spine centre in Bangalore India. The clinical symptoms were correlated to
the dynamic changes in MRI and were considered for planning appropriate treatment. Of the 24 patients in our study, 17
patients had a change in the original plan of treatment, either between conservative therapy and surgery, or the approach
(Anterior vs. Posterior) of surgery. It was also noted that additional levels of compression discovered on the dynamic MRI
were instrumental in changing the treatment protocol. Thus Flexion and Extension MRI is an important tool in planning the
appropriate management in cervical compressive myelopathy.
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process in cervical spondylotic myelopathy.
Another bleak fact is the increased emergence of adjacent
Cervical compressive myelopathy (CSM) remains a level d1seas'e in fusion patients, both in the cerV1.ca1 and
common entity in the practice of the spine surgery [1]. lumbar regions. The Severe extent of compression and

Though MRI is the diagnostic modality of choise for CSM, sometimes ) instability 'despite adequate quion and
there is one sub group of patients whose cervical decompression coupled with accelerated rates of ligamentum

compressive myelopathy are due to multilevel compression ~ fiavum hypertrophy and osteophyte synthesis beggars belief.

caused by dynamic factors such as buckling of ligamentum It has b'een postulgted, that the origins of this diseasg lie in
flavum, collapse of disc height, or changes in posterior the earlier MRI prior to the first surgery, a fact that is well

longitudinal ligaments at the level of compression. This can demonstrated on dynamic MRI. )
be picked up only on dynamic MRI [1]. Thus we attempted to document the effects of Dynamic

Few studies have been done to understand this concept. ~ MRI in management of cervical myelopathy, emphasizing on

But all the studies showed that the diameter of the canal is  he .chang'es in treatment protocol effected by the new
reduced in extension [1, 2]. So far, no studies have been done ~ {indings discovered.
to correlate these findings to assist the decision making

1. Introduction
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2. Materials and Methods

All patients presenting with cervical compressive
myelopathy were studied over a period of 1 year at the Spine
Centre, Sakra Institute of Neurosciences, Bangalore. A total
of 24 candidates were included in this study as a prospective
observational cohort. All Patients were informed about the
nature of the study and the extra imaging which would be
performed before deciding upon therapy. A full informed
consent was taken before subjecting them to a dynamic MRI.
The MRI was done to the extent permittent by the spines of
the patient without causing dificulty or deficiets. The change
in treatment protocol after the dynamic MRI was informed to
the patients before subjecting them to surgery and
physiotherapy.

The patients ranged from 25 years to 79yrs of age of which
22 were male. Compression in the cervical spine was
analysed with Dynamic MRI and the implications to patient
management were documented. The MRIs were taken in
flexion and extension in all patients without worsenning their
symptoms, before analysing the clinical presentation,
radiology and other factors such as age, and co-morbidities.

3. Results
3.1. Demographics

Most of the patients with CM were under the age group of
55 - 75 years. Male to female ratio was 11:1.
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Figure 1. Age distribution and gender profile.

Total number of levels of compression were 59 and the additional levels of involvement were 37. Additional levels of
compression was noted in 17 patients and the average no. of additional levels were 1.54 per patient. All additional levels of
compression were noted in extension.
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Figure 2. Number of involved levels and additional levels detection dynamic mri.

Surgery was considered in 20 patients. Posterior surgeries were 11 (laminoplasty/ laminectomy+lateral mass fusion), and
anterior procedures (ACDF/ corpectomy and fusion) were 9. The rest of the patients did not require surgery and was
conservatively treated. However, all the conservatively treated cases were regularly follwed up to look for any progression of
the symptoms or deterioration.

3.2. Change in Strategy: Management protocols Were Changed in 16 Patients

SURGERY CONSERVATIVE CHANGE IN MANAGEMENT

BANTEROPR  mPOSTERIOR  m CONSERVATIVE CHANGE IN MANAGEMENT
Figure 3. Profile of management strategies employed.

3.3. Case Examples

3.3.1. Case 1

A 35 yrs old male patient presented with b/l upper limb
numbness and difficulty in walking. On physical
examination, the patient had spastic gait and a positive
hoffmann’s test bilaterally.
A static MRI showed myelomalacia at C6-7 level.
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Figure 4 Dynamic MRI Cspine of case 1.

As demonstrated in the Figure 4, the extension showed a
significant increase in the number of levels involved resulting
in a change in procedure employed.

TREATMENT: C3 — C6 LAMINECTOMY + LATERAL
MASS FIXATION. (AS THERE IS LOSS OF CERVICAL
LORDOSIS), as opposed to a single level procedure.

3.3.2. Case 2
A 50 yrs old female patient presented with features of CSM
MRI showed myelomalacia at C3-4 level.
As seen in figure 5 there are 3 additional levels of
compression on the cord, which is due to buckling of
ligamentum flavum and changes in PLL.

Figure 5 Dynamic Cervical MRI of case 2.

TREATMENT: C3 — C6 LAMINOPLASTY as opposed to a single level
ACDF at C34

3.3.3. Case 3

A 55 yrs old male patient presented with features of CSM
with significant posterior column involvement.

MRI showed myelomalacia at C4-5 level.

The Dynamic MRI as shown in figure 6 revealed
additional 1 level of compression on the cord, which is due to
buckling of ligamentum flavum and changes in PLL.

Figure 6. Dynamic Cervical MRI of case 3.

TREATMENT: C4-5 and C5-6 ANTERIOR CERVICAL DISCECTOMY
AND FUSION as opposed to a single level ACDF originally considered.

3.3.4. Case 4

A 55 yrs old male patient presented with features of CSM

MRI showed myelomalacia at C5-6 level.

Extension MRI revealed additional 1 level of compression
on the cord, which is due to buckling of ligamentum flavum
and changes in PLL. This is shown in Figure 7
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Figure 7. Dynamic Cervical MRI of case 4.

TREATMENT: C3 — C6 LAMINOPLASTY as opposed to a single level
procedure.

3.3.5. CASE 5

A 56 yrs old male patient presented with weakness in the
upper limbs with wasting of thenar muscles and interossei
weakness. There were no signs of myelopathy.

Dynamic MRI demonstrated increasing severity of
compression on extension with anterior compression due to
disc osteophyte complex and posteriorly due to buckling of
ligamentum flavum as seen in figure 8

Figure 8. Dynamic Cervical MRI of case 5.

TREATMENT: C5, C6 CORPECTOMY AND C4-C7
STABILISATION, accounting for the anterior as well as
posterior compression and curvature of the spine.

4. Discussion

Although MRI is a useful tool for diagnosis of CM, it does
not give an exact idea as to which is the offending level in a
multilevel compression that requires surgery [1, 2]. Even the
approach and procedure cannot be decided on a static
examination and hence are subject to significant inter-
practitioner variability. Factors causing the CSM are also
thought to be dynamic which change with the position of the
spine and thereby impact the cord in a mobile manner. [2-5].

There are studies where the difference in the canal
dimensions in cervical spine, are demonstrated
unambiguously. [2, 3] Change in spinal cord cross
sectional area, caused by ligamentum flavum buckling and
vertebral disc protrusion have been seen associated with
decrease in the canal anterio - posterior diameter on
extension [3, 4].

Pathological changes in the cord were studied on MRI by
Morshita and associates and formed the basis of a
classification of cervical myelopathy patients based on the
spinal canal diameter size, and, a relation between disc
degeneration and cord compression.[4] Edward et. al used
plain X rays for the measurements, which were taken from
the posterior surface of the vertebral body to the
spinolaminar line [4]

To avoid magnification variables, Pavlo et al. used the
ratio of sagittal diameter of spinal canal to the sagittal
diameter of vertebral body as a determinant of spinal canal
stenosis. [4, 6]

However, MRI has an advantage of showing soft tissue
along with the bony components, dural compression,
myelomalacia changes, Cervical cord compression,
obliteration of subarachnoid space due to disc herniation,
ostephyte formation as well as hypertrophy of the
ligamentum flavum. [4-11]

None of the previous studies showed a correlation between
symptomatology and the radiological compression detected
by the Dyanmic MRI. [3-10] We have tried to show how the
dynamic MRI changes the surgical planning in patients of
CSM. The dynamic factors for the compression noted
included, buckling of ligamentum flavum, collapse of disc
height, and changes in posterior longitudinal ligaments at the
level of compression. [6-11]

24 patients were enrolled in our study had degenerative
compressive myelopathy. They had single to multiple level
compression. The factors responsible for the compression
were apparent in extension of the neck. On subjecting these
patients to dynamic MRI study, they showed additional 1.54
levels of significant compression per patient on an average
in extension views. Most of the symptomatic patients were
under the age group of 50 — 65 yrs. Which is consistent
with other data concerning the incidence of cervical
myelopathy. The number of additional levels of
compression were 37 which were noted in a total 17
patients. Surgery was done in 20 cases of which, of which
anterior procedures were considered in 9 cases. Here even a
single level ACDF will not only remove anterior
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compression but also posterior compression by preventing
buckling of ligamentum flavum due to increasing the disc
height by using grafts. Corpectomy was done in cases
where more than one level of anterior compression was
present, especially in young patients. Posterior procedures
were done in 11 patients where in MRI, the extension
showed multilevel involvement with a predominant
posterior component. In the elderly, all compression was
treated by posterior procedures.

5. Conclusion

Flexion and extension MRI is an important tool for
decision making and planning appropriate management in
cervical compressive myelopathy. We recommend it to
should be an investigation of choice in all patients of CSM.

What changed when we used Dynamic MRI? The extent
of the whole disease was apparent: For the first time, hidden
levels of compression made apparent on dynamic MRI could
be treated appropriately. These would have been missed in
the regular Static MRI. The missed levels of compression
would over a period of 6 months to 2 years present as the
dreaded adjacent level disease, which was thought to be a
response to the redistribution of stress post fusion. Hence by
using the Dynamic MRI, pre-existing hidden compression
could be addressed satisfactorily.

With the complete extent and site of compression finally
visible, the approach to surgery became apparent. Various
changes in approach, both surgical and medical, allowed
better comprehensive management of the disease ensuring
better outcomes and happier patients.
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