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Abstract

Study design: Retrospective review

Objective:  To identify factors affecting surgeons’ management decisions
regarding acute cervical Distraction Flexion reduction and consequences

thereof.

Summary of background data: There is clinical benefit when early
(<24hours) decompression in Distraction Flexion (DF) injuries with cord injury
is performed. The; risk of secondary cord injury during awake closed reduction
is low. The need fbr MRI scanning prior to reduction is controversial. MRI
scanning may identify patients with uncontained herniated discs that may be
drawn into the spinal canal during reduction, causing further cord injury.
Surgeons’ belief regarding the importance of pre-reduction MRI varies. Thus in
many clinical scenarios, treatment algorithms are chosen individually by the

surgeon on the merits of each case.

Methods:  Analysis was performed on 110 consecutive patients with DF
injuries of the cervical spine. Pre-reduction MRI scans were assessed by 2
independent, blinded teams to determine patients with a “disc at risk”. This
subgroup was then investigated as to the management decisions, neurological

status and outcome.

Results: 19 (21%) patients were identified to have a perceived “disc at
risk”. 6 patients underwent anterior surgery. Initial closed reduction was
attempted in the otl;er 13,none deteriorated neurologically. Presenting
neurological status was found to have a large impact on surgeons’ choice of
reduction. Of the 9 ASIA A patients, 7 had initial closed reduction. Whilst in
the 3 ASIA E group only 1 had closed reduction.

Conclusion: Patients with agreed MRI features of a perceived “disc at risk” had

no increased risk of secondary cord injury. The presence of these disc lesions




only influenced our surgeons to choose open reduction in 4 cases (21%).
Neurological status had a much greater effect on surgical decision making.
Early reduction need not wait for MRI imaging and should be performed as

soon as possible in cord injured patients.
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Protocol



Research proposal

Title:

The impact pre-intérvention MRI has on management of cervical spine Distraction

Flexion (DF) injuries (facet dislocation) - A retrospective review
Aims:

1. To assess whether the pre-intervention MRI findings in DF injuries influenced the

management plan,
2. To determine hoﬁr surgeons are influenced by MRI findings of a ‘dangerous disc’.

3. To identify the su:b-group most likely to benefit from MRI prior to cervical spine

reduction.

Background:

Patients with DF cervical injuries and spinal cord injury require urgent reduction to
prevent further injury to the already injured cervical cord by re-aligning the spine in a
normal anatomical position and indirectly decompressing the canal. Reduction may be
performed via close(? traction or open surgical means. There is controversy as to the
value of the pre-reduction MRI. Should a prolapsed cervical disc be drawn back into the
canal during closed éeduction, neurological deterioration may occur. A pre-reduction
MRI May be utilized in an effort to avoid this potentially devastating complication.
MRI is a costly investigation, it is not universally available leading to delays to
intervention. MRI interpretation is subjective with differences of opinion as to the
extent of the disc ian and protrusion. A recent publication highlights the in
congruencies betwee}x surgical disciplines whilst managing these patients acutely. To
achieve early rapid rqduction, some of these patients may be managed without

performing MRI.

Significance:

Early reduction of dislocated cervical spine is optimal; the earliest reduction possible

would normally be done whilst the patient is awake by closed means in a casualty



setting under fluorpscopy. Disc prolapse identified prior to closed reduction may not
predict neurological decline when reduced closed. Identifying which groups benefited

from MRI enables us to propose an algorithm to better manage patients in the future.

Categories:

4 cohorts are identifiable based on neurological status:

1) Patients in Spinal shock (as yet undetermined potential for recovery)
2) Incomplete spinal cord injury (potential for recovery)

3) Complete spinal Eord injury (no potential for cord recovery)

4) No spinal cord injury (potential for new spinal cord injury)

Blinding:

Two teams reviewed MRI images, these included two Radiologists in the one team and
two Orthopaedic surgeons in the other. An interrater assessment study was performed
assessing agreement between the two teams on the of features of disc prolapse. Both

specialties will be blinded to patient information.

Inclusion and Exclusion Criteria:

We include a consecutive series of patients with acute cervical DF injuries in whom
MRI was performed prior to reduction. Patients whose notes were not available and
chronic injuries will be excluded from analysis since closed reduction is not appropriate

for this group.

Research methods:

This will be a retrospective study that analyses both the pre intervention MRI findings
and the influence that‘MRI had on our treating surgeon’s decisions. MRI analysis will
be performed by two tzeams, a Radiology consultant and Radiology registrar in the one,
the second team includes an Orthopaedic spine consultant and an Orthopaedic registrar.
The MRI will be asse§sed for features of intervertebral disc injuries/herniation and

surrounding soft tissue injury.

Results from each team will be compared. Determining the Interrater agreement for a
number of variables suggesting the presence of a ‘dangerous disc’- that type of disc
injury that may be drawn back into the spinal canal during closed reduction causing

secondary cord injury. After determining which cases have these ‘dangerous disc’



lesions in the supporting study, a clinical note review is performed identifying the
treatment algorithm chosen by the treating surgeon and their reasons for choosing that
specific algorithm. We note the individual patients’ neurological status and look for any

correlation with neﬁrological status.

Risks and benefits:

No risk, we hope to provide benefit by determining a reproducible treatment algorithm

to be employed in our unit.

Privacy:

Data reviewed remajns private to the researchers

Data Analysis and Monitoring:

Standardized MRI analysis by MRI trained Radiology team and Orthopaedic team.
Interrater reliability assessment will be performed using Cohen’s Kappa value to
identify the best variables to use when looking for ‘dangerous disc’ lesions. Statistical

advice to be provided by Prof Dunn and Mr Cararra.

Conflicts of interest:

No Conflict of interest
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Literature review
Objectives:

Cord injury secondary to disc herniation in DF cervical spine injuries was first
described in 1944 by Brooke[1]. In this post mortem study a single patient was found to

have a large central disc herniation at the same level as a unifacet dislocation.

Eismont and Green described secondary cord injury related to disc herniation during
closed reduction atternpts[2]. In their case reports they include six patients over 7 year
duration a cohort of 68 patients treated with reduction for cervical spine injuries. With
growing awareness of these devastating complications, other reports surfaced indicating
that early closed reduction carries risk of secondary cord injury[3—6] . With this
growing body of evidence great concern was expressed over reduction under
anaesthesia[6]. Awake closed reduction has been shown to carry a lower risk of

neurological sequelae[7].

Authors have suggested that the use of imaging such as MRI provides the treating
surgeon with information that would stop treating surgeon from trying to close reduce a

cervical spine with a prolapsed ‘dangerous disc’[2].

Whilst the rationale for soft tissue imaging makes general sense, it's clinical
applicability has been called into question, and may lead to over diagnosis of herniated
discs. The efficacy of MRI to improve neurological status in the long-term by avoiding
secondary cord injury is very difficult to prove; the presence of disc lesions prior to

reduction does not necessarily lead to secondary cord injury.

Basic science experiments using Canine and Rodent subjects that investigated cord
injury due to cord compression have shown definite benefit to decompression. Both the
degree of compression and the duration of compression have been shown to affect the
ability for the cord to recover[8, 9]. This makes medical sense, but until recently has not
been proven in humans. Vaccaro has recently published results derived from multicentre
prospective study which shows significant neurological recovery in patients who had
adequate decompression of the space available for the cord within 24 hours of
injury[10].

Controversy has surrounded the need for soft tissue imaging prior to reduction.
Arguments against the use of MRI are that it is costly, time-consuming, unavailable in
many areas and is performed in a room that may pose serious risks to the patient should
they need resuscitation whilst being scanned. Protagonists for the use of MRI argue that

prolonged cord compression is less of a concern than the risk of secondary cord injury
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from a ‘dangerous disc’, They argue that is safer to perform an anterior open
discectomy after having identified herniated intervertebral disc than to try closed

reduction without imaging[11].

Whilst reviewing the literature related to this controversy it has become clear that
significant difference in opinion exists amongst individual doctors and between
specialties. Doctors who are involved with managing these patients include
Neurosurgeons, Orthopaedic surgeons, Trauma surgeons and Radiologists. MRI
requires interpretation, thus the interrater agreement of the features of a ‘dangerous
disc’ should be reliable to ensure its successful use. The validity of these features
relating to clinical importance is also in question. Grauer et al published work[12]
where a clinical vignette of a DF injury was provided to fellowship trained spinal
surgeons. They were asked whether they would request MRI imaging or proceed to
closed or open reduction. Having noted their responses a second vignette was supplied
with MRI images supplied. The Surgeons were asked whether they would perform open
or closed reduction. The Vignettes were provided with 3 different clinical scenarios
according to neurological status. The findings included very poor interrater reliability of
treatment decisions. Orthopaedic surgeons were more likely to perform closed reduction
after seeing an MRI than Neurosurgeons. Neurologically complete patients carried the

worst treatment interrater reliability.
We have noted a similar trend within our acute spinal care team.

The objective of this literature review is to clarify current recommendations with regard
to the need for MRI before reduction. We hope to find more information regarding the
safety of closed reduction without MRI and help us determine the risks of delay to
reduction and guide our management in order to simplify the treatment pathway of DF
injuries. In South Africa transfer distance from a district hospital to an academic centre
with an MRI scanner may be very far. The inherent delays associated with these

transfers may not be in the patient's best interest.

Literature review strategy

Pubmed and Google Scholar internet databases were used to search for relevant

publications relating to DF injuries.

Keyword searches were performed including facet dislocation, distractive flexion,
distraction flexion, secondary cord injury, early rapid reduction, intervertebral disc

herniation and spinal cord compression.
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Certain authors were identified having published extensively on the topic including
Alexander Vaccaro, Michael Fehlings and Steven Rizzolo. Their peer-reviewed articles

were analysed and their references sought out and read.

Due to the nature of spinal cord injury, prospective controlled work is not a possibility,
thus lower level of evidence needs to be carefully read with a particular awareness of

bias.

Until recently case reports and retrospective reviews formed the bulk of literature
available on this topic[2—7]. With sporadic retrospective reporting the mulitifactorial
aetiology of secondary cord injury has been difficult to analyse.

Treatment rationale has been guided by basic science experiments with regard to cord

injury[9, 13],but this cannot be performed in the human model.

The fact that the incidence of secondary cord injury due to disc lesions is unknown
poses a particular problem when planning treatment algorithms. Secondary cord injury
is uncommon and thus proving clinical benefit in management protocols is difficult, the
size of the study group to show clinical benefit has got to be very large, thus multicentre
collaborations hold the most appeal. Bias may be reduced significantly in these large
studies by the use of multivariate regression analysis. Large studies of this kind are
starting to emerge[10, 14], providing us with higher level of evidence, that we may start
to decipher the important factors affecting potential for neural recovery.
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Quality Criteria

The scientific quality of each of the academic papers used for the preparation of this

dissertation was assessed.

The highest level of evidence in literature currently is that of prospectively collected
cohort studies in a well-planned multicentre study using multivariate regression analysis
to increase external validity of results (level 111).Due to the nature of spinal cord injury

it is unlikely that better levels of evidence will in the future be achieved.

The bulk of literature available is a retrospective in nature and comprises sporadic case
reporting, this low level of evidence (level IV), although important to include within

this dissertation, must be considered as such when interpreting data.

Some expert opinion (Level V) articles have been used, the value of these relate to the
individuals involved and the peer-reviewed journals within which they are published.
More importantly they provide contextual understanding of the controversies which

exist within this field.
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Summary of the literature

Definition and classification

From the earliest report of intervertebral disc herniation associated with facet
dislocation by Brooke in 1944 in his classic post-mortem description, it has been
recognised that associated with cervical facet subluxation there is a constellation of soft

tissue injuries[1].

Our current classification system was described by Allen and Ferguson, describing DF
injuries according to the extent of anterior translation and rotation. They provided a
staging system from stage I to stage I'V. These injuries are often described as either uni-
facet subluxation (stage II) or bifacet subluxation stage IIT and IV. With greater
translation there is a greater soft tissue envelope of injury proceeding from failure of the
posterior interspinous ligaments, the posterior longitudinal ligament stretching and
ultimately failing. With greater translation the disco-ligamentous complex fails and the
anterior longitudinal ligament becomes disrupted][15].This classification has proved
clinically useful as it is mechanistic, and although initially for use with radiographic
evaluation, the associated soft tissue constellation of injury follows the progression of
severity. Neurological injury patterns seem to follow this classification with increasing

neurology with increasing stage.

Aetiology of spinal cord injury

The energy required to cause DF injuries is mostly attributable to violent situations
associated with motor vehicle accidents, interpersonal violence and some sporting
pursuits. The majority of these incidents occur in completely uncontrolled environments
were the patient's physiology and spinal immobilisation following the injury are often
suboptimal. This poses significant difficulty when trying to identify one factor amongst
a myriad of others that could affect neurological outcome. This is part of the problem

associated with research in this field.

Intervertebral disc pathology is very common in DF injuries, the incidence ranges from

12 to 80% depending on the stage of injury[2, 6, 16, 17].

Spinal cord injury associated with these injuries has been shown to be more severe with
higher stage injuries. Initial neurological presentation does correlate with final
neurological outcomes usually. This is thought to be related to the degree of initial

displacement at the time of injury compressing the spinal cord causing cord contusion.
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Subsequent changes occur within the cord which may exacerbate the initial injury. This
‘second hit’ to a damaged cord may be related to further biological and pathological
changes occurring within the cord occurring after the original insult. the key mechanism
outlined by Tator et al is ischaemiaf18]. Local changes to microvasular perfusion within
the cord as well as major systemic vascular changes have been identified by various
perfusion studies. Clinical correlation has been identified with neurological fallout
proven on motor and somatosensory evoked potentials corresponding with reduction in
perfusion. Ongoing cord compression has been shown clearly that in animal models to

cause irreversible cord changes [9] and must be added to the list of ‘second hit’ culprits.

Imaging

Allen and Ferguson used features on radiographs to diagnose the stage of injury[15].
Stages II to IV are evident on standard AP lateral cervical spine views. Stage one
injuries are less obvious on standard radiographs and require flexion extension views to

determine increased space between the posterior spinous processes.

Improved soft tissue imaging with CT myelogram, diagnosing cord compression and
subsequently with MRI have provided surgeons the ability to diagnose posteriorly
herniated intervertebral discs in DF injuries aiding the surgeon to choose the appropriate
surgical approach[11, 19]. MRI is able to identify the extent of soft tissue injury[20] and
identify spinal cord pathology, aiding in prognosticating neurological recovery[21, 22].
The sensitivity of MRI in diagnosing soft tissue injuries is very high, the clinical

relevance of this has been called into question[23].

Timing of MRI is however contentious. Vaccaro et al suggest that there is little role for
pre-reduction MRI in DF injuries in the awake co-operative patient[24]. That early
closed reduction should not be delayed by special investigations. Hart describes, with
his gamblers theory that the decision should rest on the neurological status. Those
patients presenting with serious neurological impairment have the least to lose and the
most to gain from early closed reduction whilst the patient presenting without
neurological impairment has the most to lose, and the least to gain, motivating that MRI

prior reduction in these cases is imperative [11].

Treatment methods

After basic radiographs and thorough neurological assessment our treatment goals
include preventing secondary cord injury, provision of stability for the cervical spine
and supportive measures related to neurological fallout. The second hit phenomenon is

avoidable by the use of appropriate fluid resuscitation and maintaining mean blood
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pressures and adequate oxygenation. Certain drugs including Dopamine, Steroids and
Nimodipine have been shown to maintain cord perfusion[18]. Adequate spinal

decompression within 24 hours of injury mitigates this second hit phenomenon[10].

Facet dislocation requires reduction acutely, this is done by Gardner Wells traction with
progressive weights, light sedation whilst using fluoroscopy. The spine is pulled in a
slightly flexed manner until the facet joints have been pulled out of length at which
point the cervical spine is gently extended and the weights reduced, allowing the facets
joints to reduce to their natural position. This is performed in an awake patient in order

for them to report any progressive neurological fallout/pain.

Following reduction these injuries mostly need stabilisation with internal fixation.
Bohlman in his large study showed bifacet dislocations to have 42% incidence of late
instability if managed conservatively[25]. Choosing either anterior or posterior fixation
may be based on the findings of MRI following reduction, available skills, resources
and the degree of instability[26]. Large disc herniations mandate an anterior surgical
approach, should there be no disc lesion, posterior surgery alone or combined

approaches may be required[27].

Outcomes

Until recently animal studies alone have suggested that early decompression in spinal

cord injured subjects would yield better neurological recovery[9, 13].

Results published from the S.T.A.S.C.L.S. study (Surgical timing in acute spinal cord
injury study) have shown statistically significant neurological recovery at six months
following surgery in patients who received decompression of the spinal canal within 24
hours of injury[10]. This level III evidence is the strongest available guidance with
regards to DF injuries. It is with this in mind that treatment algorithms must be designed
to achieve the most rapid cord decompression as possible and that unnecessary delays

should be removed from this treatment pathway
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Identification of gaps or need further research

Current levels of evidence available are limited to well-designed prospective cohort
studies this level 11l evidence provide us with moderate strength recommendations

should the data be well adjusted through multivariate regression analysis.

Due to the nature of spinal cord injuries it is unlikely in the future to be able to derive
any higher level of evidence. The unpredictability of environment that these high energy
injuries occur in makes it very difficult for researchers to be able to standardise research
related to the insult pathway that the spinal cord is exposed to from the time of initial
injury to the time that the surgeon decompresses the cord. Pre-hospital cord monitoring
using motor and somatosensory evoked potentials might provide interesting data on the
progression of neurological impairment from the time of injury until hospital care is
instituted.

DF injuries account for 6 to 15% of cervical spine injuries. The resultant effect is that
small numbers are attainable through single units. To derive adequate numbers to draw
accurate conclusions multicentre studies are required, this adds multiple differing
variables further confounding research quality.

MRI clinical relevance needs to be further studied.
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How does pre-reduction MRI affect surgeon’s behaviour when reducing

Distraction-Flexion injuries of the cervical spine?
Dr M A Fleming, Dr T Westgarth-Taylor, Dr S Candy, Professor R Dunn

Groote Schuur Hospital, University of Cape Town

Study design: Retrospective review

Objective:  To identify factors affecting surgeons’ management decisions
regarding acute cervical Distraction Flexion reduction and consequences

thereof.

Summary of background data: There is clinical benefit when early
(<24hours) decompression in Distraction Flexion (DF) injuries with cord injury
is performed. The risk of secondary cord injury during awake closed reduction
is low. The need for MRI scanning prior to reduction is controversial. MRI
scanning may identify patients with uncontained herniated discs that may be
drawn into the spinal canal during reduction, causing further cord injury.
Surgeons’ belief regards the importance of pre-reduction MRI varies. Thus in
many clinical scenarios, treatment algorithms are chosen individually by the

surgeon on the merits of each case.

Methods:  Analysis was performed on 110 consecutive patients with DF
injuries of the cervical spine. Pre-reduction MRI scans were assessed by 2
independent, blinded teams to determine patients with a “disc at risk”. This
subgroup was then investigated as to the management decisions, neurological

status and outcome.

Results: 19 (21%) patients were identified to have a perceived
“disc at risk”. 6 patients underwent anterior surgery. Initial closed reduction
was attempted in the other 13,none deteriorated neurologically. Presenting
neurological status was found to have a large impact on surgeons’ choice of
reduction. Of the 9 ASIA A patients, 7 had initial closed reduction. Whilst in
the 3 ASIA E group only 1 had closed reduction.
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Conclusion: Patients with agreed MRI features of a perceived “disc at risk™ had
no increased risk of secondary cord injury. The presence of these disc lesions
only influenced our surgeons to choose open reduction in 4 cases (21%).
Neurological status had a much greater effect on surgical decision making,
Early reduction need not wait for MRI imaging and should be performed as

soon as possible in cord injured patients.

Keywords: distraction flexion, cervical spine, unifacet, bifacet, pre-reduction

MR, secondary cord injury
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Cervical spine dislocation carries inherent risk of cord injury. Although we have
little influence over the primary injury, we can improve outcome by limiting the
secondary effects of manipulation, ongoing compression and physiological
circumstances which lead to ischaemia and cellular changes of the cord[13, 18,
28]. Animal models confirm that persistent cord compression has time related
adverse effects on ability to recover[9, 13]. Clinical benefit has been
demonstrated with cervical reduction performed earlier than 24 hours following
injury[10].

The safety of closed reduction has been questioned with sporadic case reports of
secondary cord injury occurring with unrecognised cervical disc prolapse [2-6].
Eismont and Green concluded that pre-reduction MRI will identify cervical disc
prolapse thus allowing the surgeon to avoid secondary cord injury during
reduction. Evidence of a prolapsed disc might change clinical management by

dictating an immediate anterior decompression.

Although the incidence of disco-ligamentous lesions in distractive flexion
injuries has been reported as high as 18 — 80%[ 16, 17, 29], the incidence of

secondary cord injury following closed reduction is considered low[7].

Thus a discrepancy exists between identifiable disc lesions on MRI and clinical
significance. Reporting of disc lesions does not carry high interrater
reliability[29]. MRI is often not readily available due to distances involved
between district hospitals and academic centres with MRI facilities and
competition for resources. These factors may result in delay to cervical

reduction with possible reduced neurological outcome.

Treatment pathways chosen by surgeons have been demonstrated to be
inconsistent[12]. Some surgeons perform pre-reduction MRI scans on all DF
injuries, whereas others perform closed reduction on selective patients based on

neurological status and stage of DF injury.

For this reason we performed this study to identify our surgeons’ reduction

decision making process and consequences thereof.

Aim

This retrospective review evaluates the management behaviour of our surgeons
when faced with decision-making in acute DF injuries of the cervical spine,

particularly with reference to the impact MRI features, and the presenting

neurological status of the patients.
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Methods

Following local Institutional ethics approval (HRC Ref:091/2011), 110
consecutive DF injuries were identified from the senior authors database. All

were managed at a single tertiary hospital over a 10 year period.

An initial study was performed to assess the interrater agreement of MRI
variables between a Radiology team and an Orthopaedic team[29]. The MRI
features of disc injury that had the highest agreement was found to be the
presence of posterior disc herniation (based on defined posterior, inferior and
corner to corner lines) and containment variables. These variables were then
used to define the perceived “disc at risk”. Both teams were blinded to patient’s

clinical data and worked completely independantly.

19 of the 110 MRI DF injuries satisfied both teams that there was the presence
of a ‘disc at risk’. Clinical data of this sub-group was then assessed. Case notes
were reviewed, noting the management algorithm chosen and reasons for doing
s0. When employed, closed reduction involved skeletal traction applied with
skull tongs to the awake patient. Sequential weights are added whilst visualising
the cervical spine with an image intensifier in a flexed position. The patient is
monitored clinically for onset of neuralgia or weakness. Once the facets had
been distracted sufficiently the head is gently repositioned in extension, the
weights are reduced when the facets are visualised to be reduced. Following
reduction, the patient was kept in the extended position in skeletal traction until
definitive fixation was performed. Should open reduction be performed, an
anterior Smith-Robinson cervical approach was utilised and a discectomy
performed prior to reduction [26, 27]. Frequently skull traction was combined
with a levering manoeuvre using a MacDonald or Cobb in the interbody space
on the side of the dislocation (Cloward/reverse-Cloward manoeuvre). A cage or
structural allograft was placed in the disc space and anterior locked plating is
performed[30, 31].

Chronic injuries are not applicable to closed reduction. Patients presenting with
a delay more than three weeks from time of injury (n=15) and patients with

clinical notes missing (n=6) were excluded from data analysis.

Data was collected and entered utilising a double entry method thereby reducing

entry error[32]. Epidata and STATA statistical software was used.
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Results
(Image 1)
“Disc at risk” cases

Nineteen patients (21%) had a perceived “disc at risk’ based on uncontained,
posteriorly herniated intervertebral disc based on independent, blinded
assessment by both radiologists and Orthopaedic surgeons.

Of these, 6 had anterior discectomy and reduction performed primarily. Four of
these were operated upon due to the surgeon recognising MRI features of a disc
lesion. One was done due to the surgeon finding the patient to be
neurologically intact thus being concerned over the possibility of neurological

deterioration and one patient for an undocumented reason.

The remaining 13 patients had an attempted closed reduction despite the
presence of the “disc at risk” on MRL Six (46%) of these failed to reduce, at
which point, attempts were aborted in favour of open reduction. There was no

secondary cord injury in any of these patients.
(Image 2)

When assessing neurological status against the management chosen, there was a
strong correlation between initial neurological impairment, and the likelihood of
the surgeon initially choosing closed reduction. Of the 9 patients that were
neurologically complete (ASIA A), 7 had attempted closed reduction. The 7 that
were neurologically incomplete (ASIA B/C/D), 5 had attempted closed
reduction. The 3 patients who were neurologically intact, two had initial open

discectomy and reduction.
Neurological deterioration

Of the 89 patients included in total data analysis (early presenting cases/with
notes available), fifty four had initial attempted closed reduction. One patient
deteriorated following aborted closed reduction (1.8%), this patient was
assessed as motor-sensory complete (ASIA A) prior to reduction. During the
attempted reduction the patient lost 2 MRC grades in the C8 myotome (5/5 to
3/5).This patient had a unifacet dislocation and did not have agreed features of a

‘disc at risk’.

Discussion
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With evolving evidence that the risk of secondary cord injury during awake
reduction for distraction flexion injuries is low, there has been a resurgence of

intent to reduce these injuries closed acutely[6, 16, 17, 33-35].

Fehlings et al reported significant neurological improvement six months
following spinal cord injury, if adequately decompressed within 24hrs of injury
[10]. This author considers closed reduction, demonstrated with MRI scanning

as adequate decompression.

MRI scanning consumes time that could be spent decompressing the cervical
spine. The interpretation of the MRI may at times be a source of disagreement
and may steer us toward operative reduction, if relying on Radiologists’
reporting exclusively[29]. MRI may demonstrate disc lesions well, however the
relevance of these disc lesions with regard to risk of secondary cord injury is
thrown into question by our findings and others[23]. Despite agreed features of
a “disc at risk™; thirteen patients underwent attempted closed reduction and

none deteriorated neurologically.

What we may conclude from our findings is that these disc lesions predict a
high likelihood of failed closed reduction, 46%, as opposed to 2.6% failed

reduction rate in other studies[7].

We also note the high incidence of neurological impairment in this subgroup.
Patients with DF injuries and uncontained, herniated discs had 89% incidence of
neurological compromise on presentation. This is in keeping with the
understanding that the original injury was more severe with greater initial
displacement when disc lesions are present. This finding is in keeping with
recent level 3 evidence linking poorer neurological outcomes with increasing

stage of DF injuries[14].

Our surgeons’ choice to attempt closed reduction initially is influenced greatly
by presence of initial neurology and far less so by the presence of a “disc at
risk” lesion. The principle of continued compression in an injured swelling cord
steers our surgeons to choose early closed reduction. Closed reduction is
performed preferentially initially in the emergency room as described above.
The need to perform MRI prior to reduction is now in question and may be best

performed following reduction to prove decompression|10].

In light of recent evidence promoting early decompression and the findings of
this work we have amended our MRI policy. Performing MRI initially in the

acute injury may only be done should it not delay the reduction. Neurological
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status is an important factor to be considered, severely neurologically impaired
(Asia A) patients have the least to lose and the most to gain whilst patients who
have no neurological impairment have got the most to lose and the least again
from early closed reduction without MRI imaging[11]. The goal being early
reduction as suggested by level III evidence guidelines [36], within 24 hours of

cord injury.
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Interrater reliability assessment of MRI features identifying hazardous disc disruption on pre-
reduction MRI in distractive-flexion cervical spine injuries.

Dr M A Fleming, Dr T Westgarth-Taylor, H Carrera, Dr S Candy, Professor R Dunn
Groote Schuur Hospital

University of Cape Town

39




Study design:
Retrospective blinded comparative review
Summary of background data:

Closed reduction of Distraction Flexion (DF) injuries has been associated with secondary cord injury
in a small number of published reports. Although the risk of this occurring during awake reduction is
recognised to be low, the consequence of this complication is devastating. MRI has been used to
identify disc lesions that may pose risk during closed reduction. Use of MRI prior to reduction is
controversial as it may over report injury and delay cord decompression. In addition, MRI
interpretation in this regard is variable.

Aim:

This study assessed the interrater reliability of MRI assessment of intervertebral disc lesions by
radiologists and Orthopaedic surgeons. The most reliable MRI features of intervertebral disc lesions
are identified for future use.

Methods:

Pre-reduction MRI scans of 110 consecutive DF injuries were reviewed independently by a Radiology
and an Orthopaedic Surgical team. All cases were managed at a single tertiary referral unit over a 10
year period. Variables included for assessment were: disc herniation (posterior, superior), disc
disruption, posterior longitudinal ligament disruption and disc containment. A double data entry
method was used. Cohen’s Kappa value was used to determine Interrater reliability.

Results:

Perfect agreement was never achieved between the two teams. The variables that had the highest
Interrater agreement were posterior disc prolapse and impression of containment. When disagreement
occurred, the Radiologist team would tend to define the lesions as more severe than the Orthopaedic
team.

Conclusion:

MRI assessment of disc lesions carries moderate to fair interrater reliability at best. We conclude that
the treating surgeon should review scan images personally prior to choosing a treatment algorithm,
not relying solely on a written report. We identify that posterior herniation and disc containment carry
the highest interrater reliability when identifying these lesions.

Keywords:

Intervertebral disc prolapse, MRI interrater reliability, secondary cord injury, distraction flexion ,
unifacet dislocation, bifacet dislocation
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Eismont et al identified the risk of secondary cord injury in Distractive Flexion (DF) injuries
management in 1991[2]. Pre-reduction MRI has been proposed to identify disc injuries that may
compress the cord following spinal reduction causing a secondary cord injury. The necessity for pre-
reduction MRI has been disputed by some due to accessibility issues and resultant delays. Hart and
Vaccaro[11] debate the issue where protagonists argue that MRI will identify patients requiring open
discectomy prior to reduction as opposed to those that argue that the clinical risk of awake closed
reduction is too small to justify MRI related delays to closed reduction and thus indirect
decompression In many countries, MRI access is limited due to distance and cost.

Although the use of sensitive MRI scanning may detect disc pathology, it’s clinical correlation has
been called into question [23].The interrater reliability of MRI interpretation and reporting been
assessed.

Vaccaro et al assessed the timing and influence of MRI on management of DF injuries[12]. They
found poor interrater reliability between the surgeons with regard to their use of MRI, as well as
treatment modalities between the groups. Orthopaedic surgeons were found to be much more likely to
perform closed reduction having seen an MRI

In addition to inconsistent MRI use, there is frequent difference of opinion between clinical and
radiological staff as to the disc status making clinical decision making difficult.

Aim

The aim of this study was to compare the interpretation of pre-reduction MRlIs of DF injuries between
radiologists and Orthopaedic surgeons and determine consensus regarding the “dangerous disc”. A
‘dangerous’ disc was defined as an uncontained disc, herniating posteriorly, that may be drawn into
the spinal canal during closed reduction.

Methods

Following approval by the Institutional Ethic committee (enter number), 110 consecutive cases of DF
injuries were identified over a 10 year period from the senior authors database.

MRI Scans (DICOM data) were collated from the hospital archive. The scans included sagittal and
axial images in T1, T2 weighted sequences and sagittal STIR sequences.

These scans were independently reviewed by a Radiology and an Orthopaedic team. The radiology
team comprised an MRI-trained Senior Radiology Registrar and Head Consulitant of Radiology and
the other, a Senior Orthopaedic Registrar and senior Spinal Orthopaedic Surgeon.

A meeting was held prior to the start of the scan review, where consensus was achieved on the
variables to assess and the definition thereof as below. These two teams were blinded to the clinical
scenarios and worked independently.

The data obtained from each team was independently accrued and entered into Epidata statistical
software. A double entry system was employed to reduce entry error[37]. All data was categorical
except disc heights.

Interrater reliability/agreement was determined using the Cohen Kappa value. This statistical measure
is used when comparing two researchers’ observations. It is a measure used to determine the
agreement whilst excluding the predicted agreement due to chance[38]. Values of 0.6 to 1 show
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almuost perfect agreement. Values of (0.4-0.6 are considered moderate agreement. .2 10 1) describe
fair agreement. Less than 0.2 indicate poor agreement.

MRI variables assessed

I The Posterior lemgitudinal ligament (PLL ) was assessed as disrupted, miach or unsore,

rJd

. Dvise heights where measured omitlimetres ut the midpoing on mid-sagital view

3. Dhsc disruption was measured by the presence of an imerverichral disc signal on 1 2-weighted

L EES,

We defined lines to indicate dise herniation, These included the Posterior Verehral Body Line, a
vertical line extended cephalad Irom the posterior bedy of the veriebral body caudal 1o the injury.

Posterior body line

The inferior vertebral body line. o borizeatal line extended posteriorly trom the mderior border ot the
vertehral body superior to the injured disc

Inferior body line

a2



Corrner o carner line

Comer-to-Corner line, a line from the super-adjacent posternior vertebral body corner to the intero-
adjacem posterior body comer spanning the wgured sostecion dise on the sagittal views (Frgure )

We defined Intervertebral Dise Containment as the researchers overall impression score, having seen
all the MRI views and sequences and having judzed all the parameters already stated relating 1o

disruption, PLL imjury and presence of prolapse
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Results

Giraph |

Interrater Reliability
Cohen’s — Kappa value

09

08
07
0.6
05
0.4

= Kappa
value

0.3 —_—

0.2
0.1

Phe interrater agrecinent was never excellont as determined by the Cohen-Kappa values, There was
muoderate agrecment on the Posterior line, Interor line and comaimment assessment, with fan
agreciient on the rest,

The manner of disagreement was however consistent. Radiologists reported a2 imore amjurious
appearance. whereds the Orthopacdic wam reponed a less injurious assessmens, The Radiplogists
were unsure of the appearance more ofien than the Orthopaedic team.
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- Posterior
Longitudinal
Ligament

An example of this patter is shown above . The large numbers i1 blue blocks represent the agreed
nssessment between the Radiologists and Orthopaedic Surgeons, whereas the white blocks represent
the disagreemems.  The horizontal lines represent the Orthopaedic assessment and the vertical the
Radiologists. Thus in line one, the Orthopaedic assessment wis 34 “inmtact” cases. The radiclogist
only agreed in 4 cases, calling 20 of these discupted and 9 unsure.

The numbers indicating disagreement are larger to the right superior area of the matrix. This trend
persisted with all variables tested (see anached tables). The weight of disagreement may be
interpreted as Radiologists assessing an injury to be more injurious than the Orthopaedic team when
disagreement was present,

Discussion

The requirement of pre-reduction MRI in DF injuries hus become popularised since carly case reports
of secondary spine injury inflicted during closed reduction by uncontained cervical discs. Literature
lighlights these isolated case repens as preventable by identifying uncentained/prolapsed discs with
MRI prior to reduction.

The incidence of concerning disc lesions in DF injuries is high, ranging from [5-77%[ 16][31[39](5]
with a markedly increased incidence in locked bifacet injuries[39]. Our agreed incidence of
uncontained disc lesions was 63%.

The senmior aulhor questions to what extent this expensive and time consuming investigation alters our
management aculely. MRI centamly introduces a delay m time to reduction within the conlines ol our
state service. Delay in the cord injured patient may preclude the only chance a patient may have o
gain some recovery from severe spinal cord injuries[10]. Until recently this rationale made good
clinical sense and was supported in animal studies[9. 13| however evidence is only coming Lo the fore
recently indicating the benefits [rom reduction within 24 hours| 1 0). It 15 with this in mind that early
reduction should be prioritised rather than the possible risk of secondary cord injury during reduction,
this is subject to the patient being alert and able w communicate during closed reduction.
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Although the use of MRI scanning has been employed for many years now there has been no clear
guidelines on which disc injuries will cause secondary cord injury during closed reduction.
Additionally the low interrater agreement whilst reviewing these scans in this study indicates
difficulties in relying on MRI reporting.

The high incidence of these lesions in DF injuries coupled with the very low incidence of secondary
cord injury during closed reduction indicates that if we were to act on every MRI scan showing disc
prolapse then there would be an incredible cumulative time delay prior to adequate reduction in this
patient cohort. This is likely to account for greater cumulative neurologic deficit due to failed
rehabilitation/recovery than the incredibly uncommon secondary cord injury.

This forms the first part of a larger study that combines clinical data and decision making to identify
whether the presence of these disc lesions altered our clinical approach.

In this study our most reliable interrater variable to ascertain the presence of a hazardous disc lesion
was posterior protrusion of the disc and the clinical impression as to whether the disc was contained
or not.

There is a possible selection bias in that our cohort had pre-reduction MRI’s. There is an unproven
chance that if every patient had an MRI there would be a higher incidence of serious pathology since
there is a trend amongst surgeons to reduce neurologically complete patients without MRI. This
phenomenon adheres to the gambling theory explaining that these patients have the most to gain and
the least to lose so require immediate decompression.[11]

The use of Cohen Kappa value has been charged with being a conservative statistical tool [38]but it
has become the standard tool amongst orthopaedic literature when comparing two parties agreement.

Conclusion

Interrater agreement of pre-reduction DF injury MRI’s in this study was never excellent. The best
agreement was found in the assessment of posterior disc prolapse and the researchers’ impression of
containment. Radiologists tended to interpret a more severe disc injury that Orthopaedic surgeons.

For these reasons we advocate that the treating surgeon personally assess the MRI scan prior to
clinical decision making rather than relying on a report.

Now that some consensus has been reached on the MRI features of a perceived “dangerous disc”, a
second study has been done correlating it with clinical management and outcome.
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