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Abstract

Purpose To investigate the rate and predictive factors of

post-operative neurological deterioration in ossified yellow

ligament (OYL) surgery.

Methods A retrospective review was conducted for all

patients with thoracic OYL causing myelopathy requiring

surgical decompression from January 1998 to December

2012. Clinical parameters under study included clinical

presentation, distribution of OYL, pre-operative walking

score, pre- and post-operative neurological status, status of

intra-operative neurophysiological monitoring, and modi-

fied Japanese Orthopaedic Association (mJOA) score. Any

complications were also recorded. All outcomes were

measured at post-operative 1 week and at 2 years.

Results A total of 26 patients were included in this study.

Most patients (92.3%) had Frankel grade D pre-opera-

tively. The rate of neurological deterioration was 15.4%

and was correlated with the presence of dural tear, extra-

dural hematoma and spinal cord injury. Pre-operative

walking score was prognostic of patients’ walking ability

in the post-operative period. Intra-operative monitoring of

Somatosensory Evoked Potentials (SSEP) was found to be

useful for monitoring spinal cord injury in OYL surgery,

with a positive predictive value of 100% and a negative

predictive value of 92.3%. The false negative rate of a

SSEP signal drop was only 7.7%

Conclusions This is the first study exploring risk factors

for post-operative neurological deterioration after surgery

for thoracic OYL. The rate of neurological deficit is not

small and prognostic factors for poor outcome include poor

pre-operative walking score, presence of intra-operative

dural tear, extra-dural hematoma and spinal cord injury,

and intra-operative drop of SSEP signal.

Keywords Ossified yellow ligament � Surgery �
Neurological deterioration

Introduction

Ossified yellow ligament (OYL), also known as ossified

ligamentum flavum (OLF), is a common cause of thoracic

myelopathy [1–4]. Aizawa et al. [3] reported that up to 75%of

thoracic myelopathies are caused by OYL. The development

of OYL is a result of endochondral ossification of the liga-

mentum flavum [5] (Fig. 1), which causes subsequent com-

pressive myelopathy. Many possible factors have been

described in the literature as the cause of endochondral ossi-

fication inOYL such asmechanical stress [5], overproduction

of bone morphogenetic proteins (BMPs) 2, 4 and 7 and

transforming growth factor-ß (TGF-ß) [6]. Patients with OYL

also have a higher prevalence of obesity, diabetes mellitus,

hyperinsulinism and impaired glucose tolerance [7].

This condition appears to be more common in Asian

populations as evidenced by the majority of OYL studies

published from the region [3, 8–13]. In one population-

based study, the overall prevalence was reported to be

3.8% within a southern Chinese population [11]. Yet,
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despite these epidemiological studies, there is limited

clinical information regarding post-operative outcomes and

complications [2, 3, 8]. Despite not being discussed in the

literature, many surgical complications are well known to

surgeons with regards to thoracic OYL surgery, including

epidural hematoma, dural tear and spinal cord injury. Dural

ossification increases the chance of dural tear during

laminectomy [14]. In a series of 110 patients undergoing

multilevel laminectomies with no posterolateral fusion by

Epstein [15], 10 patients developed dural tears and all 10

(100%) had corresponding levels of OYL. Three patients

(30%) had ossification extending to and through the dura in

the lumbar levels. Thus OYL operations are high risk for

dural tear, especially when associated with dural adhesions

[15]. A study by Kawaguchi et al. [13] examined the

variables affecting postsurgical prognosis for thoracic OYL

in a Japanese population. However, the neurological out-

come was only studied as a collective Japanese Ortho-

paedic Association (JOA) score without further analyzing

the specific subtype of neurological outcome, such as

motor or sensory improvement and walking ability.

Overall, there is only limited information for neurologic

outcomes and its predictors, and it is the authors’ impression

that patients with thoracic myelopathy secondary toOYL are

at particular high risk for neurologic deterioration after sur-

gery. Thus, the aim of this study was to evaluate our expe-

rience in management of thoracic myelopathy caused by

OYL with specific reference to post-operative neurologic

outcome and its associated factors.

Materials and methods

A retrospective reviewwas conducted, assessingmyelopathic

patients with surgically treated thoracic OYL from January

1998 to December 2012 in a single center. Ethics was

approvedby the local institutional reviewboard.Only patients

with thoracic myelopathy caused by OYL were included.

Other involved regions and spine pathologies including

infection, tumors and previous reoperations were excluded.

Presentation

Clinical parameters including patient age, gender, mean

time of presentation of symptoms to operation and pre-

senting symptoms were collected. Spinal levels of OYL

were assessed and classified into upper, middle and lower

thoracic segments. The upper thoracic segment referred to

T1–4, the middle thoracic segment referred to T5–8 and the

lower thoracic segment referred to T8–12 [11]. The

extensiveness of OYL was assessed by pre-operative CT

scan and MRI.

Surgical technique

All patients were operated by three surgeons with more than

15 years of surgical experience. For all patients, after

exposure of the posterior elements, a laminotomy is per-

formed cranial and caudal to the compression level or at the

‘‘normal zone’’ before working towards the location of the

OYL. The laminae over the OYL is thinned by a high-speed

burr until it becomes ‘‘paper-thin’’. If a cleavage plane exists

between the dura and OYL, a small dissector is used to peel

off the thin remaining piece of OYL. If it is not possible to

separate it from the dura, it can be left as a floating piece by

detaching it from the remaining laminae and facet joint. If the

dura is ossified and merged with the OYL, it is removed with

the OYL by incising the dura mater while preserving the

subarachnoid layer. Thereafter, a piece of fascia is harvested

locally for patch repair of the dural defect. Usually if the facet

capsule is also ossified, more of the facets will be removed,

thus causing instability requiring instrumented fusion.

Neurological status

Patients were examined at initial (pre-operative), post-op-

erative 1 week and 2 years for lower limb motor power,

sensation, sphincter function and walking abilities. The

walking ability is often affected in OYL patients and has

significant impact on patients’ activities of daily living.

Thus, an objective criterion was needed to quantify the

walking disability. The authors adopted a simple walking

score grading scale for this study: score 0: cannot walk;

score 1: unstable walking requiring aids for support; score

2: walking unaided with subjective instability; score 3:

normal walking. Other objective assessments included the

modified Japanese Orthopaedic Association (mJOA) score

and the Frankel grading [16] for the initial and post-oper-

ative neurological status.

Fig. 1 Axial CT scan (a) and sagittal MRI (b) showing an example

of OYL with dural ossification. Note the ‘comma sign’ as showed by

the arrow. Intra-operatively, there was severe dural ossification with

the dura merging with the OYL. Patch repair with fascia and fat was

performed after decompression

Eur Spine J (2017) 26:2598–2605 2599

123



Neurophysiological monitoring

Intra-operative use of somatosensory evoked potentials

(SSEP) for neurological monitoring was routinely per-

formed by a neurophysiologist with at least 5 years of

experience. Any additional motor evoked potential (MEP)

monitoring performed was also recorded. Any amplitude

drop of more than 50% from baseline was considered

significant and recorded [17–19].

Outcome measures

Outcomemeasures included immediate (within 1 week post-

operatively) and 2-year post-operative neurological recov-

ery. Parameters under study included lower limb motor

power, sensation, sphincter function and walking abilities,

mJOA score, change in mJOA score, the presence of motor

or sensory deficit and the presence of post-operative com-

plications.Motor improvement was defined asmuscle power

improvement of at least 1 grade in at least 1 myotome of

lower limbs by the MRC (Medical Research Council)

grading [20]. Sensory improvement was defined as decrease

in the area of numbness or decrease in severity of numbness

within the same area of involvement. Neurological

improvement was defined as either motor or sensory

improvement. Any complications were also recorded.

Statistical analysis

Descriptive data were presented by means, ranges and stan-

dard deviation (SD). Statistical analysis was performed with

Chi-squared test for discrete variables (pre- andpost-operative

neurological outcome) and analysis of variance (ANOVA) for

multiple continuous variables (mJOA for upper, middle and

lower thoracic OYL). Fisher’s exact test was used if the

variable numbers were less than five (neurological deteriora-

tion). Dependent t test was used to compare the means of two

related groups (pre-operative and post-operative walking

score, mJOA). A p value of\0.05 was considered significant.

For analysis of SSEP with neurological outcome, a 2 9 2

table was used to calculate the sensitivity, specificity, positive

predictive value and negative predictive value. Sensitivity

(true positive rate) was defined as those patients who had

significant intra-operative drop in SSEP signal and had neu-

rological deterioration in the immediate post-operative per-

iod. Specificity (true negative rate) was defined as those who

had no change in SSEP intra-operatively and did not have any

neurological deterioration. Positive predictive value was cal-

culated as the proportion of people with significant intra-op-

erative signal drop who had spinal cord injury. Negative

predictive value was calculated as the proportion of people

without significant intra-operative signal drop who did not

have spinal cord injury.

Results

A total of 26 patients (16 males and 10 females) were

included in the study. The mean age was 58 years (range

38–84 years, SD 12.4 years). The mean time of symp-

tom presentation to operation was 9.3 months (range

from 0.5 to 48 months, SD 13.0 months). All patients

underwent decompression surgery, and instrumented

fusion was performed if intra-operative destabilization

was evidenced after decompression. Instrumented fusion

was performed in 5 out of the 26 patients due to iatro-

genic instability to clear the OYL lesion with lateral

separation.

Presentation

All patients presented with bilateral lower limb numbness.

Seventeen patients (65.4%) had bilateral lower limb

weakness and 1 patient (3.8%) had sphincter disturbance at

initial presentation. Majority (92.3%) of patients were

Frankel grade D (Fig. 2) at presentation. There were 7

spinal levels (21.2%) of OYL found in the upper thoracic

segment, 6 (18.2%) in the middle thoracic segment and 20

(60.6%) in the lower thoracic segment. A total of 12

patients (46.2%) had single-level disease, 7 patients

(26.9%) had OYL affecting 2 levels and 7 patients (26.9%)

had OYL affecting 3 levels or more.

Neurological status

Regarding the pre-operative walking score, 7 patients

(26.9%) had score of 0, 12 patients (46.2%) had score of 1

and 7 patients (26.9%) had score of 2. Post-operatively at

2-year follow-up, 4 patients (15.4%) had walking score of

Fig. 2 Frankel grade distribution in our series. Number of patients in

each grade is highlighted by parenthesis. Majority were Frankel grade

D on presentation and most improved after operation
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0, 11 patients (42.3%) had score of 1 and 11 patients

(42.3%) had score of 3.

Majority of patients had significant motor, sensory and

neurological improvements in the immediate (within

1 week post-operatively) post-operative period, and further

improved in the 2-year post-operative period. Similar

improvements were seen for sphincter function and walk-

ing abilities (Table 1).

Patients with OYL at the upper thoracic segment had the

least improvement in the mean post-operative mJOA score,

followed by the lower thoracic segment. The middle tho-

racic segment had the largest improvement in the mJOA

score (Table 2). Multiple levels of OYL had the least

improvement in mJOA score, followed by single-level and

2-level involvement. In patients who had pre-operative

walking score of 0, 71.4% (5/7) had score of 1 at 2-year

follow-up; whereas in patients who had pre-operative

walking score of 2, 85.7% (6/7) had score of 3 at 2-year

follow-up. This suggested that patients with higher walking

ability pre-operatively were more likely to have a better

walking ability post-operatively.

The mean mJOA score was 7.0 ± 1.4 pre-operatively,

whereas it was 8.5 ± 2.2 post-operatively (p\ 0.05).

There was a significant difference between the pre- and

post-operative walking score (p\ 0.01) according to the

dependent t test. Associations between the presence of

neurological deterioration, age and duration of symptoms

were tested. Due to the mean age of 58 years, patients were

stratified into\60 years and C60 years for analysis. Fish-

er’s exact test was p = 1 when testing associations

between the presence of neurological deterioration and age.

A cut-off of 12 months was used for studying the duration

of symptoms and a p value of 0.54 was generated for

associations between neurological deterioration and dura-

tion of symptoms. Hence, no association between the

neurological outcome after operation, age and symptom

duration was detected.

Neurophysiological monitoring

The role of intra-operative neurophysiological monitoring

was also investigated. SSEP monitoring was performed for

22 patients (Table 3). However, MEP monitoring was only

performed for 2 patients and thus was not used for statis-

tical analysis. One patient who had no change in MEP

intra-operatively did not have any neurological deteriora-

tion (true negative). The other patient had complete dis-

appearance of both SSEP and MEP intra-operatively and

had neurological deterioration in the immediate post-op-

erative period (true positive).

The absence of any significant intra-operative drop of

SSEP predicted 2-year sensory improvement (p = 0.048).

The false negative rate of a drop in SSEP signal was 7.7%.

Failure to detect any signal pre-operatively was not asso-

ciated with poor neurological outcome. In our series, SSEP

monitoring for spinal cord injury in OYL surgery had a

sensitivity of 50%, specificity of 100%, positive predictive

value of 100% and negative predictive value of 92.3%.

Risk factors for post-operative neurological

deterioration

Four patients (15.4%) had immediate neurological dete-

rioration post-operatively. Neurological deterioration was

associated with the presence of post-operative complica-

tions, namely dural tear, extra-dural hematoma and spinal

cord injury (p = 0.01). In our series, there were in total

five patients (19.2%) with post-operative complications

and these included two dural tears, one wound infection,

one extra-dural hematoma and one spinal cord injury.

Only three (dural tear, extra-dural hematoma and spinal

cord injury) of these five patients (60%) had immediate

post-operative neurological deterioration. All of the

patients with complications nevertheless had residual

symptoms at post-operative 2 years (2 had residual motor

Table 1 Summary of the neurological status

Category Immediate post-operative (%) 2 year post-operative (%) p values

Motor improvement 11 patients (42.3%) 14 patients (53.8%) \0.001

Sensory improvement 19 patients (73.1%) 24 patients (92.3%) 0.065

Sphincter function The only 1 patient presented with sphincter disturbance had control of sphincter function immediately

after operation

N/A

Walking ability improvement 8 patients (30.8%) 16 patients (61.5%) 0.099

Neurological improvement 21 patients (80.8%) 24 patients (92.3%) 0.031

Residual motor deficit 15 patients (57.7%)

(6 less severe)

10 patients (38.5%)

(4 less severe)

0.014

Residual sensory deficit 19 patients (73.1%)

(16 less severe)

14 patients (53.8%)

(12 less severe)

1.000
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deficit, 4 had residual sensory deficit). All were Frankel

grade D (Fig. 2) at 2-year follow-up. No statistical sig-

nificant relationship could be drawn between the presence

of complications and residual neurological symptoms at

2-year follow-up (p = 0.10). All of the patients who

experienced immediate neurological deterioration had

residual symptoms at post-operative 2 years (50%

patients had less severe than pre-operative status, but both

of them were still Frankel grade D).

Discussion

This is the first study to analyze the incidence and possible

risk factors of post-operative neurological deterioration and

complications after surgical decompression for thoracic

OYL. Results show that neurological deterioration was

significantly associated with the presence of complications.

Pre-operative walking score showed good prediction of

post-operative functional outcome and intra-operative

SSEP monitoring was a useful tool to monitor spinal cord

injury in OYL surgery.

In our series, all patients have bilateral lower limb

numbness on presentation. Consistent with Guo et al. [11],

our study showed that the lower thoracic spine (T9-12) was

most commonly affected (60.6%). This may be due to less

anatomic protection from the rib cage, and thus more prone

to degeneration because of high tensile forces present in the

posterior column. Further study should be carried out to

verify this.

The rate of neurological deterioration was 15.4% and

correlated with the presence of complications, namely

dural tear, extra-dural hematoma and spinal cord injury. A

multivariate analysis for all spine surgery in 2012 [21]

suggested that revision surgery, advanced age, and

degenerative disease were significant risk factors for dural

tears. Although that study was based on all spine surgeries

and not specific to OYL causing thoracic myelopathy, it is

important to stress that surgeons should be more alert

during surgery to avoid dural tear when the above risk

factors are present. Dural adhesions in OYL are common

and thus, the decompression should be performed cau-

tiously. Adhesions occur as a result of chronic and severe

compressions and thus dural tears not only indicate a sur-

gical complication, it also suggests that the neural tissue

has been compromised for a prolonged period of time.

Dural ossification (Fig. 1) is a further extreme from adhe-

sions and this further increases the risk of dural tear in

laminectomy [15]. Thus, pre-operative identification of this

is very important using CT imaging. In the bone window of

axial CT scans, 2 radiological hallmarks of dural ossifica-

tion in OYL can be identified as described by Muthukumar

[22]. The ‘comma sign’ is characterized by ossification of

one-half of the circumference of the dura and the ‘tram

track sign’ consists of a hyperdense bony excrescence with

a hypodense centre. Two methods are commonly employed

intra-operatively to decrease the chance of dural tear in

dural ossification. In the first method (slitting the dura), the

dura mater is incised using a knife blade and nerve stripper

to visualize the spinal cord. If possible, the arachnoid layer

is preserved to avoid CSF leak. The void between the

ossification and the spinal cord is utilized to excise the

entire ossification. Small dural defects are directly sutured

while large defects required patch repair. In the second

method (floating the dura), the entire ossification is thinned

as much as possible using a high-speed burr. The dura is

dissociated from the ossification to cause it to bulge natu-

rally. Sun et al. [23] compared 33 patients who underwent

surgery with either method and found no significant dif-

ferences between them in terms of post-operative mJOA

score. The risk of dural tear may be decreased with the

above methods and the risk can be predicted in pre-oper-

ative imaging. Nevertheless, the presence of these dural

changes indicate a more technically demanding surgery

and higher risk of neurological complications. This rela-

tionship between dural tears and poor neurological out-

comes is also relevant to ossification of the posterior

longitudinal ligament (OPLL) in the thoracic spine.

Table 2 Mean mJOA score

changes at different levels of

OYL

Region of OYL Pre-operative mJOA 2 years post-operative mJOA Mean mJOA change p values

Upper thoracic 7 7.3 0.3 0.02

Middle thoracic 7.7 10.0 2.3 \0.05

Lower thoracic 6.9 8.5 1.6 0.06

mJOA modified Japanese Orthopaedic Association, OYL ossified yellow ligament

Table 3 Intra-operative SSEP monitoring for spinal cord injury (22

out of 26)

Unrecordable

pre-op

Intra-op

significant

drop

Intra-op no

significant

drop

No neurological

deterioration

7 0 12

Neurological

deterioration

1 1 1

p value = 0.22
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Similarly to OYL, direct decompression through the ossi-

fied ligament is high risk for dural tear, cerebrospinal fluid

leakage and neurologic deficit [24]. However, unlike OYL,

indirect decompression through a posterior approach is

possible allowing for a less risky surgical option.

In addition to dural tear as an important risk factor for

neurological complications, a previous report has also

shown that for combined OYL and OPLL surgery,[70%

occupancy ratio of the OYL to spinal canal, intraopera-

tive bleeding [800mL, and mean arterial pressure

\81mmHg are important risk parameters [25]. In our

study, the neurological deterioration was not predicted

by age, duration of symptoms and pre-operative mJOA

score. Regarding the surgical outcomes from previous

studies, patients with lower pre-operative mJOA have a

lower post-operative mJOA score [8], which is consis-

tent with our study. We found that the pre-operative

walking score, described in this study, showed prog-

nostic value in determining future walking status.

Spastic gait is the most disturbing symptom affecting a

patient’s daily function and the authors believe that the

walking score can reflect the patient’s functional activ-

ities. Furthermore, it is an easy-to-use score which the

authors suggest for clinicians to routinely use. Since a

higher pre-operative walking score predicts higher post-

operative walking score, earlier surgery may be able to

gain a more satisfactory outcome. However, this concept

can only be validated with prospective studies.

As described in our surgical approach, our patients

underwent surgery via conventional open posterior

approach with adequate laminectomy to expose the nor-

mal tissues cranial and caudal to the OYL before thinning

and attempted excision. However, there are other alter-

natives to the surgical technique described in the litera-

ture. Baba et al. [26] reported a series of 9 patients

undergoing microendoscopic posterior decompression for

thoracic OYL with planned floating technique. Yet, this

technique lacks versatility as compared to an open

approach. The indications are narrow and may be only

applicable to single-level round OYL and without comma

and tram track signs. In addition, the learning curve is

steeper for microendoscopic posterior decompression.

Nevertheless, the fundamental objective of OYL surgery

is to achieve adequate exposure to visualize and remove

the OYL while having enough flexibility in the surgical

field to deal with complications such as dural tear.

Avoidance of neurological deterioration is of utmost

importance in these high risk surgeries. An additional

technique described for more severe and extensive OYL

is segmental en bloc resection of the posterior wall of the

thoracic canal. Although a technically demanding proce-

dure, it has been shown to be a safe and effective alter-

native [27].

Our study highlights specifically the use of SSEP as

intra-operative neurophysiological monitoring for neuro-

logical deterioration. False negative rates are shown to

be low. In our series, only one patient who had no signif-

icant intra-operative drop of SSEP signal experienced

neurological deterioration post-operatively, giving a false

negative rate of 7.7% (1 out of 13). In OYL surgery, SSEP

for intra-operative spinal cord injury monitoring has a

sensitivity of 50%, specificity of 100%, positive predictive

value of 100% and negative predictive value of 92.3%.

Previous studies of intra-operative SSEP monitoring pro-

posed sensitivities ranging from 0% [28] to 100% [29–31]

and specificitities ranging from 27% [32] to 100% [9] for

detecting intra-operative spinal cord injury. The positive

predictive value ranged from 15% [33] to 100% [9]. and

the negative predictive value was 100% in one study [31].

One previous study suggested a false-negative rate of 9%

in SSEP monitoring which was similar to our results [28].

These studies, however, were based on all spinal operations

collectively and none of them assessed the usage of SSEP

specifically in thoracic myelopathy caused by OYL. A

relatively low sensitivity with a high specificity of SSEP

should alert the surgeons to identify the cause of the spinal

cord injury whenever there is a significant drop in SSEP

during OYL surgery. The false negative rate for SSEP

monitoring in OYL surgery is relatively low. Thus, our

findings suggest that SSEP is useful for monitoring in OYL

surgery and the false negative rate is no worse than other

spinal surgeries.

As only two subjects received intra-operative MEP

monitoring, we could not draw any conclusion regarding its

role in OYL surgery. However, it was interesting to look

into the outcomes of the two subjects who did have MEP

monitoring. One patient had both SSEP and MEP moni-

toring intra-operatively. There was no signal drop and there

was no neurological deterioration post-operatively. The

other patient had complete disappearance of both SSEP and

MEP intra-operatively and had neurological deterioration

in the immediate post-operative period. A recent multi-

center study [34] showed that the sensitivity, specificity

and false positive rates for MEP alone are 82%, 94% and

6.4%, respectively. The authors in that study suggested that

the most accurate modality combination is MEP and Br-

SCEP (cord evoked potential after stimulation to the brain)

with sensitivity of 90%, specificity of 94% and false pos-

itive rate of 6.1%. The accuracy of predicting neurological

deficit using MEP combined with SSEP requires further

study.

Nevertheless, there are some limitations to this study

including its small sample size and retrospective design.

Due to the study design, some of the important pre-oper-

ative parameters including pre-operative proprioception

test and ankle clonus were not retrievable. Previous studies
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suggested that big toe proprioception impairment [13] and

ankle clonus [35] were associated with poorer surgical

outcome but unfortunately this information could not be

retrieved for analysis in this study. The predictability of a

pre-operative prone test (duration at which patient is able to

lie in prone position before symptom deterioration) for

post-operative outcomes should also be tested. Due to the

small number of cases with instrumented fusion, further

analysis was not performed, but this should be addressed in

future work. Nevertheless, all operating surgeons were very

experienced and hence, the inter-operator variations were

reduced to a minimum. For neuromonitoring, only drops in

signal amplitude regarding intra-operative SSEP monitor-

ing were recorded while increases in latency and MEP

monitoring are also pertinent and should be studied.

Although it is now routine to perform both MEP and SSEP

monitoring, for some of the historical cases presented in

this study, performing MEP was not routine. Hence, the

predictive factors proposed require further validation in a

prospective manner.

Conclusions

This study specifically addresses the issue of neurologic

outcome after surgery for thoracic myelopathy caused by

OYL. Study results show that the complication rate for

OYL surgery is not low and post-operative neurological

outcome in the presence of non-neurological complications

is poor. Pre-operative walking score, intra-operative dural

tear, hematoma formation and drop in SSEP signal are

potential predictive risk factors that warrant future atten-

tion. This is also the first series to investigate the accuracy

of SSEP to detect intra-operative spinal cord injury for

OYL surgery. All patients are suggested to have intra-op-

erative SSEP monitoring despite the small false negative

rate.
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