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Introduction

Given that ossification of the posterior longitudinal ligament
(OPLL) is common in the elderly Asian population with
myelopathy and contributes to significant neurologic disabil-
ities, the early recognition and the appropriate management
of those who may be unaware of their OPLL condition are
critical factors in preserving the quality of life of these

patients.1–5 It is clear that trauma is hazardous in individuals
with cervical OPLL, and recent research has reported an
alarmingly high prevalence of OPLL in 34% of patients with
cervical spinal cord injuries (SCIs).5–7 Surgical treatment for
OPLL is clearly indicatedwhen the patient showsmoderate to
severe cervical myelopathy.1–4,8,9 Prophylactic surgery, how-
ever, in patients who are asymptomatic or in patients with
mild myelopathy and OPLL has been a point of controversy
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Abstract Study Design Retrospective study.
Objective Minor trauma, even from a simple fall, can often cause cervical myelopathy,
necessitating surgery in elderly patients who may be unaware of their posterior
longitudinal ligament ossification (OPLL). The aim of this study is to determine the
influence of trauma on the neurologic course in patients who have undergone surgery
for cervical OPLL.
Methods Patients who underwent surgery due to OPLL were divided by trauma history
and compared (34 in the trauma group; 70 in the nontrauma group).
Results Ground falls were the most common type of trauma (20 patients, low-energy
injuries), but 23 patients developed new symptoms after a trauma. Although the
symptom duration (17.68 months) was shorter, the Japanese Orthopedic Association
(JOA) score and the Nurick scale showed lower values in the trauma group. Trauma
histories led patients to earlier hospital visits. Initial JOA scores were associated with a
good recovery status upon the last follow-up in both the groups. The narrowest
diameter of the spinal canal showed different radiologic parameters: 5.78 mm in the
trauma group and 6.52 mm in the nontrauma group.
Conclusion Minor trauma can cause the unexpected development of new symptoms
in patients unaware of cervical OPLL. Patients with a history of trauma had lower initial
JOA scores and showed a narrower spinal canal compared with a nontrauma group. The
initial JOA scores were correlated with a good recovery status upon the last follow-up.
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among surgeons.6,10–12 In fact, several longitudinal cohort
studies have revealed that cervical trauma has little effect on
the outcomes of asymptomatic patients with OPLL; thus, the
current evidence does not allow for firm and broad recom-
mendations to be made regarding prophylactic surgery to
reduce the risk of aggravation as caused by a minor cervical
trauma.4,12 Moreover, cervical SCIs and related disabilities
are more likely to occur in patients with OPLL, and conserva-
tively treated OPLL increases the risk of SCI (4.8 per 1000
person-years).13

Our clinical impression of the patientswith cervical OPLL is
that even minor trauma such as a fall onto the ground can
induce cervical myelopathy, and patients may be unaware of
having the condition before the trauma incident. In addition,
the surgical outcomes for such patients are not comparable to
those of patients without a history of trauma. Hence, we
undertook clinical and radiologic evaluations of patients who
underwent surgical treatment due to cervical OPLL and
identified the influence of trauma on their clinical courses
and neurologic recovery characteristics.

Materials and Methods

Patient Population
Between 2000 and 2010, 121 patients with cervical OPLL
underwent surgical treatment by two experienced spine
surgeons at one institute. According to their histories of
trauma obtained from their medical records, 41 (33.8%) had
a history of trauma and 80 (66.2%) had experienced no
trauma. Patients with a minimum of 1 year of follow-up
were included, and patients with cerebrovascular disease,
Parkinson disease, or cerebral palsy were excluded. After
paring the potential participant list, 104 patients were in-
cluded in the study: 34 (32.7%) in the trauma group and 70
(67.3%) in the nontrauma group.

Clinical and Radiologic Evaluations
The medical records and radiologic images were reviewed
initially and upon the last follow-up. The initial symptoms
during the first clinical visit were classified in terms of
whether or not the lower extremities were involved. The
time between symptom development and surgery was also
investigated. In the trauma group, the etiology of trauma in
terms of the injury mechanism was divided into high- and
low-energy injuries.14 Deterioration of pre-existing symp-
toms and the development of new symptoms after trauma
were also checked. The Japanese Orthopedic Association
(JOA) score and the Nurick scale were used to assess the
degree of cervical myelopathy.15,16 The recovery rate was
calculated as follows: recovery rate (%) ¼ [postoperative JOA
score � preoperative JOA score]/[17 � preoperative JOA
score] � 100.17 The recovery rate at the last follow-up was
ranked at �50% for a good recovery status and at <50% for a
fair recovery status. The surgical treatments were divided
into anterior, posterior, or combined approaches based on the
patients’ operation records.

Radiographically, bony injuries with spinal instability
were investigated. On the plain radiographs, the cervical

angle and cervical range of motion (ROM) at C2–C7 were
calculated by Cobb’s method. On computed tomography (CT)
scans, the type of OPLL was classified as segmental, continu-
ous, mixed, or other type.18 The narrowest space available for
the spinal cord (SAC) was measured on midsagittal the CT
images. The presence and length associated with the high
signal intensity were evaluated on the patients’ initial T2-
weighted magnetic resonance images (MRIs).

Statistical Analysis
The statistical analysis was performed using the Student t test
for the continuous variables. A chi-square test or Fisher exact
test was used for categorical variables. Logistic regression
analysis was used to evaluate the factors affecting a good
recovery rate. A value of p < 0.05 was considered significant.
To assess this, SPSS software version 19.0 (IBM, Armonk, New
York, United States) was used.

Results

Patient Demographics
Previous trauma history was detected in 34 patients (32.7%)
whowere dividing into the trauma group, with the remaining
70 patients (67.3%) were categorized into the nontrauma
group (►Table 1).

The 7 women and 27men in the trauma group had amean
age of 56.24 � 8.79 years (range, 44 to 77). The etiologies of
their incidences of trauma were mostly low-energy injuries.
These included 20 falls onto the ground, with 5 falls from a
low height (<1 m) and 3 with head trauma and neck exten-
sion. In addition, 6were inmotor vehicle accidentswith high-
energy injuries (►Table 2). Pre-existing symptoms deterio-
rated after the experience of trauma in 11, but only 1 patient
was aware of having cervical OPLL and had had surgery as
recommended previously. Twenty-three patients showed
newly developed symptoms after the trauma. At the moment
of the trauma, 5 patients experienced transient quadriparesis,
which spontaneously resolved within a few minutes to a few
days, and 7 patients underwent surgery within 48 hours after
the trauma. With regard to symptom duration between
symptom development and the surgery, the durations were
17.68 � 22.96 months (range, 0 to 60), with all patients
showing the symptoms related to cervical myelopathy upon
surgery. Thirteen had the symptoms without involvement of
the lower extremities and 21 with involvement of the lower
extremities. The surgical treatment was given to 14 via the
anterior approach, with 17 undergoing the posterior ap-
proach and 3 undergoing a combined approach. The mean
follow-up period was 56.47 � 51.25 months (range, 13 to
254) in the trauma group.

The 70 patients in the nontraumagroup (17women and53
men) had a mean age of 53.90 � 9.32 years (range, 38 to 79).
Their symptoms gradually developed and continued for
31.00 � 39.57 months (range, 0.5 to 240). The symptom
durations were longer in the nontrauma group than in the
trauma group (p ¼ 0.033). Upon the first clinical visit, 36
patients complained of symptoms in their upper extremities,
and 34 patients noted that all four extremities were involved.
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Surgery was performed on 33 patients via the anterior
approach, 34 by means of the posterior approach, and 3 in
a combined approach. After the surgery, the mean follow-up
period was 47.73 � 31.89 months (range, 12 to 145) in the
nontrauma group.

Clinical Outcomes
The initial JOA score was lower in the trauma group
(10.53 � 4.71, range, 0 to 16) than in the nontrauma group
(12.89 � 2.49, range, 5 to 16, ►Fig. 1A). The final JOA score
was also lower in the trauma group (13.38 � 4.00, range, 3 to
17) than in the nontrauma group (15.49 � 1.93, range, 8 to
17). The recovery ratewas 51.06 � 35.12% (range, 0 to 100) in
the trauma group and 68.76 � 31.78% (range, 0 to 100) in the
nontrauma group. The JOA scores upon the initial and last
evaluation and the recovery rate all showed favorable and
statistically significant results in the nontrauma group
(p ¼ 0.001, p ¼ 0.000, and p ¼ 0.012, respectively). The clin-
ical outcomes using the Nurick scale showed similar results
upon the initial and the last evaluations of the two groups
(p ¼ 0.002 and p ¼ 0.039, ►Fig. 1B).

Radiologic Outcomes
None of the patients in the trauma group showed bony injury
with spinal instability preoperatively.

The cervical angle and ROM at C2–C7 had greater values in
the nontrauma group, but the difference was not statistically
significant relative to those of the trauma group (►Table 3). In

the trauma group, the mixed type of OPLL was prominent in
19 (55.88%), and 8 (23.52%) showed other type, 6 (17.64%)
showed the segmental type, and 1 (2.94%) showed the
continuous type. In the nontrauma group, the mixed type
was also the most commonly classified, occurring in 31
(44.28%). The OPLL type differences were not statistically
significant between the trauma and the nontrauma groups
(p ¼ 0.670). The narrowest SAC was 5.78 � 1.29 mm (range,
3.59 to 8.03) in the trauma group and 6.52 � 1.50 mm (range,
3.09 to 9.90) in the nontrauma group (p ¼ 0.028). The
presence of a high signal intensity in the T2-weighted sagittal
MRIs was observed in 20 patients (58.82%, 13.25 � 10.33
mm) in the trauma group and 40 (57.14%, 10.03 � 9.29 mm)
in the nontrauma group (p ¼ 0.408).

Parameters Influencing a Good Recovery Status
A good recovery status (recovery rate � 50%) was confirmed in
18 patients (52.94%) in the trauma group and 55 (78.57%) in the
nontrauma group (p ¼ 0.007). Meanwhile, a fair recovery status
upon the last evaluationwas noted in 16 (47.05%) in the trauma
group and 15 in the nontrauma group (21.42%). The trauma
history affected the fair recovery result upon the last evaluation,
showing statistical significance (p ¼ 0.001, relative risk ¼ 1.484,
95% confidence interval, 1.057 to 2.084). Among the gender, age,
and clinical and radiologic parameters, the logistic regression
analysis results identified the initial JOA score as the factor most
strongly affecting a good recovery status (p ¼ 0.024, odds ratio¼
1.206, 95% confidence interval, 1.025 to 1.418).

Table 2 Etiology of trauma in 34 patients of trauma group

Injury mechanism Etiology of trauma Number

Low-energy injury Fall onto the ground level 20

Fall at the low height (<1 m) 5

Head trauma with neck extension 3

High-energy injury Motor vehicle accident 6

Table 1 Demographic data

Trauma group (n ¼ 34) Nontrauma group (n ¼ 70) p Value

Sex (female: male) 7: 27 17: 53 0.678

Age at surgery (y) 56.24 � 8.79 53.90 � 9.30 0.225

Initial symptom involvement 0.218

Without lower extremities 13 36

With lower extremities 21 34

Symptom duration (mo) 17.68 � 22.96 31.00 � 39.57 0.033

Surgical approach 0.605

Anterior 14 33

Posterior 17 34

Combined anterior and posterior 3 3

Follow-up period (mo) 56.47 � 51.25 47.73 � 31.89 0.289
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Discussion

Influence of Cervical Trauma on the Clinical Course
We analyzed the clinical and radiologic outcomes of patients
who underwent surgical treatment for cervical OPLL at one
institute between 2002 and 2010. One adverse effect of
trauma was the surprisingly common development of new
symptoms in elderly patientswhohad not been aware of their
cervical OPLL. As in the previous reports focusing on cervical
OPLL and trauma, the etiology of the traumawas mostly low-
energy injuries from a fall onto the ground in the present
study.19,20 Even when the trauma was minor, 23 patients
developed new symptoms, and among them, 5 experienced
transient quadriparesis for a short time. Although 7 patients
had to undergo surgical treatment within 48 hours post-
trauma, symptoms in 27 patients who were conservatively
observed became gradually more aggravated. As a result,
trauma-induced symptoms led these patients to visit the
hospital within relatively short symptom durations with
unfavorable neurologic status compared with patients with-
out trauma. Because a good recovery status was associated
with no trauma history and a good initial JOA score, the
trauma itself adversely affected the patients’ clinical courses.

In the present study, a narrow SAC of less than 8 mmwas
noted in both the groups, but a narrower SAC (5.78 mm) was
determined in the trauma group. Although the mixed and
segmental types of OPLL were identified in �80% of those in
the trauma group, a similar proportion was observed in the
nontrauma group. The other radiologic parameters as well
(i.e., the cervical angle, ROM, and high signal intensity onMRI)
were not significantly different between the two groups.
Although a narrow spinal canal as confirmed by a radiologic
evaluation was not always associated with poor clinical

Table 3 Radiologic outcomes

Trauma group Nontrauma group p Value

Cervical angle

Initial �8.28 � 7.37 �11.29 � 8.93 0.130

Last �4.43 � 7.96 �7.59 � 9.55 0.285

Cervical ROM

Initial 29.00 � 14.19 34.92 � 12.37 0.081

Last 19.16 � 18.01 21.55 � 10.40 0.532

Type of OPLL (%) 0.670

Continuous 1 (2.94) 5 (7.14)

Segmental 6 (17.64) 13 (18.57)

Mixed 19 (55.88) 31 (44.28)

Other 8 (23.52) 20 (28.57)

Narrowest SAC (mm) 5.78 � 1.29 6.52 � 1.50 0.028

Presence of HIS (%) 20 (58.82) 40 (57.14) 0.408

Length of HIS (mm) 13.25 � 10.33 10.03 � 9.29 0.221

Abbreviations: HIS, high signal intensity; OPLL, ossification of the posterior longitudinal ligament; ROM, range of motion; SAC, space available for the
spinal canal.

Fig. 1 Clinical outcomes. (A) Japanese Orthopedic Association (JOA)
score and recovery rate. Clinical parameters according to the JOA score
upon the initial and last evaluation showed lower values in the trauma
group than in the nontrauma group, with statistical significance. A
more favorable recovery rate was also observed in the nontrauma
group. (B) Changes of the Nurick scale. The initial Nurick scale was
significantly different (p ¼ 0.002), as was the last scale (p ¼ 0.039)
between the trauma and nontrauma groups.
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parameters, the authors suggest that a narrow spinal canal is
an important risk factor for trauma-induced cervical mye-
lopathy in patients with OPLL.

Surgical Timing for Trauma-Induced Cervical
Myelopathy from Cervical OPLL
There is controversy regarding the role of prophylactic sur-
gery in patientswho are asymptomatic or who have onlymild
myelopathy from cervical OPLL.4,10–12 Therefore, many sur-
geons have debated the efficacy of surgery for asymptomatic
individuals with narrow spinal canals from cervical OPLL.
Matsunaga et al prospectively found that trauma-induced
cervical SCI in patients with OPLL could be decreased by
informing the patients of the risk. They also showed that the
prophylactic surgery was not necessary in the patients with
OPLL.4 Several authors have argued that the risk of surgical
complications would be higher than the risk of myelopathy
after trauma.10 However, once elderly patients sustain a
cervical SCI, their quality of life can deteriorate seriously
and their lives can be threatened in some cases.6,21One report
found that conservatively treated OPLL increases the risk of
SCI, and a comparative study of acute cervical SCI from OPLL
reported that laminoplasty showed more satisfactory out-
comes than a conservative management strategy.13,22

In the present study, a good recovery status upon the last
follow-up was not noted in the trauma group to the extent
that it was in the nontrauma group despite the fact that the
surgery was performed. Although the relationship between
the surgery and prognosis was unclear because the natural
course of the clinical symptoms was not fully detailed, a good
initial JOA score was found to be important in the determina-
tion of a good recovery status in the present study.23,24

Concerning the proper timing of the surgery, early surgical
decompression for OPLL was recommended because the
outcome of this procedure was better for younger patients
and for thosewith a higher JOA score.25 Although the need for
the prophylactic surgery in asymptomatic patients with
cervical OPLL cannot be fully supported in this study, if
patients with a history of trauma are found to have a narrow
spinal canal from OPLL, the surgical treatment should be
recommended as soon as possible before further deteriora-
tion of their neurologic status.

Limitations of the Study
There has been debate over which surgical approach is better
for the treatment of cervical OPLL.22,26,27 In the present study,
anterior or posterior, or occasionally a combined approach,
was performed with anterior cervical diskectomy and fusion
at a single level to three levels. Also performed were corpec-
tomy with/without additional anterior cervical diskectomy
and fusion, laminectomy with/without fusion, or lamino-
plasty. Considering the advantages and disadvantages of
each surgical approach, the results of each can offer useful
data. Because the surgical approach did not showa significant
difference between the trauma and nontrauma groups, the
authors left out the details about the surgical approach. The
progression of OPLL after the posterior approach can affect
the long-term clinical outcomes, but the authors did not

measure this owing to a lack of available CT scans during
the last evaluations. Adjacent segmental disease after cervical
spinal surgery could develop and result in poor clinical out-
comes and additional surgeries. As patients age, they often
complain of the symptoms related to degenerative lumbar
spinal diseases after surgery for cervical OPLL. In addition, a
trauma event after the surgery also acted as a risk factor for
the neurologic deterioration, even in the patients without a
history of trauma.

As described previously, multiple factors can affect the
clinical course of the patients who undergo surgical treat-
ment for cervical OPLL. However, cervical myelopathy can be
induced after minor trauma via low-energy injuries in pa-
tients who are unaware of their cervical OPLL status, and
these patients typically undergo the surgery to relieve their
symptoms.Minor trauma could develop during one’s lifetime,
and the alarm to prevent injury alone cannot prevent trauma-
induced cervical myelopathy. The prophylactic surgery for
asymptomatic patients with narrow spinal canals from OPLL
should be tailored based on population-based case–control
studies or prospective long-term studies with electrophysio-
logic evidence of the cervical radicular dysfunction or the
central conduction deficits.28

Conclusion

Surprisingly, minor trauma could lead to the development of
new symptoms in patients who were not aware of their
cervical OPLL status. Patients with a history of trauma showed
lower initial JOA scoreswith a narrower spinal canal compared
with a nontrauma group. Initial JOA scores were correlated
with a good recovery status upon the last follow-up.
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