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Abstract

Ossification of the posterior longitudinal ligament (OPLL) is a disease
characterized by the replacement of the posterior longitudinal ligament with
ectopic bone and cartilage. Historically, the disease was described as highly
prevalent in Japanese and other Asian populations. However, recent studies
suggest OPLL may have a higher prevalence in non-Asian communities than
previously believed. To date, there are no demographic or epidemiologic
studies examining OPLL in Native Hawaiian or Polynesian communities. The
purpose of this study was to review the demographics and comorbidities of
a cohort of patients with OPLL from the author’s institution, designated as
either Native Hawaiian and/or Polynesian (NHP) or Non-Native Hawaiian and/
or Polynesian (NNHP). Demographic findings from this study were similar
to previous literature demonstrating higher rates of OPLL in men and older
patients with an average age of 56 years in the NHP group and 65 years in
the NNHP group. There were no statistically significant differences in the
rates of type Il diabetes mellitus, coronary vascular disease, chronic kidney
disease, or hypertension between NHP and NNHP groups. The NHP group
exhibited statistically higher rates of obesity when compared to the NNHP
group. Obesity’s risk in the development or progression of OPLL in the NHP
population has not been examined and requires additional investigation.
This study serves as a beginning for further demographic and epidemiologic
investigations into OPLL in Native Hawaiian and Polynesian communities
to facilitate improved identification of those at risk and guide diagnosis and
treatment of these patients.
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Acronyms and Abbreviations

CDC = Centers for Disease Control and Prevention
CKD = chronic kidney disease

CT = computed tomography

CT = computer tomography

CVD = coronary vascular disease

DMII = diabetes mellitus type Il

HTN = hypertension

ICD-10 = International Classification of Disease-10

NHP = Native Hawaiian and/or Polynesian

NNHP = Non-Native Hawaiian and/or Polynesian (NNHP)
OPLL = ossification of the posterior longitudinal ligament
PLL = posterior longitudinal ligament

Introduction

Ossification of the posterior longitudinal ligament (OPLL)
is a disease characterized by the replacement of the posterior
longitudinal ligament (PLL)—the ligamentous tissue spanning
the dorsal surface of the vertebral bodies—with ectopic bone
and cartilage. The normal function of the PLL is to provide
resistance against hyperflexion. This function becomes com-
promised in OPLL as proliferating fibroblast-like chondrocytes
and osteoblasts disrupt the native ligament with cartilaginous
tissues and form ossification and hyalinoid degeneration
centers.'? This pathologic process results in narrowing of the
spinal canal, which can cause the symptoms of OPLL and lead
to myelopathy, especially in the cervical spine.**

Upon presentation, 28% to 39% of patients will have clinical
signs and symptoms of myelopathy.>* OPLL is most frequently
observed in the cervical spine, but rates of associated lesions at
other spinal levels have been estimated to be as high as 56%.”
Onset of OPLL is more common in men than women witha 2:1
or 3:1 ratio, with a predominance in the sixth or seventh decade
oflife.*8 Plain radiographs, dynamic imaging, computed tomog-
raphy (CT), and magnetic resonance imaging are all critical in
the initial workup of patients with OPLL. The Japanese Ministry
of Public Health and Wellness classification system, based on
a lateral radiograph, is the most commonly used classification
system, but an axial CT is crucial for determining disease
severity and canal compromise.” A study by Matsunaga, et al,
demonstrated that the natural history of OPLL is related to the
presence of myelopathy oninitial presentation. In this study, 20%
of patients without original myelopathy became myelopathic
during the 17-year follow-up. At the 30-year follow-up, this
number increased slightly to 29%.° If myelopathy is present
upon initial exam, approximately 64% of patients may go on
to further clinical deterioration and worsening myelopathy if
conservative management is chosen.6 Prognosis worsens as
symptoms worsen, with some estimates suggesting that 89%
of patients with Nurick grade 3 or 4 myelopathy will progress
towards confinement in a wheelchair or bed rest when treated
conservatively.?

Treatment is determined by the degree of neurologic dysfunc-
tion. Conservative management is often reserved for patients
with absent or mild symptoms, Nurick grade 1 or 2.° With
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conservative management, worsening radiographic evidence
of disease rates range from 42-58%, with increased risk of
hospitalization for spinal cord injury.**!®!" Surgical treatment
is considered the treatment of choice for patients with moder-
ate to severe disease or progressively worsening myelopathic
symptoms. As with other degenerative myelopathies, the goal
of surgical treatment is decompression of the neural elements
and maintenance, augmentation, and restoration of spinal align-
ment and biomechanical stability.’

Asthis disease was beginning to gainrecognition and understand-
ing, it was found to have a high incidence in Japan, resulting ina
special commission for the investigation of the disease in 1975."
Once coined “The Japanese Disease,” further epidemiologic
studies of the disease have described demographic, clinical, and
radiographic findings in other racial and ethnic groups, such as
Whites, Blacks, non-Japanese Asians, and Hispanics.'*!"* The
incidence rate varies from 0.8% to 4.6%, and prevalence of
cervical OPLL between 0.6% to 6.3%, withrates varying based
on ethnic groups being studied and the geographic locations
of the studies.*'* Other studies have investigated associations
with comorbid conditions such as diabetes, hypertension, car-
diovascular disease, and renal disease.®!¢-2°

Spine surgeons at the authors’ institution have anecdotally noted
a relatively high incidence of OPLL in Native Hawaiian and/
or Polynesian patients. To the authors’ knowledge, there have
been no studies examining the epidemiology of OPLL in these
populations. This study aims to begin further demographic and
epidemiologic investigations into OPLL in Native Hawaiian
and Polynesian communities to facilitate improved identifica-
tion of those at risk and guide the diagnosis and treatment of
these patients.

Subjects and Methods

This study was a retrospective review of medical records from
a level one trauma center in Hawai‘i, from January 1, 2017,
to December 31, 2019, totaling 3 years. Human Subjects
Institutional Review Board approval was obtained, and strict
adherence to the protocol was implemented.

All patients with an International Classification of Disease- 10,
Tenth Edition (ICD-10) code for cervical spondylopathies, and
charts examined to identify a listed diagnosis of OPLL. These
were identified over a 3-year period, which satisfied the inclu-
sion criteria for the study. Patient’s charts were then examined
for exclusion criteria was limited to missing data regarding
comorbid conditions documented in their electronic medical
record and patients aged less than 18 years. All patients were
then categorized by race and ethnicity as either Native Hawai-
ian and/or Polynesian (NHP) or Non-Native Hawaiian and/or
Polynesian (NNHP). Race and ethnicities were self-reported
by patients and were recorded in the electronic medical record.

Additionally, comorbid conditions, such as diabetes mellitus
type II (DMII), hypertension (HTN), chronic kidney disease
(CKD), and coronary vascular disease (CVD), were chosen for
investigation due to their inclusion in prior studies investigat-
ing comorbid conditions.'®**2? Their presence was determined
based onacurrent ICD-10 coded diagnosis within each patient’s
chart. Furthermore, HTN was also assessed by determining
if a patient’s average systolic or diastolic blood pressure (in
mm Hg), measured by the average of blood pressure readings
during patient visits, met the American Heart Association’s
diagnostic criteria, which was a systolic blood pressure greater
than 130 mm Hg and diastolic blood pressure greater than 80
mm Hg, respectively.” Obesity was determined by the presence
of an active ICD-10 diagnosis code for obesity or an average
body mass index (BMI) of 30 or greater, which is recognized
as obesity by various health organizations such as the World
Health Organization and the Centers for Disease Control and
Prevention.**#

Dependent variables included all comorbid conditions (No/Yes).
The primary independent variable was race/ethnicity (NHP or
NNHP). All independent and dependent variables above were
considered dichotomous and coded and analyzed using IBM
SPSS (Version 24). Normality of distribution analyses was
conducted to assess skewness and kurtosis. A Welch’s #-test was
performed to determine if there was a statistically significant
difference in average age between NHP and NNHP patients
with OPLL. Data were found to be parametric, so therefore
chi-square analyses were conducted. Results were considered
significant at P <.05, with confidence intervals set at 95%.

Results
Demographics

A total of 138 patients met the inclusion criteria. Of the initial
patients identified, 25 had missing demographic and descrip-
tive data, and 1 was younger than 18 years. Of the 112 patients
available for analysis, 29% were female (32 of 112), and 71%
were male (80 of 112). There was no statistically significant
difference between female and male distribution in NHP and
NNHP patients with OPLL (¢*=0.14, P=.70, degree of freedom
[df] = 1) as shown in Table 2. The average age at diagnosis
was 61.6 years old for all patients. The average age within
NHP patients was 56 years in NHP patients and 65 years in
NNHP patients, with the difference in average age found to be
statistically significant (¢ = -3.90, P = .0002). The NHP group
comprised 34% (38 of 112) of the study group (Table 2).

Comorbid Conditions
Rates of comorbid conditions within NHP and NNHP groups

can be found summarized in Table 1. There were no statistically
significant differences in the rates of DMII (¢?= 1.44, P = .23,
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df=1),CVD (¢*=0.01, P=.93,df = 1), HTN (¢*= 045, P =
.50, df = 1), or CKD (¢*=0.05, P = .82, df = 1) between NHP
and NNHP in this study. NHP patients were statistically more
likely to be obese when compared to NNHP patients (c? = 14.68,
P <0.001, df = 1). These findings are summarized in Table 2.

Table 1. Rates of Comorbid Conditions Among Native and Non-
Native Hawaiian and/or Polynesian Patients With Ossification of
the Posterior Longitudinal Ligament
Native Hawaiian and/or | Non-Native Hawaiian
Polynesian and/or Polynesian

n=38 (%) n= 74 (%)
DMIl 22 (58%) 34 (46%)
CVD 9 (24%) 17 (23%)
CKD 9 (24%) 19 (26%)
Obesity 29 (76%) 30 (41%)
HTN 20 (53%) 34 (46%)

Abbreviations: CVD, coronaryvascular disease; CKD, chronic kidney disease; DMII,
Diabetes mellitus type II; HTN, hypertension

Table 2. Demographic and Comorbid Conditions Among Native and
Non-Native Hawaiian and/or Polynesian Patients with Ossification
of the Posterior Longitudinal Ligament
Native Hawaiian and/or Non-Native Hawaiian
Polynesian and/or Polynesian P-value

n= 38 (%) n=74 (%)
Sex
Female 10 (26%) 22 (70%) 70
Male 28 (74%) 52 (30%)
DMIl
Yes 22 (58%) 34 (46%) P
No 16 (42%) 40 (54%)
CVD
Yes 9 (24%) 17 (23%) %
No 29 (76%) 57 (77%)
CKD
Yes 9 (34%) 19 (76%) 2
No 29 (26%) 55 (74%)
Obesity
Yes 29 (76%) 30 (40%)
No 9 (24%) 44 (59%) oo
HTN
Yes 20 (53%) 34 (46%) 5
No 18 (47%) 40 (54%)

Abbreviations: CVD, coronary vascular disease; CKD, chronic kidney disease; DMII,
Diabetes mellitus type Il; HTN, hypertension.
*statistically significant

Discussion

Orthopedic spine and neurosurgeons at the authors’ institution
have anecdotally stated that there appears to be a high preva-
lence of OPLL within NHP communities. To date, there haven’t
been any demographic or descriptive studies of OPLL in NHP
communities. Historically, the disease has been described as
having a preponderance in Asians, but more recent research
has suggested that the prevalence of OPLL is higher in other
racial groups due to increased awareness and surveillance.?*?’
As such, this study stands as the first demographic or descrip-
tive analysis of OPLL within NHP communities.

Previous studies have found that men are two to three times more
likely to be diagnosed with cervical OPLL.??* This study had
similar results with an approximately 3:1 ratio of men to women
in NNHP and NHP populations. The mean age of diagnosis in
our study was 61.6 years in combined groups. These findings
are similar to previous studies, which stated that patients with
OPLL are generally between 50 to 60 years old, implying a
degenerative nature to the disease process.!®?’° Interestingly,
there was a statistically significant difference in average age
between patient groups. This warrants further investigation into
any potential risk factors contributing to the earlier development
of disease within NHP patients and could prompt earlier and
improved disease surveillance within NHP communities. In
this study, 34% of the patients identified as NHP as compared
to 27% of Hawai‘i’s population identifying as Native Hawaiian
or other Pacific Islander in a recent survey, though this census
data included populations that are not historically considered
Polynesian.’! The higher percentage of NHP patients in this
study compared with Hawai‘i’s population demographics may
suggest a correlation between OPLL and NHP race/ethnicity. A
direct association could not be analyzed between race/ethnicity
and OPLL in this study due to design. Any such relationship
would require further analysis, including examining potentially
confounding variables such as socioeconomic status or health
care access.

In our small cohort, the NHP group had a statistically higher
rate of obesity when compared to the NNHP group. However,
our study’s design does not allow for a direct cause and effect
analysis. The link between obesity and OPLL remains unclear,
but previous literature has suggested that obesity may lead to
altered metabolism, upregulation of insulin, and concomitant
biochemical homeostatic alterations. This may result in ectopic
bone formation and OPLL, though the exact pathophysiologic
mechanism has yet to be determined.'*¥>* The 74% rate of
obesity among the NHP group in this study is higher than the
52% of Native Hawaiian/Pacific Islander persons in the United
States identified as obese.* This high rate of obesity in OPLL
patients is consistent with previous literature focusing on other
racial groups.”!”213-37 This relationship has never been exam-
ined in NHP populations, however.'>?!*¢ Obesity rates have
been reported to be higher in the NHP communities than other
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ethnic groups, which may present as a confounding variable
and would need to be controlled in future studies examining
any association.*®** Other risk factors associated with OPLL
include diet, genetic predisposition, and physical activity, which
were not evaluated in this study due to the logistical challenges
in obtaining this information retrospectively.*740#

There are limitations to this study. A significant limitation
was the method by which race and ethnicity were determined.
Hawai ‘i has the highestrate of multiracial residents in the United
States.** This makes reporting on demographic data difficult due
to the incredibly high ethnic and racial heterogeneity rates. It
is possible that individuals did not report full racial or ethnic
makeup or were simply unaware of it. In addition, although
rates of obesity have been documented to be higher in the
NHP populations compared to other racial or ethnic groups,
it is important to recognize this observation is confounded by
a complex interplay of socioeconomic factors and health care
access.>!3447 Any future analysis between the link of obesity
and OPLL should recognize these additional considerations. A
related issue plaguing the comparison between NHP and NNHP
groups is the lack of subset analysis between ethnically Japanese
individuals. As mentioned, OPLL first gained notoriety as a
“Japanese Disease.” While it has been shown to have higher
than believed prevalence in other populations, prior studies have
shown it to have a higher prevalence than other Asian ethnic
groups.'® As such, it could be of interest in future studies to
compare an NHP to a group of ethnically Japanese individuals
living in Japan as well, in addition to a conglomerated NNHP
group as done in this study.

Another limitation is the small sample size. The small sample
size obtained in this study is not surprising given the low
incidence of OPLL in the general population. It has also been
suggested that the general incidence and prevalence may be
underreported since many patients are asymptomatic or do not
receive a proper diagnosis.”” Additionally, this study evaluated
patients diagnosed with cervical OPLL, which suggests patients
with isolated thoracic or lumbar OPLL were not captured
through cervical OPLL specific ICD-10 coding. There is also
apossibility that NHP patients with cervical OPLL were not all
captured due to improper ICD-10 coding. Likewise, this study
identified individuals with OPLL by diagnosis in chart, without
determining how symptomatic each individual was. In future
studies, efforts should be made to determine which individuals
with OPLL received treatment, abnormal physical findings,
and clinical presentation for further subgroup analysis. Future
research to further explore the true prevalence, relative risk,
and association of comorbid conditions of OPLL in the NHP
population would require a controlled cohort sample.

Conclusion

This study provides a novel demographic and descriptive
analysis of NHP with a diagnosis of OPLL. This study reiter-
ates reports of a higher prevalence of OPLL in men and older
patients, which remained in subgroup analysis within the NHP
population, though the average age of diagnosis was found to be
younger in NHP patients. In addition, this study suggests NHP
patients diagnosed with OPLL have statistically higher rates of
obesity than NNHP patients, which may be determined to be
a potential risk factor in future studies. The true epidemiology
of OPLL in the NHP community remains unclear. Neverthe-
less, this pilot study provides valuable information for future
prospective case-controlled analyses to investigate potential
epidemiologic ties between OPLL and the NHP populations.
In doing so, medical providers may better understand who is at
risk, improve diagnostic capabilities, and optimally treat those
within NHP communities.
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