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ABSTRACT

Background: The osteoporosis and lumbar canal stenosis, in elderly patients are under diagnosed and under reported. We report
a cross sectional study to demonstrate the osteoporotic profile in patients with lumbar spinal stenosis (LSS) and to determine the
proportion of patients with LSS who need to be treated for osteoporosis.

Materials and Methods: One hundred and six postmenopausal patients with symptomatic LSS were evaluated for osteoporotic
profile, which included lumbar and hip bone mineral density (BMD), serum vitamin D concentration, bone resorption and formation
markers. Demographic and disease related variables were analyzed to identify the association with the risk of osteoporosis or
osteopenia. Statistical analysis used were multivariate logistic regression with a forward stepwise procedure.

Results: Twenty-four patients (22.6%) had osteoporosis and 60 (56.6%) had osteopenia. Overall, 84 patients (79.2%) with
symptomatic LSS had osteoporosis or osteopenia. Fifty-nine patients (55.6%) had hypovitaminosis D. All bone turnover makers
[alkaline phosphatase, osteocalcin, urinary-N-terminal telopeptide (u-NTx)] were demonstrated to be within normal range. Only age
was associated with the risk of osteoporosis or osteopenia in the hip region. In the lumbar spine, all variables were not associated
with osteoporosis or osteopenia. 44 patients (41.5%) required treatment for osteoporosis as per risk factors for osteoporosis.
According to the guidelines from the Health Insurance Review Agency, however, only 20 patients (18.8% required) qualified for
reimbursement for osteoporosis medications.

Conclusions: LSS is associated with osteopenia, osteoporosis, and hypovitaminosis D, which should prompt careful screening
and treatment in cases of osteoporosis and osteoarthritis.
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INTRODUCTION

steoporosis and lumbar spinal stenosis (LSS) are

the most common musculoskeletal conditions in

the elderly population and also are one of the
most common indications for lumbar spinal surgery at
an advanced age.'® Nevertheless, under-diagnosis and
under-treatment of osteoporosis in the general population
and in elderly patients with musculoskeletal conditions are
worldwide phenomena.®1©
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The objectives of the current study are to demonstrate
the prevalence of osteoporosis and osteopenia in patients
with LSS and to determine the proportion of patients with
LSS who need to be treated for treatment. Accordingly,
the osteoporotic profile was analyzed in patients with
symptomatic LSS in a prospective manner. Additionally,
coexisting knee osteoarthritis (OA) was also investigated to
have a correlation with osteoporotic condition.

MATERIALS AND METHODS

One hundred and six female patients with symptomatic LSS
who presented between January 2009 and December 2009
were enrolled in this study. The inclusion criteria were being
postmenopausal, having walking difficulty due to neurogenic
claudication caused by LSS, and a stenotic lesion in the
lumbar spine confirmed by magnetic resonance imaging
(MRI). We defined stenotic lesion as midsagittal diameter
being smaller than 12 mm in MRIL!! The exclusion criteria
were having a history of chronic systemic disease or peripheral
vascular disease, showing evidence of metabolic bone
diseases such as hypo- or hyperparathyroidism and chronic
renal disease, or using bone-specific medications (hormone
replacement, bisphosphonates, and corticosteroids), and
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having concurrent serious medical conditions affecting bone
metabolism, including sepsis or neoplasia.

All patients were scheduled to be treated with lumbar
spinal decompression and/or posterior spinal fusion.
Patients’ demographic characteristics were obtained and
each completed a questionnaire assessing for osteoporotic
risk factors [Appendix 1].12 Preoperative imaging studies
included plain radiographs of the lumbar and thoracic
spine, including dynamogram of designated level and both
knee joints. MRI of the lumbosacral spine was performed to
confirm LSS and subsequently plan lumbar spinal surgery
was done. For the assessment of functional disability due
to spinal stenosis, the Oswestry Disability Index (ODI) was
recorded before the surgical treatment. Osteoporotic profiles
included measurement of lumbar and hip bone mineral
density (BMD) (Hologic, Waltham, MA, USA), serum
vitamin D concentration, urinary-N-terminal telopeptide
(u-NTx) as a bone resorption marker, and serum osteocalcin
and serum alkaline phosphatase as bone formation markers.

Total lumbar (lumbar 2 to 4t), total hip, and femoral neck
BMD were measured. The BMD of the Ward triangle was
not counted in this study. Patients with a T score below
—2.5 in at least one of the three sites were diagnosed
with osteoporosis. Patients with a T score between —2.5
and —1.0 in at least one of the three sites were diagnosed
with osteopenia. Patients with prevalent vertebral fractures
and a T score below —2.5 were diagnosed with severe
osteoporosis.’* OA of the knee and hip joint was graded
using the Kellgren—-Lawrence method.!* Patients with
Kellgren-Lawrence grade II, Ill, and IV radiographic findings
in the knee and hip joint were regarded as having OA.

u-NTx was measured from a morning urine sample using a
chemiluminescent-based method (Ortho ECi, Ortho-Clinical
Diagnostics, Raritan, NJ, USA). The coefficient of variation
was 2.42%. Alkaline phosphatase was measured in a fasting
early morning venous blood sample using an enzymatic
method (Hitachi 7600, Hitachi Co., Tokyo, Japan). The
coefficient of variation was 2.88%.

Osteocalcin was measured in a fasting morning blood
sample by electrochemiluminescence immunoassay
(ECLIA) (Modular E170, Roche Diagnostics, Mannheim,
Germany). The coefficient of variation was 2.26%.
25-hydroxyvitamin D [25(OH)D] was measured by
radioimmunoassay (DiaSorin Inc., Stillwater, OK, USA),
and a serum vitamin D level below 20 ng/ml was classified
as hypovitaminosis D. A seasonal correction was not made;
however, all blood and urine specimens were collected in
the morning to correct for diurnal variation.

The demographic data and disease-related variables

such as ODI and symptom duration were analyzed by
logistic regression analysis. Odds ratio for osteoporosis or
osteopenia was evaluated by stepwise multivariate logistic
regression with a forward stepwise procedure. All statistical
analyses were performed using the SPSS 12.0.1 statistical
package (SPSS, Inc., Chicago, IL, USA). A value of P<0.05
was accepted as significant.

Treatment guidelines for osteoporosis were defined as a
subject having 1) a T score below —1.5 with positive risk
factors for osteoporosis, 2) a T score below —2.0 without
risk factors for osteoporosis, and 3) any fragility fractures
as cited by the National Osteoporosis Foundation (NOF).1®

These NOF-designated risk factors are: (1) history of
adult fracture, (2) adult fracture in a first-degree relative,
(8) current cigarette smoking, and (4) weight <58 kg.

REesuLTs

One hundred and six patients with LSS received
osteoporotic profile measurements. The study population
consisted of postmenopausal female patients with LSS, with
mean symptom duration of 79.82 months. The average
(SD) of ODI score was 24.95 (7.62) [Table 1]. Forty-four
patients (41.5%) had OA of the knee joint (Kellgren—
Lawrence grade II<) and only four patients (3.7%) had
hip OA (Kellgren-Lawrence grade II<). Fifty-nine patients
(55.6%) had hypovitaminosis D. All bone turnover markers
(alkaline phosphatase, osteocalcin, u-NTx) were found to
be within normal range [Table 1].

Table 1: Demographic, clinical, osteoporotic profile of the 106
patients who have LSS
Demographic variables

Age (years) 65.53(8.37)
BMI (g/cm?) 25.30 (3.71)
Menopause (years) 48.3 (3.2)
ODI 24.95 (7.62)
Symptom duration (month) 79.82 (75.70)
Knee osteoarthritis (> 11)* (%) 41.5
Osteoporotic profile
Total lumbar (T score) -1.46 (1.35)
(9/ cm? 0.82 (0.20)
Femur neck (T score) 1.62 (0.97)
(g/ cm? 0.62 (0.10)
Total hip (T score) -1.03 (1.03)
(g/ cm? 0.73 (0.12)
ALP (IU/L) 72.28 (25.92)

Osteocalcin (ng/mL)
u-NTx (nM BCE/mM Cr) 40.72 (18.50)
Vitamin D (ng/mL) 21.40 (11.74)
Hypovitaminosis D (%) 55.6
BMI-Body mass index, ODI-Oswestry disability index, ALP-Alkaline phosphatase. U-NTx-

urinary N-terminal telopeptide of type | collagen, *Kellgren-Lawrence grade, Values are
mean value (SD)

17.54 (16.75)
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Fifteen patients (14.2%) had osteoporosis in the lumbar
spine, and eight patients (7.5%) and two patients (1.9%)
had osteoporosis in the femur neck and hip, respectively.
Fifty-two patients (49.0%) had osteopenia in the lumbar
spine, and 69 patients (65.1%) and 53 patients (50.0%) had
osteopenia in the femur neck and hip, respectively. Among
the patients with LSS, 24 (22.6%) had osteoporosis and
60 (56.6%) had osteopenia. Overall, 84 patients (79.2%)
with symptomatic LSS had osteoporosis or osteopenia.
Eight patients (7.5%), who had one or more vertebral
fractures and a lumbar and/or hip BMD below a T score
of -2.5, were diagnosed with severe osteoporosis. Only
22 patients (20.8%) with LSS showed normal BMD in the
spine and hip region [Table 2].

Logistic regression analysis showed that only age was
associated with the risk of osteoporosis or osteopenia in the
femur neck and total hip. In the lumbar spine, all variables
were not associated with osteoporosis or osteopenia.
Variables related with spinal stenosis, such as symptom
duration of spinal stenosis and ODI, were not associated
with the risk of osteoporosis or osteopenia in both the
lumbar spine and hip region [Table 3].

Surveying the risk factors for osteoporosis revealed
that 44 patients (41.5%) were indicated for treatment
(T score< —1.5 with positive risk factor, T score < —2.0 without
risk factor, with fragility fracture).*® According to the guidelines
from the Health Insurance Review Agency, only 20 patients
(18.8%) qualified for reimbursement for osteoporosis
medications. In reality, 18 patients (17.0%) were prescribed
for bone active osteoporosis medication. Therefore, there is a
significant gap between the osteoporosis treatment indications
suggested by NOF and those of the Health Insurance Review
Agency. Twenty-four patients (22.6%) with LSS, who were
eligible for osteoporosis treatment, were not covered by health
insurance due to strict national guidelines.

DiscussioN

The prevalence of osteoporosis in association with specific
disease entities provides valuable information in screening for
osteoporosis before definitive treatment of specific diseases.
Prevalence of osteoporosis was found to be high in patients
with rheumatoid arthritis or organ and cell transplantation or
osteoarthritis or in those receiving corticosteroid therapy.1¢-1°
Randomized clinical trials involving postmenopausal
women demonstrated that alendronate, risedronate,
zoledronate, and teriparatite were effective in reducing
the incidence of vertebral and nonvertebral fractures.?-%3
OA and degenerative conditions of the lumbar spine are
musculoskeletal conditions of the elderly.!®?* Patients
with symptomatic OA of the hip, who were scheduled to
undergo total hip arthroplasty, demonstrated osteoporosis
(T score<—2.5) in 28% and osteopenia (T score<—1.0)
in 45% of cases.!® Thus, there is an urgent need to screen
patients with LSS for osteoporosis since both the conditions
share similar at risk elderly populations and may result in
significant morbidity and mortality if not properly treated.

In this cross-sectional study, we focused on LSS which
is a common spinal condition occurring at an advanced
age — a known risk factor for osteoporosis and osteopenia.
The results showed 79.2% of all patients with LSS had
osteoporosis or osteopenia (T score below -1.0) and 22.6%
of the patients had osteoporosis in either the spine or the
hip. Since the prevalence of osteoporosis or osteopenia
depends on many population-specific factors such as genetic
factors, race, age, and sex, it is important to compare our
data on the prevalence of osteoporosis or osteopenia with
those of general population in our country. A previous study
reported the prevalence of osteoporosis or osteopenia in
postmenopausal women over 50 years of age to be up to
61.4% in the general population of our country.?> Therefore,
these different results might suggest that the patients with LSS

Table 2: Prevalence of osteoporosis and reduced BMD in the spine and hip

Osteoporosis Osteopenia Osteoporosis or
osteopenia
Total lumbar Femur neck Total hip Either Total lumbar Femur neck Total hip Either Either
All age (year) 14.2 7.5 1.9 22.6 49.0 65.1 50.0 56.6 79.2
50-59 (n=22) 0 0 0 0 30.0 38.1 9.5 47.6 47.6
60-69 (n=50) 12.0 4.0 2.0 18.0 56.0 70.0 50.2 62.0 80.0
>70 (n=34) 26.5 17.6 5.9 41.2 52.9 76.5 73.5 58.8 100.0

BMD-Bone mineral density, Values are in percent (%)

Table 3: Regression analysis between osteoporosis and reduced BMD in the spine and the hip and independent variables

Odds ratio Osteoporosis or Osteopenia

(95% C.1., P value) Total lumbar Femur neck Total hip

Age 1.06 (0.95-0.18, 0.32) 1.28 (1.05 - 1.58, 0.02) 1.29 (1.05 - 1.58, 0.02)
Symptom duration 1.00 (0.99 - 1.01, 0.85) 1.01 (0.99 - 1.03, 0.64) 1.02 (0.99 - 1.05, 0.20)
BMI 1.16 (0.82 - 1.65, 0.41) 1.14 (0.71 - 1.84, 0.58) 0.88 (0.48 - 1.61, 0.68)
ODI 0.89 (0.76 - 1.06, 0.19) 0.94 (0.72 - 1.22, 0.64) 1.13 (0.88 - 1.45, 0.34)

BMI-Body mass index, ODI-Oswestry disability index, BMD-Bone mineral density
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have relatively decreased BMD compared with the general
population; however, comparison of this population should
be done with caution due to differences in demographic
characteristics, especially age. This higher prevalence could
be explained by the fact that walking difficulty or physical
inactivity due to claudication is associated with decreased
BMD. This association between physical inactivity and
decreased BMD has been reported in the case of claudication
originating from peripheral arterial occlusive disease.?
We also found that patients with symptomatic LSS had
increased bone metabolic rate due to physical inactivity and
hypovitaminosis D,?” and their bone turnover rate restored
after decompressive surgery.?® But we failed to show any
correlation between decreased BMD and LSS because of
the confusing effect of osteophytosis on BMD.?"% After
surveying the risk factors for osteoporosis, there is a significant
gap in treatment guidelines and reimbursement guidelines.
Only 20 patients (18.8%) with LSS were covered by the
national health insurance for osteoporosis medication.
The remaining 24 patients (22.6%) who were eligible for
osteoporosis medication were not covered by the national
health insurance system. Hence, the patients, health care
providers, policy makers, and health care managers should
come to a consensus and treat osteoporosis cost-effectively.
Furthermore, knowing the prevalence of osteoporosis in
the patients with LSS renders valuable clinical information
to spinal surgeons (i.e. regarding the postoperative medical
treatment of osteoporosis, the decision between instrumented
fusion and decompression alone procedure, and the decision
to use bone cement augmentation in cases of weak pedicular
screw purchase). Although the patients with LSS had
relatively higher prevalence of osteoporosis or osteopenia,
the disease-related variables such as ODI and symptom
duration were not associated with the risk of osteoporosis or
osteopenia. This might suggest that ODI or symptom duration
cannot reflect the patient’s inactivity, and in order to access the
amount of influence of physical inactivity caused by LSS on
BMD, a precise measure about physical activity is necessary.
Hypovitaminosis D is a silent condition that commonly
occurs in the elderly population.?*2° A low level of vitamin
D is associated with a poor response to bisphosphonate
therapy, an increased fracture risk, poor musculoskeletal
coordination, and poor muscle tone.3!* Therefore, the serum
vitamin D level and vitamin D supplementation are important
diagnostic and therapeutic procedures, respectively, in the
elderly population. In this study, 55.6% of patients with
LSS demonstrated hypovitaminosis D which mandates
supplementation in any form. The effect of vitamin D on
musculoskeletal coordination may be an important clue
for spine surgeons on how to cope up with postoperative
walking disability, poor coordination, and a decrease in
skeletal tone after definitive surgery for LSS. Even with
sufficient decompression of the spine, some patients with

LSS still complain of poor walking capability. Screening
for hypovitaminosis D and sufficient supplementation with
vitamin D may be an ideal remedy for postoperative poor
walking condition. Bone turnover markers are well known
tools used to assess the current status of osteoporosis
(i.e. dynamic or non-dynamic state, response to antiresorptive
treatment, and patients’ compliance with medication). In this
study, alkaline phosphatase, osteocalcin, and u-NTx were
within normal limits. Bone turnover markers usually have
a wide normal range with poor reproducibility and diurnal
and/or seasonal variation. Thus, more patients need to be
enrolled to find clear, significant correlations between bone
turnover markers and other factors (i.e. BMD, severity of
LSS). The present study could have benefited from a control
group consisting of age-matched women without LSS. This
would have allowed us to detect any differences in bone
turnover and/or BMD in patients with or without LSS. The
strength of our current study is its well selected homogenous
patient population with symptomatic LSS. Compared with
the data of the general population, the current study suggests
the necessity of screening test for BMD in the patients with
LSS. In conclusion, LSS could be associated with osteopenia,
osteoporosis, and hypovitaminosis D, which should prompt
careful screening and treatment in cases of osteoporosis.
However a large longitudinal study will be necessary in
order to endorse the higher prevalence of osteoporosis in
patients with LSS.

APrPPENDIX |

Questionnaire risk factors Yes No
Personal history of fracture as an adult

History of fracture in a parent or sibling

Caucasian or Asian race

Poor health/frailty

Current or past tobacco use

Hypogonadism

Low body weight

Loss of 21.5 inches (=3.81 cm) in height

History of anorexia, bulimia, other

Lifelong history of low calcium or vitamin D in the diet

Two or more hard liquor drinks or three or more beers
per day

Impaired eyesight or poor depth perception, despite
correction

Frequent imbalance or falls

Parkinson’s disease or medicine use for depression
Use of insulin for diabetes for 10+ years

On feet <4 hours/day

Exercise <3 times/week

Excessive production of thyroid or parathyroid glands, or
elevated calcium

Deficient kidney or liver function for >6 months
Treatment with cyclosporine for an organ transplant

Anticonvulsant therapy
Appendex contd...
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Appendex contd..

Questionnaire risk factors

Yes No

Diuretic therapy

Current treatment with Librium (chlordiazepoxide
hydrochloride), Tranxene (clorazepate dipotassium),
Valium (diazepam), Dalmane (flurazepam hydrochloride),
or Ativan (lorazepam)for >1.5 months

History of using steroid tablet or high-dose asthma
inhalers for >6 months

Caffeine intake >2 cups coffee per day or equivalent

Gastrointestinal malabsorption, removal of stomach or
small bowel, diarrhea, Crohn’s disease, etc.

Inability to rise from a chair without arms
Rheumatoid arthritis or Cushing’s syndrome
History of chemotherapy or multiple myeloma
Osteogenesis imperfecta

Cognitive impairment or dementia
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