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Abstract: Background: It is known that parathyroid hormone (PTH) and vitamin D have a wide variety of effects on bone metabolism. How-
ever, the levels of PTH and vitamin D in patients with lumbar spinal stenosis (LSS) have not been adequately investigated in the literature.

Objective: The objective of this study was to investigate the relationship between PTH and vitamin D levels and the severity of stenosis in 
patients with LSS.

Materials and Methods: This retrospective observational study included consecutive patients who presented to the Neurosurgery outpatient 
clinic with chronic leg pain and low back pain and were diagnosed with LSS between January 2019 and July 2022. Patients were categorized 
into three groups based on their vitamin D and parathyroid hormone status. Group 1: High parathyroid hormone and Low vitamin D levels; 
Group 2: Normal parathyroid hormone and low vitamin D levels; Group 3: Normal parathyroid hormone and vitamin D levels. There were 17 
(37%), 10(22%), and 19(41%) subjects in groups I, II, and III, respectively.

Results: The mean age of the groups with a total of 46 patients I, II and III were 62.2±11, 58.3±6, and 63.2±6.4 years, respectively (p=0.553). 
Sex of the study groups was not statistically different, either (p=0.079). Spinal canal AP diameter (p=0.002) and ligamentous interfacet distance 
(p=0.008) were significantly different in study groups. Vitamin D positively correlated with Spinal canal AP diameter (r=0.56, p<0.001) and 
ligamentous interfacet distance (r=0.51, p=0.003), while PTH was inversely correlated with them (r=-0.33, p=0.020), ( r=-0.47, p=0.007) . 

Conclusion: Vitamin D is significantly correlated with the diameters of spinal canal AP and ligamentous interfacet distance. PTH is negatively 
correlated with the diameters of spinal canal AP and ligamentous interfacet distance.

Keywords: Lumbar spinal stenosis, Vitamin D, Parathyroid hormone, Neurogenic claudication, Low back pain, Ligamentous interfacet dis-
tance.

INTRODUCTION 

The Lumbar Spinal Stenosis (LSS) is a prevalent degenerative 
condition among older individuals, characterized by the com-
pression of the spinal canal due to degenerative osteophytes and 
ligament hypertrophy. Lumbar spinal stenosis may also be the 
reason of diminished maintenance in daily activities of elderly 
patients because of the related back pain and neurogenic clau-
dication and LSS patients may require surgical intervention for 
relief the symptoms [1-3].

Vitamin D, a fat-soluble hormone, is naturally found in few food 
sources, added to others, and available as a dietary supplement. 
It is also endogenously synthesized in response to ultraviolet 
rays from sunlight contacting the skin. Vitamin D plays a crucial 
role in various physiological processes. It enhances calcium 
absorption in the gastrointestinal tract, maintains appropriate 
serum calcium and phosphate levels for normal bone mineral-
ization, and supports bone growth and remodeling through the 
activity of bone-forming and remodeling cells. Inadequate vita-

min D levels can lead to bone thinning, brittleness, and defor-
mities. Sufficient vitamin D levels prevent rickets in children 
and Osteomalacia in adults [4]. While the precise mechanisms 
underlying these protective effects are not fully comprehended, 
potential explanations include enhanced protein synthesis in 
muscle via activation of the vitamin D receptor or the presence 
of myopathy resulting from vitamin D deficiency [5, 6]. The 
serum parathyroid hormone (PTH), promotes bone growth and 
increases bone mass, making it an anabolic hormone. How-
ever, as part of its physiological function, it also contributes to 
bone remodeling. PTH stimulates bone formation in a number 
of ways, including by encouraging mesenchymal stem cells to 
commit to the osteoblast lineage, facilitating osteoblast matura-
tion and possibly extending their lifespan, and reducing scleros-
tin production by osteocytes [7]. A well-documented negative 
correlation exists between serum PTH and 25-hydroxyvitamin 
D levels. Until a certain threshold of 25-hydroxyvitamin D is 
reached, a consistent decrease in PTH levels has been observed. 
Optimal calcium homeostasis, proposed as an indicator of vita-
min D sufficiency, may correspond to PTH levels, which are 
closely associated with serum 25-hydroxyvitamin D levels [8, 
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Patients with symptomatic LSS frequently have poor gait, high 
bone turnover metabolism, and co-morbid conditions such 
essential hypertension and diabetes mellitus, which are partly 
linked to vitamin D insufficiency [10-12]. As a result, it is pro-
jected that LSS patients would have a high prevalence of vitamin 
D insufficiency [13]. This holds clinical significance as vitamin 
D deficiency can have detrimental effects on falls by exacerbat-
ing functional disturbances in the lower extremity, potentially 
leading to fractures. Due to its crucial role in bone mineraliza-
tion, vitamin D directly protects against fracture risk while also 
indirectly preventing falls by enhancing muscular performance 
and preventing myopathy [14-16]. PTH is the major hormone 
in bone metabolism [17]. However, there are few research in the 
literature examining the relationship between secondary hyper-
parathyroidism and vitamin D deficiency in LSS patients.

Therefore, we aimed to investigate the relationship between 
PTH and vitamin D levels on the severity of the stenosis in 
patients with LSS. We also aimed to observe the association 
between spinal stenosis and secondary hyperparathyroidism and 
vitamin D deficiency. 

MATERIALS AND METHODS

This retrospective observational study was conducted with the 
approval of the Bolu Abant Izzet Baysal University (BAIBU) 
Ethics Committee for Clinical Research (Decision no. 2021/244). 
The study included consecutive patients who presented to the 
Neurosurgery outpatient clinic with chronic low back pain and 
leg pain, and were diagnosed with lumbar spinal stenosis (LSS) 
between January 2019 and July 2022. Based on the presence of 
radiculopathy, neurogenic claudication, and magnetic resonance 
imaging (MRI)-confirmed neural canal stenosis at the pertinent 
level, the diagnosis of LSS was made.

The following measurements were taken: spinal canal ante-
ro-posterior diameter, thecal sac transverse diameter (mm), lat-
eral recess height (right-left, mm), and ligamentous interfacet 
distance (Figs. 1, 2). The distance between the middle of the 
vertebral body and the middle of the spinous process at the dural 
sac’s border served as the antero-posterior diameter of the sac. 
The distance between the lateral end of the dural sac and the 
lateral recess served as the transverse diameter of the thecal sac. 
The distance between the superior process and the upper portion 
of the pedicle served as the measurement for the lateral recess 
depth. The ligamentous interfacet distance was calculated as the 
separation between the inner ligament portion and the facet joint 
space [18]. Stenotic lesions were defined as mid-sagittal diam-
eters less than 10 mm on MRI.

Patients were ruled out if they satisfied any of the following 
requirements: identifiable motor weakness in both lower extrem-
ities; neurodegenerative disorders affecting walking; history of 
fracture within the past year; known rheumatoid arthritis or 
symptomatic osteoarthritis of the hip, knee, and ankle (Kellgren 
Lawrence grade III or higher on x-ray); any history or signs of 
medical comorbidities impacting vitamin D metabolism (renal 

failure, chronic liver disease, gastric surgery, diabetic nephrop-
athy, intestinal malabsorption [such as celiac disease, inflamma-
tory bowel disease, cystic fibrosis etc.], systemic infection, and 
neoplasms in particular); use of medications that can influence 
bone metabolism (hormone replacement therapies, corticoste-
roids, anti-osteoporotic drugs, anticonvulsants, and products 
containing vitamin D in particular); premenopausal women; and 
history of psychiatric disorders, including depression. Patients 
with lumbar spondylolisthesis, drug induced Osteomalacia, 
oncogenic Osteomalacia, obesity (BMI>30 kg/m2), hyperthy-
roidism and granulomatous diseases were excluded from the 
study. In power analysis, for an 80% estimated power, required 
sample size was calculated 8 for each group. Taking into account 
10% loss during study we increased the sample size to 10 in 
each groups.

 

Fig. (1). Antero-posterior (AP) Spinal Canal (red line) Diam-
eter at the Mid-Vertebral Level in the Sagittal T2w Image.
Biochemistry and Assessment of the Bone Metabolism

Following an overnight fasting, approximately 5 mL of blood 
samples were collected in dry tubes between 8:30 and 9:30 AM 
to account for circadian variation. Then blood samples were 
centrifuged at 1000 g for 10 minutes, after kept on hold for 30 
minutes. Analyses were performed at the same day. Serum vita-
min D and intact PTH concentrations were calculated with the 
method of electrochemiluminescence in fully automatic immune 
analyzers, as dictated in the directions from the manufacturer 
(Cobas e 601, Roche Diagnostics, Germany). Measurements 
of serum alkaline phosphatase, enzymatic measurements, albu-
min, calcium and phosphorus were completed with colorimetric 
methods by auto analyzers as noted in the directions from the 
manufacturer (Architect c 8000, Abbot Laboratories, USA). 

The patients with LSS who were included in the study were clas-
sified into three groups based on their vitamin D and parathyroid 
hormone (PTH) levels:
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Fig. (2). Measurements of Lateral Recess Height Left (mm) 
(1), Thecal Sac Transverse Diameter (2), Ligamentous Inter-
facet Distance (3) in the Axial T2w Image.

Group 1: High parathyroid hormone and Low vitamin D levels 
(patients with hyperparathyroidism secondary to vita-
min D deficiency).

Group 2: Normal ranged PTH and low vitamin D levels.
Group 3: Normal PTH and vitamin D levels.
Definition of vitamin D deficiency was assigned for the levels 
below 10 ng/mL [6]. Secondary hyperparathyroidism definition 
was used for the cases with vitamin D levels below 10 ng/mL and 
PTH levels over 70 pg/mL. The interassay variation for a serum 
parathyroid hormone (PTH) level of 68.0 pg/mL was 2.9%.

Magnetic resonance images of the participant were obtained by 
a 1.5 T MRI device (Magnetom symphony 1.5T, Siemens Co., 
Germany). Diagnosis of LSS were established according to the 
quantitative criteria of Society of Experts in Musculoskeletal 
Radiology [19].

STATISTICAL ANALYSIS

The Statistical Package for the Social Sciences (SPSS) software 
(version 15, SPSS Inc., Chicago, IL, US) for Windows was used 
for statistical analysis. The Kolmogorov-Smirnov test was uti-
lized to assess the significance of differences in distributions. 
Continuous variables were reported as mean ± standard devi-
ation ordinal variables as median (maximum - minimum), and 
categorical variables as frequency with percentages. Paramet-
ric data were compared using a one-way analysis of variance 
(ANOVA) test. The ANOVA test was also employed to deter-
mine significant differences between groups, as appropriate. 
Nonparametric data were compared using the Kruskal-Wallis 
test to assess significant differences between median values. To 
compare categorical data, the chi-square test was performed. A 
statistically significant p-value of less than 0.05 was evaluated.

RESULTS

Clinical and Laboratory Characteristics

There were 17, 10, and 19 subjects in groups I, II, and III, respec-
tively. Mean age of the groups I, II and III were 62.2±11, 58.3±6, 
and 63.2±6.4 years, respectively (p=0.55). Sex of the study 
groups was not statistically different, either (p=0.08). Clinical 
and laboratory parameters of the groups which were included in 
the study are described in Table 1.

Table 1. Clinical and Laboratory Parameters of the Patient 
Groups which were Included in the Study. 

Parameter
Group 1 
(n=17)

Group 2 
(n=10)

Group 3 
(n=19)

P

Gender

Men 
(n) 7 (41%) 1 (10%) 10 (53%)

0.081
Women 

(n) 10 (59%) 9 (90%) 9 (47%)

Mean ± SD 
Age (years) 62.2±11 58.3± 6 63.2±6.4 0.553
Ca (mg/dL) 9.3±0.7 9.25±0.4 9.3±0.5 0.619

Albumin (g/dL) 4.4±0.2 4.3±0.2 4.2±0.2 0.114
Alkaline phos-
phatase (U/L) 90±26 78±37 85±22 0.688

PTH (pg/mL) 94±23 44±12 42±10 <0.001
Median (Min-max)

Vitamin D (IU/L) 6 (3-9) 4 (3-8) 15 (11-30) <0.001
Spinal canal AP 
diameter (mm) 14 (10-17) 12(11-17) 16(11-19) 0.002

Thecal sac trans-
verse diameter 

(mm)
14 (6-20) 14 (7-19) 14 (6-21) 0.950

Lateral recess 
height right (mm) 1.3 (0-3.7) 1.3(0-3.2) 1.4 (0-3) 0.871

Lateral recess 
height left (mm) 0.5 (0-4.1) 0.5(0-1.6) 1.4 (0-4) 0.622

No statistical difference was observed between three groups 
regarding age, gender, calcium, albumin, and alkaline phos-
phatase levels. Levels of vitamin D were significantly higher 
in group 3 when compared to other two groups. Also, PTH 
levels were significantly higher in group 1 than the other two 
groups (all p<0.001). In present study, approximately 58% of 
the patients had low vitamin D levels. In 43% of these patients, 
Parathyroid hormone levels were increased. In contrast, 37% of 
our patients have normal vitamin D and PTH levels.

Radiological Parameters

The study groups’ mean spinal AP diameters differed signifi-
cantly (p=0.002). The mean thecal sac transverse diameter of 
the groups did not differ substantially (p=0.95), nor did the mean 
spinal lateral recess right diameter (p=0.87). The groups’ aver-



Vitamin D and Lumbar Spinal Stenosis National Journal of Health Sciences, 2023, Vol. 8. No. 3 105

age spinal lateral recess left diameters did not differ (p=0.62). 
The study groups’ ligamentous interfacet distances differed sig-
nificantly (p=0.008).

Bivariate Correlations in Vitamin D Levels and Radiologi-
cal Measurements of the Spinal Stenosis

Vitamin D was significantly and positively correlated with AP 
diameter of spinal canal (r=0.56, p<0.001). Similarly, PTH was 
inversely correlated with AP diameter of spinal canal (r=-0.33, 
p=0.02). Table 2 shows the correlation between study parame-
ters. 

Table 2. Correlation of Vitamin D and PTH with Spinal Canal 
AP Diameter and Ligamentous Interfacet Distance.

Spinal Canal AP  
Diameter

Ligamentous  
Interfacet Distance

Vit D r= 0.56, p<0.001 r=0.51, p=0.003
PTH r=-0.33, p=0.020 r=-0.47, p=0.007

 
In present study, approximately 58% of the patients had low 
vitamin D levels. In 43% of these patients, PTH levels were 
increased. In contrast, 37% of our patients have normal vitamin 
D and PTH levels.

DISCUSSION

LSS commonly affects individuals aged 50 years and older, with 
a prevalence ranging from 1.7% to 10% [20, 21]. Symptoms 
can manifest unilaterally or bilaterally and may include pseu-
do-claudication, low back pain, numbness, weakness, and pain 
upon lumbar spine extension [16, 22, 23]. These symptoms are 
typically relieved by flexion of the lumbosacral spine [23]. Over 
the past two decades, the positive effects of vitamin D on health 
have surpassed musculoskeletal health to include osteoarthritis, 
colon and breast cancer, cardiovascular disease, essential hyper-
tension, diabetes mellitus and osteoporosis [24, 25].

In a recent study authors found that patients with LSS had sig-
nificant amount of vitamin D deficiency [26]. In another study, 
it was reported that pain and vitamin D deficiency were more 
common in subjects with LSS. They also recommended mea-
surement of serum vitamin D level in LSS patients with severe 
pain [27]. According to the literature vitamin D levels were 
decreased in subjects with LSS compared to healthy patients in 
present study.

LSS patients may have vitamin D deficiency which can have 
additional effects on functions of the lower extremities, which 
may lead to increased risk of fall that can be caused by neuro-
logical claudication and radiculopathy. Therefore, LSS patients 
might have impaired mobility due to vitamin D deficiency; or 
vitamin D deficiency due to impaired daily mobilization and 
related falls [6]. So on, high levels of vitamin D deficiency and 
related (or age related) osteoporosis may cause repeating falls 
that can end-up with fractures, which would be the reason for low 

quality of life parameters due to severe pain. As noted above, it is 
important to point out the relationship of serum 25-hydroxyvi-
tamin D and PTH levels, in detail. This is the result of an effort 
to establish the optimal balance of calcium. So; in patients with 
increased sense of pain, this significantly decreases the quality of 
life, 25-hydroxyvitamin D levels, PTH levels, and bone mineral 
density should be checked in routine blood studies. Also in this 
group of patients combining the choice of treatment with cal-
cium, vitamin D and/or bisphosphonates should be kept in mind.

Our study evaluates the relationship between low vitamin D 
levels and lumbar spinal stenosis; however, there are numerous 
studies indicating that low vitamin D levels are not solely related 
to bone metabolism. Therefore, in patients with low vitamin D 
levels, it is necessary to investigate other factors such as the 
presence of elevated parameters indicative of inflammation or 
other reasons like diabetes or sarcopenia that may affect vitamin 
D levels [28, 29].

Our work has three major limitations; small study population 
and lack of postoperative hormonal status data, which make our 
results difficult to interpret with literature. Another limitation of 
our study is that it was conducted as a single-center study.

In this study, we have revealed two major outcomes; initially, 
LSS patients with low levels of vitamin D, measurements of 
spinal stenosis were similar.

CONCLUSION

The results of the present study indicated that vitamin D and 
PTH levels were associated with the parameters of the lumbar 
spinal stenosis. Moreover, they are significantly correlated with 
AP spinal canal and ligamentous interfacet distance.
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