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Diabetes Mellitus and the Development of Lumbar
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Study Design: Retrospective study.

Purpose: To assess the relationship between the severity of lumbar canal stenosis (LCS) and type-Il diabetes mellitus (DM).
Overview of Literature: DM is a multiorgan disorder that has an effect on all types of connective tissues. LCS is a narrowing of the
spinal canal with nerve root impingement that causes neurological claudication and radiculopathy. Identification of the risk factors of
LCS is key in the prevention of its onset or progression.

Methods: LCS patients were divided into three groups as per DM status: group A without DM (n=150); group B patients with well-
controlled DM; and group C patients with uncontrolled DM. Groups B and C were subdivided into group B1: patients with DM with a
duration of <10 years (n=76), group B2: DM with duration of >10 years (n=68), group-C1 DM duration <10 years (n=56), and group C2
DM duration >10 years (n=48). The severity of LCS was evaluated using the Swiss Spinal Stenosis Scale (SSSS) and Modified Oswes-
try Disability score (MODS). Operated patients ligamentum flavum sent for histological staining and quantitative immunofluorescence
analysis.

Results: The demographic data of groups did not show any difference except in age. There was no difference between the mean
SSSS and MODS of groups A and B1. Groups B2, C1, and C2 had higher average SSSS and MODS than group A (p<0.05). Groups B2
and C2 had higher SSSS and MODS than groups B1 and C1. Groups C1 and C2 had higher scores than groups B1 and B2 (p<0.05). The
severity of LCS was significantly related to the duration of DM in groups B and C (p<0.05). Uncontrolled and longer duration of DM
had significant elastin fibers loss and also higher rate of disk apoptosis, high matrix aggrecan fragmentation, and high disk glycosami-
noglycan content.

Conclusions: Longer duration and uncontrolled diabetes were risk factors for LCS and directly correlate with the severity of LCS.
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Introduction an effect on many types of connective tissues including
bone and cartilage, and it is characterized by hypergly-
Diabetes mellitus (DM) is a multiorgan disorder that has cemia that has acute as well chronic biochemical and
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anatomical sequelae [1]. Type-II DM is the most com-
mon form of diabetes. According to data from the World
Health Organization, the estimated prevalence of DM
among the Indian adult population was 11.8% [2]. Dia-
betes is associated with an increased risk of certain mus-
culoskeletal pathologies. Prolonged and frequent com-
plications of diabetes include diabetic neuropathy, with
symptoms such as pain and sensory and motor deficits in
the legs [3]. Lumbar canal stenosis (LCS) is characterized
by a narrowing of the spinal canal with nerve root im-
pingement that leads to neurological claudication and ra-
diculopathy. There is hypertrophy of the ligament flavum
and facet joints in LCS due to degenerative changes. The
pathophysiology of LCS is still to be elucidated. The liga-
ment flavum covers dorsal and lateral parts of the spinal
canal and its role is crucial in the pathogenesis of LCS [4].
In diabetic conditions, hypertrophy of the ligamentum
flavum is faster and severe [5]. Some studies suggested
that there was a significant difference in the incidence
and severity of LCS in patients with diabetes compared
to those with degenerative disk disease [6]. Therefore,
DM was considered as a risk factor for LCS; however, its
mechanism is still unclear [7,8]. Approximately 13% of
patients who underwent lumbar spine surgery were di-
agnosed with DM and the prevalence of DM in the same
population was 8% [9]. DM leads to vasculopathy, which
might be the effect on the nutrition of the spine and
causes disk degeneration and LCS [10]. In patients with
DM, one growing problem is the lack of early detection of
canal stenosis, which causes many complications. In this
retrospective study, we determined the prevalence, and
association of DM with LCS with histopathological evi-
dence.

Materials and Methods

1. Patients

After approval from the institutional ethics committee of
Topiwala National Medical College and B.Y.L. Nair Hos-
pital, Mumbai, India (ECARP/2016/168), we conducted
this retrospective study from 2016 to 2018 at three differ-
ent tertiary care hospitals in India. We obtained informed
consent from all patients prior to participating in the
study.

The diagnostic criteria for LCS are the magnetic reso-
nance imaging (MRI) suggested of LCS- narrowing of the

canal, lateral recess, and/or foramen. We also confirmed
the presence of at least one of these clinical signs of LCS:
(1) symptoms worsened by lumbar extension and relieved
by flexion, (2) leg pain relived by leaning forward on a
shopping cart while walking, and (3) leg symptoms wors-
ened by walking and relieved by sitting.

The inclusion criteria were as follows: (1) age 240 and
<65 years, (2) no history of previous conservative or sur-
gical treatment, (3) LCS on MRI, (4) non-smoker/no to-
bacco chewing, and (5) no other significant co-morbidity.
The exclusion criteria were as follows: (1) extreme spinal
loading occupation and (2) history of spinal trauma.

Three hundred and ninety-eight patients were included
as per inclusion-exclusion criteria. The patients were di-
vided into three different groups as per DM status. Group
A had non-DM patients (n=150). Group B had patients
with controlled DM (n=144) and group C had patients
with uncontrolled DM (n=104). Patients with DM were
included in groups B and C and subdivided as per the
duration of DM. Group B1 consisted of patients with con-
trolled DM with a duration of <10 years (n=76), group B2
consisted of patients with controlled DM with a duration
of >10 years (n=68). Group C1 consisted of patients with
uncontrolled DM with a duration of <10 years (n=56)
and group C2 consisted of patients with uncontrolled DM
with a duration of >0 years (n=48). We recorded the de-
mographics, clinical, and radiological data of all patients.
The criteria for the diagnosis of DM were fasting plasma
glucose =126 mg/dL, random plasma glucose 200 mg/dL
and hemoglobin Alc (HbAlc) 26.5%. We used the Modi-
tied Oswestry Disability score (MODS) [11] and Swiss
Spinal Stenosis Scale (SSSS) [12] to assess clinical and
functional results.

Lumbo-sacral spine antero-posterior and lateral stand-
ing radiographs and MRI were performed for LCS di-
agnosis and scoring. Patients with failed conservative
management were managed surgically, and various de-
compression/spinal stabilizing procedures (laminectomy;,
transforaminal lumbar interbody fusion) were performed
according to the patient’s clinical finding. A sample of the
disk of patients who were operated on for LCS was sent
for histopathological and quantitative immunofluores-
cence analysis.

2. Histopathological and immunofluorescence analysis

We performed (1) histological analysis of the interverte-
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Table 1. Demographic data

Characteristic
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No. of patients 150 76
Age (yr) 54.2+8.9 57.9+7.7
Body mass index (kg/m?) 19.3122.0 19.5+1.7
Hemoglobin Ac (%) 5.6+0.2 6.610.4
Duration of diabetes mellitus (yr) 6.3+0.7
No. of spinal levels involvement

<2 62 50

>3 88 46

68 56 48
60.9+8.1 58.3+8.6 61.3+7.6
18.9+1.8 19.0+1.7 20.1£1.4

6.7+0.4 7.5+0.6 1.7+0.5
12.1£1.2 12411 13.1£15

24 20 22

44 36 26

Values are presented as number or meansstandard deviation.

bral disc sample and ligamentum flavum, (2) proteogly-
can synthesis, and (3) apoptosis assay. We collected and
analyzed all clinical, functional, biochemical, radiological,
and pathological data.

3. Statistical analysis

We performed statistical analysis using IBM SPSS ver.
19.0 (IBM Corp., Armonk, NY, USA). All data are pre-
sented as meantstandard deviation or percentages. Clini-
cal characteristics were compared between the groups us-
ing linear model analysis for continuous variables and the
chi-square test for categorical data. Multinomial logistic
regression analysis was adopted to identify the relation-
ship between DM and the severity of LCS.

Results
1. Main results

Three hundred and ninety-eight patients were included
with a mean age of 56.47+9.71 years (range, 40-65 years).
There was no significant difference in sex, body mass in-
dex and other demographic data among all groups (p>0.05,
except for age [p<0.05]) (Table 1).

The mean SSSS was 54+10.1 in group A, 6149.12 in
group B1, 66£14.1 in group B2, 61+4.10 in group Cl,
and 69.6£9.50 in group C2. There was no significant
difference between the mean SSSS of groups A and B1.
Groups B2, Cl1, and C2 showed higher a SSSS than group
A (p<0.05). Uncontrolled DM groups B2 and C2 had a
higher SSSS than controlled DM groups. Group C showed

Table 2. Functional and histological data

Variable

Group A

No. of patients 150 76 68 54 48
SSSS 54.0+10.1 61.0£9.12 66.0¢14.1 61.0+4.1 69.6£9.5
MODS 40.6£19.2 5264104 535+152 54.0+£12.4 540£12.4

Values are presented as number or meanzstandard deviation.
SSSS, Swiss Spinal Stenosis Scale; MODS, Modified Oswestry Disability score.

higher scores than group B (p<0.05). The mean MODS
was 40.6+19.2 in group A, group Bl had 52.6£10.4, group
B2 had 53.5%15.2, group CI had 54+12.4, and 54+12.4
in group C2. Group C showed higher scores than group
B (p<0.05). A positive trend was observed between DM
duration and severity of LCS by utilizing Spearman cor-
relation analysis (Table 2).

2. Histopathological and immunofluorescence analysis

Ninety cross-sections were evaluated for histopathology
by confocal microscopy (samplesx3).

1) GAG content

We performed a DMMB assay (dimethylmethylene blue
assay) to measure glycosaminoglycan (GAG) content.
GAG amount was not significantly different after control-
ling for age. Findings were qualitatively confirmed by
safranin-O and fast green histopathological staining.

2) Proteoglycan synthesis
It was assessed by measuring 35S-sulfate incorporation
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into a disk and flavum tissue using an organotypic culture
system. A significant reduction of OG synthesis was noted
in patients with DM.

3) Immunoblot analysis

The pathologic processes involved in ligament flavum
hypertrophy include fibrocartilaginous changes due to
the proliferation of type-II collagen, ossification, calcium
crystal deposition, degeneration of collagen and elastin
fibers, and chondroid metaplasia of fibroblasts.

4) Quantitative microscopic analysis
Quantitative microscopic analysis of ligament flavum and

Tahle 3. Histological data

Group A

No. of patients 30 15 15 15 15
Elastin fiber loss  0.69+£0.57 1.50+£0.55 1.80+0.83 2.10+0.15 2.40+0.90

Values are presented as number or meanzstandard deviation.

elastin fibers showed that ADAMTS4 and ADAMTS5
protein expression were investigated in ligament flavum
and disk material section; these were significantly higher
in patients with DM and were noted to be highest in lon-
ger duration in patients with uncontrolled DM. The mean
elastin fiber loss was 0.69+0.57 in group A, 1.5+0.55 in
group B1, 1.8+£0.83 in group B2, 2.1+0.15 in group Cl,
and highest at 2.4+0.90 in group C2. There was a signifi-
cantly higher loss in the DM groups than in the non-DM
group. Hyperglycemia was positively correlated with elas-
tin fiber loss (p=0.048) (Table 3, Fig. 1).

Discussion

In DM, extracellular matrix changes may differ from the
normal aging process in two important ways: increased
non-enzymatic cross-link of proteins by sugar glycosyl-
ation at lysine residues and decreased rate of proteoglycan
synthesis [8,9]. The identification of risk factors for LCS
is important to prevent or delay its progression. In the
present study, we evaluated the association between DM
and LCS with histopathological evidence. The study dem-

Fig. 1. (A-C) Magnetic resonance imaging and microscopy images of a 58-year-old non-diabetic female showing normal elastin fibers. (D—F) A
60-year-old female with uncontrolled diabetes mellitus (DM) of longer duration and lumbar canal stenosis shows severe lumbar canal stenosis
with moderate loss of elastin fibers.
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Fig. 2. T2-weighted the lumbar spine magnetic resonance imaging of a 56-year-old controlled diabetic female. (A) Mid-sagittal
view shows L4-L5 disc budge with stenosis. (B—E) Axial scan of L4—L5 and L5-S1 shows disc bulge, ligament flavum hypertrophy,
and central with lateral recess stenosis.

Fig. 3. T2-weighted the lumbar spine magnetic resonance imaging of a 58-year-old uncontrolled diabetic female. (A) Mid-sagittal
view shows lumbar degenerative disc with L4—L5and L5-S1 disc budge with stenosis. (B—E) Axial scan shows L4-L5 and L5-S disc
bulge, severe ligament flavum hypertrophy, facet joint degeneration-cyst, and severe central with lateral recess stenasis.
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onstrated that patients with DM tended to develop more
severe LCS than those without DM. The duration of DM
had a positively associated with the severity of LCS, which
meant that the longer the duration was, the more severe
LCS would be. Uncontrolled DM had more severe LCS.
Our results suggest that DM is a risk factor for LCS and
such an effect is time and control dependent (Figs. 2, 3).

Frymoyer [13], in his study, concluded that the preva-
lence of degenerative spondylolisthesis is higher in pa-
tients with DM, and some studies found opposite results
to this finding [14]. Vogt et al. [14] reported in their study
that patients with DM had a poor outcome following
lumbar spine surgery than controls, and reoperation rate
and prolonged hospitalization were equally significantly
high in DM [9]. Some other studies also suggested that
high preoperative glycated hemoglobin levels and longer
duration of DM were risk factors for poor spinal surgery
outcomes [15,16]. Several other studies assumed that DM
enhances the formation of advanced glycation end prod-
ucts in the nucleus pulposus, which causes progression of
disk degeneration [17,18]. Chen et al. [10] in their study
found that diabetes accelerated the disk degeneration pro-
cess by microangiopathy. Park et al. [19] and Kong et al.
[20] demonstrated in their in vitro studies that autophagy
of nucleus pulposus and fibrosis on annulus play impor-
tant roles in LCS and that they are high in hyperglycemic
conditions. Some studies investigated methods of slow-
ing down the process of LCS caused by diabetes. Kong et
al. [20] demonstrated that strict blood glucose control is
important to prevent and delay the process of LCS. The
present study also suggested similar findings; the SSSS
and MODS of patients with controlled DM with shorter
duration of DM had no significant difference compared to
that of non-DM patients.

The microscopic results of the present study also suggest
that elastin fiber loss is significant in a longer duration
of DM and uncontrolled diabetes. The elastin to collagen
fiber ratio decreased with age and results in decreased
elasticity and increased stiffness or fibrosis [21]. This
loss of elasticity may lead to hypertrophy of the ligament
flavum in the lumbar canal and causes compression of
the dural sac [11]. Elastin degradation plays a key role in
several microvascular and macrovascular complications
of diabetes affecting other organs, including retinopathy,
nephropathy, and angiopathy [12,22,23]. There is also an
increase in the expression and activity of various mol-
ecules like tissue inhibitors of matrix metalloproteinases,

matrix metalloproteinases, platelet derived growth factor
BB, connective tissue growth factor, bone morphogenic
protein, and inflammatory cytokines [24-26].

Shemesh et al. [27] also concluded similar results for
DM and non-DM patients in their study. The exact impact
of DM on the pathophysiology of LCS still needs further
clarification. The present study is one of the few studies
that investigate the relationship between DM and LCS us-
ing the functional scoring system with histopathological
evidence. HbAlc was used to detect diabetes that increas-
es the accuracy of our study.

Drawbacks of our study are the small date size and
short follow-up. Another limitation is the fact that degen-
erative disk diseases and vertebral osteoporotic fractures
may simultaneously exist in the same patient. Prospective
comparative studies with large numbers of patients, longer
follow-up, and further research of the molecular changes
underlying LCS are required for confirmation of our study
results.

Conclusions

Diabetes is positively associated with LCS. DM causes loss
of elastin fibers of the ligamentum flavum that leads to fi-
brosis and hypertrophy. A longer duration of uncontrolled
DM is a risk factor for LCS.
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