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ABSTRACT

Background and Aim: Modic changes are alterations in the spine endplates and subchondral bone

: shock absorption, seen by magnetic resonance imaging (MRI). No studies have investigated the effect of

Article info: :  vitamin D and alendronate as oral drugs on reducing and modifying Modic changes after degenerative
Received: 05 Aug 2022 spine fusion surgery. This study aimed to evaluate the efficacy of oral vitamin D and alendronate

Accepted: 15 Nov 2022 administration in patients with low back pain, and Modic changes undergoing lumbar fusion surgery.

Available Online: 25 Dec 2022 Methods and Materials/Patients: A total of 81 middle age women with a normal range of serum
*  vitamin d were enrolled in three groups who underwent lumbar fusion surgery according to
neurosurgical criteria. Group 1 (n=27) received additional oral alendronate, group 2 (n=27) received
oral vitamin D for six months postoperatively, and group 3 (n=27) received no drug (except simple
analgesics and antibiotics). The patients were followed up with a visual analog scale (VAS) and
Oswestry disability index (ODI). MRI was done before and six months after surgery.

Results: There was no significant difference between the three groups in VAS and ODI scores
(P=0.416, P=0.601, respectively), but the mean VAS and ODlI in all three groups decreased over six
months, which was statistically significant (P<0.001). Modic changes in all three groups changed
significantly over 6 months (P<0.01). In the vitamin D and alendronate groups, Modic type 3
increased significantly, but Modic type 2 and Modic type 1 decreased significantly in the vitamin d

Keywords: and no medication groups, respectively.

Oral vitamin D, Alendronate Conclusion: Oral vitamin D administration has a desirable effect not only on clinical outcomes
efficacy, Modic changes, : after lumbar spinal fusion surgery because of degenerative surgery but also on vertebral endplate
Lumbar fusion : Modic changes compared to oral bisphosphonate.
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e Oral vitamin D administration has a beneficial effect on clinical outcomes after lumbar spinal fusion surgery due

to degenerative surgery.

e |t also has a good effect on vertebral endplate Modic change compared with oral bisphosphonate.

e Further studies with larger sample sizes should be conducted to definitively prove vitamin D effects on spine fusion

and Modic changes conversion.

Plain Language Summary

Modic changes are alterations in the spine endplates and subchondral bone shock absorption, which can be seen
by MRI. Due to our study results, oral vitamin D administration may have beneficial effects on clinical outcomes after
lumbar spinal fusion procedures and vertebral endplate Modic change compared with oral bisphosphonate.

1. Introduction

ow back pain (LBP) is known as pain be-
tween the intercostal margin and inferior
gluteal folds, which may have radiation to
the lower limbs and is sometimes associ-
ated with severe motor disabilities [1]. LBP results from
fractures, direct trauma, or systemic diseases such as
spondylodiscitis, tumors, infections, etc. [2, 3].

The important cause of LBP is a degenerative disease
caused by disk herniation or spinal stenosis [4, 5, 6]. Ac-
cordingly, only 20% of patients with lumbar pain have
known anatomic and pathologic changes, and 80%
have an unknown cause of low back pain. Recent stud-
ies have shown that Modic changes are strongly linked
with LBP [7, 8].

The Modic classification was presented in 1988 [7]. Ac-
cording to this classification, type | is characterized by
bone marrow edema and inflammation, type Il is relat-
ed to the conversion of normal red hematopoietic bone
marrow into yellow fatty marrow as a consequence of
ischemia, and type lll is characterized by subchondral
bone sclerosis. Modic changes are alterations in the
spine endplates and subchondral bone signal absorp-
tion based on MRI imaging. These changes could regu-
larly be found in the general population, asymptomatic
individuals, and patients with LBP. Modic et al. reported
that type | changes normally progress to type I, but they
can also revert to normal [7]. Braithwaite et al. recom-
mended that Modic changes can convert from one type
to another, and they all present different stages of the
same pathologic course [9]. When different types, usu-

ally type 1 and 2 or 2 and 3, are detected at the same
adjacent vertebral body, they are labeled mixed types
(1/2 or 2/3, respectively) [8, 9]. However, several previ-
ous studies considered that type | Modic change, includ-
ing type 1/2, represents an active inflammatory pro-
cess; therefore, these previous studies classified type 1
and type 1/2 as “type 1” groups in the analyses [7-9].

In asymptomatic individuals, the frequency of Modic
changes is 12%-13%, and 18%-58% of patients with LBP
have Modic changes, so there is a sturdy association be-
tween Modic changes and LBP [7-9] (Figure 1).

There is a stronger association between lumbar pain
and type 1 Modic than type 2, which may be due to
the occurrence of type 1 Modic in the acute phase of
inflammation and the presence of type 2 in previous
inflammation and degeneration [9, 10]. There is also a
strong association between type 1 Modic changes and
prior disk herniation. Also, Modic changes are more in
patients undergoing lumbar disk surgery [11]. Genet-
ics is a known risk factor in the degeneration and her-
niation of the vertebral endplates. Furthermore, the
prevalence of Modic changes in different racial groups
can be different [12]. Various studies have investigated
the incidence, etiology, and clinical relevance of these
spine degenerative changes, but without any definitive
results [13, 14].

Different surgical methods and drugs have been
studied in this era. There are different results in the lit-
erature about the effect of spine fusion techniques on
the reduction and modification of post-surgical Modic
changes and their related clinical symptoms [15, 16].
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Recent studies have documented the efficacy of the ad-
ministration of bisphosphonates, especially via injection,
in reducing degenerative Modic changes and improving
patients’ lumbar pain symptoms. They have repeatedly
recommended more comprehensive studies [17-20].
Also, some reports show an important relationship be-
tween vitamin D deficiency and Modic changes [21].

Since different studies and theories do not allow the ef-
ficient use of various therapies, this study was designed
and optimized as a clinical trial in patients undergoing
these surgeries.

Despite the importance of back pain and fusion surgery;,
no studies have investigated the consequence of vitamin
D and alendronate as oral drugs on pre- and post-lumbar
fusion surgery. Therefore, this study aimed to evaluate
the efficacy of oral vitamin D and alendronate adminis-
tration in patients with LBP and Modic changes who have
undergone lumbar fusion surgical procedures.

2. Methods and Materials/Patients

Protocol review

This trial was a double-blind, randomized, placebo-
controlled study focused principally on achieving effica-
cy and safety data on using alendronate and vitamin D
in lumbar spine fusion surgery. The study was approved
by the local Institutional Ethics Committee (Code:
IR.MAZUMS.REC.94. 1769). This clinical trial was regis-
tered with the trial (Code: IRCT20140915019185N2). In
addition, the patient signs up an informed consent form
before the beginning of the study.

Study subjects

The study population consisted of 20-65 years old
women registered over 1.5 years among those referred
to our spine clinic and underwent lumbar fusion surgery
according to neurosurgical criteria.

Group 1 (n=27) received additional oral alendronate;
group 2 (n=27) received oral vitamin D for six months
postoperatively, and group 3 (n=27) received no drug
(except simple analgesics and antibiotics) (Figure 2:
Flow diagram).

Inclusion criteria

The study population comprised all patients with lum-
bar spine fusion surgery based on neurosurgery clinical
and imaging findings. They should also have the follow-
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ing criteria: having spondylolisthesis, lumbar disk her-
niation, or spinal stenosis; being female (to eliminate
the hormonal factor as a confounding factor); and their
250HD level >50 nmol/L indicating sufficiency (a 250HD
level <30 nmol/L showed the risk of insufficiency or de-
ficiency).

Exclusion criteria

Patients with traumatic, neoplastic lesions, infectious
and history of surgery, diabetes, debilitating underlying
problems, and rheumatic diseases were excluded in ad-
dition to the ones who did not have interpreted MRI im-
ages. Patients with glomerular filtration rate below 40
were excluded from the study due to the contraindica-
tion use of alendronate.

Pharmacological agents

The first group received a 70 mg alendronate tab-
let weekly for six months postoperatively. The second
group received vitamin D Pearl 50000 units weekly for
six months. The third group received no drug except
simple analgesics and antibiotics.

Outcome variables

Preoperative MRI was performed for all patients and in-
terpreted by a radiologist. At the beginning of the study,
all patients completed the visual analog scale (VAS) of
the pain assessment questionnaire and the Oswestry dis-
ability index (ODI). The VAS pain score and ODI disability
score were administered again after one and six months.
MRI control was again taken in the sixth month and was
seen and interpreted by the same radiologist.

Statistical analysis

Data were analyzed by SPSS software version 19. De-
scriptive statistics and appropriate tables were used
to describe the data. The Chi-square, Fisher exact test,
and ANOVA were used to compare the variables. In this
study, P<0.05 was considered significant.

3. Results

Finally, 81 patients (27 in each group) were evaluated.
The Mean1SD age of the patients was 51.31+8.6 years.
The Mean1SD body mass index (BMI) of the patients
was 29.69+3.47 kg/m?2. One patient was a smoker. Most
patients (40%) had spinal stenosis, and 64.19% had in-
volvement at the L4-L5. Seventy-seven patients had fu-
sion at four levels. There was no significant difference
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between the variables of the three groups (P>0.05). Pa- In the control group, 6 patients had favorable Modic
tient information is presented in Table 1. changes, eleven patients remained unchanged, and ten

patients had worse changes (P=0.380). Thus, the Modic

There was no significant difference among the three change in all three groups changed significantly over 6

groups in VAS and ODI (P=0.416, P=0.601, respectively), months (P<0.01, Table 3). In the vitamin D and alendro-

but the mean VAS and ODI in all three groups decreased nate groups, Modic 3 increased significantly, but Modic

over six months, which was statistically significant type 2 and Modic type 1 decreased significantly in the

(P<0.001) (Table 2) (Figures 3 and 4). vitamin D and no medication groups, respectively (Table
3, Figure 2).

In the vitamin D group, 12 patients had noticeable
Modic changes (from type 2 to type 1), eight showed no 4. Discussion
Modic change, and in seven patients, Modic changes got

worse (from a lower type to a higher type). In the alen- The rate of failure (non-union) in lumbar fusion sur-
dronate group, six patients had favorable Modic chang-  gery has been described as up to 56% [22], and research
es (from type 2 to type 1), while ten patients showed is focused on developing treatments that confirm bone
worse changes and eleven patients were unchanged. union. Bisphosphonates are an anti-catabolic medica-

Table 1. Patients’ demographic information of study groups

Mean1SD/No. (%)

Variables P
Alendronate Vitamin D No Medication
Age (y) 48.73+7.98 53.58+7.93 51.04+9.47 0.122*
BMI (Kg/m?) 28.41+3.54 30.05+3.53 31.03+2.89 0.056*
Spondylolisthesis 13(48.15) 9(33.33) 9(33.33)
Diagnosis Disk herniation 6(22.23) 2(7.41) 5(18.52) 0.213**
Spinal stenosis 8(29.62) 16(59.26) 13(48.15)
L2-L3 1(3.70) 2(7.41) 1(3.70)
L3-L4 3(11.11) 10(37.04) 7(25.93)
Involvement level 0.707%**
L4-L5 15(55.56) 16(59.26) 19(70.37)
L5-S1 12(44.44) 14(51.85) 10(37.04)

Number of levels Three 8(29.63) 3(11.11) 7(25.93) I
invol .
involved Four 19(70.37) 24(88.89) 20 (74.07)

1 11(40.74) 7(25.93) 12(44.44)
Modic changes in 2 16(59.26) 20(74.07) 14(51.85) 0.313**
admission (type)
3 0(0) 0(0) 1(3.7)
Non 2(7.41) 4(14.81) 5(18.52)
1 6(22.22 3.3 5(18.52
Modic changes after ( ) 9(3333) ( ) 0.515%*
h .
6 months (type) 2 16(59.26) 9(33.33) 14 (51.85)
3 3(11.11) 5(18.52) 3(11.11)

P<0.05 is considered significant.

*One-way ANOVA, **The Fisher exact test, ***The Chi-square test

Haddadi K, et al. Oral Vitamin D and Alendronate in Modic Changes. Iran J Neurosurg. 2022; 8:E20
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Figure 1. Modic changes classification based on MRI findings

tion and have been used to treat various bone illnesses However, studies that evaluated bisphosphonate
considered by amplified bone turnover, such as osteo- treatment in spinal fusion are scarce, and documents
porosis [23]. Some studies showed that single-dose have mostly observed the consequence of continuous
bisphosphonates usage briefly prevents bone catabo- drug usage. Some authors evaluated the result of daily
lism and induces an increase in callus size to increase in alendronate sodium (0.05 mg/kg) on rabbits’ intertrans-
open fracture models [24- 26]. verse spinal fusion model [27]. They reported that alen-
Figure 2. Flow diagram 1@‘%‘5
P
AR
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Figure 3. Visual analog scale changes before and after six months in the study groups

dronate could delay bone fusion in a rabbit model, as
resolute by the histological assessment [28]. They also
establish a decline in the fusion rate. Other authors con-
firmed dose-dependent results with alendronate in a
similar rabbit spine fusion process [27]. They recognized
substantial rises in fusion mass in both high-dose and
low-dose treatment clusters, as revealed by computed
tomography. Though, they originate that a high dose
is directed to a lesser rate of fusion than the low dose
or control groups. A recent study recommended that

Figure 4. Oswestry disability index changes before and after six months in the study groups

H.E \ S Iranian Journal of
4 NEUROSURGERY

pamidronate can delay fusion, but the total effective
dose was high and continuous [29].

This study aimed to evaluate the efficacy of oral vita-
min D and alendronate administration in patients with
LBP and Modic changes who had undergone lumbar
fusion surgery in our department. In this study, 81 pa-
tients were enrolled, and there was no significant dif-
ference between the three groups based on diagnosis
(diskopathy/listhesis/stenosis). Results displayed no sig-
nificant difference in fusion levels and Modic changes in
all three groups. Also, the results showed a significant

D)
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Table 2. Visual analog scale (VAS), oswestry disability index (ODI), and modic changes before and six months after surgery

No. (%)
Variables P
Alendronate Vitamin D No Medication
Before surgery 5.41(3.25) 6.15(2.59) 5.25(2.83)

VAS 0.416
After six months 2.37(1.55) 2.85(1.83) 2.15(1.35)

Before surgery 32.52(7.81) 34.33(6.47) 33.04(6.81)
ODI 0.601
After six months 18.81(7.81) 20.11(6.69) 20.41(6.12)

decrease in postoperative pain in all three groups based
on VAS. Still, this reduction was not significantly differ-
ent between the three groups.

In our study, although the postoperative disability im-
provement based on ODI criteria was significantly bet-
ter in the vitamin D group than the other three groups,
there was no difference between the three groups. It
should be noted, however, that this decrease was pres-
ent in all three groups but was lower in the vitamin D
group.

On the other hand, regarding the Modic changes, the
results of our study showed that 12 patients had better
changes in the vitamin D group. These patients have
dropped from a high-grade Modic grade to a low-grade
one (type 2 to 1). In comparison, 6 cases in the alen-

I

S
dronate group and 8 cases in the control group had bet-
ter Modic changes. However, despite the superiority of
vitamin D over the other groups, the Modic changes in
the three treatment groups showed no statistically sig-
nificant difference. Although, in our study, there was no
difference in the outcome between the three groups,
the effect of vitamin D administration was superior,
which cannot be overlooked. Concerning this effect of
vitamin D by Rodriguez et al. [18], in a review study,
concluded that vitamin D deficiency might be a causal
reason for persistent postoperative pain.

Vitamin D deficiency is asymptomatic, and the symp-
toms can be independent of musculoskeletal pathologi-
cal changes. Moreover, physicians need to be aware of
the effect of this vitamin deficiency and its effect on
postoperative care. In a cross-sectional study by Johan-

Table 3. Modic changes before (1) and six months (6) after surgery in three study groups

No. (%)
Groups Objects Type P
Modic Type 1 Modic Type 6
1.00 7(8.64) 8(9.88)
Vitamin D 2.00 38(46.91) 18(22.22) <0.001
3.00 0(0) 15(18.52)
1.00 10(12.35) 7(8.64)
Alendronate Modic 2.00 34(41.98) 30(37.04) 0.008
3.00 0(0) 9(11.11)
1.00 13(16.05) 5(6.17)
No Medication 2.00 28(34.57) 30(37.04) 0.039
3.00 3(3.7) 9(11.11)

Haddadi K, et al. Oral Vitamin D and Alendronate in Modic Changes. Iran J Neurosurg. 2022; 8:£20
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sen et al. [21], the correlation between serum vitamin D
levels and clinical signs and Modic changes on MRI was
evaluated in 152 patients with low back pain. They re-
ported a significant association between vitamin D de-
ficiency and Modic changes. Studies show that vitamin
D status is commonly ignored, and all healthcare physi-
cians should know its significance in treating patients. In
our study, vitamin D administration was also associated
with a relatively better response than other groups, but
due to the low sample size, further studies with larger
sample sizes are recommended to evaluate this effect.

There have also been studies of the use of drugs simi-
lar to the alendronate family (bisphosphonates). Our
study exhibited the same effect on alendronate groups
as the control and vitamin D groups and showed no dif-
ference between the three groups. However, in terms
of quantity and quality data, it was less effective than
the vitamin D group.

For example, in a 2014 clinical trial, Cecchetti et al.
[19] in France treated 24 patients with a degenera-
tive disease and lumbar discopathy in two randomized
groups with pamidronate, a bisphosphonates injectable
90 mg/d for two days and placebo in the other group.
The VAS clinical criterion over three months recording
showed the improvement effect of pamidronate on the
clinical recovery of patients with LBP and Modic chang-
es type 1. One of the limitations of this study was that
it was performed only on patients with type 1 Modic
changes, while in our study, all types of Modic changes
were studied. In another study, Koivisto et al. [20] com-
pared the efficacy of 5 mg zoledronic acid injection with
placebo in two groups of patients with chronic LBP and
Modic MRI changes in clinical parameters of VAS and
ODL. They evaluated the short-term efficacy of this drug.
The zoledronic acid effect was confirmed in decreasing
the severity of LBP in the short term and decreasing the
use of non-steroidal anti-inflammatory drugs for one
year in patients with chronic LBP and chronic Modic
changes on MRI. However, they recommended further
studies with a larger number of patients. The difference
between this study and our study could be due to dif-
ferences in study design, sample size, and the type of
patients with back pain who have been studied. It is rec-
ommended to conduct studies with a larger population
and multicenter population and to evaluate the effect
of vitamin D and alendronate on cervical fusion patients
as well as laminectomy and discopathy to obtain the full
effect of these drugs. It is suggested that cohort stud-
ies be conducted in a larger statistical population to
achieve realistic goals in this area.
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5. Conclusion:

The consequences of this study showed a significant
effect of lumbar fusion surgery on pain relief and out-
come in patients, but there was no difference between
the control and vitamin D and alendronate groups.
However, in the data obtained from the results, the vita-
min D-treated group had better outcomes, but further
studies with larger sample sizes should be conducted
to prove this finding. Oral vitamin D administration has
a beneficial effect not only on clinical outcomes after
lumbar spinal fusion surgery because of degenerative
surgery but also has a good effect on vertebral endplate
Modic change compared with an oral bisphosphonate.
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