UE%N Iranian Journal of
NS|NEUROSURGERY

Research Paper ™
Comparison of Vicious Effect of Oral Pantoprazole and
Famotidine on New Bone Formation in Patients With
Lumbar Spine Fusion Surgery: A Randomized Control Trial

Kaveh Haddadi' (*, Navid Tahmasbi* (©), Abdolrasool Alaee? ), Abbas Alipour® (*, Saeed Ehteshami?’

1. Department of Neurosurgery, School of Medicine, Mazandaran University of Medlical Sciences, Sari, Iran.
2. Orthopedics Research Center, Mazandaran University of Medical Sciences, Sari, Iran.
3. Department of Community Medicine, School of Medicine, Mazandaran University of Medical Sciences, Sari, Iran.

Use your device to scan

and read the artice oiine [S{ETIET] Haddadi K, Tahmasbi N, Alaee A, Alipour A, Ehteshami S. Comparison of Vicious Effect of Oral Pantoprazole
+ and Famotidine on New Bone Formation in Patients With Lumbar Spine Fusion Surgery: A Randomized Control Trial. Iran J
Neurosurg. 2024; 10:E1. http://dx.doi.org/10.32598/irjns.10.1

d - http://dx.doi.org/10.32598/irjns.10.1

Article info: :
Received: 26 May 2023 ABSTRACT
Accepted: 15 Jan 2024 .

Available Online: 17 Feb 2024 :  Background and Aim: Due to the increasing use of proton pump inhibitors (PPIs) and their
. side effects for bone repair and the high percentage of therapy failure in lumbar fusion surgery,
especially in various animal studies, the goal of this study was to appraise the consequence
of pantoprazole and famotidine on new bone formation in patients experiencing spinal fusion
surgery.

Methods and Materials/Patients: In this double-blind clinical trial, eighty patients participated
based on the inclusion and exclusion criteria, of whom 40 cases received pantoprazole (group P)
and 40 received famotidine (group F) for eight weeks. They were followed up for three, six, and
twelve months after surgery for cage subsidence, screw loosening, and visual analogue scale (VAS),
Oswestry disability index (ODI), Brantigan, Steffee, Fraser (BSF), and Lenke classification for grading
their bone formation. A P<0.05 was considered significant.

Results: The rate of fusion based on the Lenke score was lower in the group receiving
pantoprazole six and 12 months after the surgery compared to group F (the frequency of
Lenke grades C and D were 35% and 25% compared to the famotidine group 12.5% and 12.5%,
respectively; P=0.042). The VAS MeanSD score in group F was lower than group P after 12
months (2.48+1.06 and 1.83+0.55, respectively; P=0.008). There was no pharmacologically
significant association between subsidence (P=0.43), loosening (P=0.13), ODI (P=0.31), and
BSF (P=0.77) 3, 6 and 12 months post-operation.

Keywords: : Conclusion: Affording to the preliminary conclusions of this study, the use of pump inhibitors,
such as pantoprazole is more destructive for the ossification process in candidates for spinal fusion
requiring the chronic use of drugs for controlling their gastric acid secretion, and H2-blocking
drugs, such as famotidine are preferable in this situation after further investigations.
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¢ Due to the increasing use of pump inhibitors (PPIs) and their side effects on bone repair, they may have the
potential to induce failure in lumbar fusion surgery.

¢ The present findings show that the use of pump inhibitors, such as pantoprazole is more destructive for the
ossification process in candidates for spinal fusion.

* So, H2-blocking drugs, such as famotidine are preferable in this situation after further investigations.
Plain Language Summary

Due to the increasing use of proton pump inhibitors (PPIs) side effects for bone repair and the high percentage of
therapy failure in lumbar fusion surgery, the present unique human study was designed to determine the effect of

oral pantoprazole and famotidine on new bone formation in patients undergoing surgery for spine degenerative
diseases. The use of pump inhibitors, such as pantoprazole can be more destructive for the ossification process in

candidates for spinal fusion requiring the chronic use of drugs to control their gastric acid secretion.

1. Introduction

rthrodesis or fusion in the spine is one

of the most common surgical processes

used to treat several spinal diseases, such

as spondylolisthesis, lumbar stenosis, and

spinal deformity. An epidemiologic study in
the United States revealed a growth of 2.4 times in the
number of fusion processes of the spine starting from
1998 to 2008 [1]. Numerous methods, as well as several
surgical procedures, different types of grafts, and instru-
mentation, have been used for the reconstruction of
the spine. Regardless of the technique used to operate
on the spine, the goal is a bone insertion (allogeneic or
artificial) in the moving segment, and prompting bone
restoration. Conditions, like dysentery, arthritis, and os-
teoarthritis of the spine can impair the process of repair
and quality of life [2-6].

Medications for suppressing stomach acid produc-
tion and secretion that are commonly suggested to the
general public consist of proton pump inhibitors (PPlIs),
which constrain the gastric proton pump and prevent
the secretion of acid from the gastric wall cells, and are
widely used in several gastrointestinal disorders [7-9].
Other gastric acid inhibitors include histamine H2 recep-
tor antagonists, like cimetidine and famotidine. Previ-
ous studies have shown that cimetidine improves symp-
toms of calcification of the shoulder tendons [10]. The
prolonged use of PPIs can cause side effects, such as the
inhibited reabsorption of vitamin B12 and absorption of
calcium [11-13], decreased bone resorption, osteoporo-

sis, and amplified chance of fractures [14, 15]. Panto-
prazole was introduced to the pharmaceutical market in
1997, following other PPIs, like omeprazole and lanso-
prazole [16]. The persistent use of pantoprazole delays
fracture healing by disturbing new bone formation and
bone restoration as a result of decreased osteoblast ac-
tivity and proliferation [17].

Due to the potentially common paths between frac-
ture repair and lumbar fusion, it is theorized that the risk
factors of delayed bone repair and non-union in trauma
are comparable to those of the lumbar fusion process
[18]. Lumbar fusion is a surgical decision preferred for
patients with spondylolisthesis, severe spinal stenosis,
spinal instability, or degenerative scoliosis since the
lumbar vertebrae remain stable in this procedure and
enhance vertebral consistency and alignment [18, 19].
Lumbar fusion was first performed in the early 1900s on
the thoracolumbar spine to treat Pott’s disease caused
by tuberculosis [19, 20]. Even with the developments
in surgical techniques and instruments, non-union still
occurs in 24% of patients, who end up needing reopera-
tion [19, 20]. Various risk factors, including infections,
smoking, bone metabolism disorders, and vitamin D
deficiency, are involved in pseudoarthrosis [21, 22].
Pseudoarthrosis is asymptomatic in about 30% of the
patients while 45% to 56% complain of refractory pain
following surgery [18, 19].

Due to the increasing consumption of PPIs and their
potential side effects for bone repair and the high per-
centage of therapy failure in lumbar fusion surgery, vari-
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ous studies have been done on the influence of PPIs on
lumbar fusion. However, they have only assessed ani-
mal models to investigate the effect of these drugs on
bone formation [18]. Since no studies have yet been
led to assess the effects of PPIs on the success rate and
complications after lumbar fusion surgery in human
models, this study intended to determine the effect of
oral pantoprazole and famotidine on new bone forma-
tion in patients undergoing surgery for spine degenera-
tive diseases.

2. Materials and Methods
Protocol review

This study is a randomized clinical trial that involves a
twelve-month evaluation of the effects of famotidine
and pantoprazole on new bone marrow formation in
patients undergoing lumbar fusion surgery at Imam
Khomeini Hospital in Sari, Iran.

Each patient’s legally authorized representative signed
an informed consent form, and the researchers also
obtained consent from the patient’s primary caregiv-
ers before starting medication therapy. The patients’
information was kept confidential, and the researchers
adhered to the principles outlined in the Declaration of
Helsinki. Demographic information, including age, sex,
weight, height, type of surgery, and primary disease di-
agnosis, was recorded in a dedicated questionnaire.

Subjects

Atotal of 113 patients admitted to the neuro-spine de-
partment of the hospital with degenerative spinal dis-
order requiring spinal decompression, instrumentation,
and interbody fusion were enrolled in this randomized
clinical trial over a three-year period. According to our
estimated sample size determined by G-power software
version 3.1.9.7, out of the 80 patients who were allo-
cated to the pantoprazole or famotidine groups based
on the block randomization method, no patient missed
the follow-up during the study. Overall, 80 patients
completed the intervention, and their data were fully
analyzed (Figure 1).

Inclusion criteria

Patients with a body mass index (BMI) of 20 to 35 and
degenerative diseases requiring lumbar fusion surgery,
including spondylolisthesis, lumbar spinal canal steno-
sis, spinal deformity, lumbar disc disease, and age be-
tween 30-65 years were included in the study.
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Exclusion criteria

The exclusion criteria were as follows: 1) Spine injury
due to infection, tumor, inflammatory diseases, and
trauma, 2) Diabetes, 3) Heavy smokers, 4) History of se-
vere osteoporosis, 5) Not consenting to participation in
the study. Participants receiving PPIs or famotidine six
months before the study.

Pharmacological agents

The patients were divided into two groups through
block randomization. One group received oral panto-
prazole (group P) (n=40), and the other received famoti-
dine (group F) (n=40), with each group receiving a daily
dose of 40 mg. Both groups underwent an eight-week
treatment following their lumbar fusion surgery. The
prescription drugs, including painkillers and antibiotics,
were identical for all patients. Autografts were used
during the surgery to enhance fusion in all cases.

Upon admission, the primary outcome measures in-
cluded the assessment of pain using the visual analogue
scale (VAS) and disability using the Oswestry disability
index (ODI). A comprehensive medical history was ob-
tained from each patient, and all patients underwent a
detailed physical and neurological examination.

The primary endpoint for measuring bone-related out-
comes included subsidence, loosening, and the Branti-
gan, Steffee, Fraser (BSF), and Lenke scores, which were
determined based on spinal CT scans [22].

BSF as the classification of interbody fusion success

BSF-1: Radiographic pseudarthrosis is defined as the
collapse of the construct, loss of disc height, vertebral
slip, broken screws, displacement of the carbon cage, or
significant resorption of the bone. Also, graft or lucency
is visible around the periphery of the graft or cage.

BSF-2: Radiographical locked pseudarthrosis is defined
as lucency visible in the middle of the cages with solid
bone growing into the cage from each vertebral endplate.

BSF-3: Radiographic fusion is defined as bone bridges
at least half of the fusion area with at least the den-
sity originally achieved at surgery. Radiographic fusion
through one cage (half of the fusion area) indicates a
mechanically solid fusion even if there is lucency on the
opposite side.
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Figure 1. CONSORT 2010 flow diagram indicating patients who were allocated into the pantoprazole or famotidine groups based on block

randomization method and continued the study

Lenke’s classification of posterolateral fusion success

Grade A: Definitely solid with bilateral trabeculated
stout fusion masses; grade B: Possibly solid with a uni-
lateral large fusion mass and a contralateral small fusion
mass; grade C: Probably not solid with a small fusion
mass bilaterally; grade D: Definitely not solid with bone
graft resorption or obvious pseudarthrosis bilaterally

Statistical analysis

The Shapiro-Wilk test was utilized to assess the normal
distribution of the data. Descriptive statistics for both
groups (pantoprazole and famotidine) were compared
and presented as percentages, medians (interquartile
range) and MeanzSD. The collected data were then
subjected to a comparative analysis between the two

groups, utilizing statistical tests such as the chi-square
or Fisher’s exact tests for categorical data and the t-test
or Mann-Whitney U-test for continuous data. Further-
more, repeated-measures regression analysis, specifi-
cally the generalized estimated equation (GEE), was em-
ployed to evaluate the trend of changes in the outcome
parameters between the two treatment modalities. A
significance level of P<0.05 was considered statistically
significant. Statistical analyses were conducted using
IBM SPSS software, version 24.

3. Results

Eighty patients were included in this study based on
specific inclusion and exclusion criteria. Among them,
40 received pantoprazole (group P), and 40 received fa-
motidine (group F). The MeanSD age was 47.4+10.54
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Table 1. Demographic and clinical characteristics of the patients in the study groups (n=40)
MeantSD/No. (%)
Variables P
Pantoprazole Famotidine
Age (y) 47.4+10.54 47.7+10.37 0.99
Gender (female/male) 25/15 25/15 0.99
BMI (kg/m?) 28.47+2.94 27.943.29 0.42
LS 17(42.5) 16(40)
LSS 7(17.5) 10(25)
Disease 0.55
LDH 8(20) 10(25)
R 8(20) 4(10)

Abbreviations: LS: Lumbar listhesis; LSS: Lumbar spinal stenosis; LDH: Lumbar disc herniation; R: Recurrence and revision.

years in group P and 47.7+10.37 years in group F, with
no significant age difference between the two groups
(P=0.99).

In group P, 62.5% of the participants were female, and
37.5% were male. Similarly, in group F, 62.5% were fe-
male, and 37.5% were male, with no significant gender
difference between the two groups (P>0.99).

The MeantSD BMI was 28.47+2.94 in group P and
27.9£3.29 in Group F, respectively. There was no sig-
nificant difference in BMI between the two groups
(P=0.42). The surgical indications, including spondylolis-
thesis, lumbar spinal canal stenosis, and herniated disc,
were the most common in both groups, and there was
no significant difference in surgical indications between
the two groups (P=0.55).

Table 1 provides detailed information on the basic
clinical characteristics and demographic features of the
patients in both groups. The observed differences in
demographic characteristics, such as age (P=0.9), BMI
(P=0.42), and the primary disease requiring surgery
(P=0.55), were not statistically significant.

VAS score: Table 2 presents the mean VAS scores in the
two groups. This score decreased significantly after six
and twelve months with both therapies. Twelve months
after the therapies, the mean percentage of reduction
in VAS score from baseline was 66.93% in group P and
76.48% in group F. The GEE used for analysis of the influ-
ence of the treatments after adjusting for the VAS score
at baseline and age showed a difference in the mean
VAS scores between the two groups (a significant reduc-
tion was perceived in the VAS score of group F in com-
parison with group P; P=0.0.008).

Table 2. Descriptive analysis of the VAS and ODI in the study groups after surgery

MeantSD
Bet -
Variables Time (m) Within-group Effect etween-group
Effect
Baseline 3 6 12
Pantoprazole 7.5+0.85 3.65+0.77 2.23+0.62 2.48+1.06 <0.001
VAS 0.008
Famotidine 7.78+0.8 3.05+0.71 2.03+0.48 1.83+0.55 <0.001
Pantoprazole  11.2+4.06 20.28+3.4 55.45+2.11 54.18+4.04 <0.001
oDl 0.31
Famotidine 11.65+2.98 20.1+2.19  53.58+3.54 53.65+3.95 <0.001

VAS: Visual analogue scale; ODI: Oswestry disability index.
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Table 3. Descriptive analysis of loosening and subsidence score in the study groups after surgery

Follow-up (m)

Variables P
6 12
F 2(5) 3(7.5)
Yes
P 2(0.5) 1(2.5) 8(20)
Loosening 0.13
F 40(100) 38(95) 37(92.5)
No
P 38(95) 39(97.5) 32(80)
F 1(2.5) 4(10) 9(22.5)
Yes
P 10(4) 12(30)
Subsidence 0.43
E 39(97.5) 36(90) 31(77.5)
No
P 40(100) 36(90) 28(70)

ODI score: Table 2 presents the mean ODI scores in
both groups. The mean ODI score increased significantly
after six and twelve months with both therapies. Twelve
months after the therapies, the mean percentage of im-
provement in ODI scores from baseline was 383.75% in
group P and 360.52% in group F. The GEE used for test-
ing the effect of the therapies after adjusting for the
ODI score at baseline and age revealed no difference in
the mean ODI scores between the two groups (no sig-
nificant improvement was observed in the ODI score of
group F in comparison with group P; P=0.31).

Subsidence: Table 3 presents the prevalence of posi-
tive subsidence scores in both groups. The prevalence
of positive subsidence scores increased significantly
after six and twelve months in both groups. After 12
months, the increase in the prevalence of positive sub-
sidence size from baseline was 30% in group P and 20%
in group F. The difference observed between the two
groups was not statistically significant (P=0.43).

Loosening: The prevalence of positive loosening scores
increased significantly after six and twelve months
with both therapies, but this increasing trend was sig-
nificant only in group P (P=0.005). After 12 months of
treatment, the mean proportion of improvement in the
LOOS scores from baseline was 15% in group P and 7.5%
in group F. The GEE used for analysis of the effect of the
therapies after adjusting for the LOOS score at baseline
and age revealed no difference in the mean LOOS scores
between the two groups (no significant improvement
was observed in the LOOS score in group P in compari-
son with group F; P=0.13; Table 3).

BSF score: Table 4 presents the prevalence of the BSF
grades in the two groups. The prevalence of low-grade
BSF decreased significantly after six and twelve months
with both therapies. After 12 months of therapy, the
mean percentage of reduction in BSF grade from base-
line was 77.5% in both groups. The GEE used for testing
the effect of the therapies after adjusting for the BSF
score at baseline and age showed no difference in the
mean BSF scores between the two groups (no signifi-
cant reduction was detected in the BSF score of group P
in comparison with group F; P=0.77 Figure 2).

Lenke score: Table 4 presents the prevalence of the Lenke
grades in both groups. The prevalence of low-grade Lenke
decreased significantly after six and twelve months with
both therapies. After twelve months, 52.5% of the patients
in group P and 67.5% in group F were classified in grade A
of the Lenke classification. The GEE used to measure the
effect of the treatments after adjusting for the Lenke grade
at baseline and time showed a significant difference be-
tween the two treatments. The frequency of Lenke grade
Cand D showed a decrease in new bone formation and fu-
sion that was higher in group P (35% and 25%, respective-
ly) compared to group F (12.5% and 12.5%, respectively)
(P=0.042; Figure 3).

Both drugs were well tolerated at the dosage used
during the study. There were no thoughtful adverse ef-
fects, and both seemed quite safe. No patient manda-
tory changed the dosage throughout the trial for even a
minor adverse effect. There were no significant changes
in laboratory standards during the study or in any of the
safety parameters.

Haddadi K, et al. Pantoprazole and Famotidine Effect on Lumbar Spine Fusion. Iran J Neurosurg. 2024; 10:E1.
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Table 4. Descriptive analysis of BSF and Lenke score in the study groups after surgery

No. (%)
Variables Time (m) Within-group Effect Between-group Effect
3 6 12
0 31(77.5) 21(52.5) 0
1 2(5) 3(7.5) 8(20)
Pantoprazole <0.001
2 2(5) 6(15) 9(22.5)
3 5(12.5) 10(25) 23(57.5)
BSF 0.77
0 31(77.5) 14(35) 0
1 1(2.5) 4(10) 3(7.5)
Famotidine <0.001
2 1(2.5) 5(12.5) 5(12.5)
3 7(17.5) 17(42.5) 32(80)
A 13(32.5) 12(30) 9(22.5)
B 14(35) 9(22.5) 7(17.5)
Pantoprazole <0.001
C 6(15) 11(27.5) 14(35)
D 7(17.5) 8(20) 10(25)
Lenke 0.042
A 17(42.5) 20(50) 18(45)
B 9(22.5) 12(30) 12(30)
Famotidine <0.001
C 9(22.5) 5(12.5) 5(12.5)
D 5(12.5) 3(7.5) 5(12.5)

EAD

NS

In a rat femur fracture model, Histing et al. [17] dem-
onstrated bone non-union in the treatment of fractures.

4, Discussion

Prior to planning spinal fusion surgery, spinal surgeons
meticulously optimize all preoperative, intraoperative,
and postoperative conditions to maximize the likelihood
of achieving a successful fusion rate. Significant ad-
vancements have also been made in surgical techniques,
precision instruments, and biological supplements that
contribute to the prospects of a successful fusion. De-
spite these efforts, pseudoarthrosis still occurs in 25% of
patients, necessitating reoperation in some cases, with
figures as high as 50% reported [23-25].

Non-union and pseudoarthrosis are complex com-
plications with multifactorial origins, necessitating the
identification of their risk factors. PPIs play a role in
inhibiting the absorption of calcium and vitamin B12,
resulting in reduced bone mineral density and an in-
creased risk of fractures [25-27].

They attributed this finding to a decrease in bone regen-
eration, characterized by an increase in the OPG/RANKL
ratio and a decrease in the expression of CYR61, PCNA,
BMP-2, and BMP-4.

Numerous mechanisms are involved in the increased
risk of pseudoarthrosis due to smoking, including the
effects of nicotine and dioxin [28, 29] as they prevent
osteoblast differentiation. Therefore, it is crucial to in-
vestigate other substances that undesirably disturb os-
teoblast differentiation. The belongings of dioxin are fa-
cilitated by the aryl hydrocarbon receptor (AHR) [28, 29].

PPIs are not only conjectured to adversely distress os-
teoblast differentiation but they are also identified as
ligands activating AHR [29, 30]. This association proves
the theory that PPIs and H2RA have an adverse effect on

Haddadi K, et al. Pantoprazole and Famotidine Effect on Lumbar Spine Fusion. Iran J Neurosurg. 2024; 10:E1.
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Figure 2. The frequency of BSF grades in the two intervention groups after surgery UE?

Note: A non-significant reduction was observed in the BSF score of the group treated with pantoprazole in comparison with the group

treated with famotidine, P=0.77.

spinal fusion. To date, no previous human studies have
evaluated the effect of PPl and H2RA administration on
spinal fusion.

Assuming the global use of antacids and the substan-
tial reduction in quality of life associated with fractures
[31], studying the association between antacids and
fractures is of great clinical importance. Although previ-
ous studies and FDA reports have shown an association

between PPIs and fracture risk, this concern is still dis-
cussed [32].

Some studies have recently been issued on this sub-
ject, although with contradictory outcomes. A case-
control study completed ten years and established that
PPl use increases the risk of pelvic fractures, particu-
larly in the long term and with recent usage [33]. An
additional multicenter cohort study with 9423 mem-

100

I
&0
#
40
) I
o

Pentoprazole Famotidine |Pentoprazole Famotidine |Pentoprazole Famotidine
3 month 6 month 12 month
Axis Title
m0 5l m2 m3
Figure 3. The frequency of Lenke grades in two intervention groups after surgery UES
3

Note: The frequency of Lenke grades C and D showed a decrease in new bone formation and fusion that was higher in the pantoprazole
group (35% and 25%) compared to the famotidine group (12.5% and 12.5%).
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bers showed that there was a low risk of fractures in
PPI customers [34]. Nonetheless, a case-control study
conducted in the Mediterranean area stated no link
between these variables [35].

In a study on animal models, 38 female rats expe-
rienced posterolateral lumbar spinal fusion. These
animals were allocated into two groups: Pantoprazole-
receiving cases and Normal saline controls managed
daily via intraperitoneal injections. At eight weeks af-
ter surgery, the spines were appraised with histologic
analysis, micro CT, and biomechanical testing. The
study confirmed that the use of PPIs does not stop fu-
sion rates and bone formation or disturb the biome-
chanical integrity of fusion; however, the lesser fusion
scores in the PPI group recommend that an undesir-
able effect might exist [18].

The mechanism of the relationship between acid-
suppressing medications and the danger of fracture is
largely unknown [36]. PPIs are associated with impaired
calcium absorption and loss of bone minerals, thus in-
creasing the risk of fractures [37]. Nevertheless, studies
evaluating the relationship between acid inhibition and
bone mineral density have shown diverse results. Some
studies have reported a slight decrease in bone density
in PPl users; however, there have been no important dif-
ferences in bone mineral density points between PPI
consumers and controls in other studies [38].

Likewise, acid suppressants have been described to
disturb bone modeling, which is involved in fracture
progression [39]. Omeprazole has been stated to inhibit
calcium absorption and decrease bone mineral density
in rat models. Calcium malabsorption similarly increas-
es parathyroidism, thus reducing bone mineral density
[40-43]. Nonetheless, there is still no definite indication
of the sustenance of these conceivable mechanisms.

Based on the findings of this study, a significant rela-
tionship was observed only between drug administra-
tion and VAS at 3, 6 and 12 months after fusion surgery
(P<0.05) and the patients receiving famotidine had a
lower VAS score compared to the group receiving
pantoprazole. Taking pantoprazole could have a nega-
tive effect on the severity of postoperative pain. The
results also showed the interaction of time and medi-
cation and the interaction of age and baseline VAS on
patients’ VAS scores. Thus, by controlling the effect of
time and baseline VAS, this effect may not be solely
attributable to the drug.

2024, Volume 10, E1

There was no significant difference between the two
groups in new ossification and fusion quality measures;
however, according to the results, there was a significant
difference in changes in Lenke grade 3, 6 and 12 months
after surgery. New bone formation in the pantoprazole-
receiving group was impaired significantly, although this
issue did not cause many clinical referrals due to the
severity of complications after surgery. Moreover, BSF
grading is specific for interbody fusion and cannot be
generalized to patients undergoing posterolateral fu-
sion surgery alone.

The administration of a standard dose of intervention
drugs was one of the limitations of this study. Due to the
limited human studies on this subject and similar stud-
ies with animal models, the dose received in patients
may be lower than the standard dose, which is probable
to have a destructive consequence on fusion and new
ossification. In addition, we recommend that a control
group be added to future studies to design a detailed
study without further debate.

5. Conclusion

In agreement with the initial findings of the study, it
appears that in candidates for spinal fusion procedures
who require chronic use of drugs to control their gas-
tric acid secretion, the use of PPIs, such as pantoprazole
has more detrimental effects on the bone formation
process, and H2-blocking drugs, such as famotidine are
preferable in these instances after further investiga-
tions. The researchers recommend conducting a study
with a larger sample size and an extended follow-up.
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