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Abstract: Background and objective: The COVID-19 pandemic had a profound impact on medical
practice worldwide. In this study, we aimed to investigate the trends of elective spine surgery in
our department before and during the pandemic. Materials and methods: Total number of spine
procedures due to disc herniation (DH) or spinal stenosis (SS) was collected during 2019-2021 in
the Department of Neurosurgery, University Hospital Center Osijek, Croatia. In order to elucidate
potential risk factors in the post-pandemic period, demographic data were collected for patients
who underwent surgery during 2021. Results: In 2020, there was a 22.1% decrease in the number
of surgeries compared to 2019 (205 vs. 263), but during 2021 we observed an increase of 36.1%
compared to 2020 (279 vs. 205). The mean age of patients in 2021 was 53.14 years (53.14 £ 13.05)
check for with body mass index of 28.31 kg/m? (28.31 + 4.89). There were 179 overweight patients (74%) and
updates 103 smokers (42.6%). Although male and female patients were equally represented (121 each), there
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was a significant interaction of weight class and sex (p = 0.013). Patients younger than 65 were more
likely to undergo surgery due to DH (p < 0.001), whereas older patients were more likely to suffer
from SS (p < 0.001). Conclusions: The volume of elective spine surgeries decreased in the first year of
the pandemic and increased the following year. Our results suggest that public health policies in the
early pandemic period reduced elective surgical procedures, which was followed by a compensatory
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The COVID-19 pandemic had an enormous impact on our lives. In these unique
circumstances, many individuals worldwide developed a more sedentary lifestyle, signified
by a decrease in daily physical activity [1], and, at the same time, an increase in food

intake, particularly of more unhealthy food options [2]. Consequently, these behavioral
changes resulted in higher incidence and intensity of low back pain (LBP) all over the
world [3]. LBP is one of the most common causes of emergency departments visits [4]
and is the dominant cause of disability worldwide [5]. The pathophysiology of LBP is
This article is an open access article ~ COMplex and is influenced by biological, social, and psychological factors [6]. Having
distributed under the terms and  iNcreased body mass index (BMI) increases the risk of developing LBP—a finding which
conditions of the Creative Commons ~ has been replicated in several studies [7-10]. BMI is a simple metric used to determine the
Attribution (CC BY) license (https:// ~ weight status of an individual. Despite its demonstrated usefulness on a population-level,

creativecommons.org/ licenses /by / shortcomings of BMI on an individual level are worth noting [11]. The World Health
40/). Organization (WHO) has defined overweight as BMI greater than or equal to 25 kg/m?
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and obesity as BMI greater than or equal to 30 kg/m? [12]. However, correlation of LBP
and excess body weight could be bidirectional. Being overweight or obese could render
one more prone to LBP, but at the same time suffering from LBP reduces physical activity
of an individual and increases body weight [7]. LBP is initially treated with noninvasive
approaches, but if these fail to reduce pain, invasive approaches, such as spine surgery, are
considered [13,14]. Generally, there are two main surgical methods for treating LBP based
on clinical presentation and its correlation to radiologic findings. Patients presenting with
disc herniation (DH) are subjected to surgical removal of the herniated disc, also known
as microdiscectomy, whereas patients presenting with spinal stenosis (SS) undergo spinal
decompression surgery. It should be noted that there are variations of spinal decompression
technique—surgeon might choose among different approaches, i.e., interlaminectomy;,
hemilaminectomy, laminectomy, and others, depending on the degree and levels of the
stenosis, as well as the desired decompression of neural structures.

As previously stated, being overweight or obese increases biomechanical stress on the
spinal column, which is pronounced in the lower back. Although the exact mechanism is
still unknown, prevalence of DH is correlated with increased BMI [7]. Similarly, overweight
and obese individuals are at increased risk of developing SS, which is also known as
degenerative spine disease [8]. Another factor that is strongly linked with lumbar SS is
increased age [15]. The likely explanation of this correlation includes various structural
changes that occur within the spinal column during senescence [16]. On the other hand,
although supporting research is not as abundant, smoking and genetics also appear to
play a role in lumbosacral spine disease [17,18]. Admittedly, none of these factors has
been shown to be causal to spine disease, and these factors often interact, which further
corroborates the idea of multifactorial etiology.

Not only has the pandemic altered our daily lives, it has also transformed medical
practices around the world. In the initial period of the pandemic, the majority of medical
attention was on treating patients diagnosed with COVID-19. This in turn affected patients
suffering from other diseases. In particular, surgical specialties consistently reported
decreases in quantity of elective and emergency procedures during an earlier period of
the pandemic which was likely correlated with general public health measures [19,20]. At
the same time, there was an increase in telemedicine utilization in surgical practice [21].
However, the data of elective spine surgeries in this specific period are still growing. Several
authors have described their observations of neurosurgical practice adaptations—these
studies reported declines in elective spinal procedures [22-26]. In this study, we seek to
investigate the trends in volume of elective lumbosacral spine surgery prior to the pandemic
and during the pandemic. Additionally, we aim to assess the prevalence of common risk
factors of patients undergoing elective spine surgery at a single tertiary center during the
early post-pandemic period.

2. Materials and Methods

This study was performed at the Department of Neurosurgery, University Hospital
Center Osijek in Croatia. The total number of elective lumbosacral spine surgeries per-
formed due to DH or SS during 2019, 2020, and 2021 was queried from the surgical logbook
of the Department. Average monthly procedures for each year were then calculated. De-
tailed demographic data of patients who underwent elective lumbosacral spine surgery
during 2021 were prospectively collected. We included only patients with DH and/or SS as
indications for surgery. Microdiscectomy was performed for patients diagnosed with DH,
and spine decompression surgery (interlaminectomy, hemilaminectomy, or laminectomy)
was the procedure of choice for patients suffering from SS. Multilevel surgeries without
fusion were also included in the analysis. Patients requiring fusion or surgery due to acute
spinal trauma, infection, or tumors were excluded from the study. The research protocol
was approved by the Ethics Committee of University Hospital Center Osijek (R2-7990/2021,
date of approval: 8 June 2021). In order to reduce bias, patients undergoing two or more
surgeries during 2021 were included only once in a patient cohort for evaluation of common
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risk factors. Patients with incomplete data who underwent surgery in 2021 were excluded
from the study.

Sex, age, comorbidities, and smoking habits of patients undergoing surgery during
2021 were collected via interviews and from their medical history. Variables needed
to calculate BMI, i.e., height and weight, were acquired from preoperative anesthesia
evaluations, which were performed at most 30 days prior to the surgery. Diagnosis of spinal
pathology was determined by one of seven neurosurgeons from our department based
on clinical presentation, accompanying radiologic imaging and intraoperative findings.
Consequently, some patients were diagnosed with both DH and SS. In order to evaluate
the impact of BMI and age on spinal pathologies within our study sample, patients were
divided into classes as follows. BMI was calculated by the standard definition—weight in
kilograms divided by height in meters squared. In accordance with WHO classification,
based on their BMI values, patients were divided into two weight classes: normal weight
with BMI values less than 25 kg/m? and overweight with BMI values of at least 25 kg/m?.
Due to the fact that there is no standard classification of age groups, we utilized the common
stratification we observed in other studies. Based on their age, patients were stratified into
two groups: the adult group, which consisted of patients younger than 65 years of age, and
the elderly, which included patients who were at least 65.

Continuous variables were summarized as means and standard deviation and com-
pared using one-way ANOVA with post-hoc Tukey HSD test. Variables which are not
normally distributed were analyzed using Mann-Whitney U-test. Categorical variables
were summarized as frequencies and proportions and compared using the x? test with
Bonferroni correction when applicable. All p values were two-sided, and the threshold for
statistical significance was p < 0.05.

3. Results
3.1. Number of Procedures

In the three-year period from the start of 2019 till the end of 2021, a total of 747 elective
lumbosacral spine procedures due to DH or SS were performed at the Department of
Neurosurgery, University Hospital Center Osijek. The number of surgeries during 2020,
the first year of the COVID-19 pandemic in our country, decreased by 22.1% compared
to the prepandemic year of 2019. Furthermore, the number of procedures performed at
our department throughout 2021 increased by 36.1% compared to 2020. These results are
depicted visually in Figure 1.

In order to better understand the differences in surgical volume during the study
period, we calculated the average number of surgeries performed in a month, which is
presented in Figure 1b. The average number of monthly procedures for 2019, 2020, and 2021
were 21.9 £ 5.5,17.1 £ 6.3, and 23.3 & 5.8, respectively. There was a statistically significant
difference between these time-periods as determined by one-way ANOVA (F (2, 33) = 3.66,
p < 0.05). The post hoc Tukey HSD test revealed significant increase in the average monthly
procedures for 2021 compared to 2020 (p = 0.039). Trends in monthly surgeries during the
study period are presented in Figure 1c.

3.2. Characteristics of Patients in 2021

Throughout 2021, there was a total of 242 patients who satisfied the inclusion criteria.
Patient characteristics are summarized in Table 1. In the sample, both men and women
were equally represented (121 men and 121 women). The youngest patient was 19 years
old, whereas the oldest was 81. The average age of patients who underwent elective
lumbosacral spine surgery at our department throughout 2021 was 53 years (53.14 £ 13.05).
The mean BMI of our patients was 28.3 kg/m? (28.31 + 4.89 kg/m?). The lowest recorded
BMI was 18.07 kg/m? and the highest was 46.88 kg/m?. Regarding smoking status,
103 (42.6%) patients were smokers. According to their BMI values, patients were grouped
into two weight classes in accordance with WHO classification [12]. There were 63 (26%)
patients with BMI less than 25 kg/m?, and as such were characterized as having normal
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weight, whereas 179 (74%) patients had BMI of at least 25 kg/ m? and were characterized
as overweight (Table 1). These two groups did not significantly differ in terms of age
or the number of smokers in the group. In order to further describe the correlation of
weight status and sex, x? test of independence was performed which was significant: x? (1,
N =242)=6.2,p =0.013.
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Figure 1. Cumulative number of elective lumbosacral spine surgeries before and during the pandemic
(a), average monthly procedures for a given year (b), and the total number of surgeries per month for
the study period (c). * p < 0.05, one-way ANOVA with post-hoc Tukey HSD.

Table 1. Characteristics of patients who underwent elective lumbosacral spine surgery in 2021.

Variables Normal Weight Overweight Total p Value
Patients 63 (26%) 179 (74%) 242
BMI (kg/m?) 22.75+1.83 30.14 +4.11 28.31 +4.89
Smokers 32 (50.8%) 71 (39.7%) 103 (42.6%) 0.12
Age (years) 5230 +13.2.3 53.43 + 13.00 53.14 £+ 13.05 0.66
Sex
Male 23 (36.5%) 98 (54.7%) 121 0,013 *
Female 40 (63.5%) 81 (45.3%) 121 ’

BMI: body mass index. * p < 0.05, chi-square test with Bonferroni correction.

Out of 242 patients, 107 (44.2%) did not have any comorbidities. Of all the documented
comorbidities, the most common was hypertension (42.1%), followed by diabetes (9.9%)

and gastrointestinal disorders (7.0%). The full list of reported comorbidities is presented in
Table 2.

Table 2. Comorbidities of patients who underwent elective lumbosacral spine surgery in 2021.

Comorbidity Number of Patients
None 107 (44.2%)
Hypertension 102 (42.1%)

Diabetes 24 (9.9%)
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Table 2. Cont.

Comorbidity Number of Patients
Gastrointestinal disorders 17 (7.0%)
Thyroid disorders 9 (3.7%)
Respiratory disorders 5(2.1%)
Cardiac disorders 5 (2.1%)
Autoimmune disorders 5(2.1%)
Hematologic disorders 4 (1.7%)
Miscellaneous 4 (1.7%)

3.3. Spine Pathology Analysis

In order to examine the association of spine pathologies with other variables, i.e., age
group, weight class, and sex, we utilized x? tests with Bonferroni correction. The results
are presented in Table 3. The association between DH and age group was significant:
x? (1, N =242) = 28.7, p < 0.001. Patients who were younger than 65 years were more
likely to undergo surgery due to DH. Similarly, association between SS and age group
was also significant: x? (1, N = 242) = 26.2, p < 0.001. This implies that elderly patients
(those who were at least 65 years of age) in our sample were more likely to present with SS.
However, we did not detect any significant association between spine pathology, weight
class, and sex.

Table 3. The associations of the spinal pathology with age group, weight class, and sex.

Number of Spine Pathology
Patients Disc Herniation Spinal Stenosis
Adults (18-64) 195 143 (73.3%) * 55 (28.2%)
Elderly (65+) 47 15 (31.9%) 32 (68.1%) *
BMI < 25 kg/m? 63 44 (69.8%) 20 (31.7%)
BMI > 25 kg/m? 179 114 (63.7%) 67 (37.4%)
Male 121 79 (65.3%) 44 (36.4%)
Female 121 79 (65.3%) 43 (35.5%)

BMI: body mass index. * p < 0.001, X? test with Bonferroni correction.

4. Discussion

In this study, we described the trends in elective lumbosacral spine surgery prior to
the COVID-19 pandemic, and during the first two years of the pandemic. We observed a
decrease of 22.1% in the number of procedures in the initial year of the pandemic compared
to the year before (263 surgeries in 2019 and 205 surgeries in 2020). This finding is in line
with other contemporary studies that reported a decrease in other elective surgeries in
these unique circumstances [19,20,22-26]. The described reduction in surgical volume is
most likely a direct consequence of reorganization of healthcare in order to better treat
patients with COVID-19, but at the same time to limit the spread of SARS-CoV-2 in hospitals.
Simultaneously, surgical specialties adapted and increased the utilization of telemedicine
in treatments of their patients [21,25], with the same goal of limiting exposure to the virus.
In contrast, in our study, the number of elective procedures during the second year of the
pandemic increased by 36.1% when compared to the initial pandemic year (205 surgeries
in 2020 and 279 surgeries in 2021). Additionally, the average number of surgeries per
month was significantly higher in 2021 compared to 2020. The most striking reduction in
surgical volume for 2020 was observed in March and April (Figure 1c), as those were the
months with the most pronounced public health policies. During this period, most of the
elective surgeries in our country were postponed due to the rapid spreading of the virus.
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The public health measures were implemented by the government during 2020, which
was reflected in the reduction of the total number of procedures. Healthcare workers in
our hospital, and including our department, were reassigned to treat patients diagnosed
with COVID-19. Another reason for this reduction could be attributed to some individual
patients’ decision to postpone the surgery if possible due to the fear of being infected with
the virus. However, this temporary reduction and postponement resulted in a backlog
of surgeries, which was reflected in the following year. Interestingly, Mills et al. [24]
described a similar trends in spine surgery during their study period. One explanation
for this finding could be the propensity towards sedentary lifestyle in the era of social
distancing and other epidemiological measures enforced in order to reduce the spread
of SARS-CoV-2 [1,27]. A higher incidence of LBP in this same period further supports
this hypothesis [3]. Another explanation for this result is the general delay of elective
surgeries at the start of the pandemic [28-30]. As it was speculated at the start of the first
COVID-19 wave, cancellations and postponements of elective surgeries would eventually
result in compensatory increase in surgical volume when the epidemiological measures
were not as strict, with the aim of clearing the backlog of surgeries from the COVID-19
pandemic [30]. Taken together, the rise in surgeries in our department is likely explained
by many factors. Further prospective studies are needed to better address this question and
to verify the increased incidence of spine-related problems, such as LBP, and propensity
towards sedentary lifestyle.

As mentioned above, in our cohort, both men and women were equally represented.
It should be noted that more than three quarters of our patients were overweight or obese.
In comparison, it was estimated that the prevalence of overweight and obesity in Croatia in
2015 was 58.2% [31]. Our cohort had a greater proportion of individuals with increased
BMI when compared to the general population. This finding is in line with other previously
published research, suggesting that being overweight is a major risk factor for DH, as
well as SS [7-10], even at the time of the pandemic. Furthermore, overweight and obese
individuals have an increased risk for other metabolic diseases, most notably hypertension
and type 2 diabetes [32-34]. Metabolic syndrome is a complex condition consisting of
several metabolic disturbances: hypertension, diabetes, and obesity [34]. As previously
stated, hypertension and diabetes were the most prevalent comorbidities in our sample.
Severe LBP in most cases decreases physical activity and, consequently, energy expenditure,
thereby increasing weight gain and BMLI. If this state persists for longer periods, it might
also increase vulnerability to the aforementioned metabolic disturbances. However, these
interactions are probably bidirectional—patients suffering from metabolic diseases are
more likely to eventually suffer from LBP due to their sedentary lifestyle (reduced physical
activity) and other contributing factors. Taken together, this suggests that LBP might be
an underappreciated component of metabolic syndrome which significantly aggravates
the wellbeing of patients suffering from this chronic condition—and this was further
exacerbated during the COVID-19 pandemic.

Furthermore, we wanted to understand if one sex was more vulnerable to previously
described spinal pathologies, while taking weight class into consideration. Interestingly,
the association of weight class and sex was significant. Patients with normal weight
who underwent elective spine surgery in our department were more likely to be women,
whereas overweight patients were mostly men. It should be noted that the prevalence
of overweight in Croatia is greater for men than for women, which likely influenced our
results [31]. Despite the disparity of overweight patients, both sexes were equally repre-
sented in our cohort, and sex-specific structural and biomechanical differences in spine
anatomy should be appreciated [35]. We also found an age-group-related distribution
of spinal pathologies—DH was more prevalent in patients younger than 65 years of age,
whereas SS was more prevalent in older patients. A possible explanation for this finding
was first suggested by Jonnson and Strémqvist [16]. They proposed that during senes-
cence, structural changes, such as ligamentum flavum thickening and facet hypertrophy,
happen within the lumbosacral spine and this gradually shifts the clinical presentation of
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DH, as well as radiological findings, towards SS. Of these age-related structural changes,
ligamentum flavum thickening and facet hypertrophy contribute the most to narrowing of
the spinal canal.

Limitations

There are some important limitations to our study. Our study focused on the specific
population of patients in Eastern Croatia and, combined with relatively small sample size,
cannot be generalized to other populations. It would be interesting to replicate our study
in other countries for the same period in order to gain better insights into elective spine
surgery trends. A major pitfall of our study is that we only collected demographic data for
patients undergoing surgery during 2021, as we were not able to retrieve the same variables
for the prior period. Furthermore, although sedentary lifestyle likely played a major role
in the increase of spine surgeries in 2021, we did not specifically test this hypothesis with
questionnaires. Moreover, due to the small sample size, we were not able to control specific
factors and indices, which could potentially bias our results.

5. Conclusions

In the analysis of elective lumbosacral spine surgery prior to and during the pan-
demic, we observed an initial decrease in the number of surgeries which was followed by a
compensatory increase the following year. Overweight and obesity prevalence is reaching
epidemic status, which presents a major medical and economic challenge worldwide [12].
Having increased BMI increases vulnerability to other metabolic diseases, primarily hyper-
tension and diabetes. However, being overweight or obese also increases susceptibility to
LBP, one of the leading causes of disability. Patients suffering from debilitating chronic LBP
are likely to seek medical attention, and in specific cases are often candidates for surgical
treatment—either microdiscectomy if they suffer from DH or spinal canal decompression if
they suffer from SS. This was all reflected in our results.

This study provides insights into neurosurgical data of Croatian patients undergoing
lumbosacral spine surgery in the unique circumstances of the COVID-19 pandemic. Delays
of elective procedures at the start of the pandemic will likely increase the surgical volume
in the near future, which was evident from our data. Furthermore, sedentary lifestyle,
in addition to having metabolic consequences, seems to have important biomechanical
repercussions in the lumbosacral spine, which was accentuated during the period of
epidemiologic policies.
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