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Abstract
Purpose  The COVID-19 pandemic and the containment measures such as social distancing, mobility restrictions and quaran-
tine have significantly impacted the delivery of healthcare services, with possible negative effects on low back pain patients. 
In this study, we used an innovative agent-based model to quantify the effects of COVID-19 on the prevalence and severity 
of low back pain in the general population.
Methods  Epidemiological data were used to simulate the low back pain evolution in a population of 300,000 agents. Reduced 
access to treatment due to the containment measures was simulated with a probabilistic approach, in which 500 random 
scenarios (differing in: length of the lockdown, probability of having access to treatment, time before the resumption of 
treatment, duration of the effects of the treatment after its interruption) were simulated.
Results  The lockdown may increase the mean pain score higher than 1/10 points for patients suffering from acute low back 
pain, up to 4–5/10 points for specific individuals. The lockdown also affected the length of pain episodes, possibly impacting 
chronicity and disability. All the variables describing the random scenarios had a relevant impact in determining both the 
increase of pain intensity in the population and the length of the effects of the lockdown.
Conclusions  “Optimal lockdown parameters” which minimize the impact on low back pain while preserving the effects on 
infection spread and mortality could not be identified. Policies favouring a prompt resumption of treatments after the lock-
down may be effective in shortening the duration of its negative effects.

Keywords  Agent-based model · COVID-19 · Low back pain · Social distancing · Lockdown

Introduction

The COVID-19 pandemic has significantly impacted the 
delivery of all healthcare services. Containment measures 
such as social distancing, mobility restrictions and quar-
antine are having substantial short- and long-term conse-
quences on patients suffering from non-communicable dis-
eases. Specifically, non-urgent visits have been cancelled 

in many countries, patients with new complaints may not 
receive adequate diagnosis and treatment, and the progres-
sion of diseases may not be adequately monitored and man-
aged [1, 2]. It is plausible that the reduced access to health 
care services will lead to an increase in the burden of dis-
ability related to non-communicable diseases such as low 
back pain.

Low back pain (LBP) is the leading cause of disabil-
ity globally and a significant public health problem [3–6]. 
Patients with restricted access to adequate treatment would 
likely experience worsening of their quality of life and 
increased disability during and after the lockdown. It is also 
likely that the lack of physical activity during the lockdown 
has increased disability related to LBP and delayed return to 
work after the lockdown. The impact of COVID-19 on dis-
ability has been recently discussed [7] but, to our knowledge, 
no study has explored the impact of the lockdown on LBP or 
modelled the effect of the measures adopted to contain the 
COVID-19 transmission on the course of LBP and disability.
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Mathematical models have been widely used to inves-
tigate the dynamics of populations and biological systems 
[8], such as for example the evolution of demographics, the 
interaction between predators and preys [9], and the spread 
of infections [10]. Among the various types of models which 
have been developed in the healthcare field, agent-based 
models have been successfully employed in many situations, 
including the study of epidemics [11], oncology [12], and 
inflammation [13]. To our knowledge, mathematical mod-
els aimed at investigating LBP in the population have never 
been reported.

In this study, we use an innovative simulation modelling 
approach to quantify the effects of the containment meas-
ures implemented during the COVID-19 pandemic on the 
prevalence and severity of LBP in the general population. 
Our population-based model also aimed to predict the dis-
tribution and severity of LBP in the general population, 
which could serve as a basis to understand the effects of the 
lockdown and assist with the development of post-lockdown 
rehabilitation interventions.

Materials and methods

Patient and public involvement statement

Patients or the public were not involved in the design, or 
conduct, or reporting, or dissemination plans of our research.

Simulation of LBP in the population

We used an agent-based model to simulate the evolution of 
LBP in the population [14, 15]. The model included a num-
ber of agents, each representing one individual susceptible 
to develop LBP; a preliminary sensitivity study revealed that 
300,000 agents were sufficient to capture the behaviour of 
the population, and using more agents would have a minimal 
impact on the results. We used epidemiological data of the 
incidence of LBP and simulated its evolution using precise 
real-world time horizon with increments of one day [16]. At 
the beginning of the simulation, each agent was randomly 
assigned an age, so that the simulated population replicated 
the age distribution of the population of the United States of 
America [17]. Life expectancy was randomly assigned to all 
agents based on the estimated year of birth [18], assuming 
a normal distribution and a standard deviation of 15 years 
[19]. At the end of its simulated life span, each agent was 
replaced by a new one with a different random life expec-
tancy. This realistic implementation aimed at achieving a 
substantially constant age distribution of the simulated popu-
lation over time. All agents with age greater than 18 were 
assumed to be at risk of developing LBP.

The incidence of LBP was derived from an epide-
miological study of the general population [20], which 
reported annual incidence of 1% for intense episodes and 
0.4% for disabling LBP. We focused on intense and disa-
bling LBP because they are more likely to have health-
care visits than mild episodes [21]. The cumulative annual 
incidence of 1.4% was converted to a daily incidence of 
0.0038%; this number was used as the probability of ran-
domly developing a LBP episode in susceptible individu-
als in each day of the simulation.

At the beginning of the simulation, we assumed that 
no individuals had LBP or had previous LBP episodes in 
the previous year. The first stages of the simulation, there-
fore, modelled a transient behaviour which ended when 
LBP prevalence and average pain scores showed negligi-
ble changes (less than 0.1%) with progressing time; such 
steady state was reached after simulating 35 years. We then 
simulated the suspension of treatment (lockdown) starting 
at the end of the transient phase when the prevalence of 
LBP was realistically distributed in the population.

Each incident episode of LBP was assigned to one of 
five trajectories used to describe the evolution of LBP: (1) 
rapid pain recovery, (2) recovery by week 12, (3) incom-
plete pain recovery/persistent mild pain, (4) fluctuating 
pain, (5) persistent high pain [22]. The assignment was 
random and based on published values of the incidence 
of each cluster: cluster 1, 35.8%; cluster 2, 34.3%; cluster 
3, 14%; cluster 4, 10.5%, cluster 5, 5.4% [22]. In case 
of individuals older than 45 years or those with previous 
LBP episodes, new episodes had a higher probability to 
belong to cluster 4 (fluctuating pain) to reflect the higher 
odds ratio reported in the literature [22]. In this case, the 
probabilities were adjusted to: cluster 1, 31.6%; cluster 2, 
30.3%; cluster 3, 12.4%; cluster 4, 21%, cluster 5, 4.7%. 
For each LBP episode, the daily level of pain was ran-
domly selected based on the mean values and standard 
deviations reported in the literature [22], assuming a nor-
mal distribution in the population (Fig. 1).

Individuals assigned to clusters 1 and 2 had their epi-
sodes terminated at the end of the 12th week, or randomly 
assigned to become persistent mild pain for a duration of 
at least one year (Fig. 2). For agents in clusters 3–5 the 
pain episode continued for at least one year from the date 
of onset following the relative trajectory. At the end of 
the simulated year, one of three possible outcomes was 
randomly selected: (1) termination of the pain episode; 
(2) transition to another cluster; or (3) continuation in 
the same cluster for another year. The probabilities of 
changing cluster or of terminating the LBP episode were 
estimated based on posterior probability values for clus-
ter membership determined in a long-term study [23] 
(Table 1).
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Simulation of the effect of treatment

In the simulations we assumed that 67% of the LBP episodes 
benefited from treatment, based on data from the literature 
[24]. We hypothesized that the pain trajectories described 
above (Fig. 1) referred to the natural history of LBP, in 
absence of any treatment. The trajectories of the five clus-
ters were therefore used to model the behaviour of the pain 
score in LBP episodes which did not receive treatment. For 

episodes receiving treatment, a time-dependent component 
modelling its effect was subtracted from the score describ-
ing the pain trajectory; this component had an initial peak in 
effectiveness at one month after the beginning of the treat-
ment followed by a progressive decrease in the subsequent 
weeks (Fig. 3), simulating a stronger effect in the first stages 
of the pain episode blending into the natural trajectory of 
pain one year after the onset. The treatment randomly began 
on any given day during the first 30 days after the onset 

Fig. 1   Mean values and standard deviations of the pain for the trajectories associated with the five clusters: 1, rapid recovery; 2, recovery at 
week 12; 3, incomplete recovery/persistent mild pain; 4: fluctuating pain; 5: persistent high pain. Data derived from [22]

Fig. 2   Schematic representation of the behaviour of one susceptible agent, indicating the probabilities of transition between the different states 
and the five clusters
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of the pain episode. The magnitude of the treatment effect 
was dependent on the cluster of trajectories of LBP; clus-
ters 1 and 2 showed a higher initial peak in effectiveness, 
whereas the curve was flatter for episodes of persistent pain 
(clusters 3, 4, 5). A random variability was introduced to 
replicate the different response of individual patients to the 
treatment. Due to the lack of epidemiological data, the shape 
and amplitude of the curves modelling the effect of treat-
ments were based on the personal experience of the authors.

Simulation of reduced access to treatment 
during lockdown

Due to the lack of quantitative data and the large variability 
of lockdown policies among countries, the impact of the 
reduced access to treatment was estimated by means of a 
probabilistic approach. Starting from the population at the 
steady state, 500 distinct scenarios described by five ran-
domly estimated variables determining the impact of the 
lockdown were simulated. The five variables were as fol-
lows: (1) the length of the lockdown (lck_len); (2) the prob-
ability of having access to treatment for an incident episode 
of LBP during the lockdown, or of continuing treatment for 
episodes which started before the lockdown (lck_prob); (3) 
the maximal number of days between the end of the lock-
down and the resumption of treatment (days_restart); (4) 

the average duration of beneficial effects of the treatment 
after its interruption, for episodes belonging to clusters 1 
and 2 (days_lost_1_2); (5) the same duration for episodes in 
clusters 3, 4, and 5 (days_lost_3_4_5) (Table 2).

The values of the variables for the 500 scenarios were 
drawn from a uniform statistical distribution. All simulations 
covered a period of 2 years starting from the first day of the 
lockdown. The three variables days_restart, days_lost_1_2 
and days_lost_3_4_5 described the range of allowed values 
for the whole population, whereas each individual had a dis-
tinct response to treatment which was randomly determined. 
The interruption of the treatment impacted the pain intensity 
by progressively reducing the benefit in a random timeframe 
between 1 day, thus modelling an immediate loss of the 
effect of treatment, and days_lost_1_2 (for episodes in clus-
ters 1 and 2) or days_lost_3_4_5 (for episodes in clusters 3, 
4, 5). Individuals who were undergoing treatment before the 
interruption resumed their therapy according to a randomly 
determined number of days between 1 and days_restart.

In addition to the simulation study, we simulated two rep-
resentative scenarios in which the access to treatment was 
reduced by 30 and 90 days, respectively. In both scenarios, 
lck_prob was set to 0.1, i.e. 10% of episodes had access 
to treatment during the lockdown; days_restart was set to 
60, i.e. the agents which had access to treatment before the 
lockdown resumed it within the 2 months following the end 

Table 1   Probabilities of remaining in the same cluster, transitioning to another cluster or terminating the episode after 12 weeks (for clusters 1 
and 2) and one year (for clusters 3, 4, 5). Data estimated from [23]

Cluster in the simulated 12 weeks/year

Cluster in the following year 1: rapid recovery 2: recovery at 
week 12

3: incomplete recovery/
persistent mild pain

4: fluctuating pain 5: persis-
tent high 
pain

Episode termination 99.4% 99.4% 0.4% – –
3: incomplete recovery/persistent 

mild pain
0.6% 0.6% 98.6% 4.4% 0.4%

4: fluctuating pain – – 1% 94.8% 1%
5: persistent high pain – – – 0.8% 98.6%

Fig. 3   Effect of treatment on the 
pain score for episodes in clus-
ters 1 and 2 (left), and clusters 
3, 4, 5 (right). The continuous 
lines represent the mean value 
over all episodes, whereas the 
error bars represent the standard 
deviations which were used to 
randomly create the individual 
curves associated with each 
episode. In the model, the effect 
of treatment is subtracted from 
the curve describing the agent-
specific pain trajectory
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of the lockdown; days_lost_1_2 was set to 30 and days_
lost_3_4_5 to 120, thus modelling a slower loss of the treat-
ment benefits for individuals suffering from persistent pain.

Data analysis and metrics

The accuracy of the model in simulating LBP in the gen-
eral population was evaluated by comparing its incidence 
with existing epidemiological data [3, 20]. The impact of 
the lockdown was first assessed by comparing the evolution 
of the average pain intensity score in the two simulated sce-
narios with a baseline scenario in which lockdown was not 
modelled. The metrics which were used for the comparison 
were: (1) the percentage of individuals with a pain intensity 
score greater than 0 but lower than 3; (2) the percentage of 
individuals with a pain intensity score greater than 3, which 
would likely be associated with disability [3]; (3) the aver-
age score of all individuals with LBP; (4) the score of the 
individuals belonging to each cluster.

The simulation study allowed for the calculation of the 
relative importance of the five random variables, namely 
lck_len, lck_prob, days_restart, days_lost_1_2, days_
lost_3_4_5, in determining a set of relevant outcomes 
describing the impact of the lockdown on the prevalence 
and severity of LBP in the population. The outcomes were 
calculated by comparing each simulation with the baseline 
scenario in which no lockdown was modelled, and were 
defined as follows: (1) the maximal increase, through-
out the simulated period, of the prevalence of individuals 
with pain intensity score greater than 3; (2) the maximal 
increase of the pain intensity score for the individuals suf-
fering from LBP, as well as for those belonging to each 
cluster; (3) the duration of the effects of the lockdown in 
terms of LBP pain intensity score, for all individuals suf-
fering from LBP and specifically for each cluster. The lat-
ter outcome was estimated as the base of the triangle with 
area equal to that between the curves referring to the score 

of the baseline simulation and the simulation of interest, 
and height equal to the maximal increase of the score with 
respect to the baseline (Fig. 4). For each of these outcomes, 
the relative importance of the five random variables was 
estimated by means of a gradient boosting regression model 
[25, 26]. In addition, after checking the non-normality of 
the distributions, Kruskal–Wallis tests were performed to 
assess the differences in the metrics among all individuals 
with LBP and those belonging to the five clusters. In case 
of significance, Wilcoxon rank-sum tests with Bonferroni 
correction to account for multiple comparisons were then 
performed to determine the level of significance for the dif-
ferences between the groups. All statistical calculations were 
performed by means of the Python libraries SciPy (https://​
www.​scipy.​org/) and scikit-learn (https://​scikit-​learn.​org). 
Data plots were created with Matplotlib (https://​matpl​otlib.​
org) and Seaborn (https://​seabo​rn.​pydata.​org).

Results

The simulation of LBP in the general population revealed 
that approximately 4% of individuals had a pain intensity 
score between 0 and 3, whereas the prevalence of scores 
greater than 3 was 2.5% (Fig. 5). These results agree with 
the global prevalence of LBP of 7.5% calculated for 2017 
based on data from the Global Burden of Disease, Injuries, 
and Risk Factors Study [3].

The reduced access to treatment due to lockdown in the 
two representative scenarios induced an increase of 1% for 
the prevalence of individuals with score greater than 3 with 
respect to the baseline case with no lockdown, which was 
compensated by a corresponding decrease in the individu-
als with score between 0 and 3. These scenarios showed 
only small differences, with marginally higher prevalence of 
individuals with scores greater than 3 for the scenario with 
a lockdown duration of 90 days (Fig. 5). Approximately one 

Table 2   Name, description, ranges of the values of the five random variables in the probabilistic study, and their values used in the two repre-
sentative scenarios

Variable Description Simulated values Repre-
sentative 
scenarios

lck_len Length of the lockdown (days) 15–120 30, 90
lck_prob Probability of having access to treatment for episodes having onset during the lockdown, or of 

continuing the treatment for episodes which started before the lockdown (-)
0–0.4 0.1

days_restart Maximal number of days between the ending of the lockdown and the resumption of treat-
ment (days)

15–730 60

days_lost_1_2 Average length of the period before the loss of the beneficial effects of the treatment after its 
suspension (clusters 1, 2) (days)

3–45 30

days_lost_3_4_5 Average length of the period before the loss of the beneficial effects of the treatment after its 
suspension (clusters 3, 4, 5) (days)

30–20 60

https://www.scipy.org/
https://www.scipy.org/
https://scikit-learn.org
https://matplotlib.org
https://matplotlib.org
https://seaborn.pydata.org
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year after the end of the lockdown, no visible differences 
could be detected among the two scenarios and the baseline 
case with no lockdown.

The mean pain intensity scores of all individuals suf-
fering from LBP as well as of those belonging to each 
of the five clusters showed relatively small differences 
between the two scenarios, whereas in both of them the 
scores revealed non-negligible peaks with respect to the 
baseline case (Fig. 6). For clusters 1 (rapid recovery) and 
2 (recovery in 12 weeks), maximal increases of the pain 
intensity score of approximately 1/10 point were predicted, 
whereas for the other three clusters the maximal differ-
ences were around 0.5/10 points. The effect of the lock-
down tended to progressively decrease and disappeared 
completely one year after the resumption of the full access 

to treatment. Cluster 1 showed a behaviour distinct from 
all other clusters; markedly higher pain scores were pre-
dicted for the scenario with the longer lockdown, and the 
effects of the lockdown ceased within two months after 
treatment resumption.

The simulation study revealed that the maximal increase 
in the score for individuals belonging to clusters 3, 4, and 5 
as well as for all those suffering from LBP were not statisti-
cally different and had a mean value of 0.25 (Fig. 7a, c). 
Clusters 1 and 2, however, showed a distinct behaviour, with 
mean score increases of 0.9 and 0.7, respectively, as well 
as a larger statistical distribution. In contrast, the estimated 
length of the effects of the lockdown showed statistically sig-
nificant differences among all groups (Fig. 7b, d). For cluster 
1, the mean length was 86 days, whereas for all other clusters 

Fig. 4   Method for the estima-
tion of the duration of the 
effects of the lockdown, as the 
base of the triangle with area (in 
blue) equal to that between the 
curves referring to the score of 
the baseline simulation (in red) 
and the simulation of interest (in 
green), and height equal to the 
maximal increase of the score 
with respect to the baseline

Fig. 5   Percentage of the population with pain score between 0 and 3 
(a) and greater than 3 (b), predicted over two years for the baseline 
case in which no lockdown was simulated (red) as well as for the two 

representative scenarios with lockdown durations of 30  days (blue) 
and 90 days (green)
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the mean duration of the effects was larger than 350 days. 
Cluster 4 showed the highest mean length (470 days).

The random variables which showed the highest impor-
tance in determining the maximal increase of the score were 
days_restart (for all individuals with LBP and those in clus-
ter 4), lck_prob (for individuals in clusters 1, 2, 3), lck_prob 
(clusters 2 and 4), lck_len (cluster 5) (Fig. 8). Regarding 
the estimation of the length of the effects of the lockdown 
(Fig. 9), days_restart and days_lost_3_4_5 had a larger 
importance, whereas days_lost_1_2 was the most impor-
tant predictors for individuals in cluster 1 and lck_len for 
those in cluster 3. Generally speaking, no random variable 
had a negligible importance in determining the effects of 
the lockdown.

Discussion

In this paper, we created an agent-based model of the distri-
bution of LBP in the general population, and we employed 
it to estimate the effect of the suspension and reduction of 
the access to treatment due to the containment measures 
for the COVID-19 pandemics. The probabilistic simulations 
revealed that the lockdown may determine increases of the 
mean pain score higher than 1 point out of 10 for patients 
suffering from acute LBP. This results are below the Mini-
mal Clinically Important Difference (MCID) threshold for 
individual patients [27], but we also found that the average 

pain in the population lasts more than one year, especially 
in case of persistent or fluctuating pain. Nevertheless, this 
could lead to an increase in disability for individuals with 
pain ≥ 3, or to the onset of disability with those with milder 
pain. It should be noted that the reported changes in the pain 
score represent the average of a population, whereas each 
individual may suffer from higher increases up to 4–5 points 
for episodes in clusters 1 and 2.

The analysis of the probabilistic data revealed that all the 
five randomly created variables (lck_len, lck_prob, days_
restart, days_lost_1_2, days_lost_3_4_5) had, although 
in different terms with respect to the trajectories of pain, 
a relevant impact in determining both the increase of pain 
intensity in the population and the length of the effects of the 
lockdown. Therefore, the model confirmed that the impact 
of the containment measures cannot simply be minimized 
by acting on one individual variable, such as for example the 
length of the lockdown, because other determinants related 
to the lockdown influenced the outcomes. We could not 
therefore identify the “optimal lockdown parameters” which 
would minimize the impact on LBP while preserving the 
general effects on infection spread and mortality [28]. How-
ever, the variable days_restart seemed to have an important 
role in determining the maximal increase of the pain score 
and the duration of the effects of the lockdown. This implies 
that policies aiming at favouring a prompt resumption of 
the evidence-based treatment after the lockdown may be 
effective in shortening the duration of its negative effects. 

Fig. 6   Mean pain score over two years for all individuals suffering 
from LBP (a) and for individuals belonging to each cluster (b–f), 
predicted for the baseline case in which no lockdown was simulated 

(red) as well as for the two representative scenarios with lockdown 
durations of 30 days (blue) and 90 days (green)
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Alternatively, it could suggest that providing patients with 
self-management strategies may assist in mitigating the 
impact of the lockdown on LBP, although this could not be 
proven within this study in which the effect of such strategies 
was not modelled.

The findings of our paper may provide a basis for the 
estimation of the burden of the containment measures for 
COVID-19 with respect to some aspects which have been 
neglected so far, such as the delayed return to work for 
patients suffering from LBP and the increased healthcare 
costs associated with the generally higher prevalence and 
severity of the disease. Although the benefits of the lock-
down in terms of reduction of the infection rate, mortality, 
and admissions to hospitals and intensive care units [29, 30] 
have evidently a higher degree of priority in the management 
of the COVID-19 pandemic, the lockdown and the conse-
quent reduced access to treatments may indeed have seri-
ous implications on public health [31–33], and appropriate 
measures to minimize them may need to be taken. Therefore, 

estimating the impact of the containment measures, and of 
the specific aspects of the measures determining such an 
impact, constitutes the first, fundamental step for taking 
effective decisions, and mathematical models may play a 
critical role in this respect.

To our knowledge, this paper presents the first agent-based 
model aimed at investigating LBP in the general population. 
The results about the prevalence of LBP in the general popula-
tion (4% with a pain intensity score between 0 and 3, and 2.5% 
with score greater than 3) agree with the global prevalence 
of LBP of 7.5% calculated for 2017 based on data from the 
Global Burden of Disease, Injuries, and Risk Factors Study 
[3]. Although the findings generally agree with available data, 
the modelling approach suffers from some limitations typically 
associated with a new methodology to understand new prob-
lems, as well as with the incompleteness of the data available 
in the literature with respect to the data which would be theo-
retically necessary for the establishment and validation of such 
a model [34]. Although the incidence and pain trajectories of 

Fig. 7   Statistical distribution of the maximal increase in the score (a) 
and of the estimated length of the effects of the lockdown (b) for all 
individuals suffering from LBP (“all LBP”) and for those belonging 

to the five clusters. Heatmaps and p-values of the statistical compari-
sons between groups regarding the maximal increase in score (c) and 
length of the effects of the lockdown (d)
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the disease were based on large-scale studies [20, 22, 23], we 
lack data about some relevant aspects and we had to make 
assumptions. For example, data about the impact of the access 
to treatment could not be found, and the differences in the 
pain intensity score between patients with or without access to 
treatment (Fig. 3) were therefore estimated based on the per-
sonal experience of the authors. Furthermore, we assumed that 

the available data about the trajectories of pain (Fig. 1) was rel-
evant to individuals without access to treatment, even though 
these estimates were obtained from samples that included par-
ticipants who received treatment for their LBP [22]. Moreover, 
no data is available to describe the impact of the lockdown on 
the access to treatment for LBP. In addition, parameters such 
as the duration of the lockdown are known, but show a large 

Fig. 8   Relative importance of the five random variables (lck_len, lck_prob, days_restart, days_lost_1_2, days_lost_3_4_5) in determining the 
maximal increase of the score for all individuals suffering from LBP (a) as well as for the individuals belonging to the five clusters (b–f)

Fig. 9   Relative importance of the five random variables (lck_len, lck_prob, days_restart, days_lost_1_2, days_lost_3_4_5) in determining the 
length of the effects of the lockdown for all individuals suffering from LBP (a) as well as for the individuals belonging to the five clusters (b–f)
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geographical variability [35] which makes difficult their proper 
representation in a simulation; indeed, the current model does 
not represent any specific country but is based on data from 
sources located in different continents. In order to mitigate 
this lack of data and the regional variability, we decided to 
employ a probabilistic approach in which the values of the 
unknown quantities were not fixed by means of a reasonable 
guess but were randomized in a large number of hypotheti-
cal scenarios. This approach allowed for the quantification of 
the importance of each of these unknown quantities by means 
of a standard statistical method like gradient boosting regres-
sion modelling. Finally, the modelling approach did not take 
into account the interactions between LBP and comorbidities, 
such as for example depression and anxiety which are com-
monly co-occurring with chronic pain and disability [36, 37], 
and other psychological implications such as fear-avoidance 
behaviour and anticipation of pain. It should be noted that not 
explicitly modelling quantities such as anxiety and depression 
does not imply neglecting their effects on the general popula-
tion, which are captured by the trajectories of pain for the five 
clusters (Fig. 1). Besides, a further extension of the modelling 
approach to consider also such aspects would have necessarily 
required additional assumptions, due to the general incom-
pleteness of the available data mentioned above.

Aside from the limitations associated with the lack of 
data and assumptions, the agent-based model consisted of 
a number of agents, 300,000, which is typically lower than 
the population of most countries and regions. However, 
preliminary tests revealed that increasing the number of 
agents would have a minimal impact on the results of the 
simulations in terms of prevalences and pain scores. Regard-
ing the simulation of treatment, we did not make a distinc-
tion between the different options which may be distinctly 
impacted by the lockdown; whereas rehabilitation interven-
tions are indeed largely affected [2], access to pharmaco-
logical treatments such as non-steroidal anti-inflammatory 
drugs may not considerably be impeded. It should also be 
noted that this study does not fully exploit the potential of 
agent-based models, which are especially powerful when 
used to simulate agents that interact with each other, for 
example transmitting an infectious disease. Due to the non-
transmissible nature of low back pain and rehabilitation 
interventions, interactions between agents are not relevant 
for this study, which cannot therefore take full advantage of 
the potential of the method.

Conclusions

In summary, this study achieved two major goals. First, we 
established the first agent-based model of LBP in the general 
population, able to replicate the prevalence of LBP described 
in epidemiological studies as well as the distribution of pain 

trajectories in the simulated individuals. Second, we found 
a prevalent effect of the lockdown on the length of pain 
episodes (up to one year), which may impact on the rate 
of chronicity and disability. The quantitatively estimated 
impact on pain intensity is small and below the MCID, but it 
lasts for a long time period, exceeding one year thus having a 
potential large impact in terms of disability. We believe that 
agent-based modelling constitutes a powerful tool for the 
study of public healthcare, and may help the understanding 
of major global challenges like LBP as well as the impact of 
events such as pandemics on the general population.
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