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Abstract

Purpose The purpose of this study was to develop recommendations for prevention interventions for spinal disorders that
could be delivered globally, but especially in underserved areas and in low- and middle-income countries.

Methods We extracted risk factors, associations, and comorbidities of common spinal disorders (e.g., back and neck pain,
spinal trauma, infection, developmental disorders) from a scoping review of meta-analyses and systematic reviews of clinical
trials, cohort studies, case control studies, and cross-sectional studies. Categories were informed by the Global Spine Care
Initiative (GSCI) classification system using the biopsychosocial model. Risk factors were clustered and mapped visually.
Potential prevention interventions for individuals and communities were identified.

Results Forty-one risk factors, 51 associations, and 39 comorbidities were extracted; some were associated with more than
one disorder. Interventions were at primary, secondary, tertiary, and quaternary prevention levels. Public health-related
actions included screening for osteopenia, avoiding exposure to certain substances associated with spinal disorders, insur-
ing adequate dietary intake for vitamins and minerals, smoking cessation, weight management, injury prevention, adequate
physical activity, and avoiding harmful clinical practices (e.g., over-medicalization).

Conclusion Prevention principles and health promotion strategies were identified that were incorporated in the GSCI care
pathway. Interventions should encourage healthy behaviors of individuals and promote public health interventions that are
most likely to optimize physical and psychosocial health targeting the unique characteristics of each community. Prevention
interventions that are implemented in medically underserved areas should be based upon best evidence, resource availability,
and selected through group decision-making processes by individuals and the community.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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Introduction

Spinal disorders are a significant cause of morbidity and suf-
fering [1]. Specific and non-specific disorders affecting the
spine contribute substantially to global prevalence, overall
burden, and global years lived with disability [2]. Common
spinal disorders affect people of all ages and socioeconomic
status but are especially burdensome to underserved and
low-income communities [3, 4].

Vulnerability to spinal disorders, and their associated
comorbidities, is often greater in low- and middle-income
countries than those with greater resources [5, 6]. In low-
and middle-income countries, back pain may be more com-
mon [7], spinal cord injuries have worse outcomes and
reduced life expectancy [8, 9], and spinal tuberculosis has
greater prevalence and worse clinical outcomes [10]. Fur-
ther, the treatment of spinal disorders and their associated
disability is costly. In high-income countries, the presence
of a spinal disorder in an individual is associated with nearly
double the medical costs than in those individuals without
a spine problem [11]. Spine care is also expensive in low-
and middle-income countries, and effective therapies in such
areas are not well studied [12]. Thus, recommendations have
been made for health systems leaders in low- and middle-
income countries to investigate prevention measures that
could be considered with limited economic resources for
overall health care [13, 14]. If methods can be identified
to prevent initial occurrence or minimize the progression
of these conditions, underserved communities might more
effectively reduce the burden of spinal disorders [1, 12, 15],
including associated morbidity and mortality [16].

Sociodemographic variables and modifiable risk factors,
addressed within cultural contexts, have the potential to
affect the burden of spinal disorders [15, 16]. Spinal disor-
ders are not isolated and present in people who have other
health concerns and whose specific environmental, occu-
pational, and recreational exposures put them at risk. It is
therefore essential that these common risk factors, associa-
tions, and comorbidities that may influence the prognosis
and type of intervention be included in a spinal care pathway.

Risk factors have informed care pathways for other non-
communicable diseases, such as cardiovascular disease and
postoperative complications [17, 18]. As has been done with
these other diseases, it is reasonable to consider similar strat-
egies for spine conditions based on modifiable factors that
can be addressed through prevention at both the individual
and community levels. However, we are unaware of this
approach for spine care because there is little research evalu-
ating prevention campaigns for spinal disorders. A guiding
principle of the Global Spine Care Initiative (GSCI) is “to

develop models for prevention and care that could reason-
ably be instituted in communities with different levels of
healthcare resources” [19].

The purpose of this study was to develop recommenda-
tions for prevention interventions for spinal disorders that
could be delivered globally, but especially in underserved
areas and in low- and middle-income countries. Recom-
mendations for prevention interventions were developed for
the GSCI spine care pathway and model of care to address
common spinal disorders [20-23].

Methods

In a prior study, we performed a scoping review of vari-
ables, such as risk factors, epidemiological associations, and
comorbidities of common spinal conditions [24]. The scop-
ing review followed PRISMA guidelines and met the criteria
for scoping reviews, including: (1) identifying the research
question; (2) identifying relevant studies; (3) using an itera-
tive team approach to study selection and data extraction; (4)
charting the data using quantitative and qualitative analysis;
and (5) summarizing the results to include implications for
policy, practice, or research [25].

Because there was no globally recognized single sys-
tem of taxonomy for spinal disorders, case definitions were
developed to identify search terms and perform the scoping
review, which resulted in three groups: [24].

e Spinal pain of unknown origin—Group 1: Spinal disor-
ders with history and examination findings that do not
lead to a specific clinical diagnosis and have no diagnos-
tic imaging, laboratory, or neurodiagnostic findings [26].

e Spinal syndromes—Group 2: Spinal disorders with his-
tory and examination findings that lead to a clinical diag-
nosis [27-29].

e Spinal pathology—Group 3: Spinal disorders with his-
tory and examination findings that lead to a clinical
diagnosis that can be confirmed by diagnostic imaging,
laboratory, or neurodiagnostic findings [29].

The scoping review focused on risk factors, associations,
and comorbidities of common spinal disorders that are likely
to be seen in ambulatory care clinics globally. Risk or prog-
nostic factors were any attribute, characteristic or exposure
of an individual that increased the likelihood of developing
an incident common spinal disorder, morbidity or mortal-
ity as a result of that disorder [30, 31]. These data relied
on the results of clinical trials, cohort studies, case control
studies, or reviews of these studies. Although risk factors
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are not always involved in the disease process, sometimes
they have predictive value regarding possible causes of the
disease [32]. They help to inform research and data collec-
tion from populations to observe and, ideally, prevent dis-
ease occurrence. Epidemiological associations were behav-
iors, traits, or exposures associated with the disorder but
for which there was not strong evidence to warrant calling
them risk factors. Associations were gathered from reviews
of cross-sectional studies recognizing that these associations
could not be considered risk factors since outcome variables
were not assessed before and after exposure. Associations
included non-modifiable variables, exposures, or modifi-
able variables, but not other diseases. Comorbidities were
defined as diseases or conditions associated with the spinal
disorder being studied without assigning any condition as an
index condition [33]. After addressing inclusion and exclu-
sion criteria, 143 studies were included in the final scoping
review. For each study reviewed, the risk factors for every
spinal disorder studied (and the related measures of associa-
tion) were reported in a standardized data extraction spread-
sheet. Epidemiological associations and comorbidities were
reported using the same method. For each group of spinal
disorders, the standardized spreadsheet was further divided
by each specific disorder, resulting in eight lengthy and in-
depth spreadsheets [24].

For the current paper, one investigator (CDJ) collapsed
the detailed data from the scoping review into summarized
risk factors, associations, and comorbidities per spinal dis-
order. These were further organized into a spreadsheet with
categories of modifiable and non-modifiable variables, when
possible. The lead investigator (BNG) verified the process.
Any disagreements were resolved through discussion. Inclu-
sion of potential management considerations for healthcare
providers who are in the position to discuss the prevention
of specific spinal disorders with patients was added to the
spreadsheet, per variable.

From this spreadsheet, the risk factors, associations, and
comorbidities were aggregated and sorted into 1 of 4 cat-
egories. The categories were those that represent the biopsy-
chosocial theoretical model providing the foundation for
the scoping review and the current paper. These categories
(biological, psychosocial, non-modifiable, exposures) and
the variables in the categories were mapped visually to gain
a sense of how they might overlap and how they could be
considered in a spine care program.

Based upon the summarized risk factors, associations,
and comorbidities and the mapping of variables described
in the steps above, preventive clinical actions that might be
considered in a spine care program were then linked by the
first three authors (BNG, CDJ, SH) to the GSCI classifica-
tion system [20]. The GSCI classification system includes
prevention assessment, provider-directed prevention inter-
ventions, and self-care prevention interventions. Prevention
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assessment includes those clinical activities that help to
identify potential risk factors or comorbidities during the
evaluation of a patient. Provider-directed prevention inter-
ventions are those that healthcare providers may initiate
in the clinical encounter. Self-care interventions are those
prevention steps that patients and their caregivers may take
when considering primary, secondary, or tertiary preven-
tion. Thus, these types of clinical actions were used for the
linking of the summarized data to the GSCI classification
system. The conventional levels of prevention were used in
this process, defined as follows:

e Primary prevention aims to prevent disease or injury
before it ever occurs. For example, encouraging seatbelt
use for individuals and communities to prevent motorized
vehicle injuries is primary prevention strategies.

e Secondary prevention aims to prevent worsening of a
condition that has already occurred. For example, screen-
ing for fall risk in those with osteoporosis is a secondary
prevention strategy that can be used for both individuals
and communities.

e Tertiary prevention aims to reduce the disability of an
ongoing condition that has lasting effects [31]. Tertiary
prevention attempts to prevent a condition from worsen-
ing and may focus on fortifying what function remains.
Preventing the onset of comorbidities associated with
spinal cord injury is an example of tertiary prevention.

e Quaternary prevention aims to prevent the medicalization
or over-medicalization of health concerns [34]. Quater-
nary prevention might include the prevention of patient
dependence on care or avoiding the use of opioids for
chronic non-cancer pain.

Following the summarization and mapping of the aggre-
gated data, the authoring team reviewed the materials for
accuracy and relevance to their area of content expertise.
Each member submitted recommendations for revision to
the primary author, which were integrated into a revised
draft and redistributed to the team. This iterative process
continued until consensus was reached by the team.

Results

Twelve spinal disorders were included in the scoping review
[24]. There were 41 risk factors, 51 associations, and 39
comorbidities related to spinal disorders; some of these
were linked with more than one spinal disorder [24]. Table 1
shows risk factors, associations, comorbidities, considera-
tions in patient care and provides patient management con-
siderations for healthcare providers who are in the position
to modify or act on factors related to prevention for each
specific spinal disorder [35—41]. The suggestions represent
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potential options for healthcare providers to consider while
also factoring in relative access to resources. Most of the
clinical suggestions provided have minimal or no cost (e.g.,
education about behavior modification, nutrition).

The biopsychosocial model of health integrates biologi-
cal, psychological, and social components of health and is
a useful framework to address risk factors, associations,
comorbidities, and potential prevention of spinal disor-
ders. Individuals experience spinal disorders in combina-
tion with other health concerns within the biopsychosocial
context. Coexistence of two or more conditions is common
and associated with increased utilization of health care and
reduced quality of life and functional status [42]. Figure 1 is
a visual representation of the aggregated risk factors, asso-
ciations, and comorbidities within the domains of biologi-
cal variables, psychosocial inputs, non-modifiable variables,
and exposures. By definition, there are no non-modifiable
factors present in the comorbidity category. The degree to
which these domains may overlap or influence each other
is unknown, but interactions between these domains were
mentioned frequently in the studies reviewed.

The GCSI classification system has five classes, rang-
ing from no overt spinal disorder or symptoms (class 0) to
life-threatening severe or systemic pathology (class V) [20].
Table 2 shows the prevention assessments, provider-directed
prevention interventions, and self-care prevention interven-
tions that can be considered within the GSCI classification
system and care pathway for spinal disorders. These pre-
vention recommendations address the 12 spinal disorders
studied and range from preventing first occurrence to mini-
mizing the long-term effects of a disorder. While the GSCI
classification system and care pathway are focused on care
for individuals, some of the prevention concepts are appli-
cable to communities where prevention and public health
education are needed.

Considerations in patient care

N/A

Comorbidities
Osteopenia

Non-modifiable

High initial Cobb angle

Thoracic curve

Age <13 year at time of diagnosis
Pre-menarche at diagnosis

Associations

Discussion

We believe that this paper is the first of its kind to provide
recommendations for a spine care pathway regarding indi-
vidual and community prevention strategies based upon
potential risk factors, comorbidities, and associations. This
set of recommendations comes from an interprofessional and
international team of authors and lists activities that can be
addressed by patients, communities, and clinicians in under-
served and low- and middle-income countries. It places the
prevention of spinal disorders within the context of local
resources, needs, and priorities and encourages latitude in
offering prevention at both individual and community levels.

Our recommendations were developed based on informa-
tion from the previous scoping review that created a com-
pendium of risk factors, associations, and comorbidities

Risk factors and associations

N/A

liosis curve progression

Table 1 (continued)

Group 3—Spinal pathology
Congenital or developmental—Sco-
N/A not applicable

@ Springer



European Spine Journal (2018) 27 (Suppl 6):5838-5850

5845

Fig. 1 Risk factors, asso-
ciations, and comorbidities for
spinal conditions clustered by

Exposure

category. These are areas that Non-modifiable
should be considered to include = .
in spine care programs Variables Trauma, smoking,

Age, sex (female),
heritability/genetic, prior
history of spine or
musculoskeletal pain

)

Biological

High BMl/obesity, low physical
activity, other musculoskeletal
problems, overall ill/poor health,
difficulty with activities of daily
living, infections, dietary
deficiency, pregnancy, other
health conditions (diabetes,
cardiovascular, cancer, etc)

for common spinal disorders commonly seen in ambula-
tory clinics [24]. The research in the paper on which this
paper is based focused mainly on variables associated with
individual disorders. However, the present study provides
a unique vantage point in looking at the multiple risk fac-
tors, associations, and comorbidities common to many spinal
disorders. Spinal disorders are complex and occur in peo-
ple who have other health concerns, health behaviors, and
environmental, recreational, and occupational exposures. It
is therefore essential that a clinical care pathway for ubiqui-
tous spinal disorders consider multiple inputs for prevention,
rather than a mono-causal fashion. Several variables, such as
obesity, smoking, nutritional concerns, mental health, and
work environment, were related to multiple spinal disorders.
For instance, people with spine pain may have other comor-
bidities and associated factors that affect their spinal disorder
experience and disability. Accordingly, these variables are
reasonable targets for spinal disorder prevention efforts.
Common spinal disorders present specific opportunities
for prevention on the individual patient and population level.
Since several interventions are useful for more than one dis-
order, we recommend selecting between interventions based

medications, postural strain,
heavy loads to spine, whole
body vibration, specific
stresses (eg, bending,
twisting), other
musculoskeletal injuries

C

Psychosocial

Education level, high job
demands, monotonous
work, low job satisfaction,
mental health concerns,
depression, psychiatric
conditions, negative
expectations for recovery,
low level of support at work,
low supervisor support, low
social support

on the likelihood to be used by clinicians and the existence
of supporting evidence. For a clinician to address an indi-
vidual’s needs, prevention interventions may be incorporated
throughout different parts of the clinical encounter. Com-
ponents of the history and assessment can include informa-
tion about both modifiable and non-modifiable risk factors
and screening questions (e.g., World Health Organization’s
FRAX Fracture Risk Assessment Tool). Selected diagnos-
tic procedures (e.g., dual energy x-ray absorptiometry) may
help identify other important variables [43]. Based upon this
information, prevention strategies target primary, second-
ary, tertiary, and/or quaternary levels depending upon the
stage and needs of the person. For example, an intake form
may identify an older female with thoracic pain and family
history of osteoporosis as someone who may be at risk for
osteoporotic fracture. An assessment may include a fracture
risk assessment, postural analysis, diagnostic imaging, or
bone density scan, which could confirm the level of osteo-
penia. In such a case, assessment and interventions focus on
treating the pain and osteoporosis; however, the secondary
prevention recommendations would aim to prevent further
fracture and deformity. Thus, prevention aims are integrated

@ Springer
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and work in conjunction with treatment of the condition and
the other components of the care pathway.

Some concepts used in community health programs for
communicable diseases may be applicable to prevention of
spinal disorders. Communities have the potential to change
the physical, economic, and social environment over time
to facilitate a better level of health among individuals [44].
Population-based prevention strategies, such as policy and
educational programs, could be integrated into existing
healthcare systems and supported by various agencies (e.g.,
WHO). Collaboration with existing healthcare infrastruc-
tures to implement prevention programs could be consid-
ered when developing local spine care programs. Aligning
public health and intervention strategies with local needs is
important and may help to reduce disability, morbidity and
mortality associated with the spinal disorders studied.

Each community has different needs for spine health
care. Some may have a higher incidence of spinal injuries,
depending upon traffic laws and work conditions, whereas
others may be more prone to infection or spinal deformities.
Thus, epidemiologic analysis of spinal disorders on a local
level should provide the information needed to prioritize
prevention programs for a specific community. Factors that
may influence decisions regarding priorities may include:
access, cost, ability to implement on a community, and/or
individual level, risk for harm/safety. Healthcare providers
and public health personnel who desire to prevent spinal
disorders or reduce their associated disability may consider
selecting health behaviors, exposures, and comorbidities that
are common to the most problematic conditions in the com-
munity. Once the variables have been identified, a preven-
tion program can be considered that addresses these factors.
Provided are examples of how spinal conditions could be
addressed at the individual and/or community level and for
the various stages of prevention. We chose three conditions
for the examples, including osteoporotic spinal fractures [39,
45-49], traumatic spine injuries [50-63], and spinal tuber-
culosis [64—68]. Other spinal conditions could be addressed
in a similar manner. (See Online Supplement Tables 1, 2,
and 3).

Limitations

This paper is limited to spinal disorders defined in the scop-
ing review; thus, not all spine disorders are included. Risk
factors and associations do not imply causation. Diseases
are multifactorial, and addressing any variable may not have
a positive impact on a spinal disorder because the studies
reviewed may not be applicable to the specific population.
Caution is needed when making evidence-informed preven-
tion recommendations for spinal disorders, as this is emerg-
ing literature. The scoping review that provided the data for
this report included communities of all ranges of income

with a bias toward high-income countries. There are dif-
ferences that should be considered when implementing our
recommendations in low- and middle-income countries.
First, access to health resources is often lower in low- and
middle-income countries. Second, pain perception may be
different among various cultures [69], potentially neces-
sitating a different interpretation of prevention for painful
conditions. Also, low- and middle-income countries often
have a scarcity of registries, especially for spinal cord inju-
ries, which may affect how important risk factors may be
identified within these communities [51, 52]. While more
research is needed in the prevention of spinal disorders, this
review illustrates that spinal disorders are complex and usu-
ally multi-causal. Therefore, the multiple associated factors
should be considered when investigating prevention in future
studies. Multi-causation models may assist future epidemio-
logical research efforts of spinal disorders when searching
for solutions for improved public health [70-73].

Conclusion

We identified 41 risk factors, 51 associations, and 39 comor-
bidities related to the 12 common spinal disorders. Biologi-
cal, psychosocial, non-modifiable, and exposure variables
existed in the risk factor and associations categories with
interactions between these categories being mentioned
frequently in the literature. Individual and community pre-
vention strategies based upon risk, prognostic factors, and
comorbidities for common spinal disorders can be included
in the GSCI care pathway and model of care for the clinical
environment and in the community. Prevention interventions
should be selected based on the prevalence, local impact,
and burden and with regard to local resource availability,
community, and patient preferences. It is hoped that pre-
vention interventions can be incorporated in more global
regions, especially in underserved and low- and middle-
income countries, to reduce spine care costs, morbidity, and
mortality.
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