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Purpose: To evaluate the relationship between body mass index (BMI) and spinal curvature in patients presenting with idiopathic
scoliosis at a major pediatric tertiary care centre.
Patients and Methods: Retrospective chart review (2015–2019). Data extracted from patient’s first visit included age, sex, height,
weight, spinal curvature (magnitude, location), referral source, physical activity participation (yes/no), pain (yes/no). Demographics
were analyzed descriptively. The relationship between BMI and spinal curve magnitude was analyzed using Spearman correlation
coefficient. Linear regression was applied to determine the relationship between BMI, curve magnitude, and curve location.
Exploratory univariate analyses were conducted for BMI and referral source, pain, and skeletal maturity, and physical activity and
pain.
Results: A total of 206 patient charts were included (177 females, 29 males). Patients presented with double major (41.3%), thoracic
(26.7%), thoracolumbar (22.8%), and lumbar (9.2%) curves. Mean (SD) BMI percentile was 48.3 (30.5). No relationship existed
between BMI percentile and curve magnitude with curve locations combined. However, a test for interaction revealed a positive
relationship between BMI percentile and curve magnitude for adolescents with double major curves, and a negative relationship for
adolescents with thoracic curves. Exploratory analyses suggested a relationship between BMI percentile and presence of pain, and
between referral source and curve magnitude. No relationship was observed between BMI and skeletal maturity, or physical activity
and pain.
Conclusion: The relationship between BMI varied by curve location within this cohort, in which most patients presented with a BMI
<85th percentile. Findings highlight the importance of sensitive history taking and careful physical examination for early detection of
scoliosis.
Keywords: scoliosis, body mass index, curve magnitude, screening, chart review

Introduction
Scoliosis is characterized by a lateral curvature of the spine >10 degrees and a component of vertebral rotation. The
magnitude of the spinal curve is measured using the Cobb angle on x-ray.1–3 Idiopathic scoliosis is classified into 3
categories (infantile, juvenile, and adolescent) based on the age of the patient at diagnosis. Adolescent idiopathic
scoliosis (AIS) is the most common form of idiopathic scoliosis. It affects 2–4% of children and youth aged 10–18
and can often be identified on routine physical examination by a health care provider.1–3 Commonly used clinical
screening methods for scoliosis include general visual inspection and the Adam’s Forward Bending Test.4
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While the benefits of universal screening programs have been debated,4–6 early detection of AIS is important so that
appropriate management pathways can be initiated, especially those at highest risk for progression.7 As summarized by
the Scoliosis Research Society, risk of progression is higher in the in those who develop scoliosis at a young age, in the
presence of skeletal immaturity, and when curve angle is ≥20 degrees at presentation.8 Recent research has identified
additional factors, such as spinal flexibility, that may be important to predict curve progression/successful outcomes with
bracing9,10 In addition to facilitating the initiation of bracing (when indicated11), early identification allows for earlier
introduction of other conservative approaches. Schroth exercises (a type of physiotherapeutic scoliosis-specific exercise)
for example have been reported to have a moderate to large effect size on outcomes depending on the pre-intervention
curve angle.12 Therefore, early recognition of AIS may be an important factor in limiting the progression of scoliosis, and
in some cases preventing the need for surgical management.11 Barriers to early identification and referral for further
management should be identified and addressed.7

Several published studies have assessed the relationship between body mass index (BMI) and the magnitude of spinal
curvature upon presentation to a specialized scoliosis clinic.13–15 These retrospective studies examined the charts of 150–
279 adolescents and concluded that adolescent patients with a higher BMI or higher adiposity are more likely to have
a larger magnitude of curve when they are first diagnosed with scoliosis compared to adolescents with a lower BMI or
adiposity.13–15 The authors of these studies suggested that typical physical examination findings indicative of scoliosis
may be less apparent in adolescents with a higher BMI, resulting in delayed identification of scoliosis. One of the studies
also found that patients presenting with a higher BMI were more likely to present with a higher degree of skeletal
maturity, which has implications for treatment options, and treatment success.8,14 It is important to understand whether
there are limitations in our current screening methods for AIS that place children and adolescents with a higher BMI at
higher risk of delayed identification of scoliosis, which could limit treatment options and negatively impact outcomes.

Given the results of the limited research on this topic to date, the purpose of this study was to examine the
relationship between BMI percentile and the magnitude and location of spinal curvature at presentation within
a pediatric scoliosis clinic at a tertiary care centre, to further inform local referral and practice recommendations.
A secondary aim was to conduct exploratory analyses related to BMI percentile and how the spinal curvature was
initially identified (referral source), the presence of pain, and skeletal maturity, and to explore potential relationships
between pain and physical activity participation at presentation.

Materials and Methods
A retrospective chart review was conducted, including all eligible youth who presented to the single tertiary care centre
for the initial assessment of scoliosis between the years of 2015–2019. Inclusion criteria were patients aged 10–18 years
old, presenting to the scoliosis clinic for initial assessment with no prior treatment for scoliosis. Data from patients who
were found not to have scoliosis, who presented with non-idiopathic scoliosis, or who were missing data related to the
primary outcomes (height, weight, curve location, curve magnitude) were excluded. Inclusion and exclusion criteria, data
abstraction forms and processes, and predictor and dependent variables were specified a priori as part of the overall
approach to reduce bias.16

One member of the study team (BB) reviewed charts from all patients who presented between 2015–2019 to
determine eligibility and extract routinely collected data from the patient’s first appointment, related to the variables of
interest. A second team member (NW) independently verified data extraction. Extracted data included: sex, age, weight
(kg), height (cm), magnitude of spinal curvature (Cobb angle), location of curve apex (thoracic, thoracolumbar, lumbar,
double major). While a double major curve does not specifically refer to curve location, we analyzed these as a distinct
group with the rationale that this presentation may present unique screening challenges (ie, postural compensation) when
compared with a single curve presentation. For those presenting with a double major curve, the Cobb angle of the largest
curve was used to determine magnitude.13,14,17 BMI was calculated from the patient’s body weight and height as
measured at the initial appointment (kg/m2) and BMI-for-age-percentile was derived using an online calculator.18

Referral source and skeletal maturity data (Risser sign) were extracted when documented for the initial assessment.
Pain at presentation (yes/no), regular physical activity participation (yes/no), and time from referral to initial appointment
were also extracted.
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This study (including the protocol, forms and processes, and steps to ensure data confidentiality) was reviewed and
received approval from the Health Research Ethics Board at the University of Manitoba (HS23184), and local site impact
approval (RI2019:116). Approved processes to maintain data confidentiality were adhered to by the research team. The
requirement to obtain individual-level consent to collect data for this retrospective review was waived by the Ethics
Board based on the low risk to participants, lack of additional data collection required, and feasibility issues related to
gaining consent for all potential participants. This is in compliance with Principle 32 of the Declaration of Helsinki.

Analysis
Patient characteristics were summarized and reported using descriptive statistics (mean, median, range). Spearman
correlation coefficient was used to quantify the relationship between spinal curvature (degrees) and BMI percentile.
The Kruskal–Wallis test was used to examine the association between BMI percentile and curve location. A linear
regression model was conducted to determine whether an interaction existed between BMI percentile and curve location
with respect to curve magnitude, which would allow for the relationship between BMI and curve magnitude to depend on
location. BMI data was analyzed as continuous data due to the small number of youth in the ≥85th percentile category
within this sample. The Kruskal–Wallis test was used for exploratory analysis related to BMI and referral source,
presence of pain, and skeletal maturity. For the referral source, data were collapsed into the two main referral sources
(family physician, family member) and the category of “other” for this analysis due to low observations for many referral
categories. Chi-Square testing was used for exploratory analyses related to pain and physical activity participation at
presentation. Analyses were performed with SAS version 9.4 (SAS Institute, Cary NC).

Results
Two hundred and fifty patient charts were initially screened for study inclusion. After excluding charts of patients that did
not meet inclusion criteria, 206 remained (177 females, 29 males). Patient characteristics are summarized in Table 1. The
mean BMI of the 206 patients was 19.7 kg/m2 (SD 3.7); mean BMI percentile was 48.3 (SD 30.5); 91.3% of patients had
a BMI <85th percentile.

Eighty-five patients presenting to the scoliosis clinic were diagnosed with a double major curve, 55 patients with
a curve in the thoracic spine, 47 with a thoracolumbar curve, and 19 with a curve in the lumbar spine (Table 2). The mean
maximum Cobb angle was 26.5 degrees (range 10.0–77.0, SD 12.9). The majority of patients had scoliosis initially
detected by a family physician during routine physical exam (n=129; 62.6%). The next most common initial detection
method was by a family member (n=45; 21.8%), followed by a health care provider other than a family physician (n=11;
5.4%). For the remaining 10.2% of patients, concern about spinal alignment was raised by a teacher, coach/dance
instructor, or friend. Eighty-one (39.3%) patients reported pain related to scoliosis at presentation, and 134 patients
(65.0%) reported participation in some form of regular physical activity. The mean time from receipt of referral to initial
assessment at the scoliosis clinic was 41 days (SD 26.9).

Table 1 Patient Characteristics

Variable Mean (SD) Median (Range)

Age (years) 13.5 (1.5) 13.3 (10.3–17.5)

BMI percentile 48.3 (30.5) 47.0 (1.0–99.0)

Maximum Cobb angle (degrees) 26.5 (12.9) 24.0 (10.0–77.0)

Days from referral to first appointment 41.0 (26.9) 36.0 (1.0–145.0)

Bone age* 12.1 (1.5) 12.0 (9.0–20.0)

Note: *Due to missing data n=69.
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BMI Percentile and Spinal Curvature
BMI is reported as percentile only due to clinical relevance. There was no correlation between degree of spinal curvature
and BMI percentile with all curve locations combined (Spearman r=0.11, p=0.12), however an association was present
between curve location and BMI percentile (Table 2). To test whether the relationship between BMI and degree of curvature
differed by curve location, a linear regression model was created with spinal curvature angle as the dependent variable and
BMI percentile, curve location, and their interaction as predictors. A significant interaction existed between BMI percentile
and curve location (p=0.0017; Figure 1). In this cohort, there was a positive association between BMI percentile and curve
magnitude in adolescents with a double major curve (β = 0.136, p=0.0019), and a negative association between these
variables in adolescents with a thoracic curve (β = −0.125, p=0.015). The association between BMI percentile and curve
magnitude was not significant for either lumbar (β = 0.049, p=0.57) or thoracolumbar (β = −0.005, p=0.94) locations.

Exploratory univariate analyses indicated borderline significance between BMI and who initially detected the child’s
curve (referral source). Median BMI percentile for adolescents referred by family physicians, family members, or “other”
was 46th, 33rd, and 64th percentile respectively (p=0.05). Similarly, there was a borderline significant relationship
between BMI percentile and a history of pain at first assessment (yes/no) (p=0.06; Kruskal–Wallis test) such that

Figure 1 Scatterplot depicting relationship between BMI percentile, magnitude of curve, and curve location.

Table 2 Curve Location, Magnitude, and BMI Percentile

Curve Location n (%) Curve Magnitude
(Median, Range)

BMI Percentile
(Median, Range)*

Double major 85 (41.3) 30 (13–77) 58 (1–99)

Lumbar 19 (9.2) 19 (12–31) 38 (2–96)

Thoracic 55 (26.7) 22 (10–72) 45 (1–98)

Thoracolumbar 47 (22.8) 20 (12–45) 31 (1–99)

Note: *Significant association between BMI percentile and curve location (p=0.018, Kruskal–Wallis test).
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adolescents with a higher BMI tended to be more likely to have pain at presentation. No significant relationship existed
between BMI and skeletal maturity as measured by the Risser sign (p=0.58), and no there was no apparent relationship
between active participation in physical activity (yes/no) and pain (yes/no) at initial assessment (p=0.67, Chi-Square
test). Inferences may be limited by using crude binary measures of pain and physical activity, and missing documentation
related to pain at presentation (missing for 31 patients) and skeletal maturity (missing for 137 patients).

Discussion
This retrospective review examined the charts of 206 adolescents who had been referred to a scoliosis clinic at a pediatric
tertiary care facility, to determine the relationship between BMI percentile and curve magnitude at presentation to
scoliosis clinic within this clinical cohort. When data from all included adolescents were analyzed together, no relation-
ship between BMI percentile and degree of curvature was detected. However, when the data were analyzed by the
location of the spinal curve, adolescents with a double major curve and a higher BMI percentile, or a thoracic curve and
a lower BMI percentile were more likely to have a larger Cobb angle.

Other authors have not included double major curves within their primary analyses related to the location of the spinal
curve, however Goodbody et al reported that patients in their study with a BMI ≥85th percentile were 12.6 times more
likely to present with a double major curve when compared to those with a BMI <85th percentile.14 Relative to other
curve types, these can be more difficult to detect with visual screening as the double curve acts to compensate for trunk
asymmetries. In contrast, patients presenting with a thoracolumbar curve often demonstrate a shift in trunk posture or
alignment, where the base of the skull is no longer in alignment with the center of the sacrum, making these curves easier
to detect. In patients presenting with a double major curve, curve detection is more often based on more subtle
asymmetries often seen in the shoulders or waist. Additionally, soft tissue, whether muscle or adipose, may be more
likely to obscure typical skeletal examination findings such as rib hump and spinal prominences.

With that, it may seem counterintuitive that in our study and another by Matusik et al,15 adolescents with a lower BMI
and thoracic curve were also more likely to present with a larger curve magnitude. A potential explanation could stem
from literature reporting that adolescents with scoliosis reported liking “baggy clothes/nice clothes” compared with
“clothes that fit right/expensive clothes/wearing the right clothes” as reported by adolescents without AIS.19 This study
by Merenda et al was conducted with adolescents already confirmed to have AIS, thus it is not clear if reported clothing
preference was influenced by efforts to conceal a curve/trunk shift, or to accommodate treatment with bracing.
Regardless, it is a reminder to clinicians that baggy clothing may conceal a spinal curve that may otherwise be detected
by parents or educators and highlights the role of routine clinical physical exam of spinal alignment for early detection.
Of note, females with AIS have been reported to often have a lower BMI percentile compared to peers without
scoliosis.20,21 Several reasons have been suggested for this, including eating behaviors or co-occurring eating disorders,
however the research on this is not conclusive.22 Study in this area is ongoing, and endocrine dysregulation (considering
the relationship between leptin, adiponectin, ghrelin, body composition, and bone development) as a precursor and
contributor to AIS is offered as a more contemporary explanation for the typically lower BMI observed in adolescents
with AIS.22,23 As in any clinical encounter, we advocate for the acknowledgement of the complex interplay between
physical development, body image, psychological health, and physical health when screening for scoliosis. A 2018
review underlines this point, reporting that 35–50% of adolescents with AIS were found to have body image disturbances
including self-consciousness and social limitation due to appearance in comparison to 15% in comparison groups of
adolescents without AIS.23 Sensitive approaches to subjective and physical examination are warranted.

In our sample, most patients’ curves were initially detected by a primary care provider on annual routine screening,
however exploratory analyses suggest that those referred by sources other than these were more likely to have a higher
BMI. This aligns with other authors who have described a trend demonstrating that patients with a higher BMI were
more likely to have their curve noticed by the school or by incidental findings.14 Exploratory analyses also suggest
a relationship between the presence of pain at first assessment and BMI percentile. While these findings need to be
further explored due to the simple yes/no format of clinical data collection related to pain and exploratory nature of the
analysis, pain related findings may be considered by primary care providers as a symptom to help prompt assessment to
ensure timely diagnosis of AIS. No relationship was found between presence of pain at first assessment and physical
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activity participation, and in contrast to previous studies, we did not find a significant relationship between BMI and
skeletal maturity.14 This may have been because of missing data in our sample as skeletal maturity was not consistently
documented upon initial assessment.

The present study was initiated after considering published reports of late referral to scoliosis clinics for adolescents
with a higher BMI. We wanted to determine whether this was the case in our clinic, and whether targeted education was
required for pediatricians, family physicians, and others who refer to the clinic to ensure that youth with a higher BMI
were not systematically disadvantaged and limited in treatment options or outcomes by late referrals. While relationships
were present, the nature of the relationship varied by the location of the curve. A limitation of this study is the small
number of referred patients with a BMI >85th percentile, and the strength and nature of the associations reported must be
interpreted relative to the characteristics of this sample. We cannot comment on who has not been referred to this clinic,
a limitation inherent to a single-site retrospective study. It is possible that more subtly noticeable differences in spinal
alignment (ie, for double major curves), weight bias, or other systemic factors known to limit access to the healthcare
system may have prevented the referral of certain children, including those with a higher BMI, to the scoliosis clinic for
evaluation. Further, we are unable to comment on who was referred directly to a surgical specialist as opposed to the
clinic for evaluation and care. We were unable to obtain data on race, ethnic identity, or socioeconomic status as these
data are not routinely recorded in the clinical setting, and thus could not perform analyses related to these important
factors. It is well known that systemic barriers to accessing the healthcare system are an ongoing reality for many
families. Clinicians should be aware that others have reported a negative association between median family income and
the magnitude of thoracic curve for adolescents.13

Conclusion
Data from this retrospective review demonstrated two distinct relationships relating to a larger Cobb angle at presenta-
tion: i) adolescents presenting to the clinic with a double major curve and a relatively higher BMI percentile, and ii)
adolescents with a thoracic curve and a relatively lower BMI percentile. When screening for a double major curve,
clinicians need to be especially cognizant to assess for subtle asymmetries such as scapular and pelvic asymmetries as
well as a rib hump on Adam’s forward bending test. While thoracic curves are typically more easily observed in
adolescents with a lower BMI, our findings suggest that these too can be obscured and progress. Considering findings
from other research related to scoliosis, body composition, and body image, and recognizing the presence of systemic
barriers to accessing care, we present our findings alongside a reminder of the importance of sensitive history taking and
careful physical examination for early detection of scoliosis.
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