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Abstract
Study design Retrospective comparative review.
Objective The aim of this study was to determine the short-term impact of the COVID-19 pandemic on the demographic 
and clinical profile of new idiopathic scoliosis (IS) patients, with a particular focus on treatment and late referral.
Summary of background data The COVID-19 pandemic has limited health-care services and public access and, as a result, 
the diagnosis and management of non-COVID-19 health conditions have been compromised. Delayed diagnosis of IS may 
limit conservative treatment options and subsequently, increase a patient’s risk of requiring surgical intervention.
Methods The volume of spine referrals received and new IS clinic visits were compared between March 15–October 15, 2019 
and the same period in 2020. A chart and radiographic review detailed the patient profile at initial presentation. Descriptive 
statistics and comparative analyses examined the referral source, curve magnitude, skeletal maturity, and prescribed treat-
ment. Late referrals were those with a curve magnitude ≥ 50°, or > 40° and Risser 2 or less.
Results During the 2020 study period, the referral volume decreased 76% and clinic visits 55%. The 2019 cohort was similar 
in age (13.7 ± 2.1 years vs 13.3 ± 2.3 years, p = 0.08), Risser score distribution (p = 0.32), menarchal status (0.07), and curve 
magnitude (37.1° ± 3.8° vs 39.0° ± 16.0°, p = 0.22). During the pandemic, there was an increased proportion of referrals 
made by pediatricians (41 to 54%, p = 0.01). The proportion of brace prescriptions increased from 30 to 42% (p = 0.01). The 
proportion of surgical bookings and late referrals were increased but did not reach significance.
Conclusion Despite no significant increase in the magnitude of the curve at initial presentation or the proportion of late 
referrals, there was a marked decrease in referral volume, over the first 7 months of the COVID-19 pandemic. This suggests 
that the majority of expected new IS patients remain undiagnosed. A future increase in late referrals should be anticipated.
Level of evidence III.
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Introduction

The novel coronavirus disease 2019 (COVID-19) pandemic 
has impacted every facet of society. The first confirmed case 
of COVID-19 in North America was January 21, 2020 in 
Washington State, USA, and 4 days later in Canada. On 
March 17th, 2020, the government of Ontario declared a 
state of emergency. Access to health-care services was ini-
tially limited to urgent care only. At the Hospital for Sick 

Children in Toronto, Canada's largest pediatric academic 
health sciences center, the gradual restart of scheduled clini-
cal care, up to 65% capacity, began in June. Clinical capacity 
increased to 75% in July, where it remained until the end of 
this study period.

The limitation to health-care service has been further 
compounded by families prioritizing their health concerns 
below their fear of COVID exposure [1]. As a result, diag-
nosis and management of health conditions, not related to 
COVID-19, have been compromised. For example, in the 
first 10 weeks of the pandemic the endoscopy rate in the 
UK was decreased, on average to 12%, resulting in 58% of 
expected cancers not being detected [2]. Delayed diagnosis 
in progressive conditions may result in increased disease 
severity at initial presentation. Management options may be 
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limited, or more aggressive treatment may need to be con-
sidered. Idiopathic scoliosis (IS) is a progressive condition 
most often diagnosed in adolescence. Delayed IS diagnosis 
may limit conservative treatment options and, subsequently, 
increase the risk of requiring surgical intervention.

Scoliosis is defined as a lateral curvature of the spine 
greater than 10° (measured with the Cobb method) [3]; it is 
most common in youth at least 10 years of age. Progression 
is highly correlated with growth and, during peak growth, 
curvatures may progress, on average, 1° per month [4]. 
Brace treatment significantly decreases the likelihood of a 
patient requiring surgical intervention [5] and, in accordance 
with the Scoliosis Research Society’s guidelines, is consid-
ered most effective for curvatures that measure between 
25° and 40°, in youth that still have growth remaining [6]. 
Curvatures measuring between 40° and 50° are borderline 
for surgical consideration and surgery is recommended for 
curves measuring greater than 50° [7].

IS patients who are likely surgical candidates at initial 
presentation are considered a ‘late’ referral. A referral is 
considered timely if there is no treatment indication or if 
they are a candidate for bracing. Previous research shows 
that even prior to COVID-19 restrictions, the volume of 
‘late’ referrals was problematic [8–10]. Anthony et  al. 
recently showed that, in our public health-care system, 28% 
of first-time patients presented ‘late’, whereas only 17% 
met the SRS guidelines for brace treatment [8]. The average 
curve magnitude was near the upper range for optimal brace 
effectiveness. The authors highlight the implications of late 
referrals, not only to the patient, but also to the health-care 
system and an institution’s resources [8].

Early COVID-19 publications related to scoliosis have 
focused primarily on deployment of physicians to the front 
lines [11–13], prioritization of surgical waitlists based on a 
temporary hold on elective surgeries [11, 12, 14–17], use of 
telemedicine [18], and continued opportunities for educa-
tion [19] and training programs [11]. To date, the impact 
of the pandemic on the diagnosis and management of IS 
patients has not been considered. The aims of this study are 
to evaluate the extent to which COVID-19 restrictions have 
impacted (1) the referral volume of idiopathic scoliosis, (2) 
the patients’ clinical and radiographic profile at initial pres-
entation, (3) treatment and (4) the proportion of idiopathic 
scoliosis patients that present late. We hypothesize that com-
pared to the same time period one-year prior, the number of 
referrals received during the first 7 months of the COVID-19 
pandemic will be greatly reduced, the average curve magni-
tude at initial presentation will be larger, and the proportion 
of late referrals will be greater.

Methods

We conducted a cross-sectional, retrospective cohort study 
in accordance with the hospital Research Ethics Board-
approved protocol. Patients were identified through our insti-
tution’s electronic referral platform. Referrals are initiated by 
a community physician and must include a radiology report 
that indicates a scoliotic curvature measuring at least 20°. 
We do not accept referrals for curvatures less than 20°, these 
are referred back to the family physician to be monitored, or 
for back pain in the absence of neurologic symptoms and/or 
explanatory MRI findings.

Two authors [JD and DK], 1 not involved in the patient’s 
care, reviewed the electronic health-care record of all chil-
dren, between 4 and 17 years of age who were seen for 
initial consultation in our Spine Clinic between the com-
parative time periods of: March 15–October 15, 2019 
(pre-COVID-19) or March 15–October 15, 2020 (during 
COVID-19 restrictions). Patient demographic information 
was recorded. In addition to etiology, the initial clinic note 
provided the clinical and radiographic findings. If the radi-
ographic details are not clearly stated, the corresponding 
X-ray was reviewed. Exclusions included a non-scoliosis 
spinal diagnosis (e.g., # vertebrae), a non-IS diagnosis (e.g., 
neuromuscular or syndromic scoliosis), and patients with a 
history of previous spinal surgery/bracing, or those seeking 
a second opinion, as we were interested in treatment options 
at initial presentation.

For this type of study, formal consent is not required.

Outcomes

The volume of spine-related referrals received and accepted, 
and the referral source, was recorded. The primary patient 
outcomes pertained to clinical and radiographic presenta-
tion. Demographic information included sex and age at 
initial presentation. The Cobb angle was recorded for an 
individual’s largest curve. The Risser score [20] was noted 
and menarchal status, if applicable, was categorized as pre-
menarchal, < 2, and ≥ 2 years). Treatment indications were 
based on curve magnitude in relation to perceived growth 
potential. A referral was considered “late” if, at initial pres-
entation the patient was likely to undergo surgical interven-
tion at some point in the future, specifically, if the curve 
magnitude was 50° or greater, or over 40° and Risser 2 or 
less.

Statistical analyses

Descriptive statistics (mean, standard deviation [SD], 
range) pertaining to patients’ clinical and radiographic 
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profile were calculated separately for the 2019 and the 
2020 cohort. Frequencies were calculated for categorical 
data. Welch’s t tests were performed on continuous data 
and chi-squared tests on categorical data.

Statistical significance was accepted at a p value less 
than 0.05. Data were analyzed using the web-based stats 
program R (http:// www.R- proje ct. org).

Results

Compared to 2019, the referral volume decreased in 2020 
by 76% (n = 1311 vs 317), and the volume of accepted 
referrals by 74% (n = 1009 vs 260) (Fig. 1). The propor-
tion of referrals accepted was stable (77 vs 82%, p = 0.5).

In total, 377 patients were eligible for inclusion in this 
study; 229 patients that were seen for initial consulta-
tion in 2019 and 148 in 2020 (− 55%). Table 1 shows that 
the two groups were similar in age (13.7 ± 2.1 years vs 
13.3 ± 2.3 years, p = 0.08), curve magnitude (37.1° ± 3.8° 
vs 39.0° ± 16.0°, p = 0.22), Risser score distribution 
(p = 0.32), and menarchal status (p = 0.07). Figure 2 illus-
trates the distribution of curve severity by year. The pri-
mary referral source changed in 2020 with an increased 
proportion of referrals from pediatricians (41–54%) and a 
decreased proportion from general practitioners (47–34%, 
p = 0.01).

The treatment prescribed at initial visit differed 
(p = 0.02). Figure 3 illustrates that in 2020 a greater pro-
portion of patients were braced (42% compared to 30% 
in 2019) and booked for surgery (15% compared to 10% 
in 2019), and a smaller proportion were monitored (44% 
compared to 60% in 2019). The volume of late referrals 
increased in 2020 from 25 to 31% but failed to reach sta-
tistical significance (p = 0.1).

Fig. 1  Idiopathic scoliosis referral volumes (received and accepted) 
for pre-pandemic (March 16–October 16, 2019) compared to the first 
7 months of the pandemic (March 16–October 16, 2020)

Table 1  Patient characteristics 
at initial visit, 2019 versus 2020

SD standard deviation
*Significant

2019 (n = 229) 2020 (n = 148) p 

Female, n (%) 191 (83) 119 (80) 0.54
Age, mean ± SD, years 13.7 ± 2.1  13.3 ± 2.3  0.08
Cobb angle, mean ± SD, ° 37.1 ± 3.8  39.0 ± 16.0  0.12
Risser sign, n (%) 0.32
 0 52 (23) 50 (34)
 1 16 (7) 11 (7)
 2 16 (7) 8 (5)
 3 20 (9) 12 (8)
 4 93 (41) 50 (34)
 5 29 (13) 16 (11)

Menarchal status, n (%) 0.07
 Pre-menarche 43 (19)  36 (24)
 Post-menarche less than 2 years 92 (40) 57 (38)
 Post-menarche greater than 2 years 52 (23) 20 (13)

Referral source, (%) 0.01*
 General/family practitioner 108 (47) 50 (34)
 Pediatrician 93 (41) 82 (54)
 Other 24 (12) 13 (12)

http://www.R-project.org
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Discussion

The onset of the COVID-19 pandemic changed the pub-
lic’s utilization of health-care services. It is important 
that we understand the extent to which these changes have 
impacted non COVID-19 related disease management in 
the short-term so that we can prepare for the long-term 
indirect health consequences of this pandemic. This study 
focuses on the acute effects on IS referrals and manage-
ment during the first 7 months of the pandemic. This pro-
vides a foundation from which further health-care utili-
zation and patient outcome studies may arise, given that 
now, COVID-19 variants have emerged and that several 
countries are experiencing multiple waves of this virus and 
that its ultimate impact is likely far reaching.

As we hypothesized, our study illustrates a decrease 
in the volume of IS referrals made to our spine program 
over the first 7 months of the COVID-19 pandemic. The 
dramatic 77% decrease in referral volume implies that the 

majority of expected IS diagnoses did not occur. Our pub-
licly funded health-care system relies heavily on primary 
care providers (PCPs) to formally diagnose and refer new 
patients. Glazier et al. looked at primary care visits in 
Ontario, between March 11 and July 28, 2020 and found 
that, compared to 2019, the largest decrease (− 78.7%) in 
office visits and smallest growth in virtual visits, were for 
individuals ≤ 18 years [21]. PCPs were defined as fam-
ily physicians and general practitioners in this study. The 
decrease in referral volume from this group was similar 
in our study, at 80%, representing 424 expected IS diag-
noses that did not occur. Although IS referrals made by 
pediatricians decreased by 63%, representing 292 expected 
IS diagnoses missed, the proportion of IS referrals from 
pediatricians increased from 41 to 54%. This suggests that, 
early in the COVID-19 pandemic, the decrease in health-
care utilization was most profound for youth not followed 
by a pediatrician. Had the IS referral volume from pedia-
tricians decreased in the same manner as it did for family 
physicians/general practitioners, a further 78 expected IS 
diagnoses would have been missed in 2020.

It is possible that this higher proportion of pediatrician 
referrals factored into the increase in brace eligible patients 
in 2020, 13 and 12% increases, respectively. Although the 
average Risser score and menarchal status did not differ 
between the study periods, the combination of Risser score 
and menarchal status, for each individual patient, appears 
to have increasingly favored brace treatment in 2020. Nearly 
30% of scoliosis diagnoses are incidental findings by a fam-
ily physician, GP, or pediatrician [8]. Related to this, it is 
reasonable that youth who undergo routine well child check-
ups, which include scoliosis screening by forward bend test, 
are more likely to have their curvature diagnosed earlier 
in their adolescent development (i.e., while they are still 
a brace candidate). Further research is required to explore 
if the uptake of adolescent well child check-ups differ by 
the specialty of the primary care provider, and if either of 
these variables are in fact associated with meeting brace 
indications.

Fig. 2  Boxplot illustrating the distribution of curve magnitude at 
initial presentation in 2019 compared to 2020. In 2020 there is an 
increase in the range and interquartile range (IQR) of curve magni-
tudes at initial presentation. The upper limit (75th percentile) of the 
curve magnitude IQR is higher and the large magnitude outliers are 
more extreme

Fig. 3  Distribution of prescribed treatment at the initial clinic consultation, 2019 compared to 2020
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On-line learning and lock down measures, including 
activity cancellations, have further limited opportunities for 
early diagnosis. Although scoliosis referrals are ultimately 
made by PCPs, it is not uncommon for a curvature to first 
be noted by an individual that is not a health-care profes-
sional [8, 22]. Opportunities for curve recognition include 
social activities and organized sport. Dance instructors or 
swim coaches, for example, may notice trunk asymmetry 
and encourage a family to seek counsel with their PCP. 
Participation in such activities has been little to none since 
the onset of the pandemic. This is particularly concerning 
for adolescents, the most common time for IS diagnosis, 
as these lifestyle changes are further compounded by their 
increased desire for privacy at home. Opportunities for curve 
recognition have been severely limited, both in and out of a 
medical setting.

At the outset of our study, we hypothesized that our 
results would show an increase in the average curve magni-
tude and proportion of late referrals. Despite both outcomes 
trending in this direction, particularly the proportion of late 
referrals, which increased from 25 to 31%, the change was 
not statistically significant. This does not, however, allevi-
ate our grave concern about the long-term impact of this 
pandemic on the IS population. Unlike some pediatric 
health events (e.g., trauma related injuries, eating disorders), 
COVID-19 would not alter the incidence of IS. Considering 
that approximately three quarters of expected IS diagnoses 
did not occur over the first 7 months of the pandemic, it is 
inevitable that the proportion of late referrals will increase, 
though longer-term follow-up is needed to quantify to what 
extent. It is unknown how long health-care utilization pat-
terns will remain affected by COVID-19 restrictions but the 
longer they are, the longer the majority of incident IS cases 
remain undiagnosed.

Pre-pandemic research illustrates that late referral volumes 
were an existing issue, often with more children presenting to 
clinic for the first time as a surgical versus brace candidate [8]. 
Late referrals inflate surgical waitlists with patients that, had 
they been diagnosed earlier, may have avoided progression to 
surgical range by brace treatment [5]. At our institution, wait-
lists for spine surgery were approximately 18 months prior to 
COVID-19. The temporary hold on elective surgeries due to 
the pandemic, then the slow increase in capacity, combined 
with lower priority given to spinal fusions for IS, will further 
compound the issue of excessively lengthy waitlists. In the US, 
there was a predicted backlog of > 1 million surgical cases due 
to the deferment of elective surgical cases during the pandemic 
[23]. Delays to scoliosis surgery greater than 6 months may 
lead to substantial curve progression and more complex sur-
gical intervention in IS patients who are skeletally immature 
[24]. Ahn et al. recommended a target of 3 months to surgery 
to avoid risk of adverse events for skeletally immature patients 
and those who had larger curvatures [25]. While deformity 

correction for AIS patients is not considered an essential sur-
gical intervention when triaging orthopedic cases during the 
COVID-19 pandemic [6, 14], the complications and increased 
utilization of health-care resources associated with correction 
of larger curve magnitudes [26] may require reprioritization 
as we experience now several waves of the pandemic. Future 
research may evaluate the impact of COVID-19 on spine sur-
gery outcomes, specifically if there was a need to perform 
more osteotomies, longer fusions, or anterior releases, or, if 
there were an increase in complication rates, length of post-op 
hospital stays, or readmissions.

One positive aspect of this pandemic is the significant 
increase in virtual visits in health care. Telemedicine is not 
new technology but since the onset of the COVID-19 pan-
demic, it has been utilized to a much larger extent to limit in-
person contact where appropriate. In general, patients have 
reported high levels of satisfaction with their telemedicine 
experience during COVID-19 (nearly 88% ‘satisfied, 70% 
‘very’ satisfied) with 45% preferring the experience over in-
person visits [18]. As we become more familiar with virtual 
care, we refine our criteria for its use and believe that the 
use of virtual visits should not hinder PCPs in diagnosing 
scoliosis. A visual inspection by video camera is often satis-
factory to identify clinical features characteristic of scoliosis, 
such as scapular and/or waistline asymmetry, and rotation 
in forward bending [27], which is sufficient to determine if 
an x-ray is indicated. It is not known how much PCPs used 
virtual care for this purpose during COVID-19 restrictions, 
but the 77% decrease in IS referral volume in 2020 suggests 
that it was underutilized. Given that IS is a diagnosis of 
exclusion, we continue to favor in-person consultation for 
initial visits to our spine specialty clinic and have focused 
our use of virtual care on follow-ups.

Limitations in our study include the inflated volume of 
IS patients that were seen during the pandemic period com-
pared to the referral rate. Patients that would have been seen 
in the latter half of March and early April would have been 
diagnosed and referred to our clinic pre-pandemic. They 
were included in our study because their initial presentation 
to our clinic may still have been delayed due to COVID-
19, given our clinic volume restrictions and the need to re-
prioritize clinic visits. This explains why, when referrals 
decreased by 76%, first-time IS clinic visits only decreased 
by 55%. Also, the seven-month follow-up time is not long 
enough to elucidate the full impact of COVID-19 on late 
referrals and future surgical demands.

Conclusion

Our results indicate that during the first 7 months of the 
COVID-19 pandemic, the clinical profile of new IS patients 
resembled the year prior. However, there was a marked 
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reduction in referral volumes. Given the stability of IS inci-
dence, there is concern that the trend towards late referral 
and increased curve magnitude at initial presentation, will 
be accentuated in the year(s) to come. This would adversely 
impact the likelihood of successful brace treatment, increase 
the volume of patients with surgical indication and may 
overwhelm surgical programs that are already challenged 
by lengthy waitlists.
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