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Abstract
Background
Early detection of scoliosis is a preface to prevent progression. In resource-constrained countries like Ethiopia, there is a need for a cost-effective reliable solution for screening. The surprising fact is that there is neither idiopathic scoliosis screening nor reporting of data from Ethiopia. This study aimed to identify the magnitude, associated factors of scoliosis among school children by using non-invasive and less expensive scoliometer Smartphone app and Adams forward bending test.

Methods
A school-based cross-sectional survey was carried out from March to June 2019 at seven primary schools. Children were screened by using physical examination (Adams forward bend test) and scoligauge iPhone app. Univariate and multivariable binary logistic regression model analysis was used to identify factors associated with idiopathic scoliosis.

Results
A total of 1905 children aged between 5 and 16 years were screened, 3.3 % (95 % CI 2.5–4.1) of them were found positive using the scoligauge HD and among them only 1.8 % were identified positive for Adam’s forward bend test. The associated factors of idiopathic scoliosis identified by multivariate analysis were; spinal pain (AOR 4.1, 95 % CI 2.42, 6.89), student sitting on stool: (AOR, 7.03; 95 % CI, 1.52, 32.5), sitting on the bench with a backrest (AOR 4.12; 95 %CI, 1.12, 15.14) and sitting on the bench without backrest: (AOR 4.56; 95 % CI 1.20, 17.34).

Conclusions
The magnitude of idiopathic scoliosis was relatively low in study setup. More attention is needed towards sitting furniture designs and for children reporting spinal pain.There is a reasonable level of recommendation to advocate that large school-based scoliosis screening was able to detect scoliosis among school children.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13690-021-00633-0.
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Background
Scoliosis refers to lateral curvature of the spine in the frontal plane and three-dimensional tensional deformity of both spine and trunk [1]. Vertebral rotation is a key distinguishing feature in the diagnosis of structural scoliosis [2, 3]. Physical examination for scoliosis mainly implies Adam’s forward bend test, the children stand and bend forward at the waist, with the examiner assessing for symmetry of the back from behind and beside the patient. Scoliosis will have a lateral bending of the spine but the curve will cause spinal rotation and a rib hump[4]. Early screening of scoliosis helps prevent progression to severe scoliosis and the need for surgical interventions [5]. The incredible advancement in the management of scoliosis and early detection had proven to be a very effective method in preventing scoliosis globally [6, 7].
The estimated global prevalence with the absence of data from some low and middle-income countries is 1 % [8, 9]. Though the global prevalence seems low, the complications of scoliosis are severe and life-threatening [10, 11]. School scoliosis screening can have sustained clinical effectiveness in identifying children with idiopathic scoliosis [12, 13]. The prevalence of idiopathic scoliosis is on the rise, scoliosis screening should be continued as a routine health service in schools or by general practitioners if there is no scoliosis screening policy [14].
Idiopathic scoliosis (IS) accounts for most cases of structural scoliosis when it is not due to diseases or injury to the musculoskeletal system [15]. In the USA, at least 3 % of the population has scoliosis and it is more likely that the rate is the same or even worse [16]. In idiopathic scoliosis(IS), Juvenile IS and adolescent IS develops at the age of 4–10 and 11–18 years, respectively [14, 17]. The systematic study in China reported that IS ranged from 0.26 to 2.5 % and the overall pooled prevalence was 1.02 % [18]. A Brazilian study of school children aged 10–14 years reported a prevalence of 1.4 % [19]. The prevalence of scoliosis among the general population worldwide ranged from 0.5 to 13 %, whereas among school populations, the prevalence has ranged from 0.5 to 3 % [20, 21].
Scoliosis screening is a broadly discussed topic especially among the school population, though arguments against screening do exist like; low predictive values leading to more referrals, possible increase to x-ray exposure in children, cost issue, and stress-induced by examinations [22]. Despite those facts, scoliosis screening is an important preventive measure to avoid deformity progression [23]. Evaluation of scoliosis by x-ray using Cobb angle or CT scan is the best evaluation, but implies a greater amount of radiation exposure and is not routinely performed.
Hence, the implication of accelerometer led scoliometer applications that mimics a scoliometer and are reasonably accurate, easy to use, cheap, acceptable, and more importantly lesser implications of radiationslike X-ray might optionally prove to be a better outcome screening tool [24–26]. While considering the concerns of radiation exposure for frequently monitoring IS among children and unaffordability of purchasing handheld standardized plastic scoliometer devices, scoliguage iPhone app device is an effective screening option particularly in the low and middle-income countries [27, 28]. Considering the resource constrain of physical clinical scoliometer devices in this country and increasing availability of smartphone, these angle measuring apps assume special importance of being cost-effective tools [3, 29]. The scoliguage app has a sensitivity of 85 % and specificity of 86 % at an angle of trunk rotation (ATR) cut off of 7 degree [30, 31]. Both studies proved scoligauge iPhone app to be valid against the scoliometer in clinical and controlled non-clinical settings. Smartphone aided ATR measurement had shown good reliability and accuracy with the clinical scoliometer [2, 32].
Lack of spinal screening and access to basic medical care in the low- and middle-income countries has led to severe spine deformities in children. Evidence reported that in the absence of effective screening programs, corrective exercise, and surgical management of scoliosis can lead to permanent deformity, pain, lung function compromise, low self-esteem, and neurological damage [33]. Only a few lucky children identified by NGO’s (American Jewish Joint Distribution Committee) are treated medically or surgically in capital Addis Ababa or abroad [34, 35].
There is a complete dearth of literature or data on idiopathic scoliosis on any population or age group in developing countries including Ethiopia. It is the appropriate time to begin several regional scoliosis screening programs initially to identify children with lateral spine deviations and develop further plans to prevent progression or treat spine deviations. This study aimed to identify the magnitude and associated factors of idiopathic scoliosis among school children by using non- invasive and less expensive scoliometer Smartphone app and Adams forward bending test (AFBT). Therefore, the main focus of this study was to screen screen idiopathic scoliosis based on ATR measures and provide preliminary data about idiopathic scoliosis among school children. .
Materials and methods
Study design and setting
A school-based cross-sectional survey was carried out as a part of the Gondar school children Scoliosis screening Program (GSSP) from March 2019 to June 2019. The study was done at seven elementary schools at Gondar. The study area has a latitude and longitude of 12º36 N 37º28 E with an elevation of 2133 m above sea level and average sunlight 12 h/day. According to the Ethiopian Demographic and Health Survey (EDHS, 2016), about 70 % of children attend school by age 7. Between age 8 and 13, more than 60 % of children attend school in Ethiopia [36, 37]. The EDHS 2016, reported a country-wide prevalence of stunned children under age 5 to be 38 %.
Study participants and data collection procedures
Totally 1905 students from seven primary schools were screened for IS under the screening program by the Department of Physiotherapy. Among the included children, there were 961 boys and 944 girls, age range from 5 to 16 years. All primary schools in the town were enrolled, with no special consideration for geographical or economic representation. School children with the ability to ambulate independently, able to stand wearing the school bag, and able to bend forward to perform AFBT were included. Children ambulating using a wheelchair, mobility aids, and presenting with known congenital or structural deformities were excluded. Informed consent was obtained from parents/caregivers and school teachers, and assent was obtained from participating children. The screening program was carried out by physiotherapists working in musculoskeletal unit.
The data collection tool used for this study was the scoligauge app (Ockendon Partners Ltd, UK) created for iPhone (Apple Inc., Cupertino, CA) to mimic a scoliometer, with the price of only 0.99 US dollar, and measures the ATR. The iPhone 4 aided scoligauge app used for this study was tested for the intra-rater and inter observer reliability of ATR for the upper, lower thorax, and lumbar spine (ICC = 0.871 to 0.932) [38]. A validated correlation exists between the ATR angle and the radiograpghic Cobb angle. The screening examination began with the children standing straight with barefoot, with their back towards the physiotherapist, head up and the arms relaxed at the sides. With the children in this position, inspections such as shoulder asymmetries, scapula prominence, unequal waistline or arm distances, and lower limb length inequality were done and deviations identified were documented in the structured questionnaire (Additional file 1). Female children were using a specific top that allowed exposure of their back, their hair was tied up, and male children were topless. The children were instructed to perform Adam’s forward bend test while the testers placed the smart-phone on the thoracic or lumbar spine. The smart phone with the scoliometer HD App was placed on the apex of the lower (lumbar) middle (thoracic-lumbar) and upper (thoracic) back to measure the angle of trunk rotation. The same sets of mobile phones were used throughout phase one screening. Both the readings of smart phone scoliometer HD app and the findings of AFBT were recorded. The ATR finding is the primary outcome of interest and in addition the AFBT and spinal observation findings were presented as discrete variables. Their parents were also informed about the findings and also those with a scoliometer HD App reading > 7o or positive AFBT were referred to the University of Gondar referral hospital for further screening and clinical examination. This study used the Bunnell screening cut-off criteria of scoligauge with ATR 0º to 3º - normal limits of trunk rotation, ATR 4º to 6º - intermediate trunk rotation, ATR ≥ 7º relevant or critical trunk rotation and high probability that the child has scoliosis. Idiopathic scoliosis was defined as ATR value (< 7o and ≥ 7o, categories: spinal symmetry versus spinal asymmetry) in atleast one of the spinal regions (thoracic, thoracolumbar, & lumbar) and ATR measure is used as the outcome variable [39].
Statistics and data analysis
Data were coded and entered into Epi Info software version 7.0 and IBM Statistical Package for Social Sciences (SPSS) version 23 for Windows for statistical analyses [40]. Descriptive statistics were used to describe the sociodemographic characteristics, pain-related factors, and children-related factors. To assess the association between predictor variables and outcome variable (ATR ≥ 7º), binary logistics regression model was used. Predictor variables included in the regression models were age (categorized 5–10 and 11–16), school type (governmental and private), transport mode (walking, school bus transport, and public transport), duration of walking (categorized < 20 min and ≥ 20 min), way of carrying school supplies (backpack, shoulder strap and in hand), percentage of school bag’s weight of body weight (categorized 0–10 %, 10–20 %, > 20 %). Results were considered statistically significant when 95 % confidence intervals not containing unity (equal to p-value < 0.05) for both main effects and interaction effects. Initially, univariate analyses were conducted and predictor variables that were found statistically significant were entered into multivariate analysis. This study was reported in accordance with the STROBE reporting guidelines (Additional file 2).
Results
Study participant characteristics
In this study, a total of 1905 children constituted to the study subject who were aged between 5 and 16 years from seven elementary schools including four governmental schools (n = 1289; 67.7 %) and three private schools (n = 616; 32.3 %). The mean age of the participants was 11.6 years (SD 2.6 years), 33.4 % (n = 636) were under the age of 11 years old, and 49.6 % (n = 944) were female. More descriptive characteristics of the school children are presented in Table 1.
Table 1Descriptive characteristics of the participant and distribution of idiopathic scoliosis among school children, Gondar; Ethiopia; n = 1905


	Variables
	Sample
	Idiopathic scoliosis

	Yes (asymmetry)
	No (symmetry)

	N (%)
	N (%)
	N (%)

	All participants
	1905(100%)
	62(3.3%)
	1843(96.7)

	Age (in years) m ean (11.6+_2.6)

	 5-10
	636(33.4%)
	19 (30.6%)
	617 (33.5%)

	 11-16
	1269(66.6%)
	43 (69.4%)
	1226(66.5%)

	Sex

	 Male
	961(50.4%)
	35(56.5%)
	926 (50.2%)

	 Female
	944(49.6%)
	27(43.5%)
	917 (49.8%)

	Height (in cm) as mean (SD)
	132.4(12.02)
	131.9(13.2)
	135.1(14.4)

	Weight (in kg) as mean (SD)
	31.68(7.67)
	29.7(7.5)
	31.5(7.9)

	Type of school

	 Governmental
	1289(67.7%)
	44(70.9%)
	1245(67.6%)

	 Private
	616(32.3%)
	18(29.1%)
	598(32.4%)

	School grade

	 Grade 1-4
	903(47.5%)
	29(46.8%)
	874(47.4%)

	 Grade 5-8
	1002(52.5%)
	33(53.2%)
	969(52.6%)

	Mode of Transport

	 Walking
	1067(56.0%)
	45(72.6%)
	1022(55.5%)

	 School bus
	139(7.3%)
	6(9.7%)
	133(7.2%)

	 Public transport
	699(36.7%)
	11(17.7%)
	688(37.3%)

	Walking duration (n=1067)

	 <20 minute
	621(58.2%)
	28(62.2%)
	593(58.0%)

	 ≥20minute
	446(41.8%)
	17(37.8%)
	429(42.0%)

	Carrying school supplies

	 Backpack
	838(44.0%)
	25(40.3%)
	813(44.1%)

	 Shoulder Single strap
	708(37.2%)
	24(38.7%)
	684(37.1%)

	 In Hand
	359(18.8%)
	13(21.0%)
	346(18.8%)

	Preference of single strap (n=708)

	 Right shoulder
	519(27.2%)
	15(24.1%)
	504(27.3%)

	 Left shoulder
	300(15.7%)
	13(21.0%)
	287(15.6%)

	 Both shoulders together
	706(57.1%)
	21(33.9%)
	706(57.1%)

	Bag weight in % of body weight

	 0-10%
	848(44.5%)
	33(53.2%)
	815(44.2%)

	 11-20%
	832(44.7%)
	21(33.9%)
	811(44.0%)

	> 20%
	225(11.8%)
	8(1.9%)
	212(11.8%)

	Furniture used in the class

	 Chair with back rest
	237(12.4%
	3(4.8%)
	234(12.7%)

	 Stool
	177(9.3%)
	8(12.9%)
	169(9.2%)

	 Bench with back rest
	447(23.5%)
	16(25.8%)
	431(23.4%)

	 Bench without back rest
	1044(54.8%)
	35(56.5%)
	1009(54.7%)




Pain profile and postural assessment of the school children
Five hundred and sixteen (n = 516, 27.1 %) students reported having experienced musculoskeletal pain in the spine during the idiopathic scoliosis screening period. Most of the children reported spinal pain in one segment (56.2 %, n 290) followed by two spinal segments (43.8 %, n 226). The most frequently recorded spinal segment of experienced musculoskeletal pain was the lumbar (34.98 %, n = 180) followed by the thoracolumbar region (27.5 %, n = 142) and the least testified musculoskeletal pain on the spinal segment was the cervical (6.9 %, n = 36). An overview of the spinal pain and postural description of the children is presented in Table 2.
Table 2Pain and postural assessment characteristics of the school children, Gondar, Ethiopia (n = 1905)


	Variables
	Frequency(n)
	Percent (%)

	Severity of spinal pain (PNS)
	n = 516
	 
	Mild (1–3)
	204
	39.5

	Moderate (4–6)
	307
	59.6

	Severe (7–10)
	5
	0.9

	Shoulder level equal

	  Yes
	1640
	86.1

	  No
	205
	13.9

	Arm to body space equal

	  Yes
	1850
	97.1

	  No
	55
	2.9

	Scapula level equal

	  Yes
	1878
	98.6

	  No
	27
	1.4

	Pelvic obliquity equal

	  Yes
	1892
	99.3

	  No
	13
	0.7

	Waist crease symmetry

	  Yes
	1894
	99.4

	  No
	11
	0.6

	Chest wall

	  Normal
	1856
	97.4

	  Barrel
	25
	1.3

	  Pigeon
	21
	1.1

	  Funnel
	3
	0.2

	Spine observation

	  Normal
	1707
	89.6

	  Scoliosis right thoracic
	3
	0.2

	  Scoliosis left thoracic
	8
	0.4

	  Kyphosis thoracic
	39
	2.0

	  Lordosis lumbar
	148
	7.8

	Leg length discrepancy

	  Yes
	5
	0.3

	  No
	1900
	99.7

	Adam’s forward bend test

	  Gibbus +
	34
	1.8

	  Gibbus –
	1871
	98.2


PNS Pain Numbering Scale, + positive, - negative



Burden of Idiopathic scoliosis among school children
Among the 1905 school children screened, 62 (3.3 %) of them had ATR reading ≥ 70 (positive finding) in atleast one spinal segment when screened using the scoliometer HD app with 95 % CI (2.5–4.1), among them 21(33.87 %) had very large scoliometer reading with ATR greater than 10 degrees, and of those sixty two children only 34 (1.8 %) were positive to Adam’s forward bend test. The categorized angle of trunk rotation in the different spinal segment with scoligauge application is mentioned in (Table 3).

Table 3The angle of trunk rotation (ATR) in the different spinal segments with scoligauge application among school children, Gondar, Ethiopia (n = 1905)


	ATR value
	Frequency
	Percent (%)

	Upper spine (thoracic)

	  < 7 degrees
	1861
	(97.7 %)

	  ≥ 7 degrees
	44
	(2.3 %)

	Middle spine(thoracolumbar)

	  < 7 degrees
	1882
	(98.8 %)

	  ≥ 7 degrees
	23
	(1.2 %)

	Lower spine(lumbar)

	  < 7 degrees
	1889
	(99.2 %)

	  ≥ 7 degrees
	16
	(0.8 %)

	  ATR value ≥ 7 degrees (atleast one region)
	62
	(3.3 %)




Regression analysis and Factors associated with idiopathic scoliosis
In the univariable logistic regression analysis BMI, mode of transport, types of sitting furniture, school grade, and spinal pain were significantly associated with idiopathic scoliosis. But, in multivariable regression analysis students who have spinal pain and type of sitting furniture had significantly associated with idiopathic scoliosis p < 0.05 (Table 4).
The odds of developing idiopathic scoliosis in school children who had used stool for sitting 7.03 times (AOR: 7.03; 95 % CI: 1.52, 32.5) and who had used siting bench with back rest 4.12 times (AOR: 4.12; 95 % CI: 1.12, 15.14) is higher as compared to children who had used sitting in chair with back rest. The odds of having idiopathic scoliosis is 4.10 times (AOR: 4.10; 95 % CI: 2.42, 6.89) higher among those who had spinal pain complaint.

Table 4Results of univariate (COR) and multivariate logistic regression of factors associated with idiopathic scoliosis among school children, Gondar, Ethiopia (n = 1905)


	Variable
	COR (95 % CI)
	P-value
	AOR (95 % CI)
	P-value

	Age

	  5–10 years
	1 ref
	-
	1
	-

	  11–16 years
	1.14 (0.66, 1.97)
	0.64
	1.61 (0.84,3.09)
	0.15

	Gender

	  Male
	1
	-
	1
	-

	  Female
	1.28 (0.77, 2.14)
	0.34
	1.30 (0.77, 2.21)
	0.30

	Bag/body weight

	  0–10 %
	1
	-
	1
	-

	  11–20 %
	1.09 (0.50, 2.41)
	0.82
	1.02 (0.57, )1.84
	0.9

	  > 20 %
	0.7 (0.31, 1.61)
	0.40
	1.11 (0.55, 2.23)
	0.77

	Types of chair used for sitting

	  Chair with backrest
	1
	-
	1
	-

	  Stool
	0.37 (0.11, 1.21)
	0.10
	7.03 (1.52, 32.5)
	0.01*

	  Bench with backrest
	1.37 (0.62, 1.95)
	0.14
	4.12 (1.12, 15.14)
	0.03*

	  Bench without back rest
	1.07 (0.58, 1.95)
	0.13
	4,56 (1.20, 17.34)
	0.02*

	  School grade
	 	 	 	 
	  1–4
	1.15 (0.68, 1.94)
	0.61
	1.42 (0.77, 2.65)
	0.26

	  5–8
	1
	-
	1
	-

	Mode of transport

	  Walking
	2.13 (1.21, 3.74)
	0.01
	1.44 (0.76, 2.70)
	0.25

	  Motorized
	1
	-
	1
	-

	Type of school

	  Private
	1
	-
	1
	-

	  Governmental
	1.17 (0.67, 2.05)
	0.57
	1.62 (0.76, 3.46)
	0.21

	Pain in the spine

	  No
	1
	-
	1
	-

	  Yes
	3.67 (2.19, 6.13)
	0.001
	4.10 (2.42, 6.89)
	0.00*

	Way of carrying school supplies

	  Backpack
	1
	-
	1
	-

	  Shoulder strap
	1.14 (0.64, 2.02)
	0.65
	1.02 (0.57, 1.84)
	0.9

	  In hand
	1.22 (0.62, 2.42)
	0.56
	1.11 (0.55, 2.23)
	0.76


* variables significant with p-value ≤ 0.05, 1 = reference category, COR crude odds ratio, AOR adjusted odds ratio, CI confidence interval



Discussion
The main intention of this study was to find out the burden of idiopathic scoliosis in school children and predictors associated with it. The burden of idiopathic scoliosis in school children was considerably low in this study. Complain of spinal pain, ways and material of sitting were independent predictors of scoliosis. The overall magnitude of idiopathic scoliosis in school children was 3.3 % with 95 % CI (2.5–4.1) when examined with the scoligauge application. This study found that about 1.8 % of the school children who were screened had positive findings for Adam’s forward bend test and 3.3 for scoligauge app with reading of ≥ 7º.
The prevalence reported in this study is however on the lower spectrum of the overall prevalence globally among children ranging from 0.35 to 13 % [41, 42]. Lack of previous regional data limits the comparison of the findings from this study in the local context. However, The prevalence of idiopathic scoliosis found in the current study is comparable to the finding of studies done in Australia (4.3 %) [43], and India (3.3 %) [16]. On the other hand, the finding of this study have higher or lower prevalence rates as compared with others studies. For example, across-sectional study done in South Africa reported that the prevalence of idiopathic scoliosis among school children was (8.2 %). A Brazilian study of school children aged 10–14 years reported a prevalence of 1.4 % [16].And in China, a systematic review reported that the prevalence of IS ranged from 0.26 to 2.5 % and the overall pooled prevalence was 1.02 % [18]. Potential explanations for different prevalence rates in these studies might be due to disparities in the nutritional status of children, socioeconomic status, the sample size, age variation, environmental factors and facilities and another main reason might be the difference in the outcome measurement tool like plastic scoliometer, scoliometer HD app, cobb’s angle, and Adam forward bending test. Besides, studies also report that the magnitude of IS drops at latitudes approaching the equator [10].
Surprisingly, the prevalence of IS in this study is almost similar for boys and girls, and the probable reasons might be the equal proportion both genders included in this study, variations in growth spurt, and puberty of the Ethiopian girls in comparisons to children elsewhere [26, 44].Nevertheless, similar to many studies, the trend of higher prevalence was found with age in this study [26]. Evidence suggests that the rate of development of spinal curvature changes rapidly at the beginning of puberty and there is a lack of consensus about the optimal age to start scoliosis screening. Hence, it is very essential to target children at risk, determine optimal age groups of Ethiopian school children based on their growth rate and puberty age for screening.
The predictors that were found to be significantly associated with spinal asymmetry from the logistic model were the poor design of school furniture and self-reported spinal pain. Studies report that children spend considerable time (80–85 %) sitting at school, which might exert an unhealthy load on the spinal structure over an extended duration and children at risk like; at puberty age, malnourished or bone mineral deficiency are vulnerable [45]. The association of spinal asymmetry with spinal pain in this study is suggestive that children with scoliosis adopt different postures in the sitting position which favor’s asymmetrical loading of the spine causing further damage to the spinal structures leading to pain [10].Gradually appearing mild scoliosis curvature usually do not cause pain, perhaps the reporting of spinal pain could have been due to poorly designed school furniture’s.
The Strength and Limitation of the Study
We have used a validated measurement tool that has excellent inter-observer and intra-observer reliability. Seeing the benefits of upcoming research, there are undoubtedly few limitations to be mentioned. The lack of consent and approval for radiographic diagnosis did not allow an estimate of false-positive rates. Furthermore, the associated predictors using the regression model were based on few diagnosed cases and possible social bias of children while reporting pain. Hence, the findings should be deduced with cautiousness. For future researchers, after identifying children with spinal asymmetry by physical examination or scoligauge, it is better to use x-ray for confirmation and diagnosis of IS.
Conclusions
The magnitude of idiopathic scoliosis and spinal asymmetry was relatively low in the study setup. Spinal pain, ways of sitting and sitting material were independent risk factors for idiopathic scoliosis in school children. School scoliosis screening programme was able to detect scoliosis and is also a crucial preface of preventive measures to avoidance of deformity progression.
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