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Abstract

:

Vertebral disorders have significant health and economic impacts, and due to aging and current lifestyle habits, there is a trend toward their increase. Obesity and the alignment of vertebral curvatures can be associated with back pain. Objective: This study aims to analyze whether general and abdominal obesity are associated with cervical, dorsal, and lumbar vertebral pain as well as increased or decreased values of cervical, dorsal, and lumbar vertebral curvatures. Methodology: Body composition, degree of vertebral curvature, and the perception of cervical, dorsal, and lumbar pain were evaluated in a study population of 301 people (>18 years old). Linear and logistic regression analyses were performed to evaluate the influence of several variables of body composition on vertebral angles and cervical, dorsal, and lumbar pain. Results: Lumbar pain was the most prevalent (66.1%), mainly affecting women (70.9%). They were also shown to have greater lumbar angles (p < 0.001). The degrees of lumbar curvature increased, as did the BMI, waist circumference, and waist-to-height ratio. Cervical and dorsal curvatures were increased by all the variables of adiposity and abdominal adiposity. It was found that people with abdominal obesity carried twice the risk of lower back pain than those without abdominal obesity (OR = 2.172, p < 0.05). In addition, an increased lumbar angle was related to an increased risk of low back pain (OR = 1.031, p < 0.05). Cervical pain, on the other hand, was associated with the waist-height index (OR = 0.948, p <0.01). Conclusions: This study shows that increased lumbar curvature and abdominal obesity may be risk factors for lower back pain. In addition, it shows an association between the amount of body and abdominal fat in relation to the degree of curvature of the spine in the sagittal plane. Investigating the effect of obesity on vertebral morphology and musculoskeletal disorders makes it possible to prescribe interventions and therapeutic strategies.
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1. Introduction


Painful musculoskeletal system processes, or musculoskeletal disorders, including vertebral disorders, are among the most prevalent problems affecting the health of the adult population [1]. Furthermore, they are one of the main reasons for medical consultation and work absenteeism [2,3,4]. There is a trend toward their increase mainly due to the aging of the population and a reduction in physical activity [5]. The health, social, and economic impacts caused by spinal disorders are similar to those produced by cardiovascular diseases and diabetes [6].



Obesity has been described as one of the morphologically originating etiological factors associated with back pain, although some studies state that there is insufficient evidence to determine whether adiposity is a risk factor [7,8]. According to other authors, obesity is a secondary cause and its effects are due to underlying muscle strain [9,10].



Vertebral deformities such as increased or decreased physiological curvatures of the spine, which can subsequently weaken the abdominal muscles, are other morphological elements that predispose back ailments [11]. These spinal curvature deformations are hyperkyphosis (increased dorsal curvature), a flat back (decreased dorsal curvature), and hyperlordosis (increased lumbar curvature). As such, these ailments are associated with an increase in sacral inclination [12]. However, results relating to hyperkyphosis and hyperlordosis with indicators of the quantity and distribution of body fat are not yet conclusive [11].



Therefore, the determination of risk factors for spinal pain symptomatology is a field of study that still requires a more precise analysis of body adiposity and its distribution. In this study, different anthropometric indicators such as excess weight and adiposity were used as possible risk factors. General obesity was estimated using the body mass index (BMI), fat percentage (BF%), the distribution of adiposity, waist circumference (WC), and the waist-to-hip ratio (WHR), as well as the waist-to-height ratio (W/HT), which are indicative factors of abdominal obesity.



The objective of this study was to determine the influence of general obesity and abdominal obesity on cervical, dorsal, and lumbar vertebral pain, as well as on the increased or decreased values of cervical, dorsal, and lumbar sagittal angles.




2. Subjects and Methods


2.1. Study Design and Sample Size


In 2019, an observational analytical study was carried out in different Spanish provincial and municipal locations as a health campaign. In total, 409 patients took part in this study. Participants with surgical interventions on the spine and/or hip, those who used technical assistance to walk, and those with incomplete data for the variables being studied were excluded. The final sample comprised 301 participants of both sexes aged 18 years or older.



This study was approved by the Ethics Committee of the Autonomous University of Madrid. All of the participants signed an informed consent form, which guaranteed voluntary participation and the anonymity of the study, in compliance with the provisions of the Declaration of Helsinki [13].



Body composition was assessed by anthropometric assessment and the degree of vertebral curvature. The perception of vertebral pain was also measured. Meanwhile, sociodemographic data (sex, age, and educational level) and data regarding physical activity data were collected using a standardized test. All of the tests estimating the participants’ physical condition were undertaken by a trained person to ensure statutory compliance and uniform application of the procedure as well as to avoid any errors in measurement.




2.2. Measurements


A physical examination was conducted to ascertain the anthropometric and angular evaluation of the vertebral curvatures. This was performed by placing the subject in an upright position, barefoot, while dressed in light clothing. The angular quantification of the vertebral curvatures was performed with the subject in a sagittal vertebral posture (Figure 1).



Anthropometric measurements and body composition indexes: Weight (kg) was measured using a Tanita© BF 350 scale (Madrid, Spain). Height (cm) was measured with the subject in a standing position and with the heels placed together, while the head position was maintained in the Frankfurt plane. Waist and hip circumferences were measured using a Seca® (Hamburg, Germany) brand tape measure. The waist circumference (WC) was measured at the midpoint between the lower border of the last palpable rib and the upper portion of the iliac crest. The hip circumference was measured at the trochanter level according to the criteria established by the World Health Organization [14]. In order to evaluate the percentage of body fat (BF%), subcutaneous, tricipital, bicipital, subscapular, and supra-iliac fat folds (mm) were measured on the left side of the body by using a Holtain caliper, in accordance with Lohman standards [15]. Based upon these measurements, the indicators of general obesity (namely, BMI and BF%) and abdominal obesity (WC, WHR, and W/HT) were readily calculated.



The subjects were classified according to BMI (weight -kg-/height -m2-), and the values of normal weight were considered to be <24.99 kg/m2, while overweight was >25 and <29.99 kg/m2 while obesity was classified at >30 kg/m2 [16]. The BF% was calculated from subcutaneous fat folds using the body density formula and the Siri equation [17,18]. The following limitation cut-off points were used: 21–25% in men and 31–33% in women, while values for obesity were: >25.01% in men and >33.01% in women [19]. Abdominal obesity was defined with WC values > 88 cm for women and >102 cm for men [16]. The WHR risk values for obesity were >1 for men and >0.85 for women [20]. The risk category of the W/HT was considered at values >0.51 for both sexes [21].



Angular quantification of vertebral curvatures: A Unilevel inclinometer (ISOMED, Inc., Portland, OR, USA) was used after identifying the position of the cervical, thoracic, and lumbar angle postural markers as described by Bullock-Saxton [22]. This procedure presents a simple, noninvasive, objective, and low-cost methodology that correlates well with magnetic X-rays for evaluation of the spine [23]. For the results to be valid and reproducible, it was necessary to perform the subjects’ measurements in a standardized anatomical position (Figure 1). The points of reference were P1: the inclination of the cervical section, P2: maximum kyphosis of the thoracic section, and P3: sacral inclination. The inclinometer was reset to 0°, and the inclinometer is supported on the seventh cervical vertebra, which corresponds to the cervical angle. From P1, with the device at 0°, it slides caudally to the point of greatest inclination, which is P2. In order to measure lumbar lordosis, the inclinometer was reset to 0° from P2 and slid caudally to P3, which corresponds to the second vertebra of the sacrum. Normal values for dorsal curvature fall within the range of 20° to 45°, and for cervical and lumbar curvature, they are in the range of 20° to 40° (for measurements made with an inclinometer) [24].



Assessment of back pain: The self-perception of cervical, dorsal, and lumbar vertebral pain (yes/no) was collected over the last year, including both radicular and non-radicular pain, even if such pain occurred intermittently.



Covariates: Participants’ sex, age, educational level, and physical activity. The educational levels were coded as either low (complete or incomplete elementary studies) or high (secondary studies or higher). Physical activity was assessed using the International Reduced Physical Activity Questionnaire for Adults (IPAQ) [25], which quantifies physical activity by using the metabolic equivalents index (METs) [26].




2.3. Statistical Analysis


The parametric tests were used according to the Central Limit Theorem. In large enough samples (n > 30), the shape of the sampling distribution will approximate the normal distribution. [27].



The means (m) and standard deviations (sd) were provided for quantitative variables, and the Student’s t-test was used for comparison between the men and women. Frequencies (n) with percentages (%) were reported for qualitative variables, and the χ2 test was used for comparison between the men and women.



Linear regression analyses were performed to assess the influence of abdominal adiposity (WC, WHR, W/HT) and the indicators of general obesity (BMI, BF%) on vertebral angles, and logistic regression analyses were performed to assess the influence of abdominal adiposity (WC, WHR, W/HT) and the indicators of general obesity (BMI, BF%) and degrees of vertebral curvature on cervical, dorsal, and lumbar pain. Both analyses allowed us to estimate the independent effect of variables while controlling the effects of covariates. The estimates of β regression coefficients for linear regression and an odds ratio (OR) for logistic regression were provided together with a 95% confidence interval (95% CI).



Statistical significance was predetermined as p < 0.05. The R statistical software was used for all statistical analyses.





3. Results


3.1. Baseline Characteristics


The characteristics of the study population were classified by sex (Table 1). Low back pain was the most prevalent ailment, affecting 66.1% of the population, whereas cervical pain affected 57.1%, and dorsal pain affected 33.6%. Women were more affected than men by the three types of back pain: 70.9% of the female participants experienced lumbar pain (vs. 59.0%, p = 0.032), and 65.9% suffered from cervical pain (vs. 44.3% in men, p < 0.001), while 38.0% suffered from dorsal pain (vs. 27.0%, p = 0.048). Only the dorsal vertebral angles presented mean values above the normal values in both men (50.5°, SD = 11.2) and women (53.0°, SD = 11.6). The only significant difference between the sexes was obtained in lumbar lordosis, with a greater angle of curvature in women (38.5°, SD = 11.5, vs. 33.3°, SD = 12.0, p < 0.001).



The study population fell within the overweight category for BMI, both men (25.6 kg/m2, SD = 3.7) and women (25.6 kg/m2, sd = 4.5). Considering the BF%, men had borderline values (22.9%, SD = 7.5) while women participants achieved obesity values (35.6%, SD = 6.4) (p < 0.001). The prevalence of abdominal obesity was also significantly higher among women for both WC (27.9% vs. 16.4%, p = 0.020) and WHR (39.7% vs. 21.3%, p = 0.001). No significant differences were observed between the sexes in the W/HT ratio, but in both cases, most of the population presented risk values.



MET, metabolic equivalent; BMI, body mass index; BF%, body fat percentage; WC, waist circumference; WHR, waist-hip ratio; W/HT, waist-to-height. p-values were obtained by Student’s t-test for quantitative variables and by χ2 test for qualitative variables.




3.2. Association between Obesity and Abdominal Obesity with Vertebral Curvatures


The effects of general and abdominal obesity on the vertebral angles estimated by linear regression (Table 2), show that the cervical and dorsal curvature increased due to the variables of excess weight, adiposity, and abdominal adiposity. The control variables were sex, age, educational level, and physical activity. However, the greatest modifying effect occurred with an increase in W/HT. Lumbar curvature was only affected by BMI, WC, and W/HT ratio.




3.3. Association between Adiposity and Vertebral Curvatures with Vertebral Pain


The variables associated with cervical, dorsal, and lumbar pain (Table 3) show that WC and the angle of lumbar curvature are predictive variables of lumbar pain, controlled for the effects of sex, age, educational level and physical activity. People with abdominal obesity were twice as likely to suffer from lower back pain as people without abdominal obesity (OR = 2.172, 95% CI = 1.067–4.419, p < 0.05), regardless of sex, age, education level, and physical exercise. In addition, an increase in the lumbar angle was associated with an increased risk of suffering from low back pain (OR = 1.031, 95% CI = 1.007–1.055, p < 0.05). Neck pain has been associated with W/HT, and W/HT risk values acted as a protective factor against neck pain (OR = 0.552, 95% CI = 0.307–0.993, p < 0.01). Dorsal pain has not been associated with body composition or vertebral angle.





4. Discussion


This study aimed to evaluate the influence of excess weight, adiposity, and body fat distribution on back pain and physiological vertebral angles.



The results showed a high prevalence of low back and neck pain, especially in women, and showed the relationship between adiposity and increased angles of vertebral curvatures, as well as an association between abdominal obesity and low back pain.



4.1. Sagittal Spinal Posture


Previous studies have described differences in the measurements of sagittal curvatures of the spine between men and women, as well as differences associated with age [28,29,30]. However, few studies have evaluated the influence of body adiposity on the degree of kyphosis, cervical and dorsal kyphosis, as well as lordosis among the adult population.



After controlling the effect of variables associated with adiposity, the results of this study show how all the indicators of excess weight and adiposity provide a significant influence on cervical and dorsal kyphosis [31]. A greater modifying effect of the WHR was observed, while a weak effect was shown for the rest of the indicators. The modification of lumbar lordosis appears to be solely associated with the accumulation of abdominal fat. However, other studies have shown that excessive body weight increases the risk of developing lumbar hyperlordosis [32]. An increase in curvature angles associated with the increase in the values of adiposity does not necessarily reflect pathological situations since there is great variability of values in the measurements of the vertebral curvatures, and only extreme values are useful for describing curves as excessive, insufficient, or invested [33,34].




4.2. Back Pain


Epidemiological studies have found a strong relationship between low back pain and pathological angular values, both for below-normal, kyphosis, and lumbar rectification [34] and for increased degrees of lumbar curvature [35]. In this study, LBP was associated with increased lumbar curvature and abdominal obesity regardless of the subjects’ age, sex, and level of physical activity. Furthermore, low back pain has been associated with increased lumbar curvature and abdominal obesity. An excessive accumulation of abdominal fat may be indicative of disharmony in the control of abdominal muscles, which would explain the association with low back pain [36].



The relationship between excess weight and general back pain has also been explained by the effects of mechanical loading [37]. The connection between abdominal obesity and low back pain may be explained by the biomechanical tension exerted by the weight of the abdomen on the lower part of the spine [37]. The weight and expansion of the abdomen cause a change in the position of the center of gravity and the positioning of the spine, which implies multiplying the force required in carrying out the efforts of daily activities and postural changes. This repeated increase in effort on the lower area of the spine may increase episodes of pain. In subjects with abdominal obesity, the effects of overload are cumulative and are further influenced by behaviors and habits associated with lifestyle [38].



Regarding neck and dorsal pain, the results did not show an association with vertebral curvatures or with indicators of weight and adiposity, except for W/HT risk values, which seem to have a protective effect against neck pain. This opens up new questions for future work regarding the effects of the relationship between height and abdominal obesity on neck pain.



By advancing research on the effects of obesity on vertebral morphology and musculoskeletal disorders, health professionals are learning which types of intervention are advisable and how to advance toward other therapeutic strategies [37]. Therefore, in clinical practice, anthropometric monitoring is preferred in place of repeated radiographic exposure in treating postural attitudes, such as kypholordosis or lumbar rectification.



This study serves to provide useful data in this regard and contributes toward a better understanding of the association between obesity, sagittal alignment, and back pain. However, in the face of a diagnosis, it must be considered that there is no consensus on the critical values or standard references of vertebral curvatures and that only the extreme limits are useful for the appreciation of curves as excessive, insufficient, or inverted [33]. One potential cause of these limitations may be that currently, not a single non-invasive postural test is professionally recognized as the gold standard, which is the reason why the evidence provided is often incomparable. The procedure used in this study constitutes a simple, practical, objective, and low-cost tool for a noninvasive evaluation of postural analysis of the spine.



According to previous transversal studies, which evaluate a characteristic that had accumulated in the past, it is possible to establish reference tables of the sagittal plane curve for standing subjects examined from the side [7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32]. In this way, an easily replicable standard posture is determined. However, it is relevant for future projects to carry out longitudinal studies to observe the evolution of sagittal curves over time.





5. Conclusions


This study showed a statistical association between the amount of body and abdominal fat and the physiological curves of the spine in the sagittal plane. In addition, the results showed a positive association that links increased lumbar curvature and abdominal obesity as risk factors for the development of low back pain, which may be explained, in part, by biomechanical tension and postural relaxation of the abdominal muscles.



Future Lines of Research


The present results obtained in this paper must be investigated deeply in future studies to establish whether this observation is due to a true biomechanical association.



This study presents interesting results that may be useful in the design of future studies concerning vertebral health. However, to advance research on the effects of obesity on spinal morphology and musculoskeletal disorders, a consensus on non-invasive posture testing to be recognized as the gold standard is necessary.



Regarding neck pain, the results showed an association of vertebral curvature with W/HT risk values, which seem to have a protective effect against neck pain. In future publications, it would be desirable to delve into the association between these variables.
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Figure 1. Vertebral curve quantification in the sagittal plane using an inclinometer. P1: Inclination of the cervical section, P2: Maximum kyphosis of the thoracic section, P3: Sacral inclination. 
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Table 1. Descriptive characteristics of the total population and according to sex.
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Total Population

(n = 301)

	
Men

(n = 122)

	
Women

(n = 179)

	
p Value






	
Age m(sd)

	
47.0 (20.5)

	
41.9 (20.7)

	
50.5 (19.7)

	
<0.001




	
Studies level m (%)

	

	

	

	
0.063




	
Low

	
105 (34.9)

	
35 (28.7)

	
70 (39.1)




	
High

	
196 (65.1)

	
87 (71.3)

	
109 (60.9)




	
METs m (sd)

	
2647.7 (2402.1)

	
3449.2 (3073.7)

	
2101.5 (1600.6)

	
<0.001




	
BMI (kg/m2) m (sd)

	
25.6 (4.2)

	
25.6 (3.7)

	
25.6 (4.5)

	
0.986




	
n (%)Normal

	
148 (49.2)

	
56 (45.9)

	
90 (50.3)

	
0.586




	
Overweight

	
106 (35.2)

	
47 (39.3)

	
60 (33.5)




	
Obesity

	
47 (15.6)

	
18 (14.8)

	
29 (16.2)




	
BF% m (sd)

	
30.4 (9.2)

	
22.9 (7.5)

	
35.6 (6.4)

	
<0.001




	
n (%)Normal

	
93 (30.9)

	
49 (40.2)

	
44 (24.6)

	
<0.001




	
Limit

	
38 (12.6)

	
22 (18.0)

	
16 (8.9)




	
Obesity

	
170 (56.5)

	
51 (41.8)

	
119 (66.5)




	
WC (cm) m (sd)

	
84.4 (12.3)

	
88.7 (11.9)

	
81.4 (11.8)

	
<0.001




	
n (%)Normal

	
231 (76.7)

	
102 (83.6)

	
129 (72.1)

	
0.020




	
Abdominal obesity

	
70 (23.3)

	
20 (16.4)

	
50 (27.9)




	
WHR (cm) m (sd)

	
0.86 (0.10)

	
0.92 (0.09)

	
0.82 (0.09)

	
<0.001




	
n (%)Normal

	
204 (67.8)

	
96 (78.7)

	
108 (60.3)

	
0.001




	
Risk value

	
97 (32.2)

	
26 (21.3)

	
71 (39.7)




	
W/HT (cm) m (sd)

	
0.51 (0.08)

	
0.51 (0.07)

	
0.51 (0.08)

	
0.995




	
n (%)Normal

	
144 (47.8)

	
60 (49.2)

	
84 (46.9)

	
0.701




	
Risk value

	
157 (52.2)

	
62 (50.8)

	
95 (53.1)




	
Cervical curvature (rad) m (sd)

	
37.2 (8.9)

	
37.1 (9.0)

	
37,2 (8.9)

	
0.964




	
Dorsal curvature (rad) m (sd)

	
51.9 (11.4)

	
50.5 (11.2)

	
53.0 (11.6)

	
0.066




	
Lumbar curvature (rad) m (sd)

	
36.4 (11.9)

	
33.3 (12.0)

	
38.5 (11.5)

	
<0.001




	
Neck pain n (%)

	

	

	

	




	
No

	
129 (42.9)

	
68 (55.7)

	
61 (34.1)

	
<0.001




	
Yes

	
172 (57.1)

	
54 (44.3)

	
118 (65.9)




	
Dorsal pain n (%)

	

	

	

	




	
No

	
200 (66.4)

	
89 (73.0)

	
111 (62.0)

	
0.048




	
Yes

	
101 (33.6)

	
33 (27.0)

	
68 (38.0)




	
Low back pain n (%)

	

	

	

	




	
No

	
102 (33.9)

	
50 (41.0)

	
52 (29.1)

	
0.032




	
Yes

	
199 (66.1)

	
72 (59.0)

	
128 (70.9)
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Table 2. Linear regression models for the evaluation of the effect of body composition variables on the degrees of the cervical, dorsal, and lumbar vertebral angles.
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	Cervical Curvature

β (95% CI)
	Dorsal Curvature

β (95% CI)
	Lumbar Curvature

β (95% CI)





	BMI (kg/m2)
	0.376 (0.136–0.617) **
	0.599 (0.274–0.924) ***
	0.336 (0.003–0.670) *



	BF%
	0.260 (0.072–0.448) **
	0.459 (0.206–0.712) ***
	0.175 (−0.086–0.435)



	WC (cm)
	0.187 (0.100–0.274) ***
	0.264 (0.146–0.382) ***
	0.143 (0.021–0.265) *



	WHR
	17.192 (6.058–28.325) **
	21.525 (6.354–36.697) **
	3.324 (−12.228–18.877)



	W/HT
	0.298 (0.151–0.446) ***
	0.447 (0.247–0.646) ***
	0.215 (0.008–0.422) *







All models were adjusted for sex, age, educational level, and physical activity measured in METs. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 3. Logistic regression models for the evaluation of predictive variables of cervical, dorsal, and lumbar pain.
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Neck Pain

OR (95% CI)

	
Dorsal Pain

OR (95% CI)

	
Low Back Pain

OR (95% CI)






	
BMI (kg/m2) (ref: normal)




	
overweight

	
0.659 (0.376–1.157)

	
0.855 (0.4817–1.520)

	
0.864 (0.483–1.546)




	
obesity

	
0.544 (0.262–1.132)

	
1.466 (0.710–3.026)

	
1.507 (0.662–3.428)




	
BF% (ref: normal)




	
limit

	
1.319 (0.552–3.150)

	
1.434 (0.596–3.451)

	
1.646 (0.683–3.966)




	
obesity

	
0.889 (0.425–1.860)

	
1.433 (0.675–3.042)

	
1.761 (0.826–3.757)




	
WC (cm) (ref: normal)




	
abdominal obesity

	
0.595 (0.326–1.085)

	
1.139 (0.621–2.088)

	
2.172 (1.067–4.419) *




	
WHR (ref: normal)




	
Risk

	
0.932 (0.532–1.616)

	
0.840 (0.481–1.467)

	
0.995 (0.554–1.787)




	
W/HT (ref: normal)




	
Risk

	
0.552 (0.307–0.993) *

	
1.082 (0.670–1.747)

	
0.923 (0.505–1.687)




	
Cervical curvature (rad)

	
0.998 (0.968–1.028)

	
1.004 (0.974–1.035)

	
1.002 (0.971–1.034)




	
Dorsal curvature (rad)

	
0.990 (0.969–1.012)

	
1.009 (0.987–1.032)

	
1.004 (0.981–1.028)




	
Lumbar curvature (rad)

	
1.006 (0.985–1.028)

	
0.997 (0.975–1.019)

	
1.031 (1.007–1.055) *








All models were adjusted for sex, age, educational level, and physical activity measured in METs. * p < 0.05, ** p < 0.01, *** p < 0.001.
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