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Abstract: Athletes may suffer from low back pain (LBP). Some studies have considered restricted
range of motion (ROM) as a risk factor for LBP in athletes; however, ROM has not been evaluated in
equestrian athletes (EAs) with LBP. The aims of this research in EAs were (I) to analyze the relationship
between lower limb ROM (tightness and asymmetry) and LBP and (II) to determine the reference
values for lower limb ROM indicating high risk of LBP. Forty-three young (9–18 years old) EAs were
voluntarily recruited in technical training camps. The EAs were assessed for 11 passive lower limb
ROMs using the ROM-SPORT I Battery. LBP data were taken at the end of a 1-year period through a
questionnaire. Binary logistic regression and receiver operating characteristic curves were calculated.
Sixty-seven percent of EA had suffered LBP. Hip adduction (OR = 1.347, medium; p = 0.015) and knee
flexion (OR = 1.109, small; p = 0.023) were predictors of LBP in EAs. A hip adduction of 26◦ and knee
flexion of 128◦ were found to be the optimal cutoff values for predictive screening of EAs at high risk
of LBP.

Keywords: flexibility assessments; receiver operating characteristic curves; ROM-SPORT I battery;
risks factors for injury; spine pain

1. Introduction

Lower back pain (LBP) is a frequent symptom in equestrian athletes (EAs) that leads to innumerable
missed competitions and training days [1]. EAs have higher LBP prevalence than the general population
and other athletes [2–4], ranging from 20% to 88% [2–5]. Different risk factors have been associated to
LBP in athletes such as muscle tightness [6–9], asymmetry [7,10–12], and sagittal spinal and pelvis
misalignments [13–17].

Repetitive-stress loads of trainings place a high demand on the musculoskeletal system that leads
to muscle tightness [9,18,19]. In the scientific literature, muscle tightness has been quantified by the
range of movement (ROM) in cohort studies of sport injuries. Previous studies have determined
different ROM cutoff values identifying injured athletes. Those athletes with ROMs lower than the
ROM cutoff values (limited ROM) are classified as having muscle tightness. Several studies have
shown that limited hip (extension <13◦ [20], adduction <19◦ [21], and flexion with knee extension
<70◦ [22,23], knee (flexion <132◦ [10,20,24]), and ankle (dorsiflexion <45◦ [25,26]) ROM and asymmetry
ROM are related to sports injuries affecting lower limbs. Moreover, restricted hip internal rotation
ROM (< 32◦) has been correlated to low back pain (LBP) in different athletes of rotation sport [6,7,27].
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With regard to spinal misalignments, Auvinet [28] reported an incidence of lumbar hyperlordosis
of 72% for professional EAs and Ginés-Díaz et al. [17] displayed hyperlordosis in standing position and
hyperkyphosis in slump sitting and trunk flexion positions in EAs. The LBP is caused by high, repetitive,
and multiplanar propulsion forces of the horse that are absorbed through the EA’s body [29–31].
A misaligned spine increased and disproportionately distributed the mechanical forces transmitted by
the horse to the pelvic hip complex and lumbar spine of rider [17,19,31]. When sitting, there is a loss of
lumbar lordosis curvature and a posterior pelvis tilt. Due to this position, there is a compression of
the anterior part of the intervertebral discs in the anterior part of the disc, and the fibrous ring and
the nucleus migrate to a posterior position. All these phenomena induce injury to the intervertebral
discs and enhance tension in the ligaments of the posterior part of the lumbar spine [32,33]. On the
contrary, the anterior pelvic position and lordosis increases the compression of the posterior area of
the intervertebral discs, the migration of the nucleus in this case is to the anterior position and the
intradiscal pressure increases; the consequence of this compression is disc injury and increased tension
affecting the ligaments of the anterior region of the spine [34,35].

Some studies reported a good correlation between hip and knee ROM and the sagittal disposition
of the pelvis and lumbar curvature in EAs [13,36,37]. Show jumping riders displayed hip and knee
flexion in the basic posture by the shortest use of the horse stirrup; this position allows the rider a greater
impulse in the jump and a better cushioning in the horse landing after overcoming the obstacle [1,36];
however, this rider position causes pelvis retroversion and reduction of lumbar lordosis [3,36]. On the
contrary, the use of horse stirrups with a longer length by dressage riders allows a more vertical
position of the rider [30,36]. In this regard, Gandy et al. [13] suggested that the use of different lengths
in the stirrups helps to adopt a pelvis and spine disposition within the normal ranges in EAs.

The key to reducing the risk of LBP is an adequate absorption and distribution of the different
mechanical forces that the horse transmits to EAs’ lumbo pelvic hip complex through the saddle [29,36].
One of the strategies to manage the forces generated by the horse is to accompany the different
movements of the horse (walk, trot, canter, and gallop) by EAs with movements of posterior and
anterior pelvic tilt while the rider keeps the spine aligned. Based on this knowledge, the EA requires
adequate muscle extensibility to allow hip, pelvis, and lumbar spine mobility [13,36]. This mobility will
allow the EA to adopt a neutral sagittal pelvic disposition and spinal alignment during riding [17,19].
Although the muscle extensibility is crucial to avoid LBP in EAs, this physical parameter has not yet
been investigated.

Bearing all this in mind, the aims of this research in EAs were to determine whether lower limb
flexibility (hip, knee. and ankle) and asymmetry measures are predisposing factors for LBP (I) and to
perform a predictive LBP study to establish diagnostic cutoff values for those ROM associated with
LBP (II). We hypothesized that a limited hip extension and flexion are correlated to LBP and may be
predictors of LBP in EAs.

2. Materials and Methods

2.1. Experimental Design

This investigation was performed in EAs that have suffered (n = 13) or not (n = 29) from LBP
during the last 12 months. This retrospective cohort study considered demographic data, training
regime, anthropometric characters, and lower limb ROM as potential predictive factors for LBP in
EAs. The assessment session was conducted in two regional level equestrian technical camps at the
competitive sport season 2017/18. All testing was performed in the equestrian centers (Spain).

The recruitment of EAs was carried out the first day of the technical training camp. Both,
the questionnaire (demographic, corporal composition, sport-related background, workout regimen,
and history of LBP) and lower limb ROM were carried out the first two days of each regional technical
training camp. Anthropometric characters (stature, body mass, body mass index, and body fat) and
the 11 ROM tests of the main movements of the lower limb (dorsiflexion of ankle with flexed and
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extended knee; flexion of knee; hip extension; hip adduction with flexed hip; abduction of hip with
flexed hip and hip at 0◦; hip internal and external rotation; flexion of hip with extended knee and
flexed knee were assessed by two experienced athletic trainers. All the EAs were asymptomatic in the
assessment session.

This study was approved by the Ethics and Research Committee of the University of Murcia,
Spain (ID: 1702/2017).

2.2. Subjects

Forty-three EAs (15 male and 28 female) with ages ranging from 9 to 18 years old were voluntarily
recruited in a two regional technical training camps (Table 1). The participants competed in the
modalities of classical dressage and show jumping. The formula “workout hours per day ×workout
days per week × four weeks per month ×workout months per year” was used to calculate the training
volume in the last 1-year [9,38]. The EA did realize any systematic and specific physical training plan
in the last 1-year.

Table 1. Demographic and sport data of competitive 43 equestrian athletes.

Variable Male (n = 15) Female (n = 28) p-Value Cohen’s d
(Qualitative Inference) Total (n = 43)

Age (years) 13.7 ± 2.2 14.4 ± 2.1 0.258 −0.3279 (Small) 14.2 ± 2.1
Stature (cm) 160.4 ± 14.5 161.1 ± 7.8 0.740 −0.0662 (Small) 160.9 ± 10.4

Body mass (kg) 54.8 ± 13.0 52.5 ± 10.0 0.460 0.2069 (Small) 53.3 ± 11.0
Body mass index (kg/m2) 21.0 ± 2.5 20.1 ± 3.1 0.203 0.3094 (Small) 20.4 ± 2.9

Body fat (%) 20.7 ± 4.6 24.9 ± 6.5 0.068 −0.7094 (Small) 23.5 ± 6.2
Riding experience

(years) 6.5 ± 2.3 6.7 ± 2.9 0.671 −0.0738 (Small) 6.7 ± 2.7

Hours of training per
week (h) 8.4 ± 4.9 7.4 ± 5.8 0.317 0.1815 (Small) 7.7 ± 5.5

Training hours last
12 month (h) 402.5 ± 235.6 357.5 ± 279.5 0.317 0.1696 (Small) 371.4 ± 264.6

The EAs did not have orthopedic problems affecting the lower limb or spine in the last two weeks
that could affect the EAs’ movement competency, anthropometric characters, and lower limb range of
motion (ROM).

Before participation, the parents/legal tutors and EAs completed a written informed consent,
following the procedures set. The study was carried out according to the ethical standards of the
Helsinki Declaration 1975. Participants were also informed that they were free to drop out of the study
at any time. The power of the sample size for this study was analyzed as described in the Statistical
Analysis section.

2.3. Evaluators

The data collection for this study were carried out by two evaluators. Evaluators were certified
athletic trainers with at least 10 years of experience in musculoskeletal evaluation. All measurements
of a specific parameter were always made by the same evaluators. Before the assessment procedure,
a double-blind study was carried out (two testing sessions with 24 h apart) to establish the intraexaminer
reliability with 12 athletes; the evaluators obtained an intraclass correlation coefficients greater than
0.88 (anthropometric traits: 0.98 to 0.99; hip, knee, and ankle ROMs: 0.90–0.96) were obtained for
all variables.

2.4. Questionnaire

Before the assessment session, EAs completed a questionnaire about their age, corporal composition
(body mass, height, body mass index, and body fat percentage), sport-related background (equestrian
sport modality, current competitive level, dominant-limb [leg used to kick the ball]) and systematic



Symmetry 2020, 12, 1679 4 of 14

training workload (equestrian sport experience, days of training per week, and training hours per
week). The information in the questionnaires was cross-referred with the coach and tutors in order to
avoid subjectivity. The anthropometric measurements included in the questionnaire (stature, body
mass, body mass index, and body fat) were assessed by the evaluators. Subsequently, EAs were asked
if they had experienced LBP for longer than 1 week or whether they missed at least three days of
training due to LBP [39] within the last 12 months. This information was used to determine the EA with
previous history of LBP. Those EAs that experienced LBP during the sport practice or just after riding
were also considered as EAs with history of LBP. The period of 1 week for lower back duration [8]
was chosen to exclude simple “delayed onset muscle soreness” that may last for a few days. Similarly,
all EAs with previous spine surgery were not included in this investigation.

2.5. ROM-SPORT I Battery

Eleven maximum passive hip (n = 8), knee (n = 1), and ankle (n = 2) ROMs were taken. The ROM
assessment was performed according to the method previously described [37,40]. Figure 1 represents
the maximum passive tests evaluated using the ROM-SPORT I battery [41,42]: dorsiflexion of ankle
with flexed knee (ADF-KF) and extended knee (ADF-KE); flexion of knee (KF); hip extension (HE); hip
adduction with flexed hip (HAD-HF); abduction of hip with flexed hip (HAB-HF) and hip at 0◦ (HAB);
hip internal (HIR) and external rotation (HER); flexion of hip with extended knee (HF-KE) and flexed
knee (HF-KF) ROMs. Both, the non-dominant and the dominant lower limb were evaluated. The data
related to hip total rotation (HTR) were calculated as the sum of the HER and HIR values.
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Figure 1. The range of movement tests of the ROM-SPORT I battery [41,42]: dorsiflexion of ankle with
flexed (ADF-KF) and extended knee (ADF-KE); flexion of knee (KF); hip extension (HE); hip adduction
with flexed hip (HAD-HF); abduction of hip with flexed hip (HAB-HF) and hip at 0◦ (HAB); hip internal
(HIR) and external rotation (HER); flexion of hip with extended knee (HF-KE) and flexed knee (HF-KF);
ROM: range of motion.



Symmetry 2020, 12, 1679 5 of 14

The ROM-SPORT I battery was used in this study because of its reliability [40,43] and validity [44,45]
based on sport experience and biomechanical knowledge [46–49]. In addition, this battery follows the
methodological principles of the international medical organizations. Previous investigations have
described high to very high reliability (ranging from 4◦ to 6.9◦) for the different ROM tests [40,43].

In this study a familiarization session one week before the assessment session was performed.
The aim of the familiarization session was to give to the EA all the information related to the technical
execution of each ROM test. The ROM assessment was performed by two experienced evaluators
under stable environmental conditions. All participants performed a dynamic warm-up, lasting
approximately 15–20 min, according to the recommendations of Taylor et al. [50] previous to the
assessment session. After the warm-up, EAs performed two repetitions of each ROM test for each
limb. The average score of each ROM value was employed for data analysis. The ROM tests were
realized randomly. The EA rested 30 s between tests, lower limb, and repetitions.

Lower extremity ROMs of the hip and knee were assessed using an ISOMED Unilevel inclinometer
(ISOMED, Inc, Portland, Oregon) [40]. The inclinometer was calibrated with the vertical or horizontal
to 0◦ either before the start of the assessment session. The angle between the longitudinal axis of the
mobilized corporal limb (following its bisector) with the vertical or the horizontal was evaluated [40].
The hip abduction angle was evaluated with a metal goniometer (Baseline® Stainless) [43]. The lumbar
lordosis was maintained at 20◦ with the use of a lumbar support Lumbosant© (Imucot Traumatología
SL, Murcia, Spain) [37,40]. The end of each test was stablished according to at least one of these two
conditions: (1) the athlete felt a strong muscle stretch without pain and/or the evaluators observed
some compensatory movement that increased the ROM (2) [40].

2.6. Statistical Analysis

Data normality was investigated using the Shapiro–Wilk statistic and variance homogeneity
between male vs. female was determined by Levene’s test. All data showed an abnormal distribution.

The statistical analyses were carried out with the SPSS statistical package (SPSS Inc., Chicago, IL,
USA). Data were expressed as means ± standard deviations for all measured variables.

The independent sample of the Mann–Whitney U statistic was used to investigate differences
according to sex in demographic variables and ROMs of the lower limb between. The Wilcoxon statistic
was performed to study asymmetry between the dominant and non-dominant side. In addition,
the Cohen’s effect size was calculated for each ROM value. The effect size magnitude was classified
according to Hopkins et al. [51] as extremely large (>4.0), very large (2.00 to 3.99), large (1.20 to 2.00),
moderate (0.6 to 1.19), small (0.2 to 0.59), or trivial (<0.2). Asymmetry was considered, when the effect
size magnitude was moderated (minimum level of relevant effect with practical implementation [51,52])
or higher. The Mann–Whitney U statistic was used to compare continuous variables (age, corporal
composition, sport-related background, systematic training workload, 11 ROMs, and 11 ROMs’
asymmetry) between asymptomatic EAs (EA-A) and EAs with LBP (EA-LBP). The Hedges’ g statistics
were used to estimate the effect size of the variables.

Forward stepwise binary logistic regression models (probability p ≤ 0.05, elimination probability
p ≤ 0.10) were used to identify variables associated with LBP; odds ratio analysis was used for
calculating the simultaneous effects of several predictors instead of relative risk estimates [53]. Small
effect (from 1 to 1.25), medium effect (from 1.25 to 2), and large effect (≥2) were the three categories
used to interpret the effect sizes for the odds ratio (OR) [54].

The ROC (receiver operating characteristic) curves were used to determine optimal cutoff value
for ROMs measured that identifies the EA more likely to suffer LBP. Area under the curve (AUC)
ranges from 0.500 (not accurate to identify EA-LBP) to 1.000 (perfect accuracy to identify EA-LBP).
The highest sensitivity (ability to detect the EA-LBP) and specificity (ability to detect the EA-A) were
obtained at the optimal cutoff score estimated by the Youden index. This optimal cutoff score provides
the best discriminating capacity between EA-A and EA-LBP.



Symmetry 2020, 12, 1679 6 of 14

The relationship between the predictor-ROM classification (normal vs. limited according to
optimal cutoff score) and LBP was calculated by Pearson’s chi-squared statistic.

3. Results

The predictive variables obtained in this this study (Table 3 obtained a statistical power of 0.86 for
HAD-HF, 0.61 for DTRF, and 0.81 for KF for 43 equestrian athletes [55].

Descriptive values of hip, knee, and ankle ROM parameters by limb dominance are shown in
Table 2. Significantly higher values of HE, HAB, HIR, and HAB-HF were observed for the dominant
limb compared to those recorded for the non-dominant limb in 43 EAs.

Table 2. Passive maximum lower limb range of motion values for the 43 equestrian athletes.

Variable Dominant
Side

Non-Dominant
Side p-Value Qualitative Inference

(Cohen’s d)

HE (iliopsoas) (◦) 12.4 ± 5.4 11.1 ± 4.9 0.010 0.252 (Small)
HAD-HF (abductors) (◦) 26.5 ± 3.9 27.1 ± 3.4 0.145 −0.164 (Small)

DTRE (gastrocnemius) (◦) 34.1 ± 4.4 33.6 ± 4.8 0.281 0.108 (Small)
DFRF (soleus) (◦) 39.1 ± 6.2 39.5 ± 5.6 0.513 −0.067 (Small)

HAB (adductors) (◦) 37.7 ± 3.9 36.3 ± 3.7 0.008 0.368 (Small)
HIR (external rotators) (◦) 53.8 ± 9.3 51.4 ± 8.2 0.001 0.273 (Small)
HER (internal rotators) (◦) 63.0 ± 7.3 63.7 ± 6.8 0.273 −0.099 (Small)

HTR (hip rotators) (◦) 116.8 ± 12.7 115.1 ± 11.1 0.091 0.142 (Small)
HAB-HF (monoarticular

adductors) (◦) 63.3 ± 8.9 61.9 ± 7.9 0.017 0.166 (Small)

HF-KE (hamstring) (◦) 69.7 ± 7.0 69.6 ± 7.3 0.819 0.014 (Small)
KF (quadriceps) (◦) 127.7 ± 10.5 127.0 ± 10.2 0.204 0.067 (Small)

HF-KF (gluteus maximus) (◦) 135.3 ± 6.0 136.2 ± 5.4 0.192 −0.1577 (Small)

BMI: body mass index; dorsiflexion of ankle with flexed (ADF-KF) and extended knee (ADF-KE); flexion of knee
(KF); hip extension (HE); hip adduction with flexed hip (HAD-HF); abduction of hip with flexed hip (HAB-HF) and
hip at 0◦ (HAB); hip internal (HIR) and external rotation (HER); flexion of hip with extended knee (HF-KE) and
flexed knee (HF-KF).

Of the 43 riders involved in this study, 29 EA had suffered LBP during the last 1-year and were
considered as EA-LBP. EA-A had higher training volume during the period of study than EA-LBP
similar (EA-A 484.0 training hours last 12 months vs. EA-LBP 326.4 training hours last 12 months;
p = 0.148; Hedges’ g = 0.6051, moderate effect sizes).

Differences effect size were observed between EA-LBP and EA-A for HAD-HF [EA-A 28.9◦ vs.
EA-LBP 26.0◦; p = 0.015; Hedges’ g = 0.937, moderate effect sizes) and KF [EA-A 132.2◦ vs. EA-LBP
124.4◦; p = 0.025; Hedges’ g = 0.866, moderate effect sizes) (Table 3).

The analysis of logistic regression identified among all the factors stated in Table 3 two predictive
factors (HAD-HF and KF) with high classification accuracy (76%, 32/43) for EAs with an experience of
LBP and asymptomatic ones (HAD-HF: sensibility = 97%; specificity = 31%; KF: sensibility = 93%;
specificity = 38%). However, this model found causal relationships between predictive variables
(HAD-HF: p = 0.15; Hedges’ g = 0.9376, moderate; and KF: p = 0.025; Hedges’ g = 0.8669, moderate)
and previous history of LBP. Logistic regression analysis indicated that of the potential predictive
factors for LBP of Table 4 entered into the model, HAD-HF and KF showed medium (OR = 1.347,
95% CI = 0.583 to 0.944, p = 0.015) and small (OR = 1.109, 95% CI = 0.823 to 0.986, p = 0.023) predictors
of previous history of LBP in the 29 EAs, respectively. Moreover, the study of the frequencies found
88% (15/17) of successful cases in the group of EA-LBP, these athletes were classified as having low
HAD-HF (cutoff ≤ 26◦); 86% (18/21) of successful cases in the group of EA-LBP were classified as
having low KF (cutoff ≤ 128◦). The rest of the possible predictors of LBP did not show significant
relative risk (p > 0.05).
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Table 3. Differences between equestrian athletes with an experience of lower back pain (EA-LBP) and
asymptomatic ones (EA-A) in relation to all the evaluated variables.

Variable EA-A †
(n = 13)

EA-LBP †
(n = 29)

p-Value Effect Sizes Hedges’ g
(Qualitative Inference)

Age (years) 14.2 ± 1.6 14.3 ± 2.3 0.840 −0.047 (Small)
Body mass (kg) 52.9 ± 7.6 53.6 ± 12.5 0.775 −0.062 (Small)

Height (cm) 162.2 ± 8.7 160.8 ± 11.0 0.881 0.135 (Small)
BMI (kg/m2) 20.0 ± 1.7 20.5 ± 3.3 0.615 −0.171 (Small)
Body-fat (%) 11.9 ± 3.7 13.0 ± 6.1 0.626 −0.200 (Small)

Years of experience (y) 6.9 ± 2.5 6.6 ± 2.8 0.604 0.111 (Small)
Training hours per week (h) 10.1 ± 7.1 6.8 ± 4.6 0.148 0.603 (Moderate)

Training hours last 12 month (h) 484.0 ± 338.5 326.4 ± 219.6 0.148 0.605 (Moderate)
HE (iliopsoas) (◦) 13.5 ± 5.3 10.7 ± 4.6 0.067 0.580 (Small)

HAD-HF (abductors) (◦) 28.9 ± 3.3 26.0 ± 3.0 0.015 0.937 (Moderate)
DTRE (gastrocnemius) (◦) 35.5 ± 4.7 33.4 ± 3.8 0.224 0.513 (Small)

DTRF (soleus) (◦) 41.9 ± 5.0 38.2 ± 5.9 0.062 0.655 (Moderate)
HAB (adductors) (◦) 38.2 ± 2.5 36.4 ± 3.8 0.125 0.520 (Small)

HIR (external rotators) (◦) 54.0 ± 7.1 52.2 ± 9.3 0.376 0.207 (Small)
HER (internal rotators) (◦) 64.8 ± 6.0 63.2 ± 6.8 0.533 0.243 (Small)

HTR (hip rotators) (◦) 118.8 ± 10.2 115.4 ± 12.0 0.270 0.296 (Small)
HAB-HF (monoarticular

adductors) (◦) 66.0 ± 7.9 61.4 ± 8.2 0.130 0.567 (Small)

HF-KE (hamstring) (◦) 70.6 ± 6.8 69.0 ± 7.0 0.512 0.231 (Small)
KF (quadriceps) (◦) 132.2 ± 7.7 124.4 ± 9.5 0.025 0.866 (Moderate)

HF-KF (gluteus maximus) (◦) 137.5 ± 4.3 135.0 ± 5.8 0.176 0.463 (Small)
† Data are expressed as Mean ± Standard Deviation; BMI: body mass index; dorsiflexion of ankle with flexed
(ADF-KF) and extended knee (ADF-KE); flexion of knee (KF); hip extension (HE); hip adduction with flexed hip
(HAD-HF); abduction of hip with flexed hip (HAB-HF) and hip at 0◦ (HAB); hip internal (HIR) and external rotation
(HER); flexion of hip with extended knee (HF-KE) and flexed knee (HF-KF).

Table 4. Logistic regression and relative frequencies outcomes for lower back pain in the 43
equestrian athletes.

Risk Factors History LBP Last 1-Year Odd Ratio
(Relative Risk)

Standard
Error

95% Confidence
Interval p-Value

HAD-HF EA-A EA-LBP
1.347

Medium
0.123 0.583 to 0.944 0.015>26◦ 44% (11/25) 56% (14/25)

≤26◦ 12% (2/17) 88% (15/17)

KF EA-A EA-LBP
1.109
Small

0.046 0.823 to 0.986 0.023>128◦ 48% (10/21) 52% (11/21)
≤128◦ 14% (3/21) 86% (18/21)

EA-A: asymptomatic equestrian athletes; EA-LBP: equestrian athletes with a history of lower back pain; flexion of
knee (KF); hip adduction with flexed hip (HAD-HF).

The predictive model for EA-LBP displayed a good accuracy for HAD-HF and KF [56]. HAD-HF
(AUC = 74%, p = 0.015, standard error: 0.080, 95% confidence interval: 0.580 to 0.892) and KF
(AUC = 72%, p = 0.025, standard error: 0.081, 95% confidence interval: 0.559 to 0.878) demonstrated a
high precision of discriminating against EA-LBP (Figures 2 and 3). ROC curves determined limited
HAD-HF < 26◦ (sensibility 0.85% and 52% specificity) and limited KF < 128◦ (sensibility 77% and 41%
specificity) as the optimal cutoff values for predicting LBP in EAs.
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Figure 3. Representation of the LBP probability for the knee flexion range of movement (optimal cutoff

value = 128◦; area under the curve = 72%; p = 0.025) in equestrian athletes calculated based on the
receiver operating characteristic curve statistic.

Finally, the HAD-HF (≤26◦) displayed a high statistical association with EA-LBP (X2
(42) = 4.920;

p = 0.027; η2 = 0.342) resulting from the Pearson’s chi-square statistic. The EA with limited HAD-HF
(≤26◦) had 5.9 times more probability to suffer LBP (95% CI = 1.105 to 31.412) than an EA with a normal
HAD-HF (>26◦). The same statistical analysis showed that limited KF (≤128◦) was highly associated
with EA-LBP (X2(42) = 5.459; p = 0.019; η2 = 0.361). The EA with limited HAD-HF (≤128◦) had 5.5 times
more probability to suffer LBP (95% CI = 1.226 to 24.261) than an EA with normal HAD-HF (>128◦).

4. Discussion

According to our knowledge, this is the first report that determined the predictive ROM-related
risk factors for LBP in EAs. The present investigation reports significant differences between EA-LBP
and EA-A with respect to the percentage HAD-HF and KF. Interestingly, the EA-LBP had lower values
in HAD-HF (p = 0.015) and KF (p = 0.025) than the EA-A. A HAD-HF and KF lower than 26◦ and 128◦,
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respectively, were identified as the main ROM variables for history of LBP in EA by regression model
(p ≤ 0.023). These expected results are the most important findings of our research and will be very
useful to decrease the incidence of LBP in EAs.

In present study a cutoff value of 26◦ for HAD-HF was established; the EAs with values equal
to or less than this value have a 74% of probability for developing LBP in the future. The transverse
plane alignment mainly depends on the balance between the hip abductors muscle and adductor
muscles [57–59]. Imbalanced muscles by muscle tightness, muscle asymmetry or weakness, cause pelvic
transversal drop and functional lumbar lateral bending [57–59]. The overstressed lumbar soft tissue
and facet joints is caused by lumbar spine lateral bending [60]. Any disturbance in function of these
muscles can lead to LBP [60–62]. The only previous report determining a cutoff value of HAD-HF for
an injury is that of L’Hermette et al. [21], which found that elite handball players with premature hip
osteoarthritis showed an average of 19◦ for HAD-HF. A prevalence of 81% for limited HAD-HF was
found in this study. Similar prevalence data of limited HAD-HF by hip abductors tightness (from 65%
to 88%) has also been reported in young taekwondo athletes [63], elite inline hockey players [41,64],
competitive futsal players [65–67], and competitive soccer players [42,68]. However, the effect of
limited HAD-HF on LBP was not analyzed in those studies. Two studies have found an association
between limited HAD-HF and increased of risk of LBP in athletes [69] and non-athlete populations [70],
but they did not describe cutoff values of HAD-HF predicting LBP. Based on clinical experience, limited
hip adduction ROM has been determined at a value equal to or less than 20◦ [58,71], 30◦ [46,47,72],
35◦ [72], and 45◦ [47], all these values do not have predictive validity for LBP since they are obtained
from clinical experiences. On the contrary, the cutoff values reported in this study were established
by a predictive study. Moreover, the HAD-HF values of the studies above are different from that
described in this manuscript (26◦), this fact is due to differences in the starting position, measuring
instrument, measuring procedure, the criteria for the control of compensatory movements, and the
criteria establishing the end of the test. These differences can significantly change the result of the
HAD-HF value; for example, hip adduction with knee at 0◦ decreases the result of the ROM (cutoff in
10◦ for the modified Ober test) by limiting the tensor fasciae latae [57,58]. On the contrary, the resulting
value of hip adduction increase (cutoff in 20◦–35◦ for modified Ober test) if evaluators do not complete
the test when a compensatory front rotation of the pelvis is observed [47,72].

With respect to the KF, in present study a cutoff of 128◦ was established. The probability of
developing LBP for those EAs with KF values equal to or less than this cutoff is 72%. The quadriceps
are of primary importance in the athletes with LBP because they are powerful extensors of the knee
and also a flexor of the hip; also, they have a direct influence on the position of pelvis and lumbar
spine [73]. Marchall, Harrington, and Steele [74] and Kolber and Fiebert [73] stated that the permanent
pelvic anteversion of the rider is caused by the tightness of hip flexors such as iliopsoas and quadriceps.
The prevalence of limited KF in this study was 61%. Higher values of prevalence for limited KF by
hip quadriceps tightness (from 43% to 95%) has also been reported in elite junior tennis [75], young
taekwondo athletes [63], in elite inline hockey players [41,64], in distance runners [76], and professional
soccer players [10,20,42]. However, the effect of limited KF (hip abductors tightness) on LBP has not
been widely analyzed. In rotation-related sports, individuals with LBP revealed a lower KF that the
asymptomatic ones [77]. Feldman, Shrier, Rossignol, and Abenhaim [78] found an association of LBP
with limited KF and hamstrings tightness in adolescence students younger than 14 years. This is the
first study demonstrating that limited KF is a risk factor for LB in EAs. These results are similar to
those reported previously in other sports and injuries; some authors have reported reference values
for KF for thigh strain in professional soccer players at values equal to or less than 121◦ [24], 125◦

for symptomatic patellofemoral pain syndrome in an athletic population, 132◦ for thigh strain and
sprained ankle in professional soccer players [20], and 110◦ for overuse lower limb and sprained
ankle in elite junior tennis [23]. Based on clinical experience, limited knee flexion was determined at
values equal to or less than 125◦–130◦ [71], 135◦ [46,59], 140◦ [72], 150◦ [47]. Although, these values
are different to those reported in this study (128◦), they do not have predictive validity for LBP since
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they are obtained from correlational studies or based on clinical experiences. The measurement of
KF with hip flexion [46,48,59,71] increases the ROM value of this movement; the same happens when
measuring the knee flexion in prone position [73,79]. The KF procedure used in this study includes
the movements (pelvic fixation in neutral position, hip at 0◦ and knee flexion) opposite to all the
quadriceps actions, while the assistant evaluator avoids compensatory movements. This is why the
values obtained in our study are lower than those proposed by some clinical experts [46,47,59,71,72].

Riders adopt an external hip rotation position showing a larger ROM in the right limb “toe turn
out” [13,80]; this position is caused by contraction of the posterior fascicles of the medius and minimus
gluteus and abductors fascicles of major gluteus [81]. The contraction of these muscles result in hip
abduction, extension, and external rotation [57] during horseback riding [81]. In addition, the external
hip rotators tightness can also cause an increase hip external rotation [57,81]. Both muscles contraction
as well as the muscle tightness immobilize the rider pelvis and interfere with the activity of horse’s
back muscles [13]. The lack of rider and horse coupling increases the transfer of mechanical forces and
therefore the risk of LBP [13,82].

In this sense, external rotation values higher than the reference values (general population 30–50◦

vs. EA, 63.4◦) have been observed in the EAs of this study [46,47,59,71]; however, the high values
of external hip rotation of this study have not been associated to LBP. Cejudo et al. [9] reported that
increased hip external rotation (>56.5◦) predicted LBP in inline hockey players. These differences
could be due to the specific technical movements of inline hockey, which require maximal external hip
rotation during skating [9]. On the contrary, Van Dillen et al. [7] and Gombatto et al. [83] reported
similar external rotation values to the general population and they observed similar values of external
hip rotation between athletes with or without LBP.

Surprisingly, hip abduction and ankle dorsiflexion ROM were not associated with LBP. Hip
adductors are responsible for stabilizing the rider’s body on the horse, as well as establishing a unit
connection between the two [60,82]. However, the results related to ADF-KF did not achieve the
minimum level of significant effect for their practical implementation between EA with and without
LBP in this study. This result was not expected because the surae triceps of EA, specifically in show
jumping riders, are subjected to repetitive eccentric contractions caused by the permanent dorsi-flexion
of ankle and the EA body mass. The cushioning of the mechanical forces of the horse performed by the
EA lower limb minimizes the adsorption of these forces by the lumbar spinal [80,81,84].

Practical Guidelines

A flexibility program should be part of the physical fitness plan for EAs. Those athletes with a
high risk of injury due to a limited HAD-HF and KF or other ROM values, may perform a specific
flexibility program to prevent LBP. In order to establish an adequate flexibility program, the evaluation
of ROM (ROM-SPORT I battery) should be the first step to identify those EAs with muscle tightness.
EAs, who do not exceed sport reference values, should also follow a flexibility program to increase
muscle extensibility with special attention to quadriceps and hip abductors to prevent LBP and improve
equestrian performance. Then, it is advisable to train the motor patterns as an adequate disposition of
the pelvis and vertebrae column during horse gaits; as well as learning to minimize the mechanical
forces generated by the horse. In addition, the use of different lengths in the stirrups is suggested for
each equestrian discipline, longer length stirrups for dressage riders and shorter length stirrups for
show jumping riders. The use of different lengths in the stirrups is also recommended to adopt an
optima pelvis and spine disposition within the normal ranges by each EA.

5. Conclusions

This study demonstrated that hip adduction and knee flexion ROM are related with LBP in
equestrian athletes. The ROM values of 26◦ for hip adduction and at 128◦ for knee flexion are the
optimal cutoff values for predicting lower back pain in equestrian athletes in a screening evaluation.
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