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ABSTRACT

Background: Physiological sagittal spinal curvatures play an important role in health
and performance in sports. For that reason, several scientific studies have assessed
spinal morphology in young athletes. However, to our knowledge, no study has
assessed the implications of Inline Hockey (IH) practice on sagittal integrative spinal
morphotype in adolescent players.

Objectives: The aims of the present study were to describe habitual sagittal spinal
posture in young federated IH players and its relationship with training load and to
determine the sagittal integrative spinal morphotype in these players.

Methods: An observational analysis was developed to describe the sagittal spinal
morphotype in young federated IH players. A total of 74 IH players from the
Technification Plan organized by the Skating Federation of the Valencian
Community (aged from 8 to 15 years) participated in the study. Thoracic and lumbar
curvatures of the spine were measured in a relaxed standing position (SP), in a slump
sitting position (SSP) and in maximum flexion of the trunk (MFT) to determine
the “Sagittal Integrative Morphotype” of all players. An unilevel inclinometer was
used to quantify the sagittal spinal curvatures. The Hip Joint Angle test was used to
quantify the Lumbo-Horizontal angle in flexion (L-H fx) of all participants with a
goniometer.
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Results: When thoracic curvature was analyzed according to normality references,
it was found that 64.9% of IH players had thoracic hyperkyphosis in a SSP,

while 60.8% and 74.3% of players were classified as normal in a SP and in MFT,
respectively. As for the lumbar curve, 89.2% in a SP and 55.4% in MFT were normal,
whereas 68.9% of IH players presented lumbar hyperkyphosis in a SSP. Regarding the
“Sagittal Integrative Morphotype,” only 17.6% of players were classified as “Normal”
in the three measured positions for the thoracic curve, while 37.8% had “Thoracic
Hyperkyphosis” and 41.8% presented “Functional Thoracic Hyperkyphosis.” As for
the “Sagittal Integrative Lumbar Morphotype,” only 23% of athletes had a normal
curve in the three positions, whereas 66.2% presented “Functional Lumbar
Hyperkyphosis.” When the L-H fx was evaluated, the results showed that only 16.2%
of the athletes were classified as normal.

Conclusions: Federative IH practice seems to cause specific adaptations in spinal
sagittal morphotype. Taking into account the “Sagittal Integrative Morphotype” only
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17.6% IH players presented “Normal Morphotype” with a normal thoracic kyphosis
in the three measured positions, while only 23% IH players presented “Normal
Morphotype” with a normal lumbar curvature in the three assessed positions.
Furthermore, only 16.2% of IH players showed normal pelvic tilt. Exercise programs
to prevent or rehabilitate these imbalances in young IH players are needed.

Subjects Anatomy and Physiology, Kinesiology, Orthopedics, Pediatrics, Public Health
Keywords Spine, Alignment, Morphotype, Young athlete, Injury

INTRODUCTION

Physiological sagittal spinal curvatures play an important role in health and performance
in sports since the distribution of mechanical strains greatly affects the structures of the
spine and can influence athletes’ stability as well as result in overuse injuries to the spine
(Keller et al., 2005). Hence, these curvatures should be neither reduced nor excessive in
order to maintain a physiological, harmonic and balanced posture. In this sense, to
have sagittal spinal curvatures within the normal ranges could favor the athlete’s trunk
mobility as well as improve a player’ stability due to the lower center of gravity and the
better distribution of the load (Ackland, Elliott & Bloomfield, 2009).

It must be noted that sagittal misalignments of the spine alter the loads distribution
and increase even more the stress on the different joint tissues; therefore, an unbalanced
sagittal spine predisposes to back problems. Previous studies have found that an increased
thoracic or lumbar curvature has been related to spinal pain (Christie, Kumar ¢
Warren, 1995; Ohlén, Wredmark ¢ Spangfort, 1989; Roncarati ¢ McMullen, 1988;
Salminen et al., 1992; Salminen et al., 1993), as well as to certain pathologies in the spine
(Katz & Scerpella, 2003; Swird et al., 1990). For instance, it has been observed instability
of the spine in kyphotic lumbar postures (Green, Grenier & McGill, 2002; Jackson et al.,
2001; Solomonow et al., 1999), disc protrusion in hyperkyphotic postures (Callaghan ¢
McGill, 2001; Simunic, Broom ¢ Robertson, 2001), herniated disc when the lumbar
curve is inverted or kyphotic (Micheli ¢ Trepman, 1990), anterior vertebral wedges
(Santonja & Martinez, 1995), Schmorl nodules or vertebral plate abnormalities
(Callaghan & McGill, 2001; McGill, 2002) in hyperkyphotic and inverted positions of
the lumbar spine, and facet degeneration and spondylolysis in hyperlordotic postures
(Micheli & Trepman, 1990). These negative consequences justify the research on the
relationship between systematic sports training and the alignment of sagittal spinal
curvatures (Santonja & Morales, 2008).

For those reasons, several experts in the analysis of the locomotor system
recommend the assessment of sagittal spinal curvatures to describe the sagittal
morphotype of spine in sports (Sainz de Baranda, Rodriguez-Garcia ¢ Santonja, 2010;
Sainz de Baranda, Santonja & Rodriguez-Iniesta, 2009; Santonja & Pastor, 2000; Sanz-
Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018). In fact, this knowledge could
contribute to the development of more effective preventive interventions to be adopted by
a multidisciplinary professional team. Specifically, for the assessment of the sagittal
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plane of the spine, it is recommended to evaluate the thoracic and lumbar curves in a SP, in
a SSP and in MFT to finally establish the “Sagittal Integrative Morphotype” of the spine
(Santonja, 1996).

In addition, as the spine of an adolescent is in a maturation period, it shows changes in
posture and balance of its curvatures during growth and it is more vulnerable (Sainz de
Baranda et al., 2006). Thus, sports professionals should be aware of the loads and
overloads inherent in sport and training and its impact on the young athlete’s spine
(Sainz de Baranda, Rodriguez-Garcia & Santonja, 2010).

Therefore, several scientific studies have assessed spinal morphology in young athletes
as professional soccer players (Sainz de Baranda et al., 2001), basketball players
(Ferreira-Guedes ¢ Amado-Jodo, 2014; Grabara, 2016a), handball players (Grabara,
2014a), volleyball players (Grabara, 2015), rhythmic gymnasts (Martinez-Gallego ¢
Rodriguez-Garcia, 2005; Ohlén, Wredmark ¢ Spangfort, 1989), swimmers (Pastor et al.,
2002; Santonja & Pastor, 2000), dancers of Spanish and Classical dance (Gdmez-Lozano,
2007), cricket players (Hecimovich ¢ Stomski, 2016), cross-country skiers (Alricsson et al.,
2016) and wrestling (Rajabi et al., 2008). Other studies, included athletes of different
sports (Betsch et al., 2015; Grabara, 2014a; Lichota, Plandowska & Mil, 2011; Wojtys et al.,
2000). However, to the best of our knowledge, no study has assessed the implications of
Inline Hockey (IH) practice on “Sagittal Integrative Spinal Morphotype” in adolescent
players.

The participation in Inline roller hockey or IH among adolescents has increased in
the past few years thanks to the popularity of inline-skating. Since its introduction in
2000 in Spain, IH has been one of the fastest growing sports in the different federative
categories. Over the 2005/06 and 2016/17 seasons, there were 3,100 and 5,234 licenses,
respectively, which is an increase of almost 60% in the number of licenses within the last
10 years (Real Federacion Espariola de Patinaje, 2018).

In order to find out how IH can affect young players’ spine as well as to help sport
professionals to plan specific preventive interventions, the current investigation was
carried out. The aims of the present study were: (1) to describe habitual sagittal spinal
posture in young federated IH players and its relationship to training load, and (2) to
determine the “Sagittal Integrative Spinal Morphotype” in these players. Our hypothesis is
that there is a special adaptation of the spine to the specific requirements of IH in young
players.

MATERIALS AND METHODS

In order to confirm or rule out our hypothesis, an observational analysis was developed to
describe the sagittal spinal morphotype in young federated IH players.

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

Participants
The subject population was selected through a convenience sample from the
Technification Plan organized by the Skating Federation of the Valencian Community in
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Table 1 Demographic and training data of the U16 IH players (n = 74)".

Minimum Maximum Mean = SD
Age (years) 8.0 15.0 121 +1.8
Body weight (kg) 27.0 86.1 51.5 +12.7
Height (cm) 1.30 1.83 1.55 + 0.12
BMI (kg/m?) 15.0 28.6 21.1 +34
Training hours per year 72.0 308.0 164.45 + 49.95
Training volume 96.0 2,160.0 608.67 + 469.46
Stick length (cm) 108.0 155.0 134.1 £ 10.4

Note:
SD, standard deviation; BMI, body mass index.

the season 2016-2017, in which the best IH players of the Valencian Community took part
in (Castellon de la Plana, Region of Valencia, Spain). A total of 90 IH players from the
Skating Federation of the Valencian Community were selected to participate in this study.

Following the inclusion criteria, those who were from 8 to 15 years old and were playing
within the Spanish Federative Categories of “Benjamin” (U11) “Alevin” (U13) and
“Infantil” (U16) were included in the study (n = 77), whereas goalkeepers and players
who belonged to the U17 team were not included (n = 15). However, those who had
previously received treatment for any frontal or sagittal plane-related pathology by the
use of a corset or specific kinesiotherapy or those who presented specific symptoms or
musculoskeletal limitations to perform the tests correctly were excluded (n = 1).

Finally, a total of 74 IH players U16 participated in the study (Table 1).

Procedure

The study was conducted in the season 2016-2017. According to the Declaration of
Helsinki, the procedures and potential risks were explained to IH players, parents
and coaches prior to participation and legal tutors expressed written consent.

“Sagittal Integrative Morphotype,” as well as Lumbo-Horizontal angle in flexion
(L-H fx) of all participants, were assessed. In addition, participants completed an ad hoc
questionnaire about their sport-related background (federative category, current
competitive level, tactical position, stick length, dominant leg (defined as the participant’s
preferred kicking leg)), anthropometric characteristics (age, weight, height and body mass
index), regular training workload (years of sport experience, training months per year,
training days per week, training hours per week, current competitive level) as well as about
prior and current musculoskeletal injuries and treatment.

According to Wojtys et al. (2000) and Sainz de Baranda, Rodriguez-Garcia & Santonja
(2010), “training hours per year” and “training volume” were calculated. “Training
hours per year” was equal to training hours per week x 4 weeks per month x months
per year. “Training volume” was equal to years of sport experience X training hours per
year. Two groups were established based on those who had trained more or less than
160 h per year. The players were also divided according to the accumulated training
workload in more or less than 480 h of training.
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Sagittal spinal morphotype assessment

Data from each IH player were taken during the same assessment session and with the
same temperature (25 °C). All the measurements were performed by the same Sport
Science expert and participants were assessed wearing undergarments and barefoot.
Athletes did not perform warm-up or stretching exercises before or during the
measurement in order to achieve real clinical conditions (Aalto et al., 2005; Cejudo, 2015;
Ginés-Diaz et al., 2019).

An unilevel inclinometer (ISOMED, Inc., Portland, OR, USA) was used to quantify the
sagittal spinal curvatures by providing considerable reproducibility and validity, with a
good correlation with the radiographic measurement (Mayer et al., 1984; Saur et al., 1996),
and according to the methodology described by Santonja (1996), which has been
used in previous studies (Ginés-Diaz et al., 2019; Sainz de Baranda, Santonja ¢
Rodriguez-Iniesta, 2009; Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018).
A goniometer provided with a spirit level system was used to quantify the L-H fx (Sainz de
Baranda et al., 2014; Santonja, Andujar & Gonzdlez-Moro, 1994).

Intra-tester reliability of thoracic and lumbar curvatures and pelvic tilt was calculated in
a previous pilot study. A priori reliability was established by the primary investigator in a
sample of convenience (university students; n = 12, ranged from age = 20-22 years;
(age: 25.8 + 0.9 years; height: 1.71 + 0.09 m; body mass: 72.05 + 9.28 kg) measured on two
occasions by the same tester in a single session. Intra-class correlation coefficients
(ICC) with 95% confidence intervals (CI) were calculated. The ICC and the minimal
detectable change at a 95% confidence interval (MDC95) values for all measures ranged
from 0.88 to 0.97 (95% CI [0.70-0.99]) and 0.53° to 1.1° respectively (95% CI [0.38°-1.6°]).

The assessment protocol of “Sagittal Integrative Morphotype” as defined by Santonja
(1996) is composed by the evaluation of sagittal spinal curvatures in a relaxed SP (Fig. 1A),
in a SSP (Fig. 1B) (Sainz de Baranda et al., 2006; Sainz de Baranda, Santonja &
Rodriguez-Iniesta, 2009; Sainz de Baranda, Santonja & Rodriguez-Iniesta, 2010; Santonja,
1996) as well as in MFT (Fig. 1C) (Lépez-Miriarro et al., 2007; Sainz de Baranda,
Rodriguez-Garcia & Santonja, 2010; Sainz de Baranda, Santonja & Rodriguez-Iniesta,
2009; Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018). This protocol is
performed in order to have a more accurate diagnostic of sagittal spinal morphotype
(Lopez-Mifiarro et al., 2007; Norkin & White, 1995; Sainz de Baranda, Rodriguez-Garcia &
Santonja, 2010; Sainz de Baranda, Santonja ¢ Rodriguez-Iniesta, 2009; Sanz-Mengibar,
Sainz-de-Baranda & Santonja-Medina, 2018).

Prior to data collection, the spinous process of the first thoracic vertebra (T1), 12th
thoracic vertebra (T12) and 5th lumbar vertebra (L5-S1) were marked on the skin of
participants (Lopez-Minarro et al., 2007; Norkin & White, 1995; Sainz de Baranda,
Rodriguez-Garcia & Santonja, 2010; Sainz de Baranda, Santonja ¢ Rodriguez-Iniesta,
2009; Sanz-Mengibar, Sainz-de-Baranda ¢ Santonja-Medina, 2018).

Standing position
To assess the SP, the participant was standing and relaxed (Ginés-Diaz et al., 2019;
Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018). The inclinometer was
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Figure 1 Assessment positions for the “Sagittal Integrative Morphotype” protocol. (A) SP. (B) SSP.
(C) MFT. Full-size &) DOT: 10.7717/peerj.8229/fig-1

placed at the first mark (T1) and calibrated to 0°, then the curvature was profiled
until maximum angulation of thoracic curvature was reached and the angle was
recorded. Subsequently, the inclinometer was calibrated to 0° again at this point
and the lumbar curvature was profiled until the maximum angle was reached and
recorded.

Slump sitting position
To measure the SSP, the participant was sitting on the stretcher in a relaxed posture
with the forearms resting on the thighs, knees flexed and without feet support
(Ginés-Diaz et al., 2019; Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018).
First, the inclinometer was placed at the first mark (T1) and it was calibrated to 0°.
Then, the inclinometer would be placed on the second mark (T12) and the grades for the
thoracic curve would be recorded. After that, the inclinometer was calibrated to 0° again
on this mark and then the inclinometer was placed on the third mark (L5-S1) in order
to record the lumbar curve angle.

However, the same procedure as in SP was used when it was observed that participants
kept their lumbar lordosis in this position.

Maximum flexion of the trunk in a Toe-Touch test position
Firstly, participants were standing on a box 36 cm high with their feet bare and hip-width
apart. They were asked to flex the trunk as far as possible, while knees, arms and fingers
were fully extended.

The athlete had to keep the MFT for 6-8 s while sagittal spinal curvatures were
measured following the same procedure as in the SSP (Sainz de Baranda et al., 2014).
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Table 2 References of normality for thoracic and lumbar curvatures in each position (Ginés-Diaz
et al., 2019; Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018).

Spinal curve  SP* SSP* MEFT*
Category Ranges  Category Ranges Category Ranges
Thoracic Hypokyphosis <20° Hypokyphosis <20° Hypokyphosis <40°

Normal 20-40° Normal 20-40° Normal 40-65°

Hyperkyphosis ~ >40° Hyperkyphosis ~ >40° Hyperkyphosis ~ >65°
Lumbar Hypolordosis <20°

Normal 20-40° Normal -15-15°  Normal 10-30°

Hypokyphosis <-15° Hypokyphosis <10°

Hyperlordosis >40° Hyperkyphosis ~ >15° Hyperkyphosis ~ >30°

Note:
SP, Standing position; SSP, Slump sitting position; MFT, Maximum flexion of the trunk.

Table 3 Classification for thoracic curve’s integrative morphotype diagnosis.

Category Subcategory SP* SSP* MFT*

Normal kyphosis Normal (20-40°) Normal (20-40°) Normal (40-65°)

Functional thoracic hyperkyphois Static Normal (20-40°) Hyperkyphosis (>40°) Normal (40-65°)
Dynamic Normal (20-40°) Normal (20-40°) Hyperkyphosis (>65°)
Total Normal (20-40°) Hyperkyphosis (>40°) Hyperkyphosis (>65°)

Hyperkyphosis Total Hyperkyphosis (>40°) Hyperkyphosis (>40°) Hyperkyphosis (>65°)
Standing Hyperkyphosis (>40°) Normal (20-40°) Normal (40-65°)
Static Hyperkyphosis (>40°) Hyperkyphosis (>40°) Normal (40-65°)
Dynamic Hyperkyphosis (>40°) Normal (20-40°) Hyperkyphosis (>65°)

Hypokyphosis or hypokyphotic attitude Flat back Hypokyphosis (<20°) Hypokyphosis (<20°) Hypokyphosis (<40°)
Standing Hypokyphosis (<20°) Normal (20-40°) Normal (40-65°)
Static Hypokyphosis (<20°) Hypokyphosis (<20°) Normal (40-65°)
Dynamic Hypokyphosis (<20°) Normal (20-40°) Hypokyphosis (<40°)

Hypomobile kyphosis Normal (20-40°) Normal (20-40°) Hypokyphosis (<40°)

Note:

* SP, Standing position; SSP, Slump sitting position; MFT, Maximum flexion of the trunk.

References of normality for thoracic and lumbar curves

The references of normality for thoracic and lumbar curves in each assessed position are
described in Table 2.

Sagittal integrative morphotype diagnosis
Tables 3 and 4 detail the different categories and subcategories for the integrative diagnosis
of the sagittal integrative thoracic and lumbar morphotype, respectively.

Hip joint angle test: L-H fx

The HJA is a field-based test that might be proposed as an alternative to the Passive
Straight Leg Raise test or the SRT for the assessment of hamstrings flexibility. The score
achieved in this test is not negatively influenced by the pelvic position or stability and only
one examiner and an inexpensive gravity goniometer are required (Ayala et al., 2013;
Sainz de Baranda et al., 2014). The HJA test can be measured at the end point of
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Table 4 Classification for the diagnosis of sagittal integrative lumbar morphotype.

Category

Subcategory

Sp*

SSP*

MFT*

Normal lumbar curve

Lumbar spine with
reduced mobility

Hyperlordotic attitude

Functional lumbar
hyperkyphosis

Lumbar hypermobility

Hypolordosis

Structured hyperlordosis

Structured lumbar
kyphosis

Functional lumbar lordosis or

hypomobile lordosis
Lumbar hypomobility

Static

Dynamic

Total

Hypermobility 1
Hypermobility 2
Hypermobility 3
Hypolordotic attitude
Lumbar kyphosis 1
Lumbar kyphosis 2
Lumbar kyphosis 3

Normal (20-40°)
Normal (20-40°)

Hypolordosis (<20°)
Hyperlordosis (>40°)
Normal (20-40°)

Normal (20-40°)

Normal (20-40°)

Hyperlordosis (>40°)
Hyperlordosis (>40°)
Hyperlordosis (>40°)
Hypolordosis (<20°)
Hypolordosis (<20°)
Hypolordosis (<20°)
Hypolordosis (<20°)
Hyperlordosis (>40°)

Hypolordosis or
kyphosis (<20°)

Normal (0 + 15°)
Normal (0 + 15°)

Normal (0 + 15°)
Normal (0 + 15°)
Hyperkyphosis (>15°)
Normal (0 = 15°)
Hyperkyphosis (>15°)
Hyperkyphosis (>15°)
Normal (0 + 15°)
Hyperkyphosis (>15°)
Normal (0 + 15°)
Hyperkyphosis (>15°)
Hyperkyphosis (>15°)
Normal (0 + 15°)

Hyperlordosis (<-15°) or

normal (0 + 15°)

Hyperkyphosis (>15°)

Normal (10-30°)

Hypokyphosis or
lordosis (<10°)

Hypokyphosis (<10°)
Normal (10-30°)
Normal (10-30°)
Hyperkyphosis (>30°)
Hyperkyphosis (>30°)
Hyperkyphosis (>30°)
Hyperkyphosis (>30°)
Normal (10-30°)
Normal (10-30°)
Hyperkyphosis (>30°)
Normal (10-30°)
Hyperkyphosis (>30°)

Lordosis or
Hypokyphosis (<10°)

Hyperkyphosis (>30°)

Note:

SP, Standing position; SSP, Slump sitting position; MFT, Maximum flexion of the trunk.

maximal trunk flexion in a horizontal or vertical position (Ayala et al., 2013; Sainz de

Baranda et al., 2014).

In the current study, the L-H fx was measured with a goniometer while the subject
was performing a MFT in a horizontal position (Sainz de Baranda et al., 2014; Santonja,
1996; Santonja, Ferrer & Andiijar, 1994). The branches of the goniometer were aligned
with the horizontal line and the spinous processes of L4-S2 in order to record the angle
between the two references, however, the supplementary angle was used for the data
analysis (Fig. 2). Pelvic tilt data were classified as normal (<100°), mild posterior pelvic tilt
(101-110°) and moderate posterior pelvic tilt (>110°).

Statistical analysis

Descriptive statistics including means and standard deviations, minimum and maximum
were calculated for each variable: age, weight, height, BMI, training hours per year, training
volume, sagittal spinal angles in SP, SSP and MFT and sagittal pelvic disposition.

Prior to the statistical analysis, the distribution of raw data sets was checked using the
Kolmogorov-Smirnov test to determine normal distribution. The results demonstrated
that the sagittal spinal variables were normally-distributed (p > 0.05). Therefore,
parametric analyses were carried out in order to compare sagittal spinal mean angles by
competition categories and training workload. Pairwise comparison of means (Student
t-test for independent samples) was used to examine the differences between groups of
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Figure 2 Hip joint angle test for the measurement of the L-H fx in a maximal flexion of the trunk.
(A) Recorded angle. (B) Supplementary angle. Full-size &) DOT: 10.7717/peerj.8229/fig-2

training hours per year and training volume in relation to sagittal spinal and pelvic
disposition angles. One-Way Analysis of Variance was carried out to analyze sagittal spinal
mean angles between competition categories. Furthermore, the absolute and relative
frequency of athletes in each category of spinal morphotype and pelvic disposition were also
calculated. Likewise, it was also calculated the absolute and relative frequency of players in
each category and subcategory according to their “Sagittal Integrative Morphotype.”

The analysis was performed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).
The level of significance («) was set at 0.05; therefore, p values less than 0.05 were
considered to be statistically significant.

RESULTS

Sagittal thoracic and lumbar morphotype & pelvic disposition

The means and standard deviations values for spinal curves in each of the three positions
and for values of pelvic disposition are shown in Table 5 according to competition
categories and training workload.

As it can be observed, there were significant differences across competition categories
for the thoracic curve in MFT. Concretely, it was found that U16 had a significant
higher dorsal kyphosis than U11 (F,, 71) = 3.459; p = 0.037; 1* = 0.09) in MFT. In contrast,
Ul1 presented a greater posterior pelvic tilt than U16 (F(5, 71y = 4.082; p = 0.021; > = 0.1).

With regard to “training hours per year,” it was found that those who trained
>160 h per year had higher dorsal kyphosis in SP (¢75) = =2.051; p = 0.044; d = 0.63) and in
SSP (t(72) = —2.694; p = 0.009; d = 0.48) than those who had less training load per year.
In addition, it was observed a tendency toward signification for dorsal and lumbar
kyphosis in MFT (p = 0.065 and p = 0.067, respectively), presenting a greater dorsal
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Table 5 Mean values of spinal curvatures, minimum and maximum of players within each position and for the pelvic disposition™.

Variables Thoracic curve (degrees) Lumbar curve (degrees) Pelvic L-H fx
(degrees)
SP SSP MFT SP SSpP MEFT
Total (n = 74) 385+79 452 +11.2 53.7 £ 10.1 287 +74 20.3 £ 104 315+ 89 110 £ 10.8
Categories
Ull (n = 30) 3897 445 £ 85 503 + 9" 296 £7.7 20.1 =104 323+ 84 114.1 + 9.3
Ul3 (n = 25) 389+ 76 46 + 9 549 + 10.5 285+ 6.2 21.3 £ 10.5 32.1+£89 107.9 £ 10.5
Ul6 (n=19) 372 +9.6 452 + 16.8 575+ 9.8" 27.6 £ 8.6 19+94 293 +£9.7 106.2 + 11.8"
Training h/year
<160 h (n = 39) 36.7 + 8.6" 42 £ 9.9¢ 51.6 £ 9.6 27.6 + 8.1 20.1 £ 104 333 +82 1099 £ 11.4
>160 h (n = 35) 404 + 6.6° 48.7 + 11.7* 56 + 10.2 29.7 £ 6.6 204 £99 295+93 110.1 £ 10.4
Training volume
<480 h (n = 40) 38773 444 + 84 52+£94 288+ 74 20.3 £ 10.9 32675 110.9 £ 10.7
<480 h (n = 40) 383 + 8.6 46.11 £ 13.9 55.7 £10.7 285+75 202 £9.2 30.1 £10.2 109 £ 11.1

Notes:

SP, Standing position; SSP, Slump sitting position; MFT, Maximum flexion of the trunk; L-H fx, Lumbo-Horizontal angle in flexion.
* Significant differences by training hours per year (p < 0.05).
" Significant differences by categories (p < 0.05).

kyphosis and a less pronounced lumbar kyphosis those who trained >160 h per year.
Nevertheless, no statistically significant differences were found when spinal curves in each
position were analyzed depending on the “training volume.”

Taking into account the references of normality presented in Table 2, it is observed
that IH players have an angular mean above normal in SSP for both the dorsal and
lumbar curvature.

Table 6 shows the percentage and frequency of athletes within each category by
assessment position for each spinal curvature and for pelvic disposition.

As for the relaxed SP, the results showed that 60.8% of the athletes presented normal
kyphosis, 37.8% had hyperkyphosis, and 1.4% had rectification (hypo- or reduced
kyphosis) for the thoracic curve, while 89.2% of the athletes were classified as normal, 1.4%
had hyperlordosis and 9.5% presented rectification (hypo- or reduced lordosis) for the
lumbar curvature.

With regard to the SSP, the results showed that 35.1% of the athletes presented normal
kyphosis, 64.9% had hyperkyphosis, and 1.4% had hypokyphosis for the thoracic curve.
On the other hand, 31.1% were within normal ranges, 68.9% had hyperkyphosis and 0%
presented hypokyphosis for the lumbar curve.

In a MFT, 74.3% of the athletes presented normal kyphosis, 17.6% had hyperkyphosis,
and 8.1% had hypokyphosis for the thoracic curve. As for the lumbar curvature, the results
showed that 55.4% had a normal lumbar curve, 44.6% had hyperkyphosis and 0%
presented hypokyphosis.

When the L-H fx was evaluated, the results showed that only 16.2% of the athletes were
classified as normal, whereas most of IH players were categorized in a posterior pelvic tilt
(41.9% with a mild posterior pelvic tilt and 41.9% with a moderate posterior pelvic tilt).
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Table 6 Percentage and absolute and relative frequency of players within each category by
assessment position for each spinal curve and pelvic disposition according to normality references.

Variable Position” Category Mean + SD n %
Thoracic curve SP Rectification (<20°) 16 + 0.0° 1 14
Normal (20-40°) 344 £ 55° 45 60.8
Hyperkyphosis (241°) 46 + 3.8° 28 37.8
SSP Hypokyphosis (<20°) - 0 0
Normal (20-40°) 332 £ 64° 26 35.1
Hyperkyphosis (241°) 514 +7.5° 48 64.9
MEFT Hypokyphosis (<40°) 36 £ 2.5° 6 8.1
Normal (40-65°) 52.3 + 7.1° 55 743
Hyperkyphosis (>66°) 68 + 1.8° 13 17.6
Lumbar curve SP Rectification (<20°) 149 + 5.1° 7 9.5
Normal (20-40°) 299 £5.9° 66 89.2
Hyperlordosis (>41°) 42 £ 0° 1 14
SSp Hypokyphosis (<—15°) - 0 0
Normal (-15-15°) 8.2 +4° 23 31.1
Hyperkyphosis (=16°) 25.7 £ 6.8° 51 68.9
MFT Hypokyphosis (<10°) - 0 0
Normal (10-30°) 249 +5.1° 41 554
Hyperkyphosis (231°) 38.8 £4.9° 33 44.6
Pelvic L-H fx MFT Normal (<100°) 94.1 + 3.8 12 16.2
Mild posterior pelvic tilt (101-110°) 103.8 +2.9 31 41.9
Moderate posterior pelvic tilt (>110°) 1135+ 3.6 31 41.9
Note:
SP = Standing position; SSP = Slump sitting position; MFT = Maximum flexion of the trunk;
L-H fx = Lumbo-Horizontal angle in flexion.
Table 7 Absolute and relative frequency of IH players within each category of thoracic integrative morphotype®.
Category Subcategory  Classification for integrative thoracic morphotype* n %
SP SSP MFT
Hypokyphosis or hypokyphotic attitude ~ Standing Hypokyphosis (<20°) ~ Normal (20-40°) Normal (40-65°) 1 1.4
Hypomobile kyphosis Normal (20-40°) Normal (20-40°) Hypokyphosis (<40°) 1 14
Normal kyphosis Normal (20-40°) Normal (20-40°) Normal (40-65°) 13 176
Hyperkyphosis Total Hyperkyphosis (>40°)  Hyperkyphosis (>40°)  Hyperkyphosis (>65°) 12 16.2
Standing Hyperkyphosis (>40°)  Normal (20-40°) Normal (40-65°) 4 54
Static Hyperkyphosis (>40°)  Hyperkyphosis (>40°)  Normal (40-65°) 12.2
Dynamic Hyperkyphosis (>40°)  Normal (20-40°) Hyperkyphosis (>65°) 3 4.1
Functional hyperkyphosis Static Normal (20-40°) Hyperkyphosis (>40°)  Normal (40-65°) 13 176
Dynamic Normal (20-40°) Normal (20-40°) Hyperkyphosis (>65°) 4 5.4
Total Normal (20-40°) Hyperkyphosis (>40°)  Hyperkyphosis (>65°) 14 18.9
Notes:
* n: number of cases; %: number of cases with respect to the total IH players.
* Classification of thoracic integrative morphotype according to thoracic values in SP, SSP and in MFT (Santonja, 1996).
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Table 8 Absolute and relative frequency of IH players within each category of integrative lumbar morphotype®.

Category Subcategory Classification for integrative lumbar morphotype* n %
SP SSP MFT
Hypolordosis Lumbar Hypolordotic attitude Normal (0 + 15°) Normal (10-30°) 2 27
hypomobility (<20°)

Normal lumbar curve Normal (20-40°) Normal (0 + 15°) Normal (10-30°) 17 23
Functional lumbar Static Normal (20-40°) Hyperkyphosis (>15°) Normal (10-30°) 15 20.3
hyperkyphosis Dynamic Normal (20-40°) Normal (0 + 15°) Hyperkyphosis (>30°) 4 54

Total Normal (20-40°) Hyperkyphosis (>15°) Hyperkyphosis (10-30°) 30 40.5
Lumbar hypermobility Hyperlordosis (>40°) Normal (0 + 15°) or Normal (10-30°) or 1 14
Hyperkyphosis (>15°) Hyperkyphosis (>30°)
Structured lumbar Hypolordosis or Hyperkyphosis (>15°) Hyperkyphosis (>30°) 5 68
kyphosis kyphosis (<20°)
Notes:

 n, number of cases; %, number of cases with respect to the total IH players.
Classification of integrative thoracic morphotype according to thoracic values in a SP, in a SSP and in MFT (Santonja, 1996).

Sagittal integrative spinal morphotype

The values for the sagittal morphotype of the spine integrating the three assessed positions
(SP, SSP and MFT) can be observed in Tables 6 and 7. Both tables show the frequency of
IH players in each category according to the integrative diagnosis of the sagittal spinal
morphotype (Santonja, 1996).

With regard to sagittal thoracic morphotype, only 13 IH players presented “Normal
Morphotype” with a normal kyphosis in the 3 measurement positions. Thirty-one IH
players adopted a normal kyphosis in a relaxed SP, but with an increased kyphosis
(hyperkyphosis) in a SSP (static) or in MTF (dynamic), and they were diagnosed with
“Functional Thoracic Hyperkyphosis.” Twenty-eight IH players were diagnosed with
“Hyperkyphosis” because they adopted a hyperkyphotic curvature in a SP and in a SSP
(static) or in MFT (dynamic). When a player presented a hyperkyphotic morphotype in
the three positions he was categorized as “Total Hyperkyphosis.” Only one IH player
was diagnosed with “Hypomobile Kyphosis” (adopted a normal kyphosis in a relaxed
SP and in a SSP, but presented a hypokyphosis in MFT), and another player with
“Hypokyphosis or Hypokyphotic Attitude” (adopted a normal kyphosis in a SSP and in
MFT, while a hypokyphosis is presented in a relaxed SP) (Table 7).

With regard to the sagittal integrative lumbar morphotype (Table 8), only 17 TH players
presented “Normal morphotype” with a normal lumbar curvature in the three assessed
positions. Forty-nine IH players adopted a normal kyphosis in a relaxed SP, but with an
increased kyphosis (hyperkyphosis) in a SSP (static) (n = 15) or in a MFT (dynamic)

(n = 4), or in both positions (total) (n = 30), and they were diagnosed with “Functional
Lumbar Hyperkyphosis.” Five IH players were diagnosed with “Structured Lumbar

Kyphosis” because they presented a hypolordosis or kyphosis in a SP and a hyperkyphosis
in a SSP and in MFT. Only two IH players were diagnosed with “Hypolordosis” (with a
hypolordosis in a relaxed SP, but a normal lordosis in a SSP and in MFT). Finally, another

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 12/31


http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

IH player was diagnosed with “Lumbar Hypermobility.” No players presented the
morphotype “Hyperlordotic Attitude” or “Structured Hyperlordosis.”

DISCUSSION

This study was undertaken to investigate the sagittal spinal curvatures of the thoracic and
lumbar spine and its relationship to training load, and to describe the “Sagittal Integrative
Morphotype” in young federated IH players.

IH has specific requirements for players, which include trunk forward bending and
concrete movements such as skating, generating physical needs that do not occur in other
sports. These physical demands make IH players susceptible to certain postural and
structural adaptations that can result in subsequent injuries and back pain. Previous
studies have shown that those specific and repetitive movements and postures of each
sport influence spinal curvatures (Rajabi et al., 2008; Uetake et al., 1998; Wodecki et al.,
2002) and for that reason, several studies agree on the importance of a initial postural
evaluation in order to identify spinal deformities and sagittal imbalances. Sagittal
curvatures are geometric parameters which influence mechanical properties of the spine
during compressive loading (Harrison et al., 2005; Keller et al., 2005). Sagittal alignment
influences postural loading and the load balance of the intervertebral disc, therefore,
abnormal spinal curvatures cause increased forces to act upon the intervertebral discs
(Keller et al., 2005). Alterations in spinal curvatures may potentially influence the
development of lower back pain (Harrison et al., 2005; Smith, O’Sullivan & Straker, 2008),
which is a common pathology among athletes (Kameyama et al., 1995).

The most reliable technique to quantify kyphosis and lordosis is the conventional spinal
X-ray method. There are other methods free of ionizing radiation that assess the curvatures
of the spine in the sagittal plane, for instance, the inclinometer provides a noninvasive
evaluation with good reproducibility, reliability and correlation with the radiographic
measurement (Lopez-Minarro et al., 2008; Sainz de Baranda, Rodriguez-Garcia ¢
Santonja, 2010; Sainz de Baranda, Santonja & Rodriguez-Iniesta, 2009; Sanz-Mengibar,
Sainz-de-Baranda ¢ Santonja-Medina, 2018).

The integrative diagnosis of the sagittal morphotype of the spine was defined by
Santonja (1996) and adds the assessment of the sagittal curvatures during MFT and in
a SSP (Sainz de Baranda, Rodriguez-Garcia ¢ Santonja, 2010; Sainz de Baranda,
Santonja & Rodriguez-Iniesta, 2009; Santonja, 1996; Sanz-Mengibar, Sainz-de-Baranda &
Santonja-Medina, 2018) to the classical quantification of the thoracic and lumbar curves in
a relaxed SP in order to perform a more accurate diagnosis.

Reference values and categories for thoracic curvature in previous
studies
In the current study, mean thoracic curvature value was 38.5°, 45.2° and 53.7° in a relaxed
SP, in a SSP and in MFT, respectively.

Wojtys et al. (2000) found similar values (a mean of 38.1°) when they studied the
thoracic curve in 189 ice-hockey players (aged between 8 and 18 years) in a relaxed SP.
In sports like basketball, handball, volleyball and female artistic gymnast, some studies
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have found similar or lower angular values; while other studies found higher values in
swimmers, runners, tennis players, trampoline gymnasts, male artistic gymnasts,
cross-country skiers, and paddlers (Table 9). On the other hand, it is interesting to note
that in sports related to dancing abilities, thoracic angular values tend to be much lower
than in other types of sports (Gomez-Lozano, 2007; Gomez-Lozano et al., 2013; Nilsson,
Wykman & Leanderson, 1993).

In the current study, a mean angular value of 45.2° was observed in the SSP for
the thoracic curve. This mean value is lower than those observed in trampoline
gymnasts (Sainz de Baranda, Santonja & Rodriguez-Iniesta, 2009; Sainz de Baranda,
Rodriguez-Garcia & Santonja, 2010) and paddlers (Lopez-Mifiarro et al., 2008).

In contrast, this angular value is higher than those observed in artistic gymnasts
(Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018).

In the MFT, a mean thoracic angular value of 53.7° was observed among the ITH
players studied in the present investigation. However, previous research has found higher
values in runners, paddlers and male artistic gymnasts (Lopez-Miniarro et al., 2008;
Lopez-Miriarro, Alacid & Muyor, 2009). On the other hand, similar or lower angular
values for the thoracic curve were observed in trampoline gymnasts and female artistic
gymnasts (Sainz de Baranda, Santonja & Rodriguez-Iniesta, 2009; Sanz-Mengibar,
Sainz-de-Baranda & Santonja-Medina, 2018).

When the results were analyzed by “training hours per year,” it was found that
players who trained more than 160 h per year presented a significantly higher dorsal
kyphosis in SP and SSP and a tendency toward signification in MFT than those who
had less training load. Furthermore, it was observed that U16 had a significant higher
dorsal kyphosis than U11 in MFT. In this sense, varies studies have found a relationship
between sports training and variations in the sagittal spinal curvatures of adolescent
athletes (Ferreira-Guedes & Amado-Jodo, 2014; Grabara, 2015; Hecimovich ¢ Stomski,
2016; Sainz de Baranda, Santonja & Rodriguez-Iniesta, 2010). Wojtys et al. (2000) reported
an increase in sagittal spinal curvature in adolescents who participated in ice hockey
and exceeded 400 h of training per year. Intense physical training combined with a
developing spine, where loads are transferred from the upper to the lower extremities,
leads to an overload of the spinal structures that could influence the deformation of the
spine.

In sports with predominance of the trunk forward bending position, like IH, skiing,
canoeing, cycling or show jumping riding, it has been found a high percentage of
thoracic hyperkyphotic postures (Alricsson & Werner, 2006; Forster et al., 2009; Ginés-Diaz
et al., 2019; Lopez-Miriarro et al., 2008; Rajabi et al., 2008). In contrast, repetitive back
hyperextension movements or a remain trunk extension position, which are popular
among rhythmic gymnasts or classical dancers tend to flatten the normal thoracic curve
to a thoracic hypokyphosis (Grabara, 2015; Kums et al., 2007; Nilsson, Wykman ¢
Leanderson, 1993) as well as to increase the lumbar curve and generate lumbar
hyperlordosis (Falter ¢» Hellerer, 1982).

Inline hockey is a very fast paced game, which is characterized by high intensity
intermittent skating, rapid changes in velocity and duration, frequent body contact, and
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Figure 3 Frequency and percentage of IH players by category of thoracic curve in each of the three
positions. Full-size K] DOLI: 10.7717/peerj.8229/fig-3

the execution of a wide variety of technical skills (Flik, Lyman ¢ Marx, 2005; Molsi et al.,
2003). TH implicates adapting the body to a hard physical effort and to the required
posture for that sport. As a result, athletes commonly present postures that are related to
the most common sports abilities in each discipline (Rajabi et al., 2008; Usabiaga et al.,
1997). As Wojtys et al. (2000) stated, specific postures and actions which take place in
IH practice might modify the sagittal spinal curvatures by altering spine’s exposure to
certain mechanical loads during the athlete’s growth. In adolescents, Ferreira-Guedes ¢
Amado-Jodo (2014) note that “these biomechanical compensations may influence the
growth processes and lead to the development of various postural patterns due to the
immaturity of their musculoskeletal structures. At first, the postural compensations are
adaptive, but later they can become permanent and even predispose young athletes to
injuries.” So, the results of the current study could confirm that sagittal curvatures of the
spine can be modified with regular TH training as previously described in other sports
(Ginés-Diaz et al., 2019; Sainz de Baranda, Santonja & Rodriguez-Iniesta, 2009;
Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018; Uetake et al., 1998).

In the current study, most of IH players had normal angular values in a relaxed SP
(n = 45/74, 60.8%) and in a MFT (n = 55/74, 74.3%) for the thoracic curve (Fig. 3).
However, in the SSP there was a higher percentage of IH players with an increased thoracic
curvature or hyperkyphosis (n = 48/74, 64.9%).

The percentages of normality in a relaxed SP have been greater than in previous studies.
For instance, Grabara (2016a) found 60-70% of hyperkyphosis in 10 basketball players
who were 13 years old. Likewise, Pastor et al. (2002) found 57.1% and 46.5% of male
and female young elite swimmers with hyperkyphosis. Lopez-Miriarro, Alacid & Muyor
(2009) found 37% of young kayakers having neutral thoracic kyphosis and 63% with
hyperkyphosis, while Muyor, Lopez-Miniarro & Alacid (2011a) reported that 41.7% of elite
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cyclists showed neutral thoracic kyphosis and 58.3% presented thoracic hyperkyphosis.
In another study, Muyor, Lopez-Miniarro ¢ Alacid (2011b) reported that elite cyclists
showed a statistically higher thoracic hyperkyphosis than non-athlete subjects. These
authors justified their findings with specific sport adaptations. In this sense, Grabara ¢
Hadzik (2009) found that a kyphotic posture tended to be more frequent and the lordotic
one less frequent in volleyball players than in untrained subjects. The authors attributed
that finding to the typical volleyball posture consisting of forwarding bending with
rounded back as well as the arms and shoulders protruding. Wojtys et al. (2000) reported
that high-intensity training increases the risk of developing adolescent hyperkyphosis.
In this sense, Alricsson ¢» Werner (2006) found that after 5 years of intensive training the
skiers increased their thoracic kyphosis but no change in lumbar lordosis was noticed.

Other studies found lower percentages of thoracic hyperkyphosis. For instance, Muyor
et al. (2013) found 37.5% and 6.2% of thoracic hyperkyphosis in 24 male and 16 female
elite adolescent tennis players, respectively. Lopez-Mirnarro et al. (2008) found a 26.1%
and 15% of thoracic hyperkyphosis in 23 kayak paddlers and 20 canoe young athletes,
respectively. Finally, Sanz-Mengibar, Sainz-de-Baranda ¢ Santonja-Medina (2018) found
16.6% of thoracic hyperkyphosis in 47 artistic gymnastics who competed in national and
international tournaments.

As for the assessment of the spinal curvatures in other positions, Sanz-Mengibar, Sainz-
de-Baranda ¢» Santonja-Medina (2018) found a 37% and 79.1% of thoracic hyperkyphosis
in artistic gymnastics in a MFT as well as in a SSP, respectively. Lopez-Mirnarro et al.
(2008) found higher percentages of thoracic hyperkyphosis in infantile male paddlers.
The results showed that 25% and 45% of kayak and canoe athletes, respectively, had
thoracic hyperkyphosis in MFT. In the same study, these authors found that 82% and 95%
of kayak and canoe athletes, respectively, had thoracic hyperkyphosis in a SSP.

Pastor et al. (2002) observed only 24.7% of the morphotypes within normality in
swimmers, 29.4% of the morphotypes with mild kyphosis and 45.9% with moderate
kyphosis. The same author performed a radiological study in the position of Sit and Reach
test (SRT) and observed a higher percentage of moderate and marked thoracic curves
(p < 0.05) and a significant tendency to increase the number of vertebral wedges as the
value of kyphosis and age increased. In addition, these wedges were related to the dynamic
thoracic kyphosis, since the swimmers with more thoraco-lumbar wedges presented higher
values of dynamic thoracic kyphosis (p < 0.05).

In contrast, Gémez-Lozano (2007) only observed 6.1% and 3% of misaligned
morphotypes in classic and Spanish dancers, respectively, as only some mild hyperkyphotic
attitudes were diagnosed in this posture.

It must be pointed out that not all studies use the same spinal assessment protocol and
the same references to categorize sagittal spinal angular values. In this sense, Grabara
(2016a) established that values above 35° are considered thoracic hyperkyphosis, thoracic
normality is considered from 25° to 35° and thoracic hypokyphosis is accepted when the
value is lower than 25°. Muyor et al. (2013) used the references of normality proposed by
Mejia et al. (1996) and Tiiziin et al. (1999), where the values between 20° and 45° are
accepted as neutral thoracic kyphosis, values below 20° are considered thoracic hypokyphosis,
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and values above 45° are considered thoracic hyperkyphosis. However, Pastor et al. (2002)
and Gomez-Lozano (2007) used the same reference values as in the current study.

Reference values and categories of lumbar curvature
Regarding the lumbar curvature, in the current study mean values were 28.7°, 20.3° and
31.5° in a relaxed SP, in a SSP and in MFT, respectively.

In comparison with our results, Wojtys et al. (2000) found an average value much higher
(44.5°) for the lumbar curvature in a relaxed SP in 189 ice-hockey players aged from 8 to 18
years old. In all the sports participants whose spinal morphotype has been assessed
(Table 10), higher values have been observed in this position, except in basketball players
(Ferreira-Guedes ¢» Amado-Jodo, 2014) and in artistic gymnasts (Sanz-Mengibar,
Sainz-de-Baranda & Santonja-Medina, 2018).

Sainz de Baranda, Santonja ¢» Rodriguez-Iniesta (2009) found a mean value of 36.25 +
10.1° with 69 competition gymnasts of the Trampoline modality (35 girls and 34 boys).
When the results were compared by sex, it was observed a greater lumbar lordosis in girls
(40.31° + 10°) than in boys (32.06° * 7.7°).

When Ohlén, Wredmark ¢» Spangfort (1989) assessed the spinal morphotype, it was
found a mean value of 35.6° + 7.8° for the lumbar curve with a Debrunner’s cifometer
and value of 35.2° + 6.9° with an inclinometer in 64 artistic gymnasts. 20% of the gymnasts
manifested lower back pain. When values for the lumbar curve were compared between
the gymnasts with pain (40.6° + 7.9°) and the asymptomatic gymnasts (35.4° £ 7.2°),
it was observed that the mean lordotic value was higher in gymnasts with back pain.

In addition, the authors found a significant correlation between back pain and a lumbar
lordosis greater than 41°.

Martinez-Gallego (2004) observed mean values of 35.88° + 8.69° in 82 competitive
rhythmic gymnasts and values of 40.30° + 898° in 81 recreational rhythmics gymnasts.

Conesa Ros (2015) observed mean value of 32.9° + 8.5° in a group of competitive
esthetic gymnasts. In addition, the author observed that a lumbar lordosis tended to
increase with age. Thus, the group of competitive esthetic gymnasts under 11 years old had
a lumbar value of 28° + 6.8° and the group over 15 years old had a mean lumbar value
of 36.4° £ 9.2°. The group of competitive rhythmic gymnasts under 11 had a mean lumbar
lordosis of 33.8° + 9.4°, while the group over 15 years old had a mean lumbar value of
39.2° + 8.6°.

This evolution of lordosis with age has also been found in previous studies carried
out with school-aged children (Cil et al., 2005; Murray ¢ Bulstrode, 1996; Voutsinas &
MacEwen, 1986).

With regard to the lumbar curvature in a SSP, the results of the current study showed
a mean value of 20.3°. There are few studies which have assessed the sagittal spinal
curvatures in a SSP (Conesa Ros, 2015; Gémez-Lozano, 2007; Lopez-Miriarro et al., 2008;
Martinez-Gallego, 2004; Sainz de Baranda, Santonja ¢ Rodriguez-Iniesta, 2009; Sanz-
Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018).

Sainz de Baranda, Santonja ¢ Rodriguez-Iniesta (2009) observed a mean value of
17.4° + 9.6° for the lumbar curve in gymnasts of the Trampoline modality. When the

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 18/31


http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer

-0€~
8761 1O :20UuBd oL'GT S 0S'LT Y 000C< oL'9T 1S o1T
oC8'61 :d Predex] 05'Sl 0 o£7C¢ 4 000C> 6'1€ 0 FLT  STIFT O - - LANW
o8I~
9€°8 6 :20uBd oL'LT O o791 Y 000C< B 4RIe)
€€8:0 Predey o1'9C 0 01T Y4 000C> olT 0 - - - dss
0C'0€
09'9¢ Y 000C< a4 91
oL’ST 05'GC oI'TE
F8€E 0 oue) oG0€ O oL'1€ *4 000C> €07 b o£€9€ 105 A 9T-GT a4 61
06'LT -8C o1'0€
81°6€ :d eey 09'6€ 10 sf/smoy s Sururex], oCE 0 TIE  LITTE O A FI-€T 24 1 ds
Joue)
s1ooUR( Yedey syseuwiAS onsnay  syseuwiS ourjodwrery,  syseuw£3 surjodurey, Suruuny Surrunmg  [eqAS0A  [[GAS[IOA s110dg
€€l 20°s1 <1 6F1 PI-€1 S1-6 91-€1 91-¥1 (s1eak) pady
(s00z (s10z (600z  (600z “todnp (6002
(zooz “Iv 32 ‘vupa-vluojuvs (010z ‘vfuojuvg ‘vysaru]-zanSripoy P prvy (cooz YrzpvH
‘ouvzot OLIDULIAT QD DPUDIDG-IP-2ZUIDS @ V12400 -2anILIpoy @ vluojuvg OLIDULIN “Iv 32 ) (stoz
-Zau99) -zadoT) UDQISUIN-ZuUvs) ‘vpuv.ivg ap zuivg) ‘vpuv.ivg ap zuiyg) -2adoT) 101svd)  DIDQDID) ‘DIDQVID)
- - - - - - - - S'IE LI
- - - - - - - - 0£°0C dss
06'SC
£ 61
o1'8C
P19 sh-¢
09'8¢
A g1 467 AT o8LT A ST
oL'0€
A T1 ,S1T 8941 o8C¢ 09'LT A FTI-€1 oFee [45% oS¢ STV oL'8C ds
Aoy
[reqpueH  [eqIdseq reqiaseq reqiaseq SIaD[s A13UN02-5501)) Aapoy pry Aoy 207  £aypoy] 291 aurup syr0dg
SI-tI €1 91-T1 SI—¢1 61-91 SE-vC 611 81-8 S1-8 (s1eak) pady
(661 (000z (6107)
(vr10C (99102 (F10z ‘ovo[-opvury (10T “Yyoppmv)y “Iv 12 “Iv 32 Apmys
‘DVIVQVID)  ‘DIVQDID)) @ SAPIND-DI12443,]) (C10T ‘DivqviD) (9107 “IV 12 UOSSILITY) < DYSMONINSQ) vipiny) sd1fom) JLIERERR |

310ds AqQ ur TN UT pue JSS B UI ‘S PIXe[aI B UI dInjeAINd Jequiny Joj sanfea remsuy (o J[qe],

19/31

Sainz de Baranda et al. (2020), PeerdJ, DOI 10.7717/peerj.8229


http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

results were compared by sex, a significantly greater lumbar kyphosis was observed in
males (21° + 7.9°) than in female gymnasts (14° £ 10°) (p < 0.004).

Conesa Ros (2015) and Martinez-Gallego (2004) showed how sports practice can
influence or can be related to a higher angular value for the lumbar curve in their studies
with esthetic and rhythmic gymnasts. In this sense, both rhythmic and esthetic gymnasts
(16.7° £ 6.6° and 15.9° + 8.1°, respectively) had a significantly greater lumbar kyphosis
than the control group (13.8° + 7.7°) (p = 0.033).

In the same way, Martinez-Gallego (2004) also observed a greater lumbar kyphosis in a
SSP in the rhythmic gymnast’s groups, either recreational (16.24° + 7.29°) or competitive
(168° £ 6.55°), when compared with the control group (13.81° + 7.72°).

The incorrect alignment of the lumbar spine found in the SSP in the three modalities of
gymnastics could be due to repetitive hyperflexions and hyperextensions of the trunk
which are performed in gymnastics. Thus, these movements could come to a hypermobile
lumbar curve.

Lopez-Miniarro et al. (2008) found angular lumbar values lower than 20° in 43 infantile
paddlers (23 kayakers and 20 canoeists), and no significant differences were found between
kayakers and canoeists. Likewise, when Lopez-Miriarro et al. (2008, 2013) assessed the sagittal
spinal curves of 130 canoeists (aged from 15 to 20 years old), the authors found values
lower than 20° for the lumbar curvature, with no significant differences regarding gender.

Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina (2018) observed mean value
of 15.62° £ 6.41° for the lumbar curve in their study with gymnasts of the artistic modality,
and no significant differences between boys (15.52° + 6.92°) and girls (15.71° £ 6.02°) were
found. However, Gémez-Lozano (2007) observed a lower mean value of lumbar kyphosis
among classic dancers (8.33° + 6.44°) in a SSP.

With regard to the lumbar curvature in the MFT, the results of the current study showed
a mean value of 31.5°. In trampoline gymnasts, runners and paddlers were found
similar or lower values (Sainz de Baranda, Rodriguez-Garcia & Santonja, 2010;
Lopez-Mifiarro, Alacid & Muyor, 2009; Sainz de Baranda, Santonja ¢ Rodriguez-Iniesta,
2009; Sanz-Mengibar, Sainz-de-Baranda ¢ Santonja-Medina, 2018).

Figure 4 indicates that most of the athletes had normal angular values for the
lumbar curvature in a relaxed SP (n = 66/74, 89.2%) and in a MFT (n = 41/74, 55.4%).
However, there is a higher percentage of IH players with increased angular values or
hyperkyphosis (n = 51/74, 68.9%) in a SSP.

In the current study, it was found a 9.5% of lumbar rectification and 1.4% of lumbar
hyperlordosis in the relaxed SP. In contrast, Pastor et al. (2002) found higher percentages
of lumbar hyperlordosis in young elite swimmers (7.1% in males and 32.3% in females).
Lopez-Miriarro et al. (2008) reported that 8.7% of 23 kayakers and 10% of 178 canoeists
had lumbar rectification. Grabara (2016b) found 50% of hypolordosis and 10% of
hyperlordosis in 10 basketball players aged from 13 years old. Recently, Sanz-Mengibar,
Sainz-de-Baranda & Santonja-Medina (2018) observed lumbar hyperlordosis in 12.5% of
47 artistic gymnastics.

It was also found that 68.9% and 44.6% of the IH players had lumbar hyperkyphosis
in a SSP and in a MFT, respectively.
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Figure 4 Frequency and percentage of IH players by category of lumbar curvature according to
normality references in each position. Full-size K&l DOI: 10.7717/peer;j.8229/fig-4

Some previous studies found higher percentages of hyperkyphosis for the lumbar
curvature in these positions, possibly due to the practice of the sport in a sitting position
or the repetition of technical gestures with a maximal ROM in the lumbar spine and
lower limb. In this sense, Lopez-Mirniarro et al. (2008) reported that around 90% of paddlers
had lumbar hyperkyphosis in MFT. In addition, these authors found lumbar
hyperkyphosis in around 75% of kayak and canoe athletes in a SSP.

In contrast, Sanz-Mengibar, Sainz-de-Baranda ¢ Santonja-Medina (2018) found
39% of lumbar hyperkyphosis in both MTF and in a SSP among artistic gymnasts.

It must be pointed out that not all studies use the same spinal assessment protocol
and the same references to categorize sagittal spinal angular values. In this sense, for the
relaxed SP, Grabara (2016b) established that values above 35° are considered lumbar
hyperlordosis, a neutral lumbar spine is considered from 25° to 35° and lumbar
hypolordosis is accepted when the value is lower than 25°. Muyor et al. (2013) used the
references of normality proposed by Tiiziin et al. (1999), where the values between 20° and
40° are accepted as a neutral lumbar spine, values below 20° are considered as an
hypolordotic lumbar spine, and values above 40° are considered hyperlordosis.

With respect to the MFT, Pastor et al. (2002) established that values below 22° are
considered as normal lumbar kyphosis and values between 22° and 29° are considered as
lumbar hyperkyphosis. As for the SSP, the author established that values below 14° were
accepted as normal lumbar kyphosis and values between 14° and 21° were considered
lumbar hyperkyphosis.

Pelvic disposition
The flexibility of hamstring muscles is important for the prevention of muscular
and postural imbalances, for the maintenance of the full range of motion in the
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hip flexion as well as for the optimal musculoskeletal function (Sainz de Baranda
et al., 2014).

Hamstrings extensibility influences pelvic posture (Congdon, Bohannon ¢ Tiberio,
2005) and spinal curvatures (Lopez-Miriarro, Alacid & Muyor, 2009). Decreased
extensibility of hamstring muscles has been associated with a greater thoracic kyphosis and
a higher posterior pelvic tilt when maximal trunk flexion with knees extended is
performed. Consequently, an incorrect hamstrings extensibility and the constant
repetition of trunk hyperflexion and hyperextension due to the sports practice could
increase intervertebral stress (Beach et al., 2005) as well as thoracic and lumbar intradiscal
pressure (Polga et al., 2004; Wilke et al., 1999), predisposing subjects to spinal disorders
(McGill, 2002).

The results of the current study suggest that a hamstring-specific extensibility program
is necessary for this group of IH players, especially among the youngest (U11) since they
showed a greater posterior pelvic tilt than U16. Only 16.2% of the IH players showed
normal values for the L-H fx angle.

In fact, a high percentage of IH players showed decreased hamstrings flexibility, since
41.9% of IH players presented a mild and a moderate posterior pelvic tilt. This lack of
flexibility may influence pelvic and spinal postures in a MFT, which is a very common
position adopted in the IH techniques. Thus, prior evaluation of hamstring flexibility is
recommended to point out specific and individualized preventive programs in order to
prevent spinal problems.

Sagittal integrative spinal morphotype

This is the first study in which three different positions are combined for the diagnosis
of the sagittal spine in young IH players. There are few studies that perform the
“Sagittal Integrative Morphotype” assessment (Collazo, 2015; Ginés-Diaz et al., 2019;
Sanz-Mengibar, Sainz-de-Baranda ¢ Santonja-Medina, 2018), so the comparison with
existing literature is difficult.

On the one hand, for the thoracic curve, the most frequent diagnosis is “Functional
Hypekyphosis” (41.9%), which means that they would mainly need to improve their spinal
alignment in a SSP and in MFT. Concretely, most of them presented a “Static Functional
Hyperkyphosis” (17.6%) or a “Total Functional Hyperkyphosis” (18.9%). On the other
hand, 28 IH players (37.9%) were diagnosed with “Hyperkyphosis.” To be more specific,
16.2% of them had “Total Hyperkyphosis” and 12.2% presented “Static Hyperkyphosis.”
These diagnoses are in line with those found in young riders (mean age: 14.55 years),
artistic gymnasts (mean age: 15.02 years) and schoolchildren (mean age: 10.55 years)
in which the most common thoracic sagittal integral morphotype was “Functional
Thoracic Hyperkyphosis” (40%, 62.5% and 36.8%, respectively) (Collazo, 2015; Ginés-Diaz
et al., 2019; Sanz-Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018). Since 29.8%
of IH players were diagnosed with “Static Hyperkyphosis” and “Static Functional
Fyperkyphosis,” these players would also need to improve their posture in a SSP and in the
relaxed SP, in fact, these results might be associated with poor postural hygiene while
sitting.
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As for the lumbar curvature, most of IH players (n = 49; 66.2%) were diagnosed
with “Functional Lumbar Hyperkyphosis.” Specifically, 20.3% of players had “Static
Functional Lumbar Hyperkyphosis” and 40.5% presented a “Total Functional Lumbar
Hyperkyphosis.” Again, these results coincide with previous studies (riders: 40%, artistic
gymnasts: 39.58%, schoolchildren: 82.4%) (Collazo, 2015; Ginés-Diaz et al., 2019; Sanz-
Mengibar, Sainz-de-Baranda & Santonja-Medina, 2018).

In this sense, as Purcell ¢» Micheli (2009) stated, repetitive flexo-extension and
torsion movements because of technical-tactical actions in IH can result in overuse injuries
to the spine. In fact, these repetitive movements with an imbalanced spinal posture
(e.g., hyperkyphotic position with the trunk bent forward) are particularly worrisome in
young IH players. Therefore, the position of the lumbar spine while sitting or trunk
forward bending should be trained for a better alignment through pelvic proprioceptive
exercises or trunk muscles strengthening.

Furthermore, it is important to highlight the fact that 6.8% of the IH players were
diagnosed with “Structured Lumbar Kyphosis.” In this sense, it has to be pointed out that
the high prevalence of posterior pelvic tilt found among players could have led to a
misaligned lumbar spine during MFT probably due to the hamstrings tightness that can
make the pelvis lose its horizontality and adopt a posterior pelvic tilt (Lopez-Minarro et al.,
20125 Santonja, Andiijar ¢ Gonzdlez-Moro, 1994). Since the trunk forward bending
while standing is the basic posture in IH, the players should train their hamstrings
flexibility in order to keep a neutral lumbar spine when their trunk is bent forward.

In addition, good pelvic proprioception would be necessary to keep a neutral pelvic tilt
while TH players have to stay in constant quadruple flexion (ankle, knee, hip and trunk).
It is important to note that if sagittal spinal assessment had been only carried out in

SP, the results of this study would have shown that most of IH players were within the
normal ranges for both curves (60.8% of the athletes presented normal kyphosis and the
89.2% of the athletes presented normal lordosis in the SP). However, taking into
account the “Sagittal Integrative Morphotype” it was determined that IH players had a
misaligned sagittal spine. These results show how important is to include the assessment
of the three positions as part of the protocol in order to define “Sagittal Integrative
Morphotype” and so as to establish a correct diagnostic (Sanz-Mengibar, Sainz-de-
Baranda ¢ Santonja-Medina, 2018). Therefore, an incorrect sagittal spinal assessment
leads to misclassification of the athletes’ morphotypes, generating negative consequences,
not only in terms of deformity and pain but also in preventive and rehabilitative terms
(Ginés-Diaz et al., 2019).

Some limitations of the present study must be reported. The age distribution of the
participants was relatively limited and the sample size was relatively small. Furthermore,
only male IH players were assessed. In addition, patients with radiographic evidence
deformity may present a normal spinal morphotype. Future studies which include a larger
sample should investigate the association between sagittal spinal morphotype and back
pain or the ratio of injury. Furthermore, prospective investigations in order to study how
sagittal spinal curves develop with age and practice are needed.
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CONCLUSIONS

Federative IH practice seems to cause specific adaptations in spinal sagittal morphotype in
young players. The findings reported in the present study suggest an association between
exposure to IH athletic training, age and increased thoracic kyphosis.

The most prevalent sagittal spinal misalignments in young federated male IH players
were the thoracic hyperkyphosis (64.9%) and the lumbar hyperkyphosis (68.9%) in a SSP
and the lumbar hyperkyphosis (44.6%) in a MFT.

However, taking into account the “Sagittal Integrative Morphotype” only 13 (17.6%) IH
players presented “Normal Morphotype” with a normal thoracic kyphosis in the three
measured positions. While only 17 (23%) IH players presented “Normal Lumbar
Morphotype” with a normal lumbar curvature in the three assessed positions.

For the thoracic curvature, 18.9% of the IH players presented “Total Functional
Hyperkyphosis,” 17.6% of the players presented a “Static Functional Hyperkyphosis” and
16.2% of the players had a “Total Hyperkyphosis”. Whereas for the lumbar curvature a
40.5% of the players presented “Total Functional Hyperkyphosis” and the 20.3% of players
were diagnosed with “Static Functional Hyperkyphosis”. Furthermore, only 16.2% of IH
players showed normal pelvic titl.

Clinical implications

It is important to assess the “Sagittal Integrative Spinal Morphotype” in sports for the
preemptive care of spinal deformities from the earliest stages. The assessment of sagittal
spinal curvatures in the three described positions gives a new perspective for the diagnosis
of sagittal spinal morphotype, which may reduce the number of players wrongly classified
as normal. It is important to note that the protocol is easy to apply due to the low-cost
instruments used and it only requires an examiner.

Exercise programs to prevent or rehabilitate these imbalances in young IH players are
needed. Pelvic proprioceptive exercises, trunk muscles strengthening, and flexibility training
could be included as a part of preventive programs. This manuscript creates a paradigm for
future studies about associated risk factors to develop unbalanced sagittal spines in IH players.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The research was supported by the Spanish Ministry of Economy, Industry and
Competitiveness (Grant Number: DEP2010-21793); and the Spanish Ministry of
Education, Culture and Sports for the Training of University Teaching Staff (Grant
Numbers: FPU15/05200 and FPU18/00702). This research is part of the project entitled
“Study of injury risk in young athletes through artificial intelligence networks,” funded by
the Spanish Ministry of Science and Innovation (reference: DEP2017-88775-P). This study
was carried out during the research stay at the Facolta di Scienze Motorie of Universita
degli Studi di Urbino “Carlo Bo” from 29/10/2018 to 03/02/2019 funded by Erasmus
Teaching. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 24/31


http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

Grant Disclosures

The following grant information was disclosed by the authors:

Spanish Ministry of Economy, Industry and Competitiveness: DEP2010-21793.

Spanish Ministry of Education, Culture and Sports for the Training of University Teaching
Staff: FPU15/05200 and FPU18/00702.

Study of injury risk in young athletes through artificial intelligence networks.

Spanish Ministry of Science and Innovation: DEP2017-88775-P.

Facolta di Scienze Motorie of Universita degli Studi di Urbino “Carlo Bo” from 29/10/2018
to 03/02/2019.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

o Pilar Sainz de Baranda conceived and designed the experiments, prepared figures and/or
tables, authored or reviewed drafts of the paper, approved the final draft.

e Antonio Cejudo conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, authored or reviewed
drafts of the paper, approved the final draft.

e Victor Jesus Moreno-Alcaraz conceived and designed the experiments, performed the
experiments, contributed reagents/materials/analysis tools, prepared figures and/or
tables, authored or reviewed drafts of the paper, approved the final draft.

e Maria Teresa Martinez-Romero performed the experiments, contributed reagents/
materials/analysis tools, prepared figures and/or tables, authored or reviewed drafts of
the paper, approved the final draft.

e Alba Aparicio-Sarmiento performed the experiments, contributed reagents/materials/
analysis tools, prepared figures and/or tables, approved the final draft.

e Fernando Santonja-Medina conceived and designed the experiments, contributed reagents/
materials/analysis tools, authored or reviewed drafts of the paper, approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

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

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in File S1.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peer;j.8229#supplemental-information.

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 25/31


http://dx.doi.org/10.7717/peerj.8229/supp-1
http://dx.doi.org/10.7717/peerj.8229#supplemental-information
http://dx.doi.org/10.7717/peerj.8229#supplemental-information
http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

REFERENCES

Aalto TJ, Airaksinen O, Hirkonen TM, Arokoski JP. 2005. Effect of passive stretch on
reproducibility of hip range of motion measurements. Archives of Physical Medicine and
Rehabilitation 86(3):549-557 DOI 10.1016/j.apmr.2004.04.041.

Ackland TR, Elliott B, Bloomfield J. 2009. A applied anatomy and biomechanics in sport.
Champaign: Human Kinetics.

Alricsson M, Bjorklund G, Cronholm M, Olsson O, Viklund P, Svantesson U. 2016. Spinal
alignment, mobility of the hip and thoracic spine and prevalence of low back pain in young
elite cross-country skiers. Journal of Exercise Rehabilitation 12(1):21-28
DOI 10.12965/jer.150255.

Alricsson M, Werner S. 2006. Young elite cross-country skiers and low back pain—a 5-year study.
Physical Therapy in Sport 7(4):181-184 DOI 10.1016/].ptsp.2006.06.003.

Ayala F, Sainz De Baranda P, Cejudo A, Santonja F. 2013. Pruebas angulares de estimacion de
la flexibilidad isquiosural: descripcion de los procedimientos exploratorios y valores de
referencia. Revista Andaluza de Medicina del Deporte 6(3):120-128
DOI 10.1016/S1888-7546(13)70046-7.

Beach TAC, Parkinson RJ, Stothart JP, Callaghan JP. 2005. Effects of prolonged sitting on the
passive flexion stiffness of the in vivo lumbar spine. Spine Journal 5(2):145-154
DOI 10.1016/j.spinee.2004.07.036.

Betsch M, Furian T, Quack V, Rath B, Wild M, Rapp W. 2015. Effects of athletic training on the
spinal curvature in child athletes. Research in Sports Medicine 23(2):190-202
DOI 10.1080/15438627.2015.1005297.

Callaghan JP, McGill SM. 2001. Intervertebral disc herniation: studies on a porcine model exposed
to highly repetitive flexion/extension motion with compressive force. Clinical Biomechanics
16(1):28-37 DOI 10.1016/50268-0033(00)00063-2.

Cejudo A. 2015. Deporte y flexibilidad: rendimiento deportivo sin riesgo de lesiéon. Murcia:
Universidad de Murcia.

Christie HJ, Kumar S, Warren SA. 1995. Postural aberrations in low back pain. Archives of
Physical Medicine and Rehabilitation 76(3):218-224 DOI 10.1016/50003-9993(95)80604-0.

Cil A, Yazici M, Uzumcugil A, Kandemir U, Alanay A, Alanay Y, Acaroglu R, Surat A. 2005.
The evolution of sagittal segmental alignment of the spine during childhood. Spine 30(1):93-100
DOI 10.1097/01.brs.0000149074.21550.32.

Collazo M. 2015. Morfotipos sagitales del raquis en poblacién escolar en la regiéon de murcia.
Doctoral thesis. Universidad de Murcia, Murcia.

Conesa Ros E. 2015. Valoracién de la movilidad de la columna en el plano sagital y extensibilidad
de la musculatura isquiosural en gimnasia estética de grupo. Doctoral thesis. Universidad de
Murcia, Murcia.

Congdon R, Bohannon R, Tiberio D. 2005. Intrinsic and imposed hamstring length influence
posterior pelvic rotation during hip flexion. Clinical Biomechanics 20(9):947-951
DOI 10.1016/j.clinbiomech.2005.03.011.

Falter E, Hellerer O. 1982. High performance gymnasts during the period of growth. Morphologia
Medica 2(1):39-44.

Ferreira-Guedes P, Amado-Joao SM. 2014. Postural characterization of adolescent federation
basketball players. Journal of Physical Activity and Health 11(7):1401-1407
DOI 10.1123/jpah.2012-0489.

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 26/31


http://dx.doi.org/10.1016/j.apmr.2004.04.041
http://dx.doi.org/10.12965/jer.150255
http://dx.doi.org/10.1016/j.ptsp.2006.06.003
http://dx.doi.org/10.1016/S1888-7546(13)70046-7
http://dx.doi.org/10.1016/j.spinee.2004.07.036
http://dx.doi.org/10.1080/15438627.2015.1005297
http://dx.doi.org/10.1016/S0268-0033(00)00063-2
http://dx.doi.org/10.1016/S0003-9993(95)80604-0
http://dx.doi.org/10.1097/01.brs.0000149074.21550.32
http://dx.doi.org/10.1016/j.clinbiomech.2005.03.011
http://dx.doi.org/10.1123/jpah.2012-0489
http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

Flik K, Lyman S, Marx RG. 2005. American collegiate men’s ice hockey: an analysis of injuries.
American Journal of Sports Medicine 33(2):183-189 DOI 10.1177/0363546504267349.

Forster R, Penka G, Bosl T, Schoffl VR. 2009. Climber’s back—form and mobility of the
thoracolumbar spine leading to postural adaptations in male high ability rock climbers.
International Journal of Sports Medicine 30(01):53-59 DOI 10.1055/s-2008-1038762.

Ginés-Diaz A, Martinez-Romero MT, Cejudo A, Aparicio-Sarmiento A, Sainz de Baranda P.
2019. Sagittal spinal morphotype assessment in dressage and show jumping riders.
Epub ahead of print 29 April 2019. Journal of Sport Rehabilitation 1-23
DOI 10.1123/jsr.2018-0247.

Grabara M. 2012. Body posture of young female basketball players. Biomedical Human Kinetics
4(3):76-81 DOI 10.2478/v10101-012-0014-0.

Grabara M. 2014a. A comparison of the posture between young female handball players and
non-training peers. Journal of Back and Musculoskeletal Rehabilitation 27(1):85-92
DOI 10.3233/BMR-130423.

Grabara M. 2014b. Anteroposterior curvatures of the spine in adolescent athletes. Journal of Back
and Musculoskeletal Rehabilitation 27(4):513-519 DOI 10.3233/BMR-140475.

Grabara M. 2015. Comparison of posture among adolescent male volleyball players and
non-athletes. Biology of Sport 32(1):79-85 DOI 10.5604/20831862.1127286.

Grabara M. 2016a. Could hatha yoga be a health-related physical activity? Biomedical Human
Kinetics 8(1):10-16 DOI 10.1515/bhk-2016-0002.

Grabara M. 2016b. Sagittal spinal curvatures in adolescent male basketball players and
non-training individuals: a two-year study. Science & Sports 31(5):e147-e153
DOI 10.1016/j.scisp0.2016.01.010.

Grabara M, Hadzik A. 2009. Postural variables in girls practicing volleyball. Biomedical Human
Kinetics 1(1):67-71 DOI 10.2478/v10101-009-0017-7.

Goémez-Lozano S. 2007. Estudio sagital del raquis en bailarinas de danza clasica y danza espailola.
Doctoral thesis. Universidad de Murcia, Murcia.

Gomez-Lozano S, Vargas-Macias A, Santonja F, Canteras-Jordana M. 2013. Estudio descriptivo
del morfotipo raquideo sagital en bailarinas de flamenco. Revista Del Centro de Investigacion
Flamenco Telethusa 6(7):19-28.

Green JP, Grenier SG, McGill SM. 2002. Low-back stiffness is altered with warm-up and bench
rest: implications for athletes. Medicine & Science in Sports and Exercise 34(7):1076-1081
DOI 10.1097/00005768-200207000-00004.

Harrison DE, Colloca CJ, Harrison DD, Janik TJ, Haas JW, Keller TS. 2005. Anterior thoracic
posture increases thoracolumbar disc loading. European Spine Journal 14(3):234-242
DOI 10.1007/s00586-004-0734-0.

Hecimovich MD, Stomski NJ. 2016. Lumbar sagittal plane spinal curvature and junior-level
cricket players. International Journal of Athletic Therapy and Training 21(2):47-52
DOI 10.1123/ijatt.2015-0028.

Jackson M, Solomonow M, Zhou B, Baratta RV, Harris M. 2001. Multifidus EMG and
tension-relaxation recovery after prolonged static lumbar flexion. Spine 26(7):715-723
DOI 10.1097/00007632-200104010-00003.

Kameyama T, Hashizume Y, Ando T, Takahashi A, Yanagi T, Mizuno J. 1995. Spinal cord
morphology and pathology in ossification of the posterior longitudinal ligament. Brain
118(1):263-278 DOI 10.1093/brain/118.1.263.

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 27/31


http://dx.doi.org/10.1177/0363546504267349
http://dx.doi.org/10.1055/s-2008-1038762
http://dx.doi.org/10.1123/jsr.2018-0247
http://dx.doi.org/10.2478/v10101-012-0014-0
http://dx.doi.org/10.3233/BMR-130423
http://dx.doi.org/10.3233/BMR-140475
http://dx.doi.org/10.5604/20831862.1127286
http://dx.doi.org/10.1515/bhk-2016-0002
http://dx.doi.org/10.1016/j.scispo.2016.01.010
http://dx.doi.org/10.2478/v10101-009-0017-7
http://dx.doi.org/10.1097/00005768-200207000-00004
http://dx.doi.org/10.1007/s00586-004-0734-0
http://dx.doi.org/10.1123/ijatt.2015-0028
http://dx.doi.org/10.1097/00007632-200104010-00003
http://dx.doi.org/10.1093/brain/118.1.263
http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

Katz DA, Scerpella TA. 2003. Anterior and middle column thoracolumbar spine injuries in young
female gymnasts: report of seven cases and review of the literature. American Journal of Sports
Medicine 31(4):611-616 DOI 10.1177/03635465030310042301.

Keller TS, Colloca CJ, Harrison DE, Harrison DD, Janik TJ. 2005. Influence of spine morphology
on intervertebral disc loads and stresses in asymptomatic adults: implications for the ideal spine.
Spine Journal 5(3):297-309 DOI 10.1016/j.spinee.2004.10.050.

Kujala UM, Taimela S, Oksanen A, Salminen JJ. 1997. Lumbar mobility and low back pain during
adolescence: a longitudinal three-year follow-up study in athletes and controls.
American Journal of Sports Medicine 25(3):363-368 DOI 10.1177/036354659702500316.

Kums T, Ereline J, Gapeyeva H, Padsuke M, Vain A. 2007. Spinal curvature and trunk muscle
tone in rhythmic gymnasts and untrained girls. Journal of Back and Musculoskeletal
Rehabilitation 20(2-3):87-95 DOI 10.3233/BMR-2007-202-306.

Lichota M, Plandowska M, Mil P. 2011. The shape of anterior—posterior curvatures of the spine in
athletes practising selected sports. Polish Journal of Sport and Tourism 18(2):112-116
DOI 10.2478/v10197-011-0009-3.

Lépez-Miiiarro PA, Alacid F, Ferragut C, Garcia-Ibarra A. 2008. Valoracién y comparacion de la
disposicion sagital del raquis entre canoistas y kayakistas de categoria infantil (Measurement and
comparison of sagittal spinal curvatures between infantile canoeists and kayakers).
Cultura_Ciencia_Deporte 3(9):171-176 DOI 10.12800/ccd.v3i9.164.

Lépez-Miiiarro PA, Alacid F, Muyor JM. 2009. Comparacién del morfotipo raquideo y
extensibilidad isquiosural entre piragiiistas y corredores. Revista Internacional de Medicina y
Ciencias de la Actividad Fisica y del Deporte 9(36):379-392.

Lopez-Miiiarro PA, Muyor JM, Alacid F, Vaquero-Cristobal R, Lépez-Plaza D, Isorna M. 2013.
Comparison of hamstring extensibility and spinal posture between kayakers and canoeists.
Kinesiology 45(2):163-170.

Lépez-Miiiarro PA, Muyor JM, Belmonte F, Alacid F. 2012. Acute effects of hamstring stretching
on sagittal spinal curvatures and pelvic tilt. Journal of Human Kinetics 31(1):69-78
DOI 10.2478/v10078-012-0007-7.

Lépez-Miiiarro PA, Sainz de Baranda P, Rodriguez-Garcia PL, Ortega E. 2007. A comparison of
the spine posture among several sit-and-reach test protocols. Journal of Science and Medicine in
Sport 10(6):456-462 DOI 10.1016/j.jsams.2006.10.003.

Martinez-Gallego FM. 2004. Disposicion del plano sagital y extensibilidad isquiosural en gimnasia
ritmica deportiva. Doctoral thesis. Universidad de Murcia, Murcia.

Martinez-Gallego F, Rodriguez-Garcia PL. 2005. Metodologia para una gimnasia ritmica
saludable. Madrid: Consejo Superior de Deportes.

Mayer TG, Tencer AF, Kristoferson S, Mooney V. 1984. Use of noninvasive techniques for
quantification of spinal range-of-motion in normal subjects and chronic low-back dysfunction
patients. Spine 9(6):588-595 DOI 10.1097/00007632-198409000-00009.

MCcGill S. 2002. Low back disorders: evidence-based prevention and rehabilitation. Third Edition.
Canada: University of Waterloo.

Mejia EA, Hennrikus WL, Schwend RM, Emans JB. 1996. A prospective evaluation of idiopathic
left thoracic scoliosis with magnetic resonance imaging. Journal of Pediatric Orthopaedics
16(3):354-358 DOI 10.1097/01241398-199605000-00012.

Micheli L], Trepman E. 1990. Spinal deformities. In: Torg FJ, Welsh RP, Shephard R], eds.
Current Therapy in Sports Medicine (II). Philadelphia: E.C. Decker, 335-340.

Murray DW, Bulstrode CJ. 1996. The development of adolescent idiopathic scoliosis. European
Spine Journal 5(4):251-257 DOI 10.1007/BF00301328.

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 28/31


http://dx.doi.org/10.1177/03635465030310042301
http://dx.doi.org/10.1016/j.spinee.2004.10.050
http://dx.doi.org/10.1177/036354659702500316
http://dx.doi.org/10.3233/BMR-2007-202-306
http://dx.doi.org/10.2478/v10197-011-0009-3
http://dx.doi.org/10.12800/ccd.v3i9.164
http://dx.doi.org/10.2478/v10078-012-0007-7
http://dx.doi.org/10.1016/j.jsams.2006.10.003
http://dx.doi.org/10.1097/00007632-198409000-00009
http://dx.doi.org/10.1097/01241398-199605000-00012
http://dx.doi.org/10.1007/BF00301328
http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

Muyor JM, Lopez-Miiiarro PA, Alacid F. 2011a. Spinal posture of thoracic and lumbar spine and
pelvic tilt in highly trained cyclists. Journal of Sports Science and Medicine 10(2):355-361.

Muyor JM, Lépez-Miiiarro PA, Alacid F. 2011b. Comparacion de la disposicion sagital del raquis
lumbar entre ciclistas de élite y sedentarios (Comparison of sagittal lumbar curvatures of elite
cyclists and non-athletes). Cultura_Ciencia_Deporte 6(16):37-43 DOI 10.12800/ccd.v6i16.29.

Molsi J, Kujala U, Myllynen P, Torstila I, Airaksinen O. 2003. Injuries to the upper extremity in
ice hockey: analysis of a series of 760 injuries. American Journal of Sports Medicine
31(5):751-757 DOI 10.1177/03635465030310051901.

Muyor JM, Sanchez-Sanchez E, Sanz-Rivas D, Lopez-Miiiarro PA. 2013. Sagittal spinal
morphology in highly trained adolescent tennis players. Journal of Sports Science and Medicine
12(3):588-593.

Nilsson C, Wykman A, Leanderson J. 1993. Spinal sagittal mobility and joint laxity in young ballet
dancers. Knee Surgery, Sports Traumatology Arthroscopy 1(3-4):206-208
DOI 10.1007/BF01560208.

Norkin CC, White DJ. 1995. Measurement of joint motion: a guide to goniometry (II). Philadelphia:
F.A. Davis.

Ogurkowska MB, Kawalek K. 2017. Evaluation of functional and structural changes affecting the
lumbar spine in professional field hockey players. Acta of Bioengineering and Biomechanics
19(2):51-58.

Ohlén G, Wredmark T, Spangfort E. 1989. Spinal sagittal configuration and mobility related to
low-back pain in the female gymnast. Spine 14(8):847-850
DOI 10.1097/00007632-198908000-00013.

Pastor A, Santonja F, Ferrer V, Dominguez F, Canteras M. 2002. Determinacién del morfotipo
sagital de la columna de jovenes nadadores de élite espafioles. Seleccion 11(4):268-269.

Polga DJ, Beaubien BP, Kallemeier PM, Schellhas KP, Lew WD, Buttermann GR, Wood KB.
2004. Measurement of in vivo intradiscal pressure in healthy thoracic intervertebral discs. Spine
29(12):1320-1324 DOI 10.1097/01.BRS.0000127179.13271.78.

Purcell L, Micheli L. 2009. Low back pain in young athletes. Sports Health: A Multidisciplinary
Approach 1(3):212-222 DOI 10.1177/1941738109334212.

Rajabi R, Alizadeh M, Mobarakabadi L. 2007. Comparison of thoracic kyphosis in group of elite
female hockey players and a group on on-athletic female subjects. In: FISU Conference on 24th
Universidade Banhkok. 9-12.

Rajabi R, Doherty P, Goodarzi M, Hemayattalab R. 2008. Comparison of thoracic kyphosis in
two groups of elite Greco-Roman and freestyle wrestlers and a group of non-athletic
participants. British Journal of Sports Medicine 42(3):229-232 DOI 10.1136/bjsm.2006.033639.

Rajabi R, Mobarakabadi L, Alizadhen HM, Hendrick P. 2012. Thoracic kyphosis comparisons in
adolescent female competitive field hockey players and untrained controls. Journal of Sports
Medicine and Physical Fitness 52(5):545-550.

Real Federacion Espainola de Patinaje. 2018. Reglamentos. Reglas de juego de hockey sobre
patines en linea. Available at http://fep.es/website/infoFep_reglamentos.asp?modalidad=18.

Roncarati A, McMullen W. 1988. Correlates of low back pain in a general population sample:

a multidisciplinary perspective. Journal of Manipulative and Physiological Therapeutics
11(3):158-164.

Sainz de Baranda P, Rodriguez PL, Santonja F, Anddjar P. 2006. La Columna Vertebral del
Escolar (I). Sevilla: Wanceulen Editorial Deportiva S.L.

Sainz de Baranda et al. (2020), PeerJ, DOI 10.7717/peerj.8229 29/31


http://dx.doi.org/10.12800/ccd.v6i16.29
http://dx.doi.org/10.1177/03635465030310051901
http://dx.doi.org/10.1007/BF01560208
http://dx.doi.org/10.1097/00007632-198908000-00013
http://dx.doi.org/10.1097/01.BRS.0000127179.13271.78
http://dx.doi.org/10.1177/1941738109334212
http://dx.doi.org/10.1136/bjsm.2006.033639
http://fep.es/website/infoFep_reglamentos.asp?modalidad=18
http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

Sainz de Baranda P, Rodriguez PL, Santonja F, Lopez-Miiiarro PA, Andujar P, Ferrer V,
Pastor A. 2006. Effects of hamstring stretching exercises on the toe-touch test in elementary
schoolchildren. Journal of Human Movement Studies 51(4):277-289.

Sainz de Baranda MP, Rodriguez-Garcia PL, Santonja F. 2010. Efectos sobre la disposicién
sagital del raquis de un programa de educacion postural en educacion fisica de primaria. Apunts.
Educacién Fisica y Deportes 4(102):16-21.

Sainz de Baranda P, Santonja F, Rodriguez-Iniesta M. 2010. Tiempo de entrenamiento y plano
sagital del raquis en gimnastas de trampolin. Revista Internacional de Medicina y Ciencias de la
Actividad Fisica y el Deporte 10(40):521-536.

Sainz de Baranda P, Santonja F, Rodriguez-Iniesta M. 2009. Valoracién de la disposicion sagital
del raquis en gimnastas especialistas en trampolin. Revista Internacional de Ciencias del Deporte
5(16):21-33 DOI 10.5232/ricyde2009.01602.

Sainz de Baranda P, Ferrer V, Martinez L, Santonja F, Rodriguez PL, Anddjar P, Carriéon M,
Garcia MJ. 2001. Morfotipo del futbolista profesional, Actas del II Congreso Internacional de
Educacion Fisica y Diversidad. Murcia: Consejeria de Educacion y Universidades, 293-295.

Sainz de Baranda P, Rodriguez-Iniesta M, Ayala F, Santonja F, Cejudo A. 2014. Determination
of the criterion-related validity of hip joint angle test for estimating hamstring flexibility using a
contemporary statistical approach. Clinical Journal of Sport Medicine 24(4):320-325
DOI 10.1097/JSM.0000000000000079.

Salminen JJ, Maki P, Oksanen A, Pentti J. 1992. Spinal mobility and trunk muscle strength in
15-year-old schoolchildren with and without low-back pain. Spine 17(4):405-411
DOI 10.1097/00007632-199204000-00005.

Salminen JJ, Oksanen A, Miki P, Pentti J, Kujala UM. 1993. Leisure time physical activity in the
young. International Journal of Sports Medicine 14(07):406-410 DOI 10.1055/s-2007-1021200.

Santonja F. 1996. Las desviaciones sagitales del raquis y su relacion con la practica deportiva.
In: Ferrer V, Martinez L, Santonja F, eds. Escolar: Medicina y Deporte. Albacete, Spain:
Diputacion Provincial de Albacete, 251-268.

Santonja F, Anddjar P, Gonzalez-Moro I. 1994. Angle lumbo-horitzontal i valoraci6 de
repercussions de la sindrome d’isquiosurals curts. Apunts. Medicina de 'Esport
31(120):103-112.

Santonja F, Ferrer V, Andujar P. 1994. Sindrome de los isquiosurales cortos. Cirugia menor y
procedimientos en medicina de familia 233:1063-1072.

Santonja F, Martinez I. 1995. Raquis y deporte ;cudl si y cuando? Seleccion 4(1):28-38.

Santonja F, Morales P. 2008. Ejercicios de acondicionamiento muscular orientados a la prevencion
y terapia de las patologias raquideas (I): Plano sagital. In: Rodriguez PL, ed. Ejercicio Fisico en
salas de Acondicionamiento muscular. Bases cientifico-médicas para una prdctica segura y
saludable. Madrid: Panamericana, 241-255.

Santonja F, Pastor A. 2000. Cifosis y lordosis. In: Arribas JM, Castello JR, Rodriguez N, Santonja F,
Plazas N, eds. Cirugia Menor y Procedimientos en Medicina de Familia. Vol. 1. Madrid: Jarpyo
Editors, 783-792.

Sanz-Mengibar JM, Sainz-de-Baranda P, Santonja-Medina F. 2018. Training intensity and
sagittal curvature of the spine in male and female artistic gymnasts. Journal of Sports Medicine
and Physical Fitness 58(4):465-471 DOI 10.23736/50022-4707.17.06880-3.

Saur PMM, Ensink F-BM, Frese K, Seeger D, Hildebrandt J. 1996. Lumbar range of motion:
reliability and validity of the inclinometer technique in the clinical measurement of trunk
flexibility. Spine 21(11):1332-1338 DOI 10.1097/00007632-199606010-00011.

Sainz de Baranda et al. (2020), PeerdJ, DOI 10.7717/peerj.8229 30/31


http://dx.doi.org/10.5232/ricyde2009.01602
http://dx.doi.org/10.1097/JSM.0000000000000079
http://dx.doi.org/10.1097/00007632-199204000-00005
http://dx.doi.org/10.1055/s-2007-1021200
http://dx.doi.org/10.23736/S0022-4707.17.06880-3
http://dx.doi.org/10.1097/00007632-199606010-00011
http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

Peer/

Simunic DI, Broom ND, Robertson PA. 2001. Biomechanical factors influencing nuclear
disruption of the intervertebral disc. Spine 26(11):1223-1230
DOI 10.1097/00007632-200106010-00010.

Smith A, O’Sullivan P, Straker L. 2008. Classification of sagittal thoraco-lumbo-pelvic alignment
of the adolescent spine in standing and its relationship to low back pain. Spine 33(19):2101-2107
DOI 10.1097/BRS.0b013e31817ec3b0.

Solomonow M, Zhou BH, Baratta RV, Lu Y, Harris M. 1999. Biomechanics of increased exposure
to lumbar injury caused by cyclic loading: part 1. Spine 24(23):2426-2434
DOI 10.1097/00007632-199912010-00003.

Swiird L, Hellstrom M, Jacobsson B, Péterson L. 1990. Back pain and radiologic changes in the
thoraco-lumbar spine of athletes. Spine 15(2):124-129
DOI 10.1097/00007632-199002000-00015.

Tiiziin C, Yorulmaz I, Cindas A, Vatan S. 1999. Low back pain and posture. Clinical
Rheumatology 18(4):308-312 DOI 10.1007/s100670050107.

Uetake T, Ohtsuki F, Tanaka H, Shindo M. 1998. The vertebral curvature of sportsmen. Journal of
Sports Sciences 16(7):621-628 DOI 10.1080/026404198366425.

Usabiaga J, Crespo R, Iza I, Aramendi J, Terrados N, Poza J-J. 1997. Adaptation of the lumbar
spine to different positions in bicycle racing. Spine 22(17):1965-1969
DOI 10.1097/00007632-199709010-00004.

Voutsinas SA, MacEwen GD. 1986. Sagittal profiles of the spine. Clinical Orthopaedics and Related
Research 210:235-242.

Wilke H-J, Neef P, Caimi M, Hoogland T, Claes L. 1999. New in vivo measurements of pressures
in the intervertebral disc in daily life. Spine 24(8):755-762
DOI 10.1097/00007632-199904150-00005.

Wodecki P, Guigui P, Hanotel MC, Cardinne L, Deburge A. 2002. Sagittal alignment of the spine:
comparison between soccer players and subjects without sports activities. Revue De Chirurgie
Orthopedique Et Reparatrice De L Appareil Moteur 88(4):328-336.

Wojtys EM, Ashton-Miller JA, Huston LJ, Moga PJ. 2000. The association between athletic
training time and the sagittal curvature of the immature spine. American Journal of Sports
Medicine 28(4):490-498 DOI 10.1177/03635465000280040801.

Sainz de Baranda et al. (2020), PeerdJ, DOI 10.7717/peerj.8229 31/31


http://dx.doi.org/10.1097/00007632-200106010-00010
http://dx.doi.org/10.1097/BRS.0b013e31817ec3b0
http://dx.doi.org/10.1097/00007632-199912010-00003
http://dx.doi.org/10.1097/00007632-199002000-00015
http://dx.doi.org/10.1007/s100670050107
http://dx.doi.org/10.1080/026404198366425
http://dx.doi.org/10.1097/00007632-199709010-00004
http://dx.doi.org/10.1097/00007632-199904150-00005
http://dx.doi.org/10.1177/03635465000280040801
http://dx.doi.org/10.7717/peerj.8229
https://peerj.com/

	Sagittal spinal morphotype assessment in 8 to 15 years old Inline Hockey players
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


