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Abstract

Background: The purpose of the present study is to compare the radiological parameters of the spino-pelvic
sagittal alignment in young elite skiers and non-athletes of a similar age.

Methods: The sample group (n = 102) consisted of elite Alpine and Mogul skiers (n = 75) and a non-athletic
population (n=27), mean age for both groups was 17.7 (£1.4) years (skiers mean age 183 SD 1.1 and controls 16.4
SD 0.6). Radiological measurements of the spino-pelvic sagittal alignment were examined from plain radiographs
taken in the long-standing position.

Results: There were no significant differences reported in the pelvic parameters between both groups. A difference
was reported in the sagittal vertebral axis between skiers (8.0 cm SD 46.0) and the control group (=2.0 cm SD 39.0),
which may be of clinical significance, in spite of being statistically non-significant. Type | spinal curves according to

were statistically significant (p = 0.03).

Roussouly were shown to be more prevalent in the skiers (18.2 %) compared with the control group (0.0 %) and

Conclusion: Elite young skiers are shown to have a more prevalent type | spine and a different spino-pelvic sagittal
alignment compared to a healthy non-sporting population of a similar age.
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Background

Spino-pelvic sagittal alignment is maintained by the
pelvic girdle facilitating the balance of lumbar lordosis
with hip joint extension to regulate and maintain
humans in an upright stable posture [1-8]. Previous
studies have evaluated spino-pelvic sagittal alignment
using plain radiographs [1, 5, 7, 9-21]. It has been pro-
posed that radiographic evaluation of pelvic parameters,
spinal curvatures and global balance [21] may help to
characterise the morphology and functionality of the
spine and pelvis [3, 22].

The spine has several curvatures in the sagittal plane,
a cranial and caudal lordotic curve that is separated by
the kyphotic curve [4]. These curvatures develop from
changes associated with growth, balance and posture
[11] to divide the distribution of forces evenly through-
out the spinal column [18-21]. The curvatures are
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intrinsically related and have been shown to influence
the form and function of the pelvis and hips [1, 5, 9].
Spinal curvatures have also been categorised by morpho-
logical and positional measurements that help to deter-
mine the pelvic parameters (Fig. 1). Moreover, specific
spinal pathologies have been attributed to three of the
four types of spinal curvatures (Fig. 2) according to
Roussouly and Pinheiro-Franco [5]. These range from
increased disc degeneration in the thoracolumbar region
with type I to central disc herniation in type II, a well-
balanced spine with type III and an increased risk of
spondylolisthesis in type IV [23-25]. A correlation has
also been shown to exist between the pelvic parameters
and the four types of spinal curvatures [26]. Moreover,
an individual’s head position in relation to their normal
centre of gravity provides an overview of global spinal
balance [4, 27].

Previous studies have shown sporting participation to
be associated with changes in the spino-pelvic sagittal
alignment of athletes [28—30]. However, the quality of
these studies is limited as sagittal alignment was
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Fig. 1 Showing relation between spinal curves, pelvic parameters
and global balance (adapted from Roussouly et al. [26])

evaluated with non-radiological methods. Poor levels of
validity have been shown for correlation of non-
radiological and radiological evaluation of spinal sagittal
alignment [31, 32]. Therefore, further research for evalu-
ation of the radiological spino-pelvic parameters be-
tween athletes and non-athletes appears reasonable.

The purpose of the present study is to compare the
radiological spino-pelvic sagittal parameters between
young elite skiers to those of a healthy non-athletic popu-
lation of a similar age. The hypothesis of the present study
is to show that the spino-pelvic sagittal alignment of
young elite skiers is different to that of a healthy non-
athletic population. To our knowledge, this is the first
study of this type to carry out such an investigation.

Methods

The sample group (n =102) consisted of young athletic
elite Alpine and Mogul skiers (7 = 75) and a non-athletic
population (n=27). All pupils (grades 1-4, between 16
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Fig. 2 Spinal curvatures (adapted from Roussouly et al. [26])
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and 20 years of age) attending the Are High School Ski
Academy, Sweden, were invited to participate in this
prospective study after a short presentation about the
project by two of the authors. The testing was carried
out at the same school, and the radiographic examina-
tions were taken at the Radiographic Department,
Ostersund Hospital, Sweden.

Inclusion criteria for the control group was first year
high school pupils from a class at a High School in
Ostersund, Sweden, that have not previously or at
present participated in any organised sporting activities
for more than 2 h per week. Participants (skiers and
controls) were excluded if they had an episode of low
back, pelvic or hip pain and history of previous surgery
to the lumbar spine, pelvis or hip joint or a history of
systemic pathology including inflammatory arthritis or
pelvic inflammatory disorders or if they were pregnant.
The demographic characteristics of the full sample are
presented in Table 1.

The present study was approved by the Regional
Ethical Review Board in Gothenburg at The Sahlgrenska
Academy, Gothenburg University, Gothenburg, Sweden
(ID number: 692-13).

Testing procedure

Plain radiographic examination

For radiographic examinations, a standardised protocol
was used for all participants [7]. Frontal and lateral
long-standing plain radiographs recorded from C7 to the
femoral head were obtained for each participant. Partici-
pants were instructed to stand with feet together in a
natural upright posture, without spinal rotation, with
arms hanging by their side for frontal views and arms
horizontal resting on supports for sagittal views. The
total measurement time was approximately 10 min.
Automatic exposure control (AEC) was completed using
a low dose, and the edges of the images were enhanced
to clearly distinguish vertebral bodies and endplates.
Radiographic images were taken from the C7 vertebrae
to the femoral head; these were overlapped and automat-
ically stitched for ease of interpretation. To reduce radi-
ation levels, the film focus distance (FFD) was increased

Table 1 Baseline characteristics for all subjects and stratified by

group
All subjects  Skiers Controls  p value
(n=102) (n=75) (n=27)
Age (years) 177 (14) 183 (1.1) 164 (06) <0.001
Female sex, n (%) 53 (52 %) 35 (47 %) 18 (67 %) 0074
Height (cm) 173 (83) 174 82) 172(@86) 019
Weight (kg) 69 (12.2) 70 (9.1) 67 (179) 039
Body mass index (kg/mz) 229 (3.3) 22922 227 (53) 081

Values are mean and standard deviation (SD)
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to 120 cm [33]. Frontal view with posterior-anterior
(PA) beam direction, the entire vertebral bodies and half
the femoral head were imaged. Lateral view with the
beam direction from right to left, the entire vertebral
bodies and half the femoral head were imaged. The en-
tire vertebral bodies and the entire femoral head were
imaged. The radiographs were measured for sagittal
spinal curvatures by a single blinded experienced radi-
ologist with the angular parameters reported in degrees.
A negative value (-) represented a lordotic alignment
whilst a positive value (+) represented a kyphotic align-
ment. Geometrical measurements relating to spinal
curvatures were obtained from the following: thoracic
kyphosis (TK) (Fig. 1) was defined as the angle measured
from the upper endplate of T4 to the lower endplate of
T12, and lumbar lordosis (LL) (Fig. 1) was defined as the
angle measured from the upper endplate of L1 to the
upper endplate of S1. Previous studies have shown good
reliability for radiographic evaluation of spinal curva-
tures [34, 35].

Pelvic parameters

Geometrical measurements relating to the pelvic param-
eters (Fig. 1) were measured and recorded in degrees
from the following. Pelvic incidence (PI) is a morpho-
logical parameter and is the angle measured from a per-
pendicular line to the mid-point of the sacral plate and
extended to the centre of the femoral head. Pelvic tilt
(PT) is a positional parameter and is the angle measured
from a perpendicular line starting at the centre of the
femoral head and extended to the mid-point of the sa-
cral plate. Sacral slope (SS) is a positional parameter
and is the angle measured from the superior endplate
of S1 and a horizontal axis [10, 26]. A geometrical rela-
tionship exists between the morphological (PI) and
functional parameters (PT, SS) resulting in the equation
PI=PT +SS [26].

Sagittal vertical axis

The sagittal vertical axis (SVA) (Fig. 1) was measured
and recorded in centimeter and is defined by using the
C7 plumb line that intersects the superior corner of the
upper sacral endplate. The sagittal vertical axis assesses
if an individual is in neutral, positive or negative align-
ment by comparing the head position relative to the sa-
cral promontory [27].

Spinal curvatures

Four types of spinal curvatures correlating to the angle of
the sacral slope were defined according to Roussouly et al.
[26]. Type L: low sacral slope <35° with an 80:20 thoracol-
umbar curve. Type II: low sacral slope <35° with a 60:40
thoracolumbar flat back. Type III: sacral slope >35° <45°
with a 50:50 thoracolumbar curve. Type IV: high sacral
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slope >45° with a 20:80 reversed thoracolumbar curve
(Fig. 2).

Statistical analysis

Data was analysed using IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY: IBM Corp. The
description of data was expressed in terms of the mean
and standard deviation (SD), median and range, includ-
ing frequencies and percentages as appropriate. An inde-
pendent ¢ test was performed to compare variables
(skiers and controls). Fisher’s exact test was performed
to compare the distribution of spinal curves according
to Roussouly et al. [26] between variables. The statistical
significance for all tests was set as p < 0.05.

Results

Due to drop-out and failure to attend investigations,
radiological data from 92 (n=102) participants was
only available for final analysis. Reasons given were dif-
ficulties with timings for radiology appointments, ath-
letes travelling abroad and participant’s being worried
about claustrophobia. Table 1 summarises the demo-
graphic characteristics of the whole population. The
mean age of enrolled population was 17.7 (£1.4) years
(skiers mean age 18.3 SD 1.1 and controls 16.4 SD 0.6,
p =0.001). Table 2 shows the radiology frequencies for
all participants. Values for comparison of radiology be-
tween skiers and controls are presented in Table 3.
Similar values were shown for comparison between
both groups; however, the skiers’ mean SVA was 8.0 cm
(SD 46) and the control group was —-2.0 cm (SD 39).
No statistical significances were noted for comparison be-
tween both groups with an independent ¢ test (PI p =
0.794, PT p=0.139, SS p=0.587, SVA p=0361, TK p =
0.197 and LL p = 0.283). Table 4 shows the distribution be-
tween genders for pelvic parameters and spinal curva-
tures. Moreover, there were no significant differences
shown for comparison between genders (PI p=0.192,
PT p=0.461, SS p =0.088, SVA p =0.155, TK p = 0.400
and LL p = 0.474).

Table 5 shows the distribution of spinal curves be-
tween skiers and controls according to Roussouly et al.
[26]. A type I spinal curve was shown to be more prom-
inent in the skiers, 18.2 % (n =12), compared with the
control group, 0.0 % (n=0, p=0.03). Similarly, type II
spinal curves were shown to be more prominent with
the control group, 154 % (n=4), compared with the
skiers, 4.5 % (n = 3); types III and IV spinal curves were
evenly distributed between both groups. Table 6 shows
the distribution between the genders for the spinal
curves according to Roussouly et al. [26]. No significant
significance was shown between the genders for each
group (p =0.316).
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Table 2 Frequencies of all subjects for radiology
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PI PT SS SVA Thoracic kyphosis® Lumbar lordosis®
(radiological) (radiological)

n Valid 92 92 92 89 92 92

Missing 10 10 10 13 10 10
Mean 50.7 10 419 52 358 -59.1
Median 50 10 41 5 37 -58
SD 114 8.6 7.7 443 73 9.8
Range 66 62 35 202 40 44
Minimum 19 -7 23 -97 12 -82
Maximum 85 55 58 105 52 -38

Values are mean, median and standard deviation (SD) unless specified otherwise

Discussion

The most important finding in this study is the greater
difference in the type I spinal curvatures according to
Roussouly et al. [26] in young skiers compared with con-
trols of a similar age. Moreover, the SVA of the skiers
demonstrated a greater difference compared with the
controls. Therefore, we conclude that these differences
with the type I spinal curves and SVA occur more often
in skiers and may be a result of progressive loading from
functional sports specifics rather than any particular
structural alignment issue.

In the present study, the mean values of all partici-
pants for radiology pertaining to pelvic parameters have
shown the PI (50.7°), PT (10°), SS (41.9°) and SVA
(5.2 cm) to be similar to those previously reported
within a normal asymptomatic population [3, 10, 13, 15,
25-27, 34, 36-38].

The mean values for the radiological measurements of
TK (35.8°) and LL (-59.1°) in the present study were also

Table 3 Comparison between skiers and controls for pelvic

similar to those previously reported in a normal asymp-
tomatic population [4, 5, 9, 11, 18-21, 39, 40]. There
were no significant differences noted for radiological
comparison of both groups, i.e. skiers versus controls.
Radiological values were similar for the PI of the skiers
(50.9°) and controls (50.2°), the PT of the skiers (10.9°)
and controls (7.9°) and the SS of the skiers (41.7°) and
controls (42.3°). A difference was noted with the radio-
logical value for the SVA of the skiers (8.0 cm) com-
pared with the controls (-2.0 cm).

This may be of clinical relevance, in spite of being sta-
tistically non-significant, and suggest that within a youn-
ger population, sports such as skiing that require a
predominance of forward-bending postures may be asso-
ciated with functional changes that affect the global
spinal balance rather than a specific structural issue.
Values for the TK of the skiers (35.2°) and controls
(37.4°) and LL of the skiers (-58.4°) and controls
(-60.9°) were similar. There were no significant

Table 4 Distribution of pelvic parameters and spinal curvatures

parameters and spinal curvatures by gender
Group n Mean SD p value Gender n Mean SD p value

Pl Skiers 66 509 12 0.794 PI Female 47 492 135 0.192
Control 26 502 9.8 Male 45 50.3 85

PT Skiers 66 10.9 9.2 0.139 PT Female 47 10.7 10.6 0461
Control 26 79 6.3 Male 45 94 57

SS Skiers 66 412 91 0.587 SS Female 47 399 103 0.088
Control 26 423 8.1 Male 45 43 6.7

SVA Skiers 64 8 46 0361 SVA Female 47 8 46 0.155
Control 25 -2 39 Male 45 -16 356

TK Skiers 66 35 7 0.197 TK Female 47 354 6.8 0400
Control 26 37 7 Male 45 35.1 79

LL Skiers 66 -584 93 0283 LL Female 47 -599 106 0474
Control 26 —60.9 1 Male 45 -584 9

Values are mean, median and standard deviation (SD) unless specified
otherwise

Pl pelvic incidence, PT pelvic tilt, SS sacral slope, SVA sagittal vertebral axis,
TK thoracic kyphosis, LL lumbar lordosis

Values are mean, median and standard deviation (SD) unless specified
otherwise

Pl pelvic incidence, PT pelvic tilt, SS sacral slope, SVA sagittal vertebral axis,
TK thoracic kyphosis, LL lumbar lordosis
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Table 5 Distribution of Roussouly type for skiers and controls

Roussouly type Skiers Controls p value®
1 12 (182) 0 (0.0) 0.030

2 3 (45) 4(154)

3 39 (59.1) 18 (65.4)

4 12 (182) 5(19.2)

Number with column percentage in parenthesis
Fisher exact test (38 % of cells analysed have expected cell counts less
than 5)

differences between genders for the values of pelvic pa-
rameters and spinal curvatures, which is similar to previ-
ous studies [10, 41].

A significant difference was noted for comparison be-
tween groups for spinal curves according to Roussouly
et al. [26]. Type I spinal curves were shown to be more
prominent and statistically significant for the skiers
(18.2 %) compared with the control group (0 %). Type II
spinal curvatures were shown to be more common in
the control group (15.4 %) compared with the skiers
(4.5 %). Types III and IV spines were evenly distributed
between both groups, and moreover, no differences were
reported between the genders of both groups. The sig-
nificant difference in type 1 spinal curvatures that were
mentioned by Roussouly et al. [26] might suggest an
association with the biomechanics and the muscular
development required for function in sport [28-30].
Therefore, it could be hypothesised that a lack of ab-
dominal, lumbar, pelvic and hip musculature tone within
the control group might be a reason for their association
with a ‘flat back’ type II spine.

Muyor et al. [42] showed no increment in the sagittal
curvatures of adolescent tennis players. This was similar
to the present study, where radiology values for the TK
of the skiers (35.2°) and controls (37.4°) and LL of the
skiers (-58.4°) and controls (-60.9°) were both similar.
In the present study, radiological parameters were used
to compare the spino-pelvic sagittal alignment; however,
Uetake et al. [28], Alricsson and Werner [29], Rajabi et
al. [30] and Muyor et al. [42] all used non-radiological
methods. Agnvall et al. [31] and Barrett et al. [32] ques-
tioned the validity of non-radiological methods and
demonstrated poor levels of agreement and a lack of
sensitivity for correlation with radiological methods.

Table 6 Distribution between genders for spinal curve type
according to Roussouly et al. [26]

Spinal type curve  Female (n and %) Male (n and %) Total (n and %)

I 6 (12.8 %) 6 (13.3 %) 12 (13 %)
Il 4 (8.5 %) 3(6.7 %) 7 (7.6 %)
il 25 (53.2 %) 31 (689 %) 56 (60.9 %)
I\ 12 (25.5 %) 5(11.1 %) 17 (18.5 %)
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There are some limitations to the present study.
Sagittal plane measurements were recorded in the erect
standing position. However, this does not reflect the
multi-directional patterns of skiing. In sport, repetitive
fast trunk flexion and extension movements occur in the
sagittal, frontal and transverse planes around the long
axis of the spine [42]. Although a significant difference
was shown for the classifications of type I spinal curva-
tures according to Roussouly et al. [26], this appeared
different to analysing the spino-pelvic parameters be-
tween groups. Roussouly’s definition and classification of
spinal types relates to analysing the entire spine. It may
be possible that evaluation of spinal types according to
Roussouly et al. [26] may be more sensitive and there-
fore show a difference in values compared to the evalu-
ation of the spino-pelvic parameters. Other reasons may
be related to the present study having such a small con-
trol group (n=27) compared to the skiers (n=75);
perhaps, selection of a larger control group may have
shown a greater difference in the values of the spino-
pelvic parameters.

Spino-pelvic sagittal malalignment may develop during
pubertal growth to accommodate postural and physio-
logical changes that alter the spinal morphology [7, 11].
Osseous growth of the sacrum has been shown to occur
up to and beyond 20 years of age [2, 43, 44]. Therefore,
with the present study, by selecting a sample with the
mean age of 17.7 years, spino-pelvic alignment differ-
ences might have been shown between groups due to
postural and physiological changes associated with
growth. The intentions of the present study were to have
age-matched groups; however, a difference in age was
shown between the skiers (18.3) and controls (16.4) and
moreover was statistically significant in spite of both
groups attending the same first year at Are High School.
Unfortunately, some skiers may have previously lived or
studied abroad due to training and competition commit-
ments and would have chosen to attend Are High
School because of the association with the Ski Academy.
However, age differences and growth-related spurts
amongst the skiers may have affected the spino-pelvic
values and the outcome of the present study.

Other limitations include accuracy and interpret-
ation of the radiological measurements. In the present
study, spinal curvatures were calculated from mea-
surements taken from the endplates of the vertebral
bodies [4, 45-48], whilst the pelvic angles were calcu-
lated from measurements taken from the pelvic pa-
rameters [26]. Spinal posture can be affected by lower
limb alignment [1, 49-52]; therefore, in the present
study, errors may have occurred if the participants were
not standing evenly in the same position, fatigued from
prolonged periods of standing [53] or postural variance
from biomechanical lower limb asymmetries [54]. In the
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present study, the inclusion criteria selected only a healthy
population; however, this may have limited the ability to
distinguish a greater difference between both groups.

The present study was able to show that type I spinal
curvatures according to Roussouly et al. [26] was more
common in young elite skiers compared with controls
using radiological parameters. Therefore, the present
study supports the hypothesis that the spino-pelvic sagit-
tal alignment of young elite skiers is different to that of
a healthy non-athletic population.

Conclusion

The conclusions of the present study are that elite young
skiers are shown to have a more prevalent type I spine
and a different spino-pelvic sagittal alignment compared
to a healthy non-sporting population of a similar age.
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LL: lumbar lordosis; PI: pelvic incidence; PT: pelvic tilt; SVA: sagittal vertical
axis; TK: thoracic kyphosis.
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