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This study investigated the association between spinal alignment, mo-
bility of the hips and the thoracic spine and low back pain in adolescent
cross-country skiers. Cohort of 51 elite cross-country skiers from a
cross-country skiing high school in Sweden participated in the study.
Sagittal spinal alignment, active range of motion in flexion, extension
and rotation of the thoracic spine as well as passive and active exten-
sion of the hips were measured. The participants also completed a
questionnaire regarding training, competition, skiing technique and oc-
currence of low back pain. A simple linear regression was calculated to
predict pain score hased on thoraco-lumbar relation, with a significant
(P<0.05) regression equation of y=-0.069x+2.280 (standard error of esti-

INTRODUCTION

There are several studies focusing on biomechanics and perfor-
mance in cross-country skiing (Holmberg et al., 2005; Lindinger
et al., 2009) but very few have paid attention to biomechanics and
pain. Although the injury rate among skiers is low, there is an in-
creasing number of low back pain (LBP) among adolescent skiers
(Bergstrgm et al., 2004). Studies including younger skiers have
shown a high frequency of LBP, compared to age-matched control
groups (Bahr et al., 2004; Bergstrgm et al., 2004). The type of
technique used in skiing has been suspected to play a major role
in the development of back pain in skiers, and most of those with
a history of LBP reported diagonal skiing to be the most provoca-
tive (Alricsson and Werner, 2005; Eriksson et al., 1996; Renstrom

mate, 0.034). Participants with greater lordosis than kyphosis were
more likely to suffer from low back pain than subjects without this off-
set. Thoracic mobility and passive or active hip extension showed no
correlation with low back pain. Sagittal spinal alignment seems to be
related with low back pain among young elite cross-country skiers. This
study shows that range of motion of the thoracic spine and hips do not
have an effect on the prevalence of low back pain in this population.

Keywords: Back problems, De Brunner kyphometer, Range of motion,
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and Johnson, 1989; Ristolainen et al., 2010). During diagonal
skiing, hip extension is an important force producer; therefore, the
ability to extend the hips becomes highly relevant. Furthermore,
increased cycle rate along with a large peak leg force is key factor
in achieving a rapid diagonal stride (Andersson et al., 2014).
Renstrom and Johnson (1989) believed that the repeated hy-
perextension of the lumbar spine seen in every hip extension was
the potential cause of the pain noted in classical skiers. Eriksson et
al. (1996) alleged that prolonged static contractions of the erector
spinae muscle could be the cause of pain with the diagonal tech-
nique. Mahlamiki (1987) showed that increased tension in the
hip flexor muscles and increased soreness of the erector spinae
muscles were common among skiers with LBP. The increase in
muscle tone of both these muscle groups could be the cause of in-
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creased lordosis of the lumbar spine. The one-sided poling in di-
agonal skiing also necessitates rotation of the torso, which is
mostly done in the thoracic spine. Farfan et al. (1970) showed that
repetitive torsional trauma may cause instability in the low back
and that repeated rotation with the diagonal technique may result
in LBP.

In double poling, a strategy to achieve a more effective double
poling technique, skiers exhibit a higher hip angle velocity along
with a smaller minimum hip angle (Holmberg et al., 2005). This
repeated flexion and extension in the poling phase is also consid-
ered as being another potential cause of pain, in earlier research
(Renstrom and Johnson, 1989).

The relation between back pain and altered biomechanics has
been reported in several studies (Alricsson et al., 2003; Alricsson
and Werner, 2004; Alricsson and Werner, 2006; Mellin, 1987;
Mellin, 1990). Mellin (1990) found decreased mobility of the
hips, reduced thoracic mobility and particularly, decreased thorac-
ic extension in young females who suffered from LBP. There was
also an increased lordosis among those females with back pain.
Another study by Mellin (1987) found decreased mobility of the
thoracic spine with rotation and lateral flexion especially decreased
in a population of middle-aged men suffering from LBP. Several
studies conducted by Alricsson et al. (2003) and Alricsson and
Werner (2004) showed that dancing on a regular basis was benefi-
cial for increasing mobility in the spine and in the lower extremi-
ties, something which in one of the studies led to increased pe-
formance in some functional tests in young cross-country skiers
(Alricsson et al., 2003). In one of these studies, significant de-
crease in LBP was noted in the intervention group (Alricsson and
Werner, 2004). In another study by Alricsson and Werner (2006),
there was an increase in the relation between thoracic kyphosis
and lumbar lordosis among young elite cross-country skiers over a
5-yr period. The skiers suffering from LBP at follow-up had a sig-
nificantly increased thoracic-lumbar relation, compared to skiers
without LBP (Alricsson and Werner, 2006).

The purpose of the present study was to investigate the associa-
tion between spinal alignment, mobility of the hips and the tho-
racic spine and LBP in young elite cross-country skiers.

MATERIALS AND METHODS

Participants

Fifty-one cross-country skiers (30 males and 21 females) aged
16-19 yr, from a cross-country skiing high school in Sweden, par-
ticipated in the study. There were no exclusion criteria. All skiers
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were well-trained young individuals at top international or na-
tional level of their age groups. As the present high school is a
boarding school, the skiers came from different parts of Sweden.

An oral approval was obtained from the headmaster of the
cross-countty ski high school. Participation was voluntary, and all
participants (or parents if the participants were under 18-yr-old)
gave their informed written consent to participate in the study.
Ethical approval was obtained from the Ethical Advisory Board in
South East Sweden (Dnr EPK 214-2014).

Questionnaire

All participants answered a questionnaire about training- and
competition status, presence and location of pain, preferred style
of skiing, etc. A modified version of an earlier questionnaire pub-
lished by Eriksson et al. (1996), tailored for cross-country skiers,
was used in the present study. The questionnaire was test-retested
for reliability by Alricsson and Werner (2005) and showed very
good reliability (r=1.0) with no systematic differences between
test occasions.

The participants also answered complementary questions about
the severity of pain and functional deficit due to back pain (Von
Korff et al., 1992). LBP was defined as pain or discomfort some-
where between the twelfth rib and the lower gluteal fold. This lo-
calisation has been set by the European Guidelines (Airaksinen et
al., 2006). The answers in the complementary questionnaire were
used to form an individual pain score for every subject. Pain Score
is a measurement of the severity and functional deficit due to back
pain among the subjects. The Pain Score was based on three ques-
tions from a questionnaire by Von Korff et al. (1992) targeting
present pain, worst pain and the impact of pain in everyday life,
including skiing. Each question consisted of a numeric rating
scale of 10 points. The sum of the questions was divided by three
to get the Pain Score.

Sagittal alignment of the thoracic and lumbar spine

The first part of the test protocols aimed to obtain the partici-
pants’ degrees of kyphosis and lordosis in upright standing posi-
tion with DeBrunner’s kyphometer (Protek AG, Bern, Switzer-
land). Each participant’s degrees of kyphosis and lordosis were
then added to get an individual thoraco-lumbar relation in de-
grees. The participant was instructed to be in a relaxed standing
position (Fig. 1). Therapist 1 palpated each spinous process start-
ing from C7 and continued downward to S2. The skin was
marked with a pen between T2-T3, T11-T12, and S1-S2, and
these marks were used as a point of reference throughout the fol-
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Fig. 2. Starting position for the lumbar locked thoracic rotation test.

lowing test. The level arms of the kyphometer were placed at the
marks T2-T3 and T11-T12 to obtain the amount of kyphosis.
The amount of lumbar lordosis was measured using the same
method, with the kyphometer placed between the T11-T12 and
S1-S2 marks. The next part of the test protocol aimed to obtain
the participants’ thoracic flexion and extension ability. The partic-
ipants were instructed to bend their trunk forward and flex the
thoracic spine as much as possible while keeping the knees fully
extended. Extension of the spine was then tested by instructing
the participant to lean backward while keeping the neck in a neu-
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Fig. 3. Measuring the degrees of thoracic rotation using a digital inclinometer.

tral position with fully extended knees. At the end of range of mo-
tion in both these movements, the kyphometer was used between
the markings at T2-T3 and T11-T12 to obtain the degtees for
full flexion and extension of the thoracic spine. Therapist 2 read
and wrote down each test result. These test methods and instru-
ments have been used in earlier studies by Alricsson et al. (2003)
and Alricsson and Werner (2004, 2006). DeBrunner’s kyphometer
has an inter-rater reliability of intraclass correlation coefficient
(ICC) 0.84-0.98 and an intrarater reliability of ICC 0.92-0.98
(Barret et al., 2014).

Lumbar locked thoracic rotation test

This test was used to obtain the participants’ thoracic rotation
ability. The participant was placed in 4-point kneeling position
on a bench and instructed to sit back on the heels and place the
elbows in front of and in contact with their knees while keeping
the forearms straight ahead (Fig. 2). The therapist placed a digital
inclinometer towards the spine at T2-T3 level, which indicated
the starting position marked as O degrees on the inclinometer.
The participant was then instructed to place one hand in the arc
of his/her neck and slowly rotate the thoracic spine as much as
possible without allowing the buttocks to come off the feet or ex-
tending the lumbar spine (Fig. 3). The inclinometer was held
steady against the spine through the entire movement, and the
end range of motion obtained a new value by the inclinometer in-
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Fig. 4. Thomas test for measuring passive hip extension.

dicating the total rotation of the thoracic spine on that side. The
right side was tested first throughout the entire study. This test
has an intrarater reliability of ICC 0.90 (Johnson et al., 2012).

Modified Thomas test

The present test was designed by Kendall et al. (2005) to mea-
sure the degree of hip extension. The participant was instructed to
lie supine on a bench with the hips and buttocks sticking out over
the edge of the table. Both knees of the participant were tucked in
towards the chest and held by the participant’s arms to keep the
pelvis and spine in a backward tilted position, to avoid arching of
the back during testing. The hips were then tested one at a time
by allowing the participant to carefully extend one of the legs to-
wards the floor while still keeping the other knee tucked in to-
wards the chest using both arms. The degtee of extension was
measured at the end range of motion without allowing the partic-
ipant to achieve further extension by muscle force. One of the
therapists used a modified goniometer to measure the angle of ex-
tension while the other therapist made sure that there was no
movement of the spine and pelvis (Fig. 4). The left leg of all the
participants was tested first throughout the entire study. This test
has an interrater reliability of ICC 0.89-0.92 (Clapis et al., 2008;
Dennis et al., 2008) and an intrarater reliability of ICC 0.91-0.93
(Dennis et al., 2008; Winters et al., 2004).

Prone active straight leg raising

In order to determine the participant’s ability to control the
pelvis and low back during hip extension, the participant was in
prone position on a bench and was instructed to slowly lift one of
the legs 20 cm of the bench while keeping the knee fully extend-
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Fig. 5. Prone active straight leg rising for measuring active hip extension.

ed (Fig. 5). The therapists stood at the foot of the bench and ob-
served the participant’s pelvis and lumbar spine during the test to
look for any deviation of the pelvis and spine, which would indi-
cate inability to control these areas during this movement. The
excessive movements were graded as rotation, hyperextension or
lateral flexion of the lumbar spine, and both therapists needed to
agree in order to consider the test as positive. The present test has
k measure of agreement 0.72 for left leg and 0.76 for right leg
(Murphy et al., 20006).

Statistical analysis

Descriptive statistics (means+ standard deviations [range]) were
used for background data. Pearson correlation coefficient was em-
ployed for correlation analysis. Regression analysis was used if a
significant correlation was found. Pearson correlation was also
used to detect confounders. Chi-square test was used to find a re-
lationship between the prone active straight leg raising (PASLR)
test and presence of LBP. The level of significance was set a priori
at a<0.05 in all statistical tests.

RESULTS

None of the variables of descriptive information showed any
significant correlation with pain score (Table 1). Thoraco-lumbar
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Table 1. Characteristics of the young elite cross-country skiers who participat-

ed in this study (n=51)

Individual pain score

Characteristic Mean+ SD (range) (Pyalue)
Trained seriously since age (yr) 13.8+1.9(7-16) 0.1(0.70)
No. of competitions per season 16.5+5.9(3-30) 0.2(0.26)
Training hours/week preseason 11.3+2.6(4-18) -0.1(0.58)
Training hours/week season 9.0 +1.6(5-15) 0.1(0.50)
Skate per season (%) 52.8+13.4(20-95) 0.0(1.0)

Classic per season (%) 47.3+13.4(5-80) 0.0(1.0)

Skate per preseason (%) 494+13.1(10-95) 0.0(0.77)
Classic per preseason (%) 50.6+13.1(5-90) 0.0(0.77)
Number/week of strength training ~ 2.2+0.8(1-5) 0.1(0.32)
Number/wegk of stretch training 15+1.8(0-7) 0.0(0.80)

SD, standard deviation.

Table 2. Descriptive value in degrees of sagittal alignment, thoracic and lum-

bar range of motion and Thomas test (n=51)

Variable Mean+SD (range)  Individual pain score (P-value)
Kyphosis 41.2+7.7(25-59) -0.1(0.49)
Lordosis -334+86(H410-12) -09(-0.19)
Thoraco-lumbar relation ~ 7.8+8.5(-12 t0 25) -0.3(0.05)*
Thoracic flexion ability 17.0+6.2 (6-34) 02(0.12)
Thoracic extension ability -17.1+10.0(-39t0 8) 0.1(0.39)
Thoracic rotation right 52.2+10.1(17-71) 0.1(0.42)
Thoracic rotation left 472+149(4-74) 02(0.12)
Thomas right 8.2+66(-33t02) -0.2(0.28)
Thomas left 6.8+75(-35t08) 0.0(0.87)
*Significant correlation.

SD, standard deviation.

relation has a significant correlation with pain score, and none of
the other tests have a significant correlation (Table 2).

The participant’s degrees of kyphosis, lordosis, and thora-
co-lumbar relation are illustrated on the y-axis (Fig. 6). Partici-
pants’ pain score is illustrated in same graph on the x-axis. The
black lines represent the regression lines of kyphosis, lordosis, and
the thoraco-lumbar relation. Our regression model for the thora-
co-lumbar relations (x) impact on pain score (y) has the following
appearance y =-0.069x+2.280 (standard error of estimate, 0.034).
This model gives a significant nexus with significance level
P<0.05.

The odds ratio for having LBP with a positive PASLR was
1.026 with a 95% confidence interval (0.337-3.123).

The most bothersome skiing technique for subjects with any
LBP was the diagonal technique (35.7%), while 10.7% consid-
ered both the diagonal and the double pooling technique to be
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Fig. 6. Scatter plot over sagittal alignment with linear regression lines. Trian-
gles represent kyphosis, squares represent thoraco-lumbar relation and circles
represent lordosis.
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Fig. 7. The most bothersome technique among subjects with low back pain.
Percent in staples represent the different techniques of 100% of total. Values
of bars are as presented number of subjects (%).

equally bothersome. In total, 14.3% considered all techniques,
i.e., both skating and classical skiing, to be bothersome (Fig. 7).
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DISCUSSION

The purpose of the present study was to investigate any rela-
tions between spinal alignment, mobility in the hips and thoracic
spine, with LBP in young elite cross-country skiers from a skiing
high school in Sweden.

The study showed a significant negative correlation between
the thoraco-lumbar relation and pain score. This can be interpret-
ed as an increased sum of degrees between the lumbar lordosis and
thoracic kyphosis, resulting in a higher probability of having LBP.
It is worth noting that it was only the relationship between the
lordosis and the kyphosis that correlated with LBP. The study
found no correlation between LBP and degrees of kyphosis or lor-
dosis alone. Mellin (1990) however, found that young girls with
LBP had a more pronounced lordosis than subjects without LBP.
Because the present study only focused on possible correlations,
one cannot draw any conclusions about the cause for these find-
ings. More prospective studies are needed.

The increased lordosis puts higher stress on posterior elements
and may leads to excessive tension in the back muscles (Magee,
2008; Ogilvie and Sherman, 1987; Roussouly and Pinheiro-Fran-
co, 2011). Another hypothesis for the correlation between the
thoraco-lumbar relation and LBP is a forward displacement of the
centre of mass, which would further increase the stress on the pos-
terior elements. A speculation could be that a more pronounced
kyphosis may be an adaptation to avoid LBP in this technical
skill. A study by Alricsson and Werner (2006) reported an in-
crease in thoracic kyphosis over a 5-yr period among young skiers,
and this was also correlated with an increase in LBP. This is in
contrast to the present study. The rather small and young popula-
tion in Alricsson and Werner’s (2006) study, compared to the
present study is worth mentioning. However, in the present study
the correlation was weak, and it is therefore difficult to draw any
solid conclusions based on these statistics.

Earlier studies have determined the diagonal technique in clas-
sical skiing as being more problematic and provocative for skiers
with LBP than other styles like skating and double poling (Alrics-
son and Werner, 2005; Eriksson et al., 1996; Renstrom and John-
son, 1989). Our study also confirms these findings. One hypothe-
sis for this relation can be that insufficient range of motion in hip
extension and thoracic rotation could be provoked by the lumbar
spine, and we found no correlation between thoracic mobility and
LBP nor between mobility of the hips and LBP. The results of the
present study therefore suggest that the range of motion of the
hips and the thoracic spine are not the primary cause of the pres-
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ence of LBP among cross-countty skiers. With this in mind, other
properties of these joints may very well have an effect on LBP and
should always be taken into consideration when it comes to full
body movements.

Motor controls of the trunk, pelvis, and hips have been in focus
in many research studies about LBP. As motor control is very
complex in its nature and very difficult to measure without ad-
vanced equipment, a test for movement screening was used in the
present study. The purpose of the PASLR test was to determine
whether there was any relationship between a visibly detectable
altered movement pattern in PASLR and LBP. The test used for
this has been proven to have good reliability in a study by Mu-
phy et al. (2006). Excessive movements of the spine during test-
ing were interpreted as an inability to control the pelvis and lower
back although this might be a simplified interpretation. As the
present study was unable to detect any correlations between
PASLR and LBP, the lack of sport-specific nature of the test is a
possible scapegoat for the poor result.

The importance of neuromuscular control of the trunk and
spine has been thoroughly researched and earned a lot of attention
over last few decades in the prevalence and treatment of LBP (Fer-
reira et al., 2004; Hodges, 2001; Hodges and Richardson, 1999).
In concordance with these findings, one common conception
among trainers at the ski high school is that there is a difference in
technique used to return to upright from a position of full trunk
flexion between skiers with and without LBP. With this in mind,
Luomajoki et al. (2008) have studied LBP and clinical motor con-
trol tests showing that people with chronic LBP had poorer test
results. We, therefore, encourage future studies to evaluate and de-
velop sport specific ocular motor control tests for cross-country
skiers.

Strengths of this study were our high number of participants
and the consistent testing procedure. Many studies in this field of
research are fairly old and for the most part conducted before the
21st century. Worth noticing is that the equipment and technique
in cross-country skiing have changed since these studies were
done. One example is that double-poling technique has developed
from stiff lower limb movements with extreme hip flexion to a
more upright position with increased movements in the knees
and ankles (Holmberg et al., 2013). Another example is the larger
proportion of skating today. The skiing equipment has become
lighter and more advanced. As equipment and technique prog-
ress, the demands on the athletes will continue to change; there-
fore, it is of high importance that new research is being done in
order to develop the knowledge of intervention and prevention of
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the injuries that occur.

The relation of thoracic kyphosis and lumbar lordosis seems to
be correlated with LBP, according to the present study. The rea-
sons for this are still unknown, and more research on the specific
biomechanics of the lumbar spine in cross-country skiing might
reveal further clues. To understand whether sagittal alignment is
the cause of pain or vice versa, this matter will need further pro-
spective research. In accordance with earlier studies, the diagonal
technique was reported as the most problematic technique for
those with LBP. The LBP among young elite cross-country skiers
cannot be correlated to range of motion in the thoracic spine nor
in the hips, according to our research.
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