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Field of View
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Low Back Pain
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Spinal column and hip joint changes, and their 
correlation to back pain in young athletesAbstract

Background
Young athletes are at increasing risk for 
spinal column injuries and back pain 
due to excessive sporting activities, with 
potential development of complications 
like spinal canal stenosis and chronic 
back pain later in life. Increased knowl-
edge is necessary in order to make the 
correct diagnosis and to be able to adapt 
the appropriate preventive measures, 
rehabilitation programs, and treatments 
accordingly.

Purpose 
The aim of this project was to identify 
MRI changes in the thoraco-lumbar spine 
and the lifetime prevalence of back pain 
at baseline and with continuing sporting 
activity, as well as the association between 
them, in young athletes compared with 
non-athletes. Another purpose was to 
investigate the relationship between 
the pelvic morphology and the hip cam 
change in young elite skiers compared 
with non-athletes.

Material and Methods
Seventy-fi ve young elite alpine and mogul 
skiers (mean age 18), and 31 young elite 
football (soccer) players (mean age 17) 
were compared with 27 non-athletes 
(mean age 16). All subjects were invited 
to undergo MRI of the thoraco-lumbar 
spine. The MRI images were evaluated for 
vertebral changes and disc abnormalities 
such as Pfi rrmann grade, disc desiccation, 
disc height loss, bulging, herniation, and 
Schmorl’s nodes. All participants answered 
standardized questionnaires with ques-
tions related to back pain, training hours, 
spinal injuries, and health perception. 

The skiers hip joints were examined for 
cam morphology (defi ned as α-angle >55°) 
with MRI, and sagittal spinal alignment 
measurements including Pelvic Incidence 
(PI) on standing lateral plain radiographs. 
All participants were invited to participate 
in a 2-year follow-up, but 35 skiers and 10 
non-athletes dropped out due to personal 
reasons.

Abstract
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Abstract

Results
The spinal column abnormalities were 
signifi cantly higher in athletes than 
non-athletes. Fifty-six percent of skiers 
had at least one disc of Pfi rrmann grade 
≥3 compared with 30% of non-athletes (p 
= 0.03). Schmorl’s nodes (46%) and disc 
height reduction (37%) were signifi cantly 
more prevalent in skiers compared with 
non-athletes (0%) (p < 0.001). The football 
players had signifi cantly higher rate of MRI 
changes than non-athletes, 89% compared 
with 54% when all disc degenerative 
changes were combined (p = 0.006). There
was no signifi cant difference in lifetime 
prevalence of back pain between athletes 
(50%) and non-athletes (44%). No signif-
icant correlation between MRI abnormali-
ties and back pain was identifi ed. Athletes 
had better health perception than non-
athletes (p = 0.03). Skiers had signifi cantly 
greater prevalence of cam morphology 
(49%) compared with non-athletes (19%, 
p=0.009). No correlation was shown be-
tween a low Pelvic Incidence (PI) and hip 

cam morphology. No signifi cant interval 
difference in spinal column abnormalities, 
neither for skiers nor non-athletes, and no 
signifi cant difference in terms of back pain 
was found between baseline and 2-year 
follow-up.

Conclusion
Young elite athletes demonstrated 
signifi cantly more spinal column abnor-
malities than non-athletes, while lifetime 
prevalence of back pain was not different 
between the groups.
Skiers had greater prevalence of hip cam 
morphology compared with non-athletes. A 
low Pelvic Incidence (PI) was not correlat-
ed with abnormal cam morphology.

Between baseline and 2-year follow-up, 
there was no signifi cant interval difference 
in spinal column fi ndings on MRI, nor back 
pain prevalence, neither for skiers nor 
non-athletes.
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Bakgrund
Unga elitidrottare löper ökad risk för höft- 
och ryggskador och smärta på grund av 
överbelastning med potentiell ökad risk för 
utveckling av komplikationer senare i livet.
Ökad kunskap om dessa idrottsrelaterade 
överbelastningsskador och dess effekter 
är nödvändiga för att kunna ställa korrekt 
diagnos och anpassa rehabiliteringspro-
gram och behandling därefter, men även 
för utveckling av förebyggande åtgärder. 

Syfte
Syftet med detta projekt var att identifi era 
ryggsförändringar med magnetkamera 
(MR) och registrera ryggsmärta, liksom 
sambandet mellan dem, hos unga 
elitskidåkare och elitfotbollsspelare jämfört 
med kontroller vid baslinjen, samt efter 2 
års fortsatt idrottsaktivitet. Ett annat syfte 
var att undersöka förhållandet mellan 
sagitella rygg- och höftparametarar och 
cam morfologi hos unga elitskidåkare 
jämfört med kontroller.

Metod
Sjuttiofem unga elitskidåkare (medel-
ålder 18) och 31 unga elitfotbollsspelare 
(medelålder 17) jämfördes med 27 
kontroller (medelålder 16). MR av 
bröst- och ländrygg utfördes på samt-
liga studieindivider. MR-bilderna 
utvärderades avseende  förändringar 
i kotor och diskar såsom disksignal, 
diskhöjd, diskbuktning, diskbråck, 
Schmorl’s noduli, och kotkropparnas 
patologi. Alla deltagare besvarade 
frågeformulär avseende träningstimmar, 
ryggsmärta, och hälsouppfattning.

Skidåkarnas höfter undersöktes med MR 
avseende cam morfologi (α-vinkel > 55°) 
och sagittella rygg- och höftparametrar 
utvärderades med stående sagitella rönt-
genbilder av hela ryggraden och bäckenet.
Alla deltagare blev inbjudna att delta i en 
2-års uppföljning, men 35 skidåkare och 10 
kontroller avstod på grund av personliga 
skäl.

Sammanfattning 
på svenska
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Resultat
Idrottare hade fl er ryggförändringar 
jämfört med kontroller. 56% av skidåkarna 
hade minst en disk med Pfi rrmann-grad 
≥3 jämfört med 30% av kontroller (p = 
0.03). Förekomst av Schmorlska noduli 
(46%) och reducerad diskhöjd (37%) 
var mer frekvent hos skidåkare jämfört 
med kontroller (0%) (p <0.001). Även 
fotbollsspelare hade högre grad av MR 
förändringar jämfört med kontroller, 
89% jämfört med 54% när alla diskde-
generativa förändringar kombinerades 
(p = 0.006). Det fanns ingen signifi kant 
skillnad i livstidsprevalens av ryggsmärta 
mellan idrottare (50%) och kontroller 
(44%). Det fanns heller ingen korrelation 
mellan ryggsförändringar och rygg-
smärta. Idrottare hade bättre subjektiv 
hälsouppfattning än kontroller (p = 
0.03). Skidåkare hade högre förekomst 
av cam morfologi (49%) jämfört med 
kontroller (19%, p = 0.009). Det fanns 
ingen korrelation mellan bäckenets 

incidensvinkel (pelvic incidence angle) 
och cam morfologi.

Varken för skidåkare eller kontroller 
fanns någon signifi kant progress av 
ryggförändringar eller ryggsmärta mellan 
initiala undersökningen och efter 2 års 
uppföljning.

Slutsatser
Elitidrottare hade fl er ryggsföränd-
ringar på MR jämfört med kontroller. 
Livstidsprevalensen av ryggsmärta skilde 
sig dock inte signifi kant mellan grupperna. 
Skidåkare hade högre förekomst av 
cam morfologi jämfört med kontroller. 
Ryggförändringar och ryggsmärta 
förändrades inte under 2-års kontinuerlig 
idrottande.
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Back pain 
Back pain is very common and considered 
a major health and economic burden for 
the society [1, 2]. There is a wide range of 
spinal and extra-spinal causative factors, 
such as disc herniation, spinal stenosis, 
spondylolisthesis, ligament injury, and 
muscle sprain [3, 4].

Spinal column changes
The increased interest in physical exercise 
and participation in sports among ado-
lescents has resulted in a trend to start 
training, competing, and specializing in 
one specifi c sport at a very young age. 
Nowadays, it is a common opinion that 
high doses of training, with high intensity, 
for long periods of time, are required at 
young age in order to become an elite 
athlete [5, 6]. A high rate of radiological 
changes (26% - 90%) has been reported 
in the thoraco-lumbar spine of athletes 
who have great demands imposed upon  
the spine, such as wrestlers, gymnasts, 
weightlifters, divers, ice-hockey, skiers, 
long distance runners, soccer- and tennis 
players [7-11]. Examples of such changes 
are disc degeneration, disc herniation, 
apophyseal ring injury and fractures in the 
interarticularis processes. The incidence 
of these fi ndings has also been reported 
to be higher during growth spurt and more 
common in athletes than in non-athletes 
[7, 8, 12-20].

Long-term effects
Evolution of the spinal column changes 
and back pain with time is not completely 
established. Certain studies have stated 
that most spinal column changes develop 
during the growth spurt of young athletes 
[7, 13, 16, 18]. Therefore, follow-up longitudinal 
studies of young athletes are considered 
important to identify the morphological 
change in the spinal column and register 
back pain with continuing sporting activity 
and aging. Studies are also needed to 
elucidate if athletes develop complications 
later in life. 

Intervertebral disc anatomy
The intervertebral discs lie between the 
vertebral bodies, and consist of nucleus 
pulposus and annulus fi brosus (Figure 1) [21]. 
The nucleus pulposus is a proteoglycan 
mass with a high water binding capacity 
[22], and its gel-like characteristics are 
responsible for the resilience and fl exibility 
of the spine [23-26]. The annulus fi brosus is 
a shell of fi brocartilage surrounding the 
nucleus pulposus and inserts on the ver-
tebral ring apophysis [27-30]. The endplates 
are cartilaginous layers located between 
the disc components and the adjacent 
vertebral body.
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Facet joints anatomy
The facet joints are diarthrodial articu-
lations with opposing articular cartilage 
surfaces between the vertebrae providing 
fl exibility and stability to the spinal 
column [31].

Hip joint anatomy
The hip joint is a synovial joint between the 
axial skeleton (acetabulum) and the lower 
limb (femoral head) [32]. The acetabulum 
covers most of the femoral head. The 
cartilaginous acetabular labrum extends 
beyond the acetabular rim and thereby 
adds stability to the hip joint [32].

Intervertebral disc degeneration 
Intervertebral discs are normally well 
hydrated in the younger population. Loss of 
disc fl uid is a normal physiological process 
that increases with age [33, 34]. However, 
mechanical damage and overload injuries 

accelerate disc dehydration which rep-
resents an early sign of disc degeneration 
[19, 23, 35]. Other examples of disc degener-
ation are disc height reduction and disc 
bulge. The degenerated stiff discs reduce 
spinal column fl exibility and increase 
stress to the skeletal spine [36] and thereby 
increasing the risk of back pain.

Disc degeneration can be evaluated 
on MRI T2 images according to Pfi rr-
mann classifi cation described below 
(Figure 2) [37].

Disc height reduction
Disc height loss can be due to acute 
trauma or part of chronic disc degenerative 
changes secondary to repetitive overload. 
It can be classifi ed into mild, moderate, or 
severe (Figure 3) [38-41]. 

Vertebral body

Intervertebral disc

Nucleus pulposus

Annulus fibrosus

Endplate

Endplate

Vertebral body

Figure 1. Disc anatomy with a central nucleus pulposus and peripheral annular fi brosus.
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Disc bulging and herniation
Loss of the annulus fi brosus elasticity can 
result in disc bulge beyond the vertebral 
body margin. The nucleus pulposus may 
herniate through a defect in the annulus 
fi brosus, if the latter has lost its integrity, 
resulting in a focal disc herniation. Disc 
herniation is classifi ed into protrusion 
and extrusion. Disc protrusion is defi ned 
when the herniation neck is wider than the 
herniated component and disc extrusion 
is defi ned when the herniation neck is 
smaller than the herniated component [42]. 

Schmorl’s nodes
Schmorl’s node is the herniation of nucleus 
pulposus through the endplate into the 
vertebral body. Schmorl’s nodes are 
usually considered asymptomatic, but they 
have also been implicated in the etiology 
of back pain [43].

High Intensity Zone (HIZ)
High intensity zone (HIZ) is a phenomenon 
seen on T2-weighted MRI images that 
refl ects a deep radial tear of the annulus 
fi brosus. It is considered a possible cause 
of back pain [44-46].

Figure 2. MRI T2-weighted images showing Pfi rrmann grading.

Grade 1: Bright disc signal and normal height.

Grade 2: Inhomogeneous but keeping the bright signal and normal disc height.

Grade 3: Inhomogeneous intermittent gray signal. Normal or mildly reduced disc height.

Grade 4: Hypointense dark signal. Mild or moderate disc height reduction.

Grade 5: Hypointense black signal with collapsed disc space.

Normal
disc height

Disc height reduction
<50%

Disc height reduction
50-90%

Disc height reduction
>90%

Figure 3. Disc height loss from mild (less than 50% height loss) to sever (more than 90% height loss).
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Spondylolisthesis 
Spondylolisthesis is the slippage of one 
vertebral body in relation to another. It 
can be of congenital, degenerative, or 
traumatic etiology [47, 48]. Spondylolisthesis 

can begraded according to Meyerding 
classifi cation, which is considered one 
of the commonly adopted methods to 
grade the severity of spondylolisthesis 
(Figure 4) [49].

Normal

Grade 3: 50-75%

Grade 2: 25-50%Grade 1: <25%

Grade 4: >75%

Figure 4. Spondylolisthesis grading 1 to 4 based on the severity of slippage of one vertebra on the other.
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Apophyseal ring injury
Apophyseal ring fracture is an avulsion 
injury of the apophyseal ring that occurs 
during the ossifi cation stage of the ring 
during growth period [50]. Apophyseal ring 
fracture is an important cause of back pain 
in adolescents [50].

Stress fracture
Stress fracture of the spinal column refers 
to a stress fracture of the pars interar-
ticularis which is a part of the vertebrae 
located between the superior and inferior 
articular processes of the facet joints. 
Stress fracture may cause back pain and it 
can lead to the development of spondylo-
listhesis [51].

Vertebral body confi guration
The most common etiologies of vertebral 
body shape changes are compression 
fractures and Scheuermann’s disease 
[52]. Other rare etiologies include osseous 
dysplasia and metabolic diseases [53]. 

Skiing
Skiing, both alpine and mogul, is a 
high-risk sport when it comes to both 
traumatic and overload injuries [54-56], with 
the immature spine being even more 
vulnerable [57-59]. The spine and hips act as 
important dampers for overloading forces 
and are placed in vulnerable positions in 
both fl exion and extension. There is a con-
stant shift in the hip motion, from extended 
to an almost maximally fl exed position. In 
mogul skiing, acrobatic jumps also lead to 
high forces that affect the spine and hips 
when landing. Force transfer is dependent 
on adequate range of motion, where joints 
of adjacent segments interact, and their 
positions affect each other. 

Previous studies show a high rate of spinal 
changes in young skiers. However, these 
studies are mainly based on the analysis 
of plain radiographs [60, 61]. Magnetic 
Resonance Imaging (MRI) has a higher 
sensitivity and specifi city than plain radio-
graphs in terms of spinal abnormalities. 
It is assumed that MRI can detect spinal 
changes earlier than plain radiographs [62]

and can  characterize spinal changes in 
more detail.

Football 
Football (Soccer) is a very popular sport 
around the world with a high incidence of 
trauma [63-65]. Injuries of the brain, cervical 
spine, knee joints, ankles, tendons and 
muscles [66-69] associated with football are 
well defi ned, but those of the thoraco-
lumbar spine are not thoroughly studied, 
especially not with MRI. In this thesis, the 
spinal changes are evaluated and scruti-
nized with MRI examinations. The dynam-
ics of this sport place rotational stress 
upon the axial spine and hip joints which 
may make individuals more susceptible to 
back injuries and back pain [70].

Back pain in young athletes
Variable results have been published in 
terms of incidence and prevalence of back 
pain and its association with excessive 
physical activity in young athletes [20, 60, 71]. 
In a review for the years 1951 to 2013, back 
pain was found to be a common complaint 
in athletes (1% - 79%) [72]. Both spinal 
and extra-spinal causative factors were 
identifi ed such as disc herniation, spinal 
stenosis, spondylolisthesis, apophyseal 
ring injury, sacral stress fracture, avulsion 
fracture of the ischial tuberosity, ligament 
injury, and muscle sprain [7, 72-79]. In a 
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recent systemic review on 43 studies [76], 
lifetime prevalence of lower back pain 
(LBP) in athletes was between 1% and 
94% (highest in rowing and cross-country 
skiing) and point prevalence of LBP was 
18% - 65% (lowest in basketball and 
highest in rowing).

A high prevalence of back pain (67%) 
has been reported in high school alpine 
skiers, especially after training progression 
[74]. Given these variable results and the 
wide range of back pain occurrence, more 
studies exploring back pain in athletes are 
needed. The potential association between 
back pain and spinal changes on MRI is 
another consideration in this thesis. 

Correlation between spinal column 
pathologies and back pain
There is a wide range of spinal column 
abnormalities that can be related to back 
pain. Certain pathologies like vertebral 
fractures have established relationship 
with back pain [80]. The association 
between back pain and other morpholog-
ical changes like disc degeneration, disc 
herniation, and annular tear is however 
less established [44-46, 81-83].

Cam morphology and femoroacetabular 
impingement syndrome (FAIS) in young 
athletes
The exact mechanism behind the growth 
disturbance of hip cam morphology 
(abnormal morphology at the femoral 
neck) (Figure 5) and pincer (abnormal 
morphology at the acetabular rim) is still 
not completely identifi ed and understood. 
Prior studies suggested that the cam mor-
phology is a consequence of an alteration 
of the open growth plate and that this is 

more common in young athletes [84-86]. This 
growth disturbance is thought to be due to 
overload injuries as a response to vigorous 
athletic activities creating circulation 
disturbance to the epiphysis [87-89]. Hip cam 
morphology has been shown to develop 
gradually during the growth period in 
football (soccer) players; however, without 
any signifi cant increase in the prevalence 
of cam morphology after growth plate 
closure [90]. Researchers have suggested 
that the formation of cam morphology 
might be prevented by modifi cation of 
athletic activity and rehabilitation during 
skeletal growth [86, 91]. 

Femoroacetabular impingement syndrome 
(FAIS) has been described as a motion- or 
positional-related pain syndrome in the 
groin or hips, which can be related to cam 
and pincer or a combination of both [92-94]. 
It has been suggested that morphological 
changes such as increased femoral 
anteversion and acetabular retroversion 
are associated with predisposition for FAIS 
[95, 96]. Moreover, it has recently been hy-
pothesized that the spino-pelvic complex 
(Figure 6) may lead to the development 
of cam FAI and that an increased ace-
tabular over-coverage due to a low Pelvic 
Incidence (PI) may infl uence hip joint 
range of motion [97]. 

FAIS diagnosis is based upon clinical his-
tory, physical examination and investiga-
tions using plain radiographs, CT [98], and 
MRI [99, 100]. Measurement of the α-angle is 
used to determine the prominence of the 
anterior femoral head-neck junction [100].
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Figure 5. Hip cam lesion (red color).

Figure 6. Pelvic balance measurements including the 
angles of Pelvic Incidence, Pelvic Tilt and Sacral Slope.
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Prevalence of cam morphology in athletes
Several studies have shown a high 
prevalence of hip cam morphology in 
young athletes, in different sports such 
as football, ice-hockey, and basketball [90, 

91, 101, 102]. Therefore, it is hypothesized that 
the abnormal morphology of hip cam is 
acquired secondary to vigorous athletic 
activity during growth period [84, 85, 90, 101-106]. 
A signifi cant dose-response relationship 
between football practice during skeletal 
growth and the development of hip cam 
morphology has previously been described 
[105]. Additionally, it was found that the 
prevalence of MRI-verifi ed cam morpholo-
gy (α-angle ≥55°) was higher among young 
skiers (42%) than non-athletes, but lower 
compared with age-matched ice hockey 
players (75%) [107].

The relationship between the hip and 
spine
A well-balanced spino-pelvic-hip complex 
assists humans to maintain an upright 
posture, forward gaze, and minimize 
energy expenditure [108, 109]. Such a rela-
tionship allows for sagittal balance of the 
trunk that is positioned upon the femoral 
heads in relation to the pelvic girdle. The 
pelvic girdle acts as a mobile platform that 
is governed by both morphological and 
functional pelvic parameters [110].

Areas with limited research related to the 
topic
1. How different types of overloading 
impact may affect the thoracolumbar spine 
in young athletes. 

2. Thoraco-lumbar spine specifi c changes 
on MRI in young athletes (alpine skiers, 
mogul skiers, and football/soccer players).

3. How spinal column abnormalities 
and back pain develop and change with 
continuing sporting activity and age.

4. The association between MRI changes 
and back pain in young athletes.

5. How spino-pelvic alignment potentially 
affects the hip joints, and if related to 
femoroacetabular impingement syndrome 
(FAIS). 

6. Do spine abnormalities occur during 
growth spurt? Do these abnormalities 
change with age? Do they lead to more 
abnormalities in the spine and hips and/
or back and hip pain in a longitudinal 
perspective?

Clinical relevance
Evidence-based knowledge regarding spi-
nal column abnormalities in young athletes 
is of high relevance to be able to adapt the 
appropriate preventive measures, rehabili-
tation programs, diagnosis, and treatment 
accordingly. Increasing awareness among 
coaches and health professionals is 
necessary in order to reduce the risk of 
spine injuries and back pain.
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Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Aims

Study 1: To study the prevalence of back 
pain and thoraco-lumbar MRI changes in 
young alpine and mogul skiers compared 
with non-athletes.

Study 2: To investigate the relationship 
between Pelvic Incidence and hip cam 
morphology in young alpine and mogul 
skiers.

Study 3: To investigate the occurrence of 
MRI abnormalities and back pain in young 
football (soccer) players compared with 
non-athletes.

Study 4: To investigate the potential 
change in spinal column abnormalities and 
back pain in young skiers with continuing 
sporting activity and age.

Aims



22 Wisam A. Witwit, MD

Introduction
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

Chapter 2

23Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Aims

Study 1: To study the prevalence of back 
pain and thoraco-lumbar MRI changes in 
young alpine and mogul skiers compared 
with non-athletes.

Study 2: To investigate the relationship 
between Pelvic Incidence and hip cam 
morphology in young alpine and mogul 
skiers.

Study 3: To investigate the occurrence of 
MRI abnormalities and back pain in young 
football (soccer) players compared with 
non-athletes.

Study 4: To investigate the potential 
change in spinal column abnormalities and 
back pain in young skiers with continuing 
sporting activity and age.

Aims



24 Wisam A. Witwit, MD

Patients and Methods
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

Chapter 3

25Wisam A. Witwit, MD

Patients and Methods
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

Study populations
Studies 1 and 2
The participants (n=75) were elite skiers 
(age range 16-20 years) recruited from 
Åre Ski Academy in Östersund, Jämtland 
County, Sweden. The skiers included both 
alpine (n = 59) and mogul skiers (n = 16). 
For comparison, non-athletic fi rst-year high 
school students (n = 27) were recruited 
from Järpen, Jämtland County, Sweden 
(age range 15-18 years).

Study 3
The study participants (n=31) were football 
(soccer) players from the Icelandic U16 
national team (age range 15-19 years). The 
non-athletic control group (n=27) was the 
same as in Studies 1 and 2.

Study 4
Two-year follow-up of the same partici-
pants as in Study 1 including young elite 
alpine and mogul skiers (age range 19-21 
years) and non-athletes (age range 18-20 
years).

Inclusion criteria
The included athletes were actively prac-
ticing skiers and football (soccer) players 
at elite level.

The inclusion criteria defi ning the 
non-athletes were no previous nor present 
participation in any organized athletic 

activities, neither any physical activity 
more than 2 hours per week. 

Exclusion criteria
Athletes and non-athletes were excluded if 
they had had an episode of traumatic inju-
ry of the thoraco-lumbar spine or a history 
of previous surgery to the spine, pelvis, or 
hip joints. In addition, the exclusion criteria 
included pregnancy and any history of 
systemic disease including infl ammatory 
arthritis or pelvic infl ammatory disorders. 

MRI of the thoraco-lumbar 
spine
The MRI protocol included sagittal T2 
(TR4463/TE110) and T1 (TR560/TE21) 
weighted sequences, with fi eld of view 
(FOV) 480 x 480 mm to 512 x 512 mm and 
slice thickness 4 mm. The FOV was large 
in order to cover the spine from mid tho-
racic to upper sacrum.  The MRI examina-
tions of the skiers and non-athletes were 
conducted at the Department of Radiology 
at Östersund Hospital, Sweden. The MRI 
examinations of the football players were 
conducted at the National University 
Hospital of Iceland, Reykjavik, Iceland. All 
MRI examinations were performed using 
1.5 Tesla scanners.

Patients and Methods
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Each MRI was evaluated according to a 
standardized protocol including disc and 
vertebral characteristics as previously 
published and summarized below (Table 1) 
[7, 13]. Each parameter was recorded sepa-
rately. Additionally, it was enough with one 
disc graded ≥1 for disc signal, disc height, 
disc bulge, or disc herniation according to 
the standardized protocol to consider that 
individual being positive for degenerative 
disc changes.

Each disc (between the levels T6 to S1) 
was also graded according to Pfi rrmann 
classifi cation [37]. The total numbers of 
discs graded as Pfi rrmann ≥3 per individu-
al were recorded. Additionally, individuals 
with at least one disc graded Pfi rrmann ≥3 
were registered. Analysis of MRI fi ndings 
was also repeated after the exclusion of 
participants with scoliosis in study 3.

Table 1. MRI standardized protocol. The spinal column changes are illustrated in Figures 9 - 14.

Disc signal reduction 0 = Normal 1 = Moderately 
reduced

2 = Severely 
reduced

Disc height reduction 0 = Normal 1 = Reduction 
≤50%

2 = Reduction 
50–90% 

3 = Reduction 
>90%

Disc bulging 0 = Normal 1 = Bulging disc

Disc herniation 0 = Normal 1 = Disc extrusion

Schmorl’s nodes 0 = Normal 1 = Slight 2 = Moderate to 
severe

Apophyseal injuries 0 = Normal 1 = Slight, 2 = Moderate to 
severe

Vertebral body confi guration 0 = Normal 1 = Wedging 2 = Flattening 3 = Increased 
AP diameter

Spondylolisthesis 0 = Absent 1 = Present

High Intensity Zone (HIZ) 0 = Absent 1 = Present

Stress fractures 0 = Absent 1 = Present
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Accordingly, spinal column changes were 
graded in two different ways in which 
the former included a wider spectrum of 
parameters while the latter (Pfi rrmann 
classifi cation) evaluated disc signal and 
height only. 

The intra-observer reliability was as-
sessed by repeating the evaluation of 
the MRIs after one year, blinded to the 
fi rst evaluation. To assess inter-observer 
agreement, another experienced radiol-
ogist evaluated the MRI examinations 
in approximately one third of the 
participants.

MRI of the hip joints
MRI examinations of the bilateral hips 
were performed using a GE Optima 450 
Wide 1.5 Tesla (Milwaukee, USA) using a 
coil surface HD 8ch Cardiac array by GE. 
No intra-articular contrast was utilized. 
The cam morphology is most often seen 
at the anterior superior femoral head-neck 
junction [111-113]. Therefore, seven clockwise 
radial images in 30° intervals, from 9 
o´clock (posterior) to 3 o´clock (anterior, 
180°) around the proximal femur were 
assessed [101].

Alpha angle (α-angle)
The cam morphology was defi ned by 
measuring the a-angle according to Nötzli 
et al. [114]. The α-angle is an angle between 
a line drawn along the femoral neck axis 
and a line drawn from the center of the 
femoral head to the point at which the 
bone breaks through a best-fi t circle 
around the femoral head (Figure 7). The 
accuracy and diagnostic value of the 
a-angle have recently been questioned 
[115, 116]. The intra- and interrater reliability 

have varied from low to moderate (up to 
30% variation; ICC 0.6) [99, 115, 117] and good 
to excellent (ICC 0.7-0.9), respectively [116, 

118]. Moreover, the cut-off value has been 
debated. Initial studies have used an 
a-angle value of 50-55° [114, 119], while later 
studies on healthy populations consider 
this value being too low and have instead 
suggested 60-63° [116, 119, 120]. In the present 
study, cam morphology was defi ned as an 
a-angle of 55° or above. 

Offset

Offset

α

α

Figure 7. α-angle measurement with one line along the long 
axis of femoral neck and the other line through an offset at 
the junction of the femoral head and neck.
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Whole spine radiographs
Skiers and non-athletes were examined 
using standing plain radiographs of the 
whole spine with both anterior-posterior 
and lateral views. Participants were 
instructed to stand with the feet together 
in a natural upright posture, without spinal 
rotation, with arms hanging by their side 
for frontal views and arms horizontal rest-
ing on supports for sagittal views [121]. The 
total measurement time was approximately 
10 minutes. Automatic Exposure Control 
(AEC) was utilized to achieve low radiation 
dose. The edges were accentuated to 
clearly identify the endplates and vertebral 
bodies.

Spino-pelvic parameters 
Geometrical measurements relating to 
the spino-pelvic complex (Figure 8) were 
measured and recorded in degrees ac-
cording to the following; Pelvic Incidence 
angle (PI), a morphological parameter, is 
the angle measured from a perpendicular 
through the long axis of sacrum and 
extended to the center of the femoral head. 
Pelvic Tilt (PT), a positional parameter, is 
the angle measured from a perpendicular 
line starting at the center of the femoral 
head and extended to the mid sacral 
plate. Sacral Slope (SS) [6], a positional 
parameter, is the angle measured from the 
superior endplate of S1 and a horizontal 
axis [122, 123].

SS

PT

PI

Figure 8. Pelvic balance measurements including the 
angles of Pelvic Incidence, Pelvic Tilt and Sacral Slope.
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Normal Disc bulge

Normal Disc herniation

AP

cc

Normal Schmorl’s node
mild degree

Schmorl’s node
moderate/severe degree

Figure 11. Schmorl’s nodes are the disc herniation through the vertebral endplate.

Figure 10. Disc herniation is a focal protrusion or extrusion of the disc 
beyond the vertebral body margin. CC: Craniocaudal. AP: Anteroposterior.

Figure 9. Disc bulge is defi nd as more than 50% of the disc circumference 
extends beyond the vertebral body margin.
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Normal Wedging Flattening Increased AP diameter

Normal Spondylolisthesis

Figure 12. Vertebral body confi guration demonstrating normal shape, wedging deformity, fl attning of the endplate, and 
degenerative vertebral body height loss with apparent increased anteroposterior (AP) diameter.

Figure 13. Spondylolisthesis is the gliding of one vertebra on the other.

Figure 14. Stress fracture of pars interarticularis.
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Back pain questionnaires 
All athletes and non-athletes answered 
a questionnaire that was developed by 
Swärd et al. [10] and Baranto et al. [13] . The 
questionnaire was adapted from the Visual 
Analogue Scale [124], Oswestry Disability 
Index (ODI), and EuroQoL (EQ-5D) 
questionnaires [125]. Back pain was defi ned 
as present or previous pain of any kind in 
the thoraco-lumbar spine. The Oswestry 
Disability Index (ODI) evaluates back pain 
in relation to daily life activities where pain 
severity and disability are rated subjective-
ly [127]. The EuroQol questionnaire (EQ-5D) 
is used to assess the health of subgroups 
of the population including assessment of 
health status as excellent, very good, good, 
or poor. Physical and athletic activities 
were investigated with questions regarding 
present and previous activity levels. The 
current activity level was further catego-
rized according to the weekly training and 
exercise hours. 

Ethical considerations 
The project was approved by the Regional 
Ethical Review Board in Gothenburg, 
Sweden (ID number: 692-13).

All study participants received both written 
and oral presentation about the project. 
The parents of those underage received 
the same information. All participants 
provided written and verbal informed 
consent.

MRI impose no signifi cant risk or potential 
complications to the enrolled individuals. 
Whole spine radiographs have potential 
radiation risks but considered very low. 
Automatic Exposure Control (AEC) was 
also utilized to further decrease radiation 

exposure [128]. Nonetheless, all radiographs 
were performed for other projects, and 
they were only re-examined in the present 
project.   

Statistical analysis
The 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 mean, 
standard deviation (SD) [129], and range 
including frequencies and percentages. 
For comparison of continuous variables, 
the Student Independent T-Test was used. 
Pearson’s Chi-square test was performed 
to compare the distribution of back pain 
between the groups, and Fisher’s exact 
test to compare the distribution between 
the groups when the expected cell count 
was less than 5. McNemar test was utilized 
to compare the associations between 
baseline and follow-up categorical 
variables. 

Intra-class correlation coeffi cient (ICC) 
was performed to compare variables 
such α-angle clock positions, PI, PT, and 
SS. The Kappa statistics were used to 
summarize the inter- and intra-observer 
reliability of the ratings. The schema of 
Landis and Koch was used to interpret the 
strength of agreement [130]. All tests were 
two-tailed, and the alpha level was set at 
0.05 (p<0.05).

Sample size calculations were based on 
previous studies of young athletes using 
the same method, demonstrating both 
clinical and radiological signifi cant results 
[7, 13, 131].
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Study I 
Results
MRI examinations of 65 elite skiers and 
26 non-athletes were available for the 
fi nal data analysis. Ten skiers and one 
non-athlete were not examined due to 
failure to attend appointments, diffi culties 
with timings, and claustrophobia.

In terms of back pain questionnaires, one 
skier and two non-athletes did not answer 
the questionnaires with a total of 74 elite 

skiers and 25 non-athletes were available 
for fi nal data analysis.

Group characteristics
Tables 2 and 3 summarize the demograph-
ic characteristics and the training hours 
per week of skiers and non-athletes.

Forty-eight skiers (78%) subjectively 
perceived their general health as very good 
to excellent compared to twelve (48%) of 
the non-athletes (p=0.03).

Results

Table 2. Demographic characteristics.

Skiers (n=75) Non-athletes (n=27) p-value

Age, n (SD) 18.2 (1.1) 16.4 (0.6) <0.001b

Gender, F/M 47% / 53% 67% / 33% 0.07a

Height, cm (SD) 174 (8) 172 (9) 0.20b

Weight, kg (SD) 70 (9) 67 (18) 0.40b

BMI (SD) 22.9 (2) 22.7 (5) 0.80b

BMI, Body Mass Index, a Chi-square Test, b Independent sample t-test, F= Female. M=Male.

Table 3. Training hours per week stratifi ed by skiers and non-athletes.

Training hours per week Skiers (n=74) Non-athletes (n=23)

>11 hours 27 (37%) 0

9-11 hours 28 (38%) 0

6-8 hours 18 (24%) 4 (17%)

3-5 hours 1 (1%) 11 (48%)

0-2 hours 0 7 (30%)

0 hours 0 1 (4%)

Chi-Squared Test. Number and (%)



32 Wisam A. Witwit, MD

Introduction
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

Chapter 4

33Wisam A. Witwit, MD

Results
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

Study I 
Results
MRI examinations of 65 elite skiers and 
26 non-athletes were available for the 
fi nal data analysis. Ten skiers and one 
non-athlete were not examined due to 
failure to attend appointments, diffi culties 
with timings, and claustrophobia.

In terms of back pain questionnaires, one 
skier and two non-athletes did not answer 
the questionnaires with a total of 74 elite 

skiers and 25 non-athletes were available 
for fi nal data analysis.

Group characteristics
Tables 2 and 3 summarize the demograph-
ic characteristics and the training hours 
per week of skiers and non-athletes.

Forty-eight skiers (78%) subjectively 
perceived their general health as very good 
to excellent compared to twelve (48%) of 
the non-athletes (p=0.03).

Results

Table 2. Demographic characteristics.

Skiers (n=75) Non-athletes (n=27) p-value

Age, n (SD) 18.2 (1.1) 16.4 (0.6) <0.001b

Gender, F/M 47% / 53% 67% / 33% 0.07a

Height, cm (SD) 174 (8) 172 (9) 0.20b

Weight, kg (SD) 70 (9) 67 (18) 0.40b

BMI (SD) 22.9 (2) 22.7 (5) 0.80b

BMI, Body Mass Index, a Chi-square Test, b Independent sample t-test, F= Female. M=Male.

Table 3. Training hours per week stratifi ed by skiers and non-athletes.

Training hours per week Skiers (n=74) Non-athletes (n=23)

>11 hours 27 (37%) 0

9-11 hours 28 (38%) 0

6-8 hours 18 (24%) 4 (17%)

3-5 hours 1 (1%) 11 (48%)

0-2 hours 0 7 (30%)

0 hours 0 1 (4%)

Chi-Squared Test. Number and (%)



34 Wisam A. Witwit, MD

Results
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

Radiological fi ndings
More skiers, 56%, had at least one disc 
Pfi rrmann grade ≥3 compared to 30% of 
non-athletes (p=0.03). Schmorl’s nodes 
and discs with reduced height were 
signifi cantly more common in skiers than 
non-athletes. Schmorl’s nodes were seen 
in 46% of skiers and reduced disc height 
found in 37% of skiers compared to 0% of 
non-athletes (p<0.001). When all param-
eters in the standardized protocol were 
combined, the skiers had a signifi cantly 
higher rate of radiological changes than 
non-athletes, 82% compared with 54% 
(p=0.007) (Figure 15, table 4).

The mean number of discs with Pfi rrmann 
grade ≥3 was 1.1 per individual in skiers 
(median 1 and range 0-6) versus 0.6 in 
non-athletes (median 0 and range 0-3).

Minimal or no fi ndings were evident in both 
skiers and non-athletes related to spon-
dylolisthesis, stress fractures, apophyseal 
injuries, HIZ, and abnormal confi guration 
of the vertebrae. Statistical analysis was 
not amenable.

There were no statistically signifi cant 
differences in the prevalence of disc 
degenerative changes when alpine skiers 
(77%) were compared with mogul skiers 
(93%). Schmorl’s nodes were present in 
42% of alpine skiers and 56% of mogul 
skiers without any statistically signifi cant 
difference.

Figure 15. MRI T2-weighted sagittal images of the 
thoraco-lumbar spine.  A: Athlete with disc signal and 
height reduction at T6-T7 through T9-T10 (arrows), when 
compared to discs above and below.  B: Non-athlete 
without abnormalities in the thoraco-lumbar spine.
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Back pain
There were no signifi cant differences in the 
lifetime prevalence of back pain between 
skiers (50%) and non-athletes (44%) nor 
between mogul (53%) and alpine skiers 
(50%). There was no statistical correlation 
between spinal column abnormalities and 
lifetime prevalence of back pain in skiers. 
Back pain was neither correlated with age 
nor gender.

There was no signifi cant difference in 
duration and onset of back pain between 
the groups. However, a signifi cant differ-
ence was shown for the greatest level of 
pain recorded on visual analogue scale 
(VAS 1-10 cm) during the past 6 months 
in skiers (VAS 5.3, SD 3.1) compared with 

non-athletes (VAS 2.4, SD 2.0) (p=0.02). 
Only skiers (10%) reported pain radiating 
to the thighs.

Validity
In terms of Pfi rrmann protocol, there was 
an almost perfect agreement between the 
radiologists with Cohen’s kappa coeffi cient 
κ = 0.83. The observed agreement between 
the radiologists was 89% in the standard-
ized protocol, with almost perfect disc 
signal agreement κ = 0.83, moderate disc 
bulge agreement κ = 0.53, and fair disc 
height agreement κ = 0.35. 
The intra-observer agreement of the 
standardized protocol was substantial to 
almost perfect with κ = 0.79 to κ = 1.00.

Table 4. MRI changes and lifetime prevalence of back pain stratifi ed into skiers and non-athletes.

Skiers Non-athletes p-value a

Pfi rrmann grade ≥3 36 (56%) 8 (30%) 0.03

Schmorl’s nodes ≥1 30 (46%) 0 (0%) <0.001b

Disc-signal reduction ≥1 45 (69%) 11 (42%) 0.02

Disc-bulging ≥1 44 (68%) 12 (46%) 0.04

Disc-height reduction ≥1 24 (37%) 0 (0%) <0.001b

Disc hernia ≥1 1 (2%) 0 (0%) N/A

High Intensity Zone (HIZ) 5 (8%) 0 (0%) 0.32

Degenerative disc changes 53 (82%) 14 (54%) 0.007

Lifetime prevalence of back pain 37 (50%) 11 (44%) p = 0.60

Discs with Pfi rrmann grade ≥3 per individual Mean (range) 1.1 (0-6) 0.6 (0-3) N/A

a Chi-squared Test. b Fisher´s Exact Test. N/A, not analyzable, violating statistical assumptions.

Bold style indicating statistical signifi cance. 
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Study II
Results
A total of 87 participants (61 skiers and 
26 non-athletes, 174 hips) were included 
in the fi nal analysis. Drop-outs were due 
to diffi culties with timings for radiographs 
and MRI appointments, traveling abroad, 
and failure to attend appointments. The 
mean age of the enrolled population was 
18 (±1.5) years. Gender differences high-
lighted fewer females in the skiers’ group 
(48%) than non-athletes (65%). BMI was 
23 for both groups.

Skiers had a higher prevalence of hip 
cam morphology (a-angle >55°, Figure 
7) in the right (38%), left (39%), and 
bilateral hips (28%) compared with 
non-athletes (right: 12%; left: 12%; bilater-
al: 4%, p=0.02). It was also signifi cant at 
an individual level with 49% of the skiers 
having cam morphology compared to 
19% of the non-athletes (p=0.009). The 
average Pelvic Incidence angle (PI, fi gure 
8) was 52° (±9°) for participants with 
bilateral cam morphology (n=18) and 50° 
(±11°) for those without cam morphology 
(n=50). The latter was not statistically 
signifi cant. 

Table 5 shows the mean a-angle across 
all clock positions. There was a signifi cant 
difference between skiers and non-athletes 
at every clock position. The 1 o´clock 
position showed the largest difference with 
a mean a-angle for the skiers 52° (±6°) 
and 48° (±5°, p=0.001) for non-athletes. 
The greatest frequency of a-angle >55° 
occurred at the 1 o’ clock position for the 
skiers’ right hip (30%) and left hip (34%) 
compared with non-athletes’ right hip (8%) 
and left hip (4%).

There was no difference in the mean value 
of the PI angle, which was 51° (±12°) for 
the skiers compared with non-athletes 50° 
(±10°).

No signifi cant correlation was found 
between a low PI angle and increased 
a-angle measurements across all clock 
positions in either group. Similar results 
were shown for the Pelvic Tilt (PT) and 
Sacral Slope (SS) variables. 

Table 5. Mean a-angle in bilateral hips across 9 to 3 o’clock positions stratifi ed by groups.

Clock Position Skiers (n=61) non-athletes (n=26) p-value*

9 39° (4.1) 37° (3.4) 0.001

10 43° (5.1) 41° (3.5) 0.05

11 45° (3.9) 42° (3.2) <0.001

12 49° (4.9) 46° (4.3) 0.003

1 52° (6.1) 48° (4.6) <0.001

2 47° (5.5) 45° (6.3) 0.03

3 43° (5.1) 40° (4.1) <0.001

Values are presented in degrees as mean (SD). *Independent T-Test between skiers and non-athletes
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Study III 
Results
MRI examinations of 27 elite football 
(soccer) players and 26 non-athletes were 
available for the fi nal MRI examinations 
analysis. Drop-out reasons included 
diffi culties with appointments timing and 
claustrophobia.

Demographic characteristics of the 
participants are presented in Table 6.

The majority of football players (91%) 
had more than 9 hours exercise per week 
while 83% of non-athletes had an average 
0–5 training hours weekly (Table 7).

The total number of discs with Pfi rrmann 
grade ≥3 was shown to be higher in the 
football players than non-athletes (Tables 
8 and 9). 

Statistical analysis was not possible 
given the minimal fi ndings in both foot-
ball players and non-athletes in terms 
of spondylolisthesis, stress fractures, 
HIZ, apophyseal injuries, and vertebrae 
abnormal confi guration.

Back pain
The lifetime prevalence of back pain 
was reported by 52% of football players 
and 44% of non-athletes, this was not 
statistically signifi cant. The severity of pain 
was low with average of 1.6 (on VAS scale) 
in football players and 2.4 in non-athletes. 
There was no association between back 
pain and spinal column MRI changes.

Validity
Good inter-observer agreement was 
shown with Cohen’s kappa coeffi cient 
ranging between κ = 0.70 and κ = 0.81. The 
intra-observer agreement was also good, 
with Cohen’s kappa coeffi cient ranging 
between κ = 0.67 and κ = 0.88.

Table 6. Demographic characteristics of football (soccer) players and non-athletes.

Football players (n = 27) Non-athletes (n = 26)

Gender, Female/Male 0% / 100% 67% / 33%

Age, years (SD) 17 (1.0) 16.4 (0.6)

Weight, Kg (SD) 74 (7) 67 (18)

Height, cm (SD) 182 (6) 172 (9)

Table 7. Training hours per week stratifi ed by football players and non-athletes.

Training hours per week Football players (n = 31) Non-athletes (n = 23)

0-2 0 8 (35%)

3-5 0 11 (48%)

6-8 3 (9%) 4 (17%)

9-11 6 (19%) 0

>11 23 (72%) 0
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Table 8. MRI changes stratifi ed by football players and non-athletes.

MRI changes Football (n=27) Non-athletes (n=26) p-value†

Individuals with Pfi rrmann grade ≥3 changes 10 (37%) 8 (30%) p=0.60

Total discs with Pfi rrmann grade ≥3 changes 26 (8%) 14 (4%) p=0.90

Reduced disc-signal 13 (48%) 11 (42%) p=0.80

Disc-bulging 21 (78%) 12 (46%) p=0.02

Reduced disc-height 10 (37%) 0 p<0.001

Schmorl’s nodes 6 (22%) 0 p=0.02

Disc hernia 8 (30%) 0 p=0.004

† Fisher´s Exact Test.

Bold style indicates statistically signifi cant values. 

Table 9. MRI changes stratifi ed by football players and non-athletes with exclusion of participants with scoliosis.

MRI changes Football (n=27) Non-athletes (n=18) p-value†

Individuals with Pfi rrmann grade ≥3 changes 10 (37%) 4 (21%) p=0.30

Total discs with Pfi rrmann grade ≥3 changes 26 (8%) 7 (3%) p=0.03

Reduced disc-signal 13 (48%) 7 (37%) p=0.50

Disc-bulging 21 (78%) 7 (37%) p=0.006

Reduced disc-height 10 (37%) 0 p<0.001

Schmorl’s nodes 6 (22%) 0 p=0.02

Disc hernia 8 (30%) 0 p=0.004

† Fisher´s Exact Test.

Bold style indicates statistically signifi cant values. 
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Study IV
A total of 30 young elite alpine and 
mogul skiers and 16 non-athletes were 
followed-up from the baseline study 2 
years earlier. 

Group characteristics
The participants’ demographic characteris-
tics are summarized in Table 10. The mean 
body mass index was identical between 
the groups.

Two-year follow-up of skiers and 
non-athletes 
There was no signifi cant interval difference 
in the spinal column abnormalities nor 
back pain between the baseline and 
follow-up groups in neither skiers nor 
non-athletes (Table 11).

Table 10. Demographic characteristics.

Skiers (n=30) Non-athletes (n=16)

Female 43% 75%

Mean (SD) age, years 20 (0.6) 19 (0.5)

Mean (SD) height, cm 174 (8) 171 (10)

Mean (SD) weight, kg 68 (10) 65 (16)

Mean (SD) BMI* 22 (2) 22 (5)

*Body Mass Index

Table 11. MRI fi ndings at baseline and 2-year follow-up in skiers and non-athletes.

Skiers Non-athletes

Baseline Follow-up  Baseline Follow-up 

(360 discs) (360 discs) (360 discs) (360 discs) 

% (n) Mean 
(SD)

% (n) Mean 
(SD)

p-value % (n) Mean 
(SD)

% (n) Mean 
(SD)

p-value

Pfi rrmann 
grade ≥3

8% 
(29)

1.0 
(1.2)

9% 
(33)

1.1 
(1.2)

0.6 5% 
(9)

0.6 
(0.8)

2% 
(4)

0.3 
(0.4)

0.1

Disc height 
reduction

4% 
(16)

0.5 
(1.2)

5% 
(18)

0.6 
(0.9)

0.5 4% 
(8)

0.5 
(1.3)

2% 
(4)

0.3 
(0.8)

0.3

Disc signal 
reduction

12% 
(42)

1.4 
(1.2)

11% 
(38)

1.3 
(1.4)

0.6 7% 
(13)

0.8 
(1.2)

11% 
(38)

1.3 
(1.4)

0.6

Disc bulge 9% 
(34)

1.1 (1.1) 7% 
(26)

0.9 
(0.9)

0.3 9% 
(34)

1.1 (1.1) 7% 
(26)

0.9 
(0.9)

0.3

Schmorl’s nodes 8% 
(27)

0.9 
(1.5)

5% 
(17)

0.6 
(1.0)

0.1 8% 
(27)

0.9 
(1.5)

5% 
(17)

0.6 
(1.0)

0.1

Spondylolisthesis, apophyseal injuries, stress fractures, HIZ, and vertebrae confi guration N/A
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Table 8. MRI changes stratifi ed by football players and non-athletes.

MRI changes Football (n=27) Non-athletes (n=26) p-value†

Individuals with Pfi rrmann grade ≥3 changes 10 (37%) 8 (30%) p=0.60

Total discs with Pfi rrmann grade ≥3 changes 26 (8%) 14 (4%) p=0.90

Reduced disc-signal 13 (48%) 11 (42%) p=0.80

Disc-bulging 21 (78%) 12 (46%) p=0.02

Reduced disc-height 10 (37%) 0 p<0.001

Schmorl’s nodes 6 (22%) 0 p=0.02

Disc hernia 8 (30%) 0 p=0.004

† Fisher´s Exact Test.

Bold style indicates statistically signifi cant values. 

Table 9. MRI changes stratifi ed by football players and non-athletes with exclusion of participants with scoliosis.

MRI changes Football (n=27) Non-athletes (n=18) p-value†

Individuals with Pfi rrmann grade ≥3 changes 10 (37%) 4 (21%) p=0.30

Total discs with Pfi rrmann grade ≥3 changes 26 (8%) 7 (3%) p=0.03

Reduced disc-signal 13 (48%) 7 (37%) p=0.50

Disc-bulging 21 (78%) 7 (37%) p=0.006

Reduced disc-height 10 (37%) 0 p<0.001

Schmorl’s nodes 6 (22%) 0 p=0.02

Disc hernia 8 (30%) 0 p=0.004

† Fisher´s Exact Test.

Bold style indicates statistically signifi cant values. 
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Study IV
A total of 30 young elite alpine and 
mogul skiers and 16 non-athletes were 
followed-up from the baseline study 2 
years earlier. 

Group characteristics
The participants’ demographic characteris-
tics are summarized in Table 10. The mean 
body mass index was identical between 
the groups.

Two-year follow-up of skiers and 
non-athletes 
There was no signifi cant interval difference 
in the spinal column abnormalities nor 
back pain between the baseline and 
follow-up groups in neither skiers nor 
non-athletes (Table 11).

Table 10. Demographic characteristics.

Skiers (n=30) Non-athletes (n=16)

Female 43% 75%

Mean (SD) age, years 20 (0.6) 19 (0.5)

Mean (SD) height, cm 174 (8) 171 (10)

Mean (SD) weight, kg 68 (10) 65 (16)

Mean (SD) BMI* 22 (2) 22 (5)

*Body Mass Index

Table 11. MRI fi ndings at baseline and 2-year follow-up in skiers and non-athletes.

Skiers Non-athletes

Baseline Follow-up  Baseline Follow-up 

(360 discs) (360 discs) (360 discs) (360 discs) 

% (n) Mean 
(SD)

% (n) Mean 
(SD)

p-value % (n) Mean 
(SD)

% (n) Mean 
(SD)

p-value

Pfi rrmann 
grade ≥3

8% 
(29)

1.0 
(1.2)

9% 
(33)

1.1 
(1.2)

0.6 5% 
(9)

0.6 
(0.8)

2% 
(4)

0.3 
(0.4)

0.1

Disc height 
reduction

4% 
(16)

0.5 
(1.2)

5% 
(18)

0.6 
(0.9)

0.5 4% 
(8)

0.5 
(1.3)

2% 
(4)

0.3 
(0.8)

0.3

Disc signal 
reduction

12% 
(42)

1.4 
(1.2)

11% 
(38)

1.3 
(1.4)

0.6 7% 
(13)

0.8 
(1.2)

11% 
(38)

1.3 
(1.4)

0.6

Disc bulge 9% 
(34)

1.1 (1.1) 7% 
(26)

0.9 
(0.9)

0.3 9% 
(34)

1.1 (1.1) 7% 
(26)

0.9 
(0.9)

0.3

Schmorl’s nodes 8% 
(27)

0.9 
(1.5)

5% 
(17)

0.6 
(1.0)

0.1 8% 
(27)

0.9 
(1.5)

5% 
(17)

0.6 
(1.0)

0.1

Spondylolisthesis, apophyseal injuries, stress fractures, HIZ, and vertebrae confi guration N/A
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There were minimal fi ndings without 
signifi cant interval change regarding 
spondylolisthesis, apophyseal injuries, 
stress fractures, high intensity zone (HIZ), 
and vertebrae confi guration abnormalities.

Radiological fi ndings - Skiers vs 
non-athletes 
The MRI fi ndings are summarized in 
Tables 12 and 13. When analyzed on an 
individual level, there were signifi cantly 

more skiers (63%) with intervertebral 
discs graded Pfi rrmann ≥3 compared 
with non-athletes (25%) (p=0.03). The 
average number of discs with Pfi rrmann ≥3 
changes was 1.1 for skiers (range 1-4) and 
0.3 for non-athletes (range 0-1). There was 
higher rate of degenerated discs in skiers 
(73%) than non-athletes (44%, p=0.05), 
when the standardized protocol parame-
ters of reduced discs signal, height, bulge, 
or herniation were combined. 

Table 12. MRI fi ndings in skiers and non-athletes per individual.

Skiers (n=30) 
% (n)

Non-athetes (n=16)
% (n)

p-value

Pfi rrmann grade ≥3 63% (19) 25% (4) 0.03

Disc height reduction 37% (11) 13% (2) 0.1

Disc signal reduction 68% (20) 25% (4) 0.01

Disc bulge 57% (17) 31% (5) 0.1

Schmorle’s nodes 23% (7) 38% (6) 0.3

Disc endplate grade ≥4 50% (15) 38% (6) 0.4

Degenerative disc changes 73% (22) 44% (7) 0.05

Bold style indicating statistically signifi cant values.

Table 13. MRI fi ndings in skiers and non-athletes per total number of discs.

Skiers (360 discs) Non-athletes (192 discs) p-value*

% (n) Mean (SD) % (n) Mean (SD)

Pfi rrmann grade ≥3 9% (33) 1.1 (1.2) 2% (4) 0.25 (0.4) 0.001*

Disc signal reduction 11% (38) 1.3 (1.4) 1.5% (3) 0.2 (0.4) 0.001*

Disc height reduction 5% (18) 0.6 (0.9) 2% (4) 0.25 (0.8) 0.08

Disc bulge 7% (26) 0.9 (0.9) 2% (4) 0.25 (0.5) 0.01*

Schmorle’s nodes 5% (17) 0.6 (1) 7% (14) 0.9 (1.3) 0.2

Disc endplate grade ≥4 9% (32) 5.7% (11) 0.18

Degenerated discs 7% 3% 0.001*

*A Chi-squared test for the comparison of two proportions.

Bold style indicating statistically signifi cant values.
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Back pain
The lifetime prevalence of back pain was 
reported by 46% of skiers and 40% of 
non-athletes, which was not statistically 
signifi cant. Back pain was associated with 
discs’ abnormalities in skiers (p=0.04), 
however, not in the non-athletes (p=0.68).

Validity
The intra-observer agreement was very 
high for all parameters with Cohen’s Kappa 
Coeffi cient ranging between κ = 0.85 and 
κ = 0.95.

The interobserver agreement measure-
ments were not performed. However, the 
baseline study, evaluated by the same 
radiologists, demonstrated high agreement 
[132].
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Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Discussion

The present project included three studies 
focusing on the spinal column fi ndings on 
MRI and back pain in young athletes. A 
fourth study was focused on the spinopel-
vic complex parameters and hip cam 
change in young skiers. 

Degenerative changes
The three studies focusing on the spinal 
column fi ndings and back pain in young 
athletes showed that elite skiers and 
football (soccer) players had higher 
prevalence of disc degenerative changes in 
the thoraco-lumbar spine (up to 89%) than 
non-athletes (54%). They also displayed a 
higher prevalence of Schmorl’s nodes as 
well as other spinal column abnormalities 
than non-athletes. There was no signifi -
cant difference in the lifetime prevalence 
of back pain in athletes (46%) and 
non-athletes (40%). 

The fi ndings of the present project were 
in concordance with previous studies of 
athletes practicing other sports such as 
volleyball, ice-hockey, diving and American 
football [7, 20, 60, 71, 133, 134]. In a prior study 
of professional beach volleyball players 
(mean age 28), disc degeneration (79%) 
and spondylolysis (21%) were three times 
higher in volleyball players than the 
general population [20].

The higher prevalence of spinal column 
changes in young athletes is believed to 
be secondary to overloading the spine with 
excessive training associated with rota-
tional stress acting upon the spine from 
the multidirectional dynamics of the sports 
[10, 135]. Increasing awareness among sport 
leaders and parents and implementing the 
appropriate rehabilitation programs are 
considered important preventive measures.

Schmorl’s nodes were shown to be less 
prevalent in football players and skiers (22% 
- 46%) compared with athletes of other 
sports such as gymnasts (71%) and orien-
teers (100%) [7, 132]. Additionally, disc height 
reduction was present in 37% of the football 
players, similar to gymnasts (38%) but less 
than wrestlers (86%) and weight lifters 
(100%) [7]. These differences are likely to be 
related to the different load impact upon the 
spine from different sports. In football and 
skiing, there is both rotational stress and 
axial loading with repetitive minor trauma 
increasing the risk for disc degeneration and 
desiccation. Meanwhile, axial overload upon 
the spine is the major stress component in 
sports like weight lifting, increasing the risk 
of predominantly disc height reduction. 

Follow-up of the study population
Upon 2-year follow-up, no signifi cant new 
MRI abnormalities nor signifi cant changes 
in back pain prevalence were found.

Discussion
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Both at baseline and at follow-up, the aver-
age age of the studied cohorts, 18 and 20 
years respectively, were beyond the growth 
spurt age. This can potentially explain the 
rare occurrence of new fi ndings similar to 
what previously been suggested that most 
abnormalities in the younger population 
occur during growth spurt when the spine 
is most susceptible to injuries [16]. 

The above appears to be consistent with 
what has previously been reported in 
young athletes participating other sports 
such as weight lifting, ice-hockey, and 
diving [7, 13, 16, 18, 20]. Nonetheless, the lack of 
signifi cant difference upon follow-up can 
be in part due to the short-term follow-up 
interval and the limited sample size of the 
follow up group, which may have affected 
the results. Additionally, athletes who had 
had back pain might have stopped training 
and therefore they were dropped from the 
follow-up group.

Prior longitudinal studies of athletes 
showed variable degrees of deterioration 
of spinal column fi ndings on long term 
follow-up (up to 15-year follow-up). The 
latter could be attributed to a longer 
duration of overload through continuous 
sporting activity and additionally it could be 
secondary to normal aging [136-138]. Further 
long term longitudinal prospective studies 
with larger population groups are therefore 
warranted for future research projects of 
young athletes. Incorporation of new imag-
ing techniques like functional MRI and T2 
mapping analysis is also advised to obtain a 
more objective quantitative estimates [139-141]. 
These modalities have higher sensitivity to 
detect subtle abnormalities that might have 
occurred during a short-term follow-up. 

Back pain
The lifetime prevalence of back pain was 
not signifi cantly different between athletes 
and non-athletes. While this could be a 
true representation of the populations, 
other alternative factors may include recall 
bias, selection bias, and additionally the 
small size of the groups. Previous studies 
defi ned a wide range of back pain prev-
alence in young athletes [7, 13, 20, 60, 71, 131, 142]. 
In a literature review of 43 papers, 1-year 
prevalence of back pain was 26-76% [76]. 
Therefore, prospective studies with real 
time assessment and characterization of 
back pain in young athletes are warranted.

Correlation between MRI changes and 
back pain
Back pain was associated with spinal col-
umn abnormalities in skiers on follow-up. 
A similar relationship had previously been 
reported in young athletes [13, 131]. However, 
other studies, including the baseline study 
in the present thesis, reported no such as-
sociation [7, 132, 142-145]. These fi ndings suggest 
that disc and vertebral abnormalities can 
be linked to complications including back 
pain later in life. Nonetheless, back pain 
could also be due to other extra-spinal 
factors such as muscle strain and ligament 
sprain [7, 72, 75, 76].

FAIS and spinal sagittal parameters 
Hip cam morphology was more prevalent 
in the young elite skiers (49% vs non-ath-
letes 19%, p=0.009). However, there was 
no correlation between a low PI angle and 
an increased a-angle in skiers compared 
with non-athletes. The skiers were actually 
shown to have a marginally higher mean PI 
angle than non-athletes (51° vs. 50°). This 
suggests that cam morphology may be, to 
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some extent, a response to the high-level 
loading from skiing, but on the other hand, 
it questions the signifi cance of a low PI 
angle as a risk factor in this particular 
age-group and sporting discipline.

The relationship between the hip and 
spine pathology
Spine-hip-pelvis movement is coordinated 
to provide balance, stability, and fl exibility 
to the human body. Hip pathology or 
stiffness reduces pelvic mobility and 
may overload the spinal column and vice 
versa [146]. Previous studies have proposed 
that individuals with a low PI angle may 
compensate with an anterior PT and 
increase the risk of mechanical hip joint 
impingement, which may lead to the 
development of cam morphology (9, 16, 
17, 28). The present study was unable to 
substantiate this association.

The utilization of MRI to evaluate all 
participants, and the inclusion of multiple 
parameters and grading systems added 
value to the present project. Furthermore, 

the participants were within a similar 
age range and considered a good repre-
sentation for adolescent age population. 
The height, weight, and body mass 
indices were also similar for athletes and 
non-athletes. 

The groups size was considered a potential 
limitation. The intention was to include as 
many volunteers as possible. The major 
obstacles were the limited resources given 
the need for young athletes within a similar 
age range and the need for MRI examina-
tion of each individual. Another limitation 
was the large number of dropouts on 
follow-up.

Being an observational study, other 
confounders such as personal hobbies, 
nutrition, and smoking might have biased 
the studies.

The questionnaires can be affected by 
recall bias. They are also subject-reported 
information and diffi cult to be assessed 
objectively. 

Strengths and Limitations 
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Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Conclusion

Young elite athletes (skiers and football 
players) demonstrated higher prevalence 
of spinal column abnormalities than 
non-athletes. Lifetime prevalence of 
back pain was not signifi cantly different 
between the groups.

Skiers had greater prevalence of hip cam 
morphology compared with non-athletes. A 
low Pelvic Incidence (PI) was not correlat-
ed with abnormal cam morphology.

Between baseline and 2-year follow-up, 
there was no signifi cant interval difference 
in spinal column fi ndings on MRI, nor back 
pain prevalence, neither for skiers nor 
non-athletes.

Conclusion
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low Pelvic Incidence (PI) was not correlat-
ed with abnormal cam morphology.

Between baseline and 2-year follow-up, 
there was no signifi cant interval difference 
in spinal column fi ndings on MRI, nor back 
pain prevalence, neither for skiers nor 
non-athletes.

Conclusion
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Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Future Perspective

Spreading awareness among sport leaders 
and parents is important to prevent spinal 
column injuries and modify rehabilitation 
programs. Future long-term follow-up 
studies are warranted to elucidate the 
risk of potential future complications. 
Future projects are recommended to 
be prospective and to include larger 
population groups if feasible. Prospective 
studies are especially important for back 
pain assessment to reduce recall bias and 

subjectivity. In terms of MRI assessment, 
the implementation of endplate defect 
score is advised. The latter was utilized 
in the fi nal study of the present project 
and believed to be an adequate objective 
parameter. The use of more sophisticated 
tissue analysis methods and imaging tech-
niques like quantitative and functional MRI 
methods, and also regional disc analysis 
may add value in future studies.

Future Perspective



Chapter 7

49Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Future Perspective

Spreading awareness among sport leaders 
and parents is important to prevent spinal 
column injuries and modify rehabilitation 
programs. Future long-term follow-up 
studies are warranted to elucidate the 
risk of potential future complications. 
Future projects are recommended to 
be prospective and to include larger 
population groups if feasible. Prospective 
studies are especially important for back 
pain assessment to reduce recall bias and 

subjectivity. In terms of MRI assessment, 
the implementation of endplate defect 
score is advised. The latter was utilized 
in the fi nal study of the present project 
and believed to be an adequate objective 
parameter. The use of more sophisticated 
tissue analysis methods and imaging tech-
niques like quantitative and functional MRI 
methods, and also regional disc analysis 
may add value in future studies.

Future Perspective



51Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Acknowledgement

I offer my sincere gratitude to all those 
who have helped me in the process of this 
thesis.

Adad Baranto, Professor, MD, PhD. The 
supervisor and co-author. Thank you for 
the opportunity to begin this research. I 
am grateful for your unlimited support, 
guidance, and help during the past years. 
This would not have been able to happen 
without you. Thank you for great friendship 
and great memories.

Hanna Hebelka, Associate Professor, MD, 
PhD. My co-supervisor and co-author. 
Without your constant support and 
mentorship this thesis would have never 
happened. Thank you for your guidance 
and professionalism from my fi rst research 
steps until the last sentences in this thesis. 
For great discussions and encouragement.

Jón Karlsson, Professor, MD, PhD. Thank 
you for your support, guidance and 
professionalism. I am grateful for all your 
assistance with this project and help in 
writing this thesis.

Carl Todd, MD, PhD, and co-author. Thank 
you for all your assistance in writing the 
articles and this thesis. We have not been 
able to complete this project without your 
help.

Olof Thoreson, MD, PhD and co-author. 
Thank you for your help from my fi rst re-
search steps. Thank you for co-operation, 
friendship, and great memories.

Peter Kovac, MD. Thank you for your great 
help with the radiological evaluations and 
measurements and for a great friendship.

Cina Holmer, Research administrator. 
Thank you for arranging all the admin-
istrative matters and thank you for your 
support with courses planning during the 
past years.

Helena Brisby, Professor, Former 
Chairman of the Department of 
Orthopeadics, Institute of Clinical 
Sciences, Sahlgrenska Academy, 
Gothenburg University. Thank you for 
providing the opportunity to do this project.

Ola Rolfsson, Professor, Chairman of the 
Department of Orthopeadics, Institute of 
Clinical Sciences, Sahlgrenska Academy, 
Gothenburg University. Thank you for 
providing the opportunity to continue with 
this project.

Christer Johansson, Statistical Consultant. 
Thank you for your help with statistics and 
for providing ideas in keeping with the 
up-to-date literature.

Acknowledgement



51Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Acknowledgement

I offer my sincere gratitude to all those 
who have helped me in the process of this 
thesis.

Adad Baranto, Professor, MD, PhD. The 
supervisor and co-author. Thank you for 
the opportunity to begin this research. I 
am grateful for your unlimited support, 
guidance, and help during the past years. 
This would not have been able to happen 
without you. Thank you for great friendship 
and great memories.

Hanna Hebelka, Associate Professor, MD, 
PhD. My co-supervisor and co-author. 
Without your constant support and 
mentorship this thesis would have never 
happened. Thank you for your guidance 
and professionalism from my fi rst research 
steps until the last sentences in this thesis. 
For great discussions and encouragement.

Jón Karlsson, Professor, MD, PhD. Thank 
you for your support, guidance and 
professionalism. I am grateful for all your 
assistance with this project and help in 
writing this thesis.

Carl Todd, MD, PhD, and co-author. Thank 
you for all your assistance in writing the 
articles and this thesis. We have not been 
able to complete this project without your 
help.

Olof Thoreson, MD, PhD and co-author. 
Thank you for your help from my fi rst re-
search steps. Thank you for co-operation, 
friendship, and great memories.

Peter Kovac, MD. Thank you for your great 
help with the radiological evaluations and 
measurements and for a great friendship.

Cina Holmer, Research administrator. 
Thank you for arranging all the admin-
istrative matters and thank you for your 
support with courses planning during the 
past years.

Helena Brisby, Professor, Former 
Chairman of the Department of 
Orthopeadics, Institute of Clinical 
Sciences, Sahlgrenska Academy, 
Gothenburg University. Thank you for 
providing the opportunity to do this project.

Ola Rolfsson, Professor, Chairman of the 
Department of Orthopeadics, Institute of 
Clinical Sciences, Sahlgrenska Academy, 
Gothenburg University. Thank you for 
providing the opportunity to continue with 
this project.

Christer Johansson, Statistical Consultant. 
Thank you for your help with statistics and 
for providing ideas in keeping with the 
up-to-date literature.

Acknowledgement



52 Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletesAcknowledgement

Pontus Andersson, Pontus Art production. 
Thank you for the fi ne illustrations and 
designs.

Thank you Dr. Flemming Pedersen and 
Dr. Zaid Obady for your help with the 
radiological examinations at Östersunds 
Hospital, Sweden.

My brothers, Bassam, Anmar, and Samer, I 
am grateful for your unconditional support. 
My nephews, Mustafa, Aiham, Ihab, and 
Adam, thank you for your presence in my 
life.

The authors acknowledge fi nancial 
support and grants from the Swedish 
government and county councils (ALF 
agreement with ID number 238801), grants 
from the Medical Society of Gothenburg, 
Handlanden Hjalmar Svensson Research 
Foundation, Carl Bennet AB, Doktor Felix 
Neuberghs Foundation, as well as the 
Swedish National Center for Research in 
Sports. 

53Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Acknowledgement



52 Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletesAcknowledgement

Pontus Andersson, Pontus Art production. 
Thank you for the fi ne illustrations and 
designs.

Thank you Dr. Flemming Pedersen and 
Dr. Zaid Obady for your help with the 
radiological examinations at Östersunds 
Hospital, Sweden.

My brothers, Bassam, Anmar, and Samer, I 
am grateful for your unconditional support. 
My nephews, Mustafa, Aiham, Ihab, and 
Adam, thank you for your presence in my 
life.

The authors acknowledge fi nancial 
support and grants from the Swedish 
government and county councils (ALF 
agreement with ID number 238801), grants 
from the Medical Society of Gothenburg, 
Handlanden Hjalmar Svensson Research 
Foundation, Carl Bennet AB, Doktor Felix 
Neuberghs Foundation, as well as the 
Swedish National Center for Research in 
Sports. 

53Wisam A. Witwit, MD

Spinal column and hip joint changes, and their 
correlation to back pain in young athletes Acknowledgement



55Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

1.  Asche, C.V., et al., The societal costs of low back 
pain: data published between 2001 and 2007. J Pain 
Palliat Care Pharmacother, 2007. 21(4): p. 25-33 .

2.  Dagenais, S., J. Caro, and S. Haldeman, A 
systematic review of low back pain cost of illness 
studies in the United States and internationally.
Spine J, 2008. 8(1): p. 8-20 .

3.  Lafi an, A.M. and K.D. Torralba, Lumbar Spinal 
Stenosis in Older Adults. Rheum Dis Clin North Am, 
2018. 44(3): p. 501-512 .

4.  Perolat, R., et al., Facet joint syndrome: from 
diagnosis to interventional management. Insights 
Imaging, 2018. 9(5): p. 773-789 .

5.  Adirim, T.A. and T.L. Cheng, Overview of injuries in 
the young athlete. Sports Med, 2003. 33(1): p. 75-81 .

6.  A Hogan, K. and R. Gross, Overuse injuries in 
pediatric athletes. Vol. 34. 2003. 405-15 .

7.  Baranto, A., et al., Back pain and MRI changes in the 
thoraco-lumbar spine of top athletes in four different 
sports: a 15-year follow-up study. Knee Surg Sports 
Traumatol Arthrosc, 2009. 17(9): p. 1125-34 .

8.  Goldstein, J.D., et al., Spine injuries in gymnasts and 
swimmers. An epidemiologic investigation. Am J 
Sports Med, 1991. 19(5): p. 463-8 .

9.  Granhed, H. and B. Morelli, Low back pain among 
retired wrestlers and heavyweight lifters. Am J 
Sports Med, 1988. 16(5): p. 530-3 .

10.  Hellstrom, M., et al., Radiologic abnormalities of the 
thoraco-lumbar spine in athletes. Acta Radiol, 1990. 
31(2): p. 127-32 .

11.  Horne, J., W.P. Cockshott, and H.S. Shannon, Spinal 
column damage from water ski jumping. Skeletal 
Radiol, 1987. 16(8): p. 612-6 .

12.  Kartal, A., et al., Soccer causes degenerative 
changes in the cervical spine. European spine 
journal : offi cial publication of the European Spine 
Society, the European Spinal Deformity Society, 
and the European Section of the Cervical Spine 
Research Society, 2004. 13(1): p. 76-82 .

13.  Baranto, A., et al., Back pain and degenerative 
abnormalities in the spine of young elite divers: a 
5-year follow-up magnetic resonance imaging study.
Knee Surg Sports Traumatol Arthrosc, 2006. 14(9): 
p. 907-14 .

14.  Halvorsen, T.M., S. Nilsson, and P.H. 
Nakstad, [Stress fractures. Spondylolysis and 
spondylolisthesis of the lumbar vertebrae among 
young athletes with back pain]. Tidsskr Nor 
Laegeforen, 1996. 116(17): p. 1999-2001 .

15.  Jackson, D.W., L.L. Wiltse, and R.J. Cirincoine, 
Spondylolysis in the female gymnast. Clin Orthop 
Relat Res, 1976(117): p. 68-73 .

16.  Rosendahl, K. and P.J. Strouse, Sports injury of the 
pediatric musculoskeletal system. Radiol Med, 2016. 
121(5): p. 431-41 .

17.  Sjolie, A.N., Persistence and change in nonspecifi c 
low back pain among adolescents: a 3-year 
prospective study. Spine (Phila Pa 1976), 2004. 
29(21): p. 2452-7 .

18.  Wojtys, E.M., et al., The association between athletic 
training time and the sagittal curvature of the 
immature spine. Am J Sports Med, 2000. 28(4): p. 
490-8 .

19.  Tertti, M., et al., Disc degeneration in young 
gymnasts. A magnetic resonance imaging study. Am 
J Sports Med, 1990. 18(2): p. 206-8 .

20.  Kulling, F.A., et al., High Prevalence of Disc 
Degeneration and Spondylolysis in the 
Lumbar Spine of Professional Beach Volleyball 
Players. Orthop J Sports Med, 2014. 2(4): p. 
2325967114528862 .

21.  Conventry, M.B., R.K. Ghormley, and J.W. Kernohan, 
The intervertebral disc: Its microscopic anathomy 
and pathology: Part II. J Bone Joint Surg, 1945. 27: p. 
460-474 .

22.  Modic, M., et al., Imaging of degenerative disc 
disease. Radiology., 1988. Jul;168(1): p. 177-86 .

23.  Lipson, S.J. and H. Muir, Experimental intervertebral 
disc degeneration: morphologic and proteoglycan 
changes over time. Arthritis Rheum, 1981. 24(1): p. 
12-21 .

24.  Nachemson, A., The load on lumbar disks in 
different positions of the body. Clin Orthop, 1966. 
45: p. 107-22 .

25.  Nachemson, A., Mechanical stresses on lumbar 
disks. Curr Pract Orthop Surg, 1966. 3: p. 208-24 .

26.  Panagiotacopulos, N.D., et al., Water content in 
human intervertebral discs. Part II. Viscoelastic 
behavior. Spine, 1987. 12(9): p. 918-24 .

27.  Salter, R.B. and W. Harris, Injuries invloving the 
epiphyseal plate. J Bone J Surg, 1963. 45A: p. 587-
622 .

28.  Bick, E.M. and J. Copel, The ring apophysis of the 
human vertebra. J B J S, 1951. 33A: p. 783-787 .

29.  Schmorl, G. and H. Junghanns, The human spine 
in health and disease. . 2nd ed ed. 1971, New York: 
Grune & Stratton .

30.  Beadle, O.A., The vertebral discs: Observations 
on their normal and morbid anatomy in relation 
to certain spinal deformities. Medical Research 
Council, 1931. 161: p. 1-79 .

References



55Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

1.  Asche, C.V., et al., The societal costs of low back 
pain: data published between 2001 and 2007. J Pain 
Palliat Care Pharmacother, 2007. 21(4): p. 25-33 .

2.  Dagenais, S., J. Caro, and S. Haldeman, A 
systematic review of low back pain cost of illness 
studies in the United States and internationally.
Spine J, 2008. 8(1): p. 8-20 .

3.  Lafi an, A.M. and K.D. Torralba, Lumbar Spinal 
Stenosis in Older Adults. Rheum Dis Clin North Am, 
2018. 44(3): p. 501-512 .

4.  Perolat, R., et al., Facet joint syndrome: from 
diagnosis to interventional management. Insights 
Imaging, 2018. 9(5): p. 773-789 .

5.  Adirim, T.A. and T.L. Cheng, Overview of injuries in 
the young athlete. Sports Med, 2003. 33(1): p. 75-81 .

6.  A Hogan, K. and R. Gross, Overuse injuries in 
pediatric athletes. Vol. 34. 2003. 405-15 .

7.  Baranto, A., et al., Back pain and MRI changes in the 
thoraco-lumbar spine of top athletes in four different 
sports: a 15-year follow-up study. Knee Surg Sports 
Traumatol Arthrosc, 2009. 17(9): p. 1125-34 .

8.  Goldstein, J.D., et al., Spine injuries in gymnasts and 
swimmers. An epidemiologic investigation. Am J 
Sports Med, 1991. 19(5): p. 463-8 .

9.  Granhed, H. and B. Morelli, Low back pain among 
retired wrestlers and heavyweight lifters. Am J 
Sports Med, 1988. 16(5): p. 530-3 .

10.  Hellstrom, M., et al., Radiologic abnormalities of the 
thoraco-lumbar spine in athletes. Acta Radiol, 1990. 
31(2): p. 127-32 .

11.  Horne, J., W.P. Cockshott, and H.S. Shannon, Spinal 
column damage from water ski jumping. Skeletal 
Radiol, 1987. 16(8): p. 612-6 .

12.  Kartal, A., et al., Soccer causes degenerative 
changes in the cervical spine. European spine 
journal : offi cial publication of the European Spine 
Society, the European Spinal Deformity Society, 
and the European Section of the Cervical Spine 
Research Society, 2004. 13(1): p. 76-82 .

13.  Baranto, A., et al., Back pain and degenerative 
abnormalities in the spine of young elite divers: a 
5-year follow-up magnetic resonance imaging study.
Knee Surg Sports Traumatol Arthrosc, 2006. 14(9): 
p. 907-14 .

14.  Halvorsen, T.M., S. Nilsson, and P.H. 
Nakstad, [Stress fractures. Spondylolysis and 
spondylolisthesis of the lumbar vertebrae among 
young athletes with back pain]. Tidsskr Nor 
Laegeforen, 1996. 116(17): p. 1999-2001 .

15.  Jackson, D.W., L.L. Wiltse, and R.J. Cirincoine, 
Spondylolysis in the female gymnast. Clin Orthop 
Relat Res, 1976(117): p. 68-73 .

16.  Rosendahl, K. and P.J. Strouse, Sports injury of the 
pediatric musculoskeletal system. Radiol Med, 2016. 
121(5): p. 431-41 .

17.  Sjolie, A.N., Persistence and change in nonspecifi c 
low back pain among adolescents: a 3-year 
prospective study. Spine (Phila Pa 1976), 2004. 
29(21): p. 2452-7 .

18.  Wojtys, E.M., et al., The association between athletic 
training time and the sagittal curvature of the 
immature spine. Am J Sports Med, 2000. 28(4): p. 
490-8 .

19.  Tertti, M., et al., Disc degeneration in young 
gymnasts. A magnetic resonance imaging study. Am 
J Sports Med, 1990. 18(2): p. 206-8 .

20.  Kulling, F.A., et al., High Prevalence of Disc 
Degeneration and Spondylolysis in the 
Lumbar Spine of Professional Beach Volleyball 
Players. Orthop J Sports Med, 2014. 2(4): p. 
2325967114528862 .

21.  Conventry, M.B., R.K. Ghormley, and J.W. Kernohan, 
The intervertebral disc: Its microscopic anathomy 
and pathology: Part II. J Bone Joint Surg, 1945. 27: p. 
460-474 .

22.  Modic, M., et al., Imaging of degenerative disc 
disease. Radiology., 1988. Jul;168(1): p. 177-86 .

23.  Lipson, S.J. and H. Muir, Experimental intervertebral 
disc degeneration: morphologic and proteoglycan 
changes over time. Arthritis Rheum, 1981. 24(1): p. 
12-21 .

24.  Nachemson, A., The load on lumbar disks in 
different positions of the body. Clin Orthop, 1966. 
45: p. 107-22 .

25.  Nachemson, A., Mechanical stresses on lumbar 
disks. Curr Pract Orthop Surg, 1966. 3: p. 208-24 .

26.  Panagiotacopulos, N.D., et al., Water content in 
human intervertebral discs. Part II. Viscoelastic 
behavior. Spine, 1987. 12(9): p. 918-24 .

27.  Salter, R.B. and W. Harris, Injuries invloving the 
epiphyseal plate. J Bone J Surg, 1963. 45A: p. 587-
622 .

28.  Bick, E.M. and J. Copel, The ring apophysis of the 
human vertebra. J B J S, 1951. 33A: p. 783-787 .

29.  Schmorl, G. and H. Junghanns, The human spine 
in health and disease. . 2nd ed ed. 1971, New York: 
Grune & Stratton .

30.  Beadle, O.A., The vertebral discs: Observations 
on their normal and morbid anatomy in relation 
to certain spinal deformities. Medical Research 
Council, 1931. 161: p. 1-79 .

References



56 Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

31.  Jaumard, N.V., W.C. Welch, and B.A. 
Winkelstein, Spinal facet joint biomechanics 
and mechanotransduction in normal, injury and 
degenerative conditions. J Biomech Eng, 2011. 
133(7): p. 071010 .

32.  Moore, K.L., A.F. Dalley, and A.M.R. Agur, Clinically 
Oriented Anatomy. 2013: Wolters Kluwer Health/
Lippincott Williams & Wilkins .

33.  Gower, W.E. and V. Pedrini, Age-related variations 
in proteinpolysaccharides from human nucleus 
pulposus, annulus fi brosus, and costal cartilage. J 
Bone Joint Surg Am, 1969. 51(6): p. 1154-62 .

34.  Powell, M.C., et al., Prevalence of lumbar disc 
degeneration observed by magnetic resonance in 
symptomless women. Lancet, 1986. 2(8520): p. 
1366-7 .

35.  Kerttula, L.I., et al., Post-traumatic fi ndings of 
the spine after earlier vertebral fracture in young 
patients: clinical and MRI study. Spine, 2000. 25(9): 
p. 1104-8 .

36.  Naylor, A. and W.G. Horton, The hydrophilic 
properties of the nucleus pulposus of the 
intervertebral disc. Rheumatism, 1955. 11(2): p. 32-5 .

37.  Pfi rrmann, C.W., et al., Magnetic resonance 
classifi cation of lumbar intervertebral disc 
degeneration. Spine (Phila Pa 1976), 2001. 26(17): p. 
1873-8 .

38.  Raj, P.P., Intervertebral disc: anatomy-physiology-
pathophysiology-treatment. Pain Pract, 2008. 8(1): p. 
18-44 .

39.  Schnake, K.J., et al., Mechanical concepts for disc 
regeneration. Eur Spine J, 2006. 15 Suppl 3(Suppl 
3): p. S354-60 .

40.  Adams, M.A. and P.J. Roughley, What is 
intervertebral disc degeneration, and what causes 
it? Spine (Phila Pa 1976), 2006. 31(18): p. 2151-61 .

41.  Urban, J.P. and S. Roberts, Degeneration of the 
intervertebral disc. Arthritis Res Ther, 2003. 5(3): p. 
120-30 .

42.  Jinkins, J.R. and J. Dworkin, Proceedings of the 
State-of-the-Art Symposium on Diagnostic and 
Interventional Radiology of the Spine, Antwerp, 
September 7, 2002 (Part two). Upright, weight-
bearing, dynamic-kinetic MRI of the spine: pMRI/
kMRI. Jbr-btr, 2003. 86(5): p. 286-93 .

43.  Mattei, T.A. and A.A. Rehman, Schmorl’s nodes: 
 pathophysiological, diagnostic, and therapeutic 
paradigms. Neurosurg Rev, 2014. 37(1): p. 39-46 .

44.  Khan, I., R. Hargunani, and A. Saifuddin, The lumbar 
high-intensity zone: 20 years on. Clin Radiol, 2014. 
69(6): p. 551-8 .

45.  Hebelka, H. and T. Hansson, HIZ’s relation to axial 
load and low back pain: investigated with axial 
loaded MRI and pressure controlled discography.
Eur Spine J, 2013. 22(4): p. 734-9 .

46.  Peng, B., et al., The pathogenesis and clinical 
signifi cance of a high-intensity zone (HIZ) of lumbar 
intervertebral disc on MR imaging in the patient with 
discogenic low back pain. Eur Spine J, 2006. 15(5): 
p. 583-7 .

47.  Kalichman, L. and D.J. Hunter, Diagnosis and 
conservative management of degenerative lumbar 
spondylolisthesis. Eur Spine J, 2008. 17(3): p. 327-
335 .

48.  Barsa, P., et al., [Traumatic spondylolisthesis of L5-
S1]. Acta Chir Orthop Traumatol Cech, 2003. 70(2): 
p. 121-5 .

49.  Koslosky, E. and D. Gendelberg, Classifi cation 
in Brief: The Meyerding Classifi cation System of 
Spondylolisthesis. Clin Orthop Relat Res, 2020. 
478(5): p. 1125-1130 .

50.  Faizan, A., et al., Biomechanical rationale of 
ossifi cation of the secondary ossifi cation center 
on apophyseal bony ring fracture: a biomechanical 
study. Clin Biomech (Bristol, Avon), 2007. 22(10): p. 
1063-7 .

51.  Mansfi eld, J.T. and M. Wroten, Pars Interarticularis 
Defect, in StatPearls. 2021, StatPearls Publishing
Copyright © 2021, StatPearls Publishing LLC.: 
Treasure Island (FL) .

52.  Palazzo, C., F. Sailhan, and M. Revel, Scheuermann’s 
disease: an update. Joint Bone Spine, 2014. 81(3): p. 
209-14 .

53.  White, K.K., Orthopaedic aspects of 
mucopolysaccharidoses. Rheumatology (Oxford), 
2011. 50 Suppl 5: p. v26-33 .

54.  Heinrich, D., A.J. van den Bogert, and W. 
Nachbauer, Relationship between jump landing 
kinematics and peak ACL force during a jump in 
downhill skiing: a simulation study. Scand J Med Sci 
Sports, 2014. 24(3): p. e180-7 .

55.  Kurpiers, N., P.R. McAlpine, and U.G. Kersting, 
Perspectives for comprehensive biomechanical 
analyses in Mogul skiing. Res Sports Med, 2009. 
17(4): p. 231-44 .

56.  Sporri, J., et al., Potential Mechanisms Leading to 
Overuse Injuries of the Back in Alpine Ski Racing: A 
Descriptive Biomechanical Study. Am J Sports Med, 
2015. 43(8): p. 2042-8 .

57.  Ackery, A., et al., An international review of head 
and spinal cord injuries in alpine skiing and 
snowboarding. Inj Prev, 2007. 13(6): p. 368-75 .

58.  Florenes, T.W., et al., Injuries among World Cup 
freestyle skiers. Br J Sports Med, 2010. 44(11): p. 
803-8 .

59.  Meyers, M.C., et al., Downhill ski injuries in children 
and adolescents. Sports Med, 2007. 37(6): p. 485-
99 .

60.  Ogon, M., et al., Radiologic abnormalities and low 
back pain in elite skiers. Clin Orthop Relat Res, 
2001(390): p. 151-62 .

61.  Thoreson, O., et al., Back pain and MRI 
abnormalities in the thoraco-lumbar spine of elite 
long distance runners. A cross sectional study. 2015. 
2(4) .

62.  Sadineni, R.T., et al., Imaging Patterns in MRI 
in Recent Bone Injuries Following Negative or 
Inconclusive Plain Radiographs. J Clin Diagn Res, 
2015. 9(10): p. Tc10-3 .

63.  Fried, T. and G.J. Lloyd, An overview of common 
soccer injuries. Management and prevention. Sports 
Med, 1992. 14(4): p. 269-75 .

64.  Hoy, K., et al., European soccer injuries. A 
prospective epidemiologic and socioeconomic 
study. Am J Sports Med, 1992. 20(3): p. 318-22 .

65.  Lindenfeld, T.N., et al., Incidence of injury in indoor 
soccer. Am J Sports Med, 1994. 22(3): p. 364-71 .

57Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

66.  Ozturk, A., et al., Radiographic changes in the 
lumbar spine in former professional football players: 
a comparative and matched controlled study. Eur 
Spine J, 2008. 17(1): p. 136-41 .

67.  Jordan, S.E., et al., Acute and chronic brain injury in 
United States National Team soccer players. Am J 
Sports Med, 1996. 24(2): p. 205-10 .

68.  Matser, E.J., et al., Neuropsychological impairment 
in amateur soccer players. Jama, 1999. 282(10): p. 
971-3 .

69.  Tysvaer, A.T., Head and neck injuries in soccer. 
Impact of minor trauma. Sports Med, 1992. 14(3): p. 
200-13 .

70.  Purcell, L. and L. Micheli, Low back pain in young 
athletes. Sports health, 2009. 1(3): p. 212-222 .

71.  Rachbauer, F., W. Sterzinger, and G. Eibl, 
Radiographic abnormalities in the thoracolumbar 
spine of young elite skiers. Am J Sports Med, 2001. 
29(4): p. 446-9 .

72.  Mortazavi, J., J. Zebardast, and B. Mirzashahi, Low 
Back Pain in Athletes. Asian J Sports Med, 2015. 
6(2): p. e24718 .

73.  Bono, C.M., Low-back pain in athletes. J Bone Joint 
Surg Am, 2004. 86-A(2): p. 382-96 .

74.  Bergstrom, K.A., et al., Back injuries and pain in 
adolescents attending a ski high school. Knee Surg 
Sports Traumatol Arthrosc, 2004. 12(1): p. 80-5 .

75.  Peacock, N., et al., Prevalence of low back pain in 
alpine ski instructors. J Orthop Sports Phys Ther, 
2005. 35(2): p. 106-10 .

76.  Trompeter, K., D. Fett, and P. Platen, Prevalence of 
Back Pain in Sports: A Systematic Review of the 
Literature. Sports medicine (Auckland, N.Z.), 2017. 
47(6): p. 1183-1207 .

77.  Baranto, A., et al., Back pain and degenerative 
abnormalities in the spine of young elite divers.
2006. 14(9): p. 907-914 .

78.  Thoreson, O., et al., The effect of repetitive fl exion 
and extension fatigue loading on the young porcine 
lumbar spine, a feasibility study of MRI and 
histological analyses. J Exp Orthop, 2017. 4(1): p. 16 .

79.  Ferlic, P.W., et al., Treatment for ischial tuberosity 
avulsion fractures in adolescent athletes. Knee Surg 
Sports Traumatol Arthrosc, 2014. 22(4): p. 893-7 .

80.  Micheli, L.J. and C. Curtis, Stress fractures in the 
spine and sacrum. Clin Sports Med, 2006. 25(1): p. 
75-88, ix .

81.  Simon, J., et al., Discogenic low back pain. Phys 
Med Rehabil Clin N Am, 2014. 25(2): p. 305-17 .

82.  Luoma, K., et al., Low back pain in relation to lumbar 
disc degeneration. Spine (Phila Pa 1976), 2000. 
25(4): p. 487-92 .

83.  Sääksjärvi, S., et al., Disc Degeneration of Young 
Low Back Pain Patients: A Prospective 30-year 
Follow-up MRI Study. Spine (Phila Pa 1976), 2020. 
45(19): p. 1341-1347 .

84.  Siebenrock, K.A., et al., Growth plate alteration 
precedes cam-type deformity in elite basketball 
players. Clin Orthop Relat Res, 2013. 471(4): p. 1084-
91 .

85.  Siebenrock, K.A., et al., The cam-type deformity of 
the proximal femur arises in childhood in response 
to vigorous sporting activity. Clinical orthopaedics 
and related research, 2011. 469(11): p. 3229-3240 .

86.  Jónasson, P.S., et al., Cyclical loading causes injury 
in and around the porcine proximal femoral physeal 
plate: proposed cause of the development of cam 
deformity in young athletes. J Exp Orthop, 2015. 2(1): 
p. 6 .

87.  Agricola R, et al., A cam deformity is gradually 
acquired during skeletal maturation in adolescent 
and young male soccer players: a prospective study 
with minimum 2-year follow-up. Am J Sports Med, 
2014. 42((4)): p. 798-806 .

88.  Jónasson P, et al., Cyclical loading causes injury in 
and around the porcine proximal femoral physeal 
plate: proposed cause of the development od cam 
deformity in young athletes. J Exp Orthop, 2015. 2(6) .

89.  van Klij, P., et al., Cam morphology in young male 
football players mostly develops before proximal 
femoral growth plate closure: a prospective study 
with 5-year follow-up. Br J Sports Med, 2018 .

90.  Agricola, R., et al., A cam deformity is gradually 
acquired during skeletal maturation in adolescent 
and young male soccer players: a prospective study 
with minimum 2-year follow-up. Am J Sports Med, 
2014. 42(4): p. 798-806 .

91.  Siebenrock, K.A., et al., Growth plate alteration 
precedes cam-type deformity in elite basketball 
players. Clinical orthopaedics and related research, 
2013. 471(4): p. 1084-1091 .

92.  Siebenrock, K., et al., Abnormal extension of 
the femoral head epiphysis as a cause of cam 
impingement. Clin Orthop Relat Res 2004. 418: p. 
54-60 .

93.  Ganz, R., et al., Femoroacetabular impingement: 
a cause for osteoarthritis of the hip. Clinical 
Orthopaedics Related Research 2003. 417: p. 112-
120 .

94.  Ito, K., et al., Hip morphology infl uences the pattern 
of femoro acetabular impingement. Clin Orthop, 
2004. 429: p. 262–271 .

95.  Ito K, M.M., Leunig M, Werlen S, Ganz R., 
Femoroacetabular impingement and the cam-effect. 
A MRI-based quantitative anatomical study of the 
femoral headneck offset. J Bone Joint Surg (Br), 
2001. 83(B): p. 171-176 .

96.  Siebenrock KA, S.R., Ganz R., Anterior femoro-
acetabular impingement due to acetabular 
retroversion. Treatment with periacetabular 
osteotomy. J Bone Joint Surg (Am), 2003. 85(A): p. 
278-286 .

97.  Morris W, F.C., Yuh R, Gebhart J, Salata M, Liu R., 
Decreasing pelvic incidence is associated with 
greater risk of cam morphology. Bone Joint Res, 
2016. 5: p. 387-392 .

98.  Thomas, G.E., et al., Subclinical deformities of 
the hip are signifi cant predictors of radiographic 
osteoarthritis and joint replacement in women. A 
20 year longitudinal cohort study. Osteoarthritis 
Cartilage, 2014. 22(10): p. 1504-10 .

99.  Beaulé, P.E., et al., Three-dimensional computed 
tomography of the hip in the assessment of 
femoroacetabular impingement. Journal of 
orthopaedic research, 2005. 23(6): p. 1286-1292 .

100.  Beall, D.P., et al., Imaging fi ndings of 
femoroacetabular impingement syndrome. Skeletal 
Radiol, 2005. 34(11): p. 691-701 .



56 Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

31.  Jaumard, N.V., W.C. Welch, and B.A. 
Winkelstein, Spinal facet joint biomechanics 
and mechanotransduction in normal, injury and 
degenerative conditions. J Biomech Eng, 2011. 
133(7): p. 071010 .

32.  Moore, K.L., A.F. Dalley, and A.M.R. Agur, Clinically 
Oriented Anatomy. 2013: Wolters Kluwer Health/
Lippincott Williams & Wilkins .

33.  Gower, W.E. and V. Pedrini, Age-related variations 
in proteinpolysaccharides from human nucleus 
pulposus, annulus fi brosus, and costal cartilage. J 
Bone Joint Surg Am, 1969. 51(6): p. 1154-62 .

34.  Powell, M.C., et al., Prevalence of lumbar disc 
degeneration observed by magnetic resonance in 
symptomless women. Lancet, 1986. 2(8520): p. 
1366-7 .

35.  Kerttula, L.I., et al., Post-traumatic fi ndings of 
the spine after earlier vertebral fracture in young 
patients: clinical and MRI study. Spine, 2000. 25(9): 
p. 1104-8 .

36.  Naylor, A. and W.G. Horton, The hydrophilic 
properties of the nucleus pulposus of the 
intervertebral disc. Rheumatism, 1955. 11(2): p. 32-5 .

37.  Pfi rrmann, C.W., et al., Magnetic resonance 
classifi cation of lumbar intervertebral disc 
degeneration. Spine (Phila Pa 1976), 2001. 26(17): p. 
1873-8 .

38.  Raj, P.P., Intervertebral disc: anatomy-physiology-
pathophysiology-treatment. Pain Pract, 2008. 8(1): p. 
18-44 .

39.  Schnake, K.J., et al., Mechanical concepts for disc 
regeneration. Eur Spine J, 2006. 15 Suppl 3(Suppl 
3): p. S354-60 .

40.  Adams, M.A. and P.J. Roughley, What is 
intervertebral disc degeneration, and what causes 
it? Spine (Phila Pa 1976), 2006. 31(18): p. 2151-61 .

41.  Urban, J.P. and S. Roberts, Degeneration of the 
intervertebral disc. Arthritis Res Ther, 2003. 5(3): p. 
120-30 .

42.  Jinkins, J.R. and J. Dworkin, Proceedings of the 
State-of-the-Art Symposium on Diagnostic and 
Interventional Radiology of the Spine, Antwerp, 
September 7, 2002 (Part two). Upright, weight-
bearing, dynamic-kinetic MRI of the spine: pMRI/
kMRI. Jbr-btr, 2003. 86(5): p. 286-93 .

43.  Mattei, T.A. and A.A. Rehman, Schmorl’s nodes: 
 pathophysiological, diagnostic, and therapeutic 
paradigms. Neurosurg Rev, 2014. 37(1): p. 39-46 .

44.  Khan, I., R. Hargunani, and A. Saifuddin, The lumbar 
high-intensity zone: 20 years on. Clin Radiol, 2014. 
69(6): p. 551-8 .

45.  Hebelka, H. and T. Hansson, HIZ’s relation to axial 
load and low back pain: investigated with axial 
loaded MRI and pressure controlled discography.
Eur Spine J, 2013. 22(4): p. 734-9 .

46.  Peng, B., et al., The pathogenesis and clinical 
signifi cance of a high-intensity zone (HIZ) of lumbar 
intervertebral disc on MR imaging in the patient with 
discogenic low back pain. Eur Spine J, 2006. 15(5): 
p. 583-7 .

47.  Kalichman, L. and D.J. Hunter, Diagnosis and 
conservative management of degenerative lumbar 
spondylolisthesis. Eur Spine J, 2008. 17(3): p. 327-
335 .

48.  Barsa, P., et al., [Traumatic spondylolisthesis of L5-
S1]. Acta Chir Orthop Traumatol Cech, 2003. 70(2): 
p. 121-5 .

49.  Koslosky, E. and D. Gendelberg, Classifi cation 
in Brief: The Meyerding Classifi cation System of 
Spondylolisthesis. Clin Orthop Relat Res, 2020. 
478(5): p. 1125-1130 .

50.  Faizan, A., et al., Biomechanical rationale of 
ossifi cation of the secondary ossifi cation center 
on apophyseal bony ring fracture: a biomechanical 
study. Clin Biomech (Bristol, Avon), 2007. 22(10): p. 
1063-7 .

51.  Mansfi eld, J.T. and M. Wroten, Pars Interarticularis 
Defect, in StatPearls. 2021, StatPearls Publishing
Copyright © 2021, StatPearls Publishing LLC.: 
Treasure Island (FL) .

52.  Palazzo, C., F. Sailhan, and M. Revel, Scheuermann’s 
disease: an update. Joint Bone Spine, 2014. 81(3): p. 
209-14 .

53.  White, K.K., Orthopaedic aspects of 
mucopolysaccharidoses. Rheumatology (Oxford), 
2011. 50 Suppl 5: p. v26-33 .

54.  Heinrich, D., A.J. van den Bogert, and W. 
Nachbauer, Relationship between jump landing 
kinematics and peak ACL force during a jump in 
downhill skiing: a simulation study. Scand J Med Sci 
Sports, 2014. 24(3): p. e180-7 .

55.  Kurpiers, N., P.R. McAlpine, and U.G. Kersting, 
Perspectives for comprehensive biomechanical 
analyses in Mogul skiing. Res Sports Med, 2009. 
17(4): p. 231-44 .

56.  Sporri, J., et al., Potential Mechanisms Leading to 
Overuse Injuries of the Back in Alpine Ski Racing: A 
Descriptive Biomechanical Study. Am J Sports Med, 
2015. 43(8): p. 2042-8 .

57.  Ackery, A., et al., An international review of head 
and spinal cord injuries in alpine skiing and 
snowboarding. Inj Prev, 2007. 13(6): p. 368-75 .

58.  Florenes, T.W., et al., Injuries among World Cup 
freestyle skiers. Br J Sports Med, 2010. 44(11): p. 
803-8 .

59.  Meyers, M.C., et al., Downhill ski injuries in children 
and adolescents. Sports Med, 2007. 37(6): p. 485-
99 .

60.  Ogon, M., et al., Radiologic abnormalities and low 
back pain in elite skiers. Clin Orthop Relat Res, 
2001(390): p. 151-62 .

61.  Thoreson, O., et al., Back pain and MRI 
abnormalities in the thoraco-lumbar spine of elite 
long distance runners. A cross sectional study. 2015. 
2(4) .

62.  Sadineni, R.T., et al., Imaging Patterns in MRI 
in Recent Bone Injuries Following Negative or 
Inconclusive Plain Radiographs. J Clin Diagn Res, 
2015. 9(10): p. Tc10-3 .

63.  Fried, T. and G.J. Lloyd, An overview of common 
soccer injuries. Management and prevention. Sports 
Med, 1992. 14(4): p. 269-75 .

64.  Hoy, K., et al., European soccer injuries. A 
prospective epidemiologic and socioeconomic 
study. Am J Sports Med, 1992. 20(3): p. 318-22 .

65.  Lindenfeld, T.N., et al., Incidence of injury in indoor 
soccer. Am J Sports Med, 1994. 22(3): p. 364-71 .

57Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

66.  Ozturk, A., et al., Radiographic changes in the 
lumbar spine in former professional football players: 
a comparative and matched controlled study. Eur 
Spine J, 2008. 17(1): p. 136-41 .

67.  Jordan, S.E., et al., Acute and chronic brain injury in 
United States National Team soccer players. Am J 
Sports Med, 1996. 24(2): p. 205-10 .

68.  Matser, E.J., et al., Neuropsychological impairment 
in amateur soccer players. Jama, 1999. 282(10): p. 
971-3 .

69.  Tysvaer, A.T., Head and neck injuries in soccer. 
Impact of minor trauma. Sports Med, 1992. 14(3): p. 
200-13 .

70.  Purcell, L. and L. Micheli, Low back pain in young 
athletes. Sports health, 2009. 1(3): p. 212-222 .

71.  Rachbauer, F., W. Sterzinger, and G. Eibl, 
Radiographic abnormalities in the thoracolumbar 
spine of young elite skiers. Am J Sports Med, 2001. 
29(4): p. 446-9 .

72.  Mortazavi, J., J. Zebardast, and B. Mirzashahi, Low 
Back Pain in Athletes. Asian J Sports Med, 2015. 
6(2): p. e24718 .

73.  Bono, C.M., Low-back pain in athletes. J Bone Joint 
Surg Am, 2004. 86-A(2): p. 382-96 .

74.  Bergstrom, K.A., et al., Back injuries and pain in 
adolescents attending a ski high school. Knee Surg 
Sports Traumatol Arthrosc, 2004. 12(1): p. 80-5 .

75.  Peacock, N., et al., Prevalence of low back pain in 
alpine ski instructors. J Orthop Sports Phys Ther, 
2005. 35(2): p. 106-10 .

76.  Trompeter, K., D. Fett, and P. Platen, Prevalence of 
Back Pain in Sports: A Systematic Review of the 
Literature. Sports medicine (Auckland, N.Z.), 2017. 
47(6): p. 1183-1207 .

77.  Baranto, A., et al., Back pain and degenerative 
abnormalities in the spine of young elite divers.
2006. 14(9): p. 907-914 .

78.  Thoreson, O., et al., The effect of repetitive fl exion 
and extension fatigue loading on the young porcine 
lumbar spine, a feasibility study of MRI and 
histological analyses. J Exp Orthop, 2017. 4(1): p. 16 .

79.  Ferlic, P.W., et al., Treatment for ischial tuberosity 
avulsion fractures in adolescent athletes. Knee Surg 
Sports Traumatol Arthrosc, 2014. 22(4): p. 893-7 .

80.  Micheli, L.J. and C. Curtis, Stress fractures in the 
spine and sacrum. Clin Sports Med, 2006. 25(1): p. 
75-88, ix .

81.  Simon, J., et al., Discogenic low back pain. Phys 
Med Rehabil Clin N Am, 2014. 25(2): p. 305-17 .

82.  Luoma, K., et al., Low back pain in relation to lumbar 
disc degeneration. Spine (Phila Pa 1976), 2000. 
25(4): p. 487-92 .

83.  Sääksjärvi, S., et al., Disc Degeneration of Young 
Low Back Pain Patients: A Prospective 30-year 
Follow-up MRI Study. Spine (Phila Pa 1976), 2020. 
45(19): p. 1341-1347 .

84.  Siebenrock, K.A., et al., Growth plate alteration 
precedes cam-type deformity in elite basketball 
players. Clin Orthop Relat Res, 2013. 471(4): p. 1084-
91 .

85.  Siebenrock, K.A., et al., The cam-type deformity of 
the proximal femur arises in childhood in response 
to vigorous sporting activity. Clinical orthopaedics 
and related research, 2011. 469(11): p. 3229-3240 .

86.  Jónasson, P.S., et al., Cyclical loading causes injury 
in and around the porcine proximal femoral physeal 
plate: proposed cause of the development of cam 
deformity in young athletes. J Exp Orthop, 2015. 2(1): 
p. 6 .

87.  Agricola R, et al., A cam deformity is gradually 
acquired during skeletal maturation in adolescent 
and young male soccer players: a prospective study 
with minimum 2-year follow-up. Am J Sports Med, 
2014. 42((4)): p. 798-806 .

88.  Jónasson P, et al., Cyclical loading causes injury in 
and around the porcine proximal femoral physeal 
plate: proposed cause of the development od cam 
deformity in young athletes. J Exp Orthop, 2015. 2(6) .

89.  van Klij, P., et al., Cam morphology in young male 
football players mostly develops before proximal 
femoral growth plate closure: a prospective study 
with 5-year follow-up. Br J Sports Med, 2018 .

90.  Agricola, R., et al., A cam deformity is gradually 
acquired during skeletal maturation in adolescent 
and young male soccer players: a prospective study 
with minimum 2-year follow-up. Am J Sports Med, 
2014. 42(4): p. 798-806 .

91.  Siebenrock, K.A., et al., Growth plate alteration 
precedes cam-type deformity in elite basketball 
players. Clinical orthopaedics and related research, 
2013. 471(4): p. 1084-1091 .

92.  Siebenrock, K., et al., Abnormal extension of 
the femoral head epiphysis as a cause of cam 
impingement. Clin Orthop Relat Res 2004. 418: p. 
54-60 .

93.  Ganz, R., et al., Femoroacetabular impingement: 
a cause for osteoarthritis of the hip. Clinical 
Orthopaedics Related Research 2003. 417: p. 112-
120 .

94.  Ito, K., et al., Hip morphology infl uences the pattern 
of femoro acetabular impingement. Clin Orthop, 
2004. 429: p. 262–271 .

95.  Ito K, M.M., Leunig M, Werlen S, Ganz R., 
Femoroacetabular impingement and the cam-effect. 
A MRI-based quantitative anatomical study of the 
femoral headneck offset. J Bone Joint Surg (Br), 
2001. 83(B): p. 171-176 .

96.  Siebenrock KA, S.R., Ganz R., Anterior femoro-
acetabular impingement due to acetabular 
retroversion. Treatment with periacetabular 
osteotomy. J Bone Joint Surg (Am), 2003. 85(A): p. 
278-286 .

97.  Morris W, F.C., Yuh R, Gebhart J, Salata M, Liu R., 
Decreasing pelvic incidence is associated with 
greater risk of cam morphology. Bone Joint Res, 
2016. 5: p. 387-392 .

98.  Thomas, G.E., et al., Subclinical deformities of 
the hip are signifi cant predictors of radiographic 
osteoarthritis and joint replacement in women. A 
20 year longitudinal cohort study. Osteoarthritis 
Cartilage, 2014. 22(10): p. 1504-10 .

99.  Beaulé, P.E., et al., Three-dimensional computed 
tomography of the hip in the assessment of 
femoroacetabular impingement. Journal of 
orthopaedic research, 2005. 23(6): p. 1286-1292 .

100.  Beall, D.P., et al., Imaging fi ndings of 
femoroacetabular impingement syndrome. Skeletal 
Radiol, 2005. 34(11): p. 691-701 .



58 Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

101.  Siebenrock, K., et al., The cam-type deformity of the 
proximal femur arises in childhood in response to 
vigorous sporting activity. Clinical Orthopaedics and 
Related Research, 2011. 469(11): p. 3229-3240 .

102.  Lahner, M., et al., Prevalence of femoro-acetabular 
impingement in international competitive track and 
fi eld athletes. Int Orthop, 2014. 38(12): p. 2571-6 .

103.  Byrd, J.W., Femoroacetabular impingement in 
athletes: current concepts. Am J Sports Med, 2014. 
42(3): p. 737-51 .

104.  Agricola, R., et al., The development of Cam-type 
deformity in adolescent and young male soccer 
players. Am J Sports Med, 2012. 40(5): p. 1099-106 .

105.  Tak, I., et al., The relationship between the frequency 
of football practice during skeletal growth and the 
presence of a cam deformity in adult elite football 
players. Br J Sports Med, 2015 .

106.  Siebenrock, K.A., et al., Prevalence of cam-type 
deformity and hip pain in elite ice hockey players 
before and after the end of growth. Am J Sports 
Med, 2013. 41(10): p. 2308-13 .

107.  Philippon, M.J., et al., Prevalence of increased alpha 
angles as a measure of cam-type femoroacetabular 
impingement in youth ice hockey players. Am J 
Sports Med, 2013. 41(6): p. 1357-62 .

108.  Roussouly, P. and C. Nnadi, Sagittal plane deformity: 
an overview of interpretation and management. Eur 
Spine J, 2010. 19(11): p. 1824-36 .

109.  Berthonnaud E, et al., Analysis of the sagittal 
balance of the spine and pelvis using shape and 
orientation parameters. J Spine Disord, 2005. 18(1): 
p. 40-47 .

110.  Roussouly, P. and J. Pinheiro-Franco, Biomechanical 
analysis of the spino-pelvic organization and 
adaptation in pathology. Eur Spine J, 2011. 20 Suppl 
5: p. 609-18 .

111.  Reichenbach, S., et al., Association between cam-
type deformities and magnetic resonance imaging–
detected structural hip damage: A cross-sectional 
study in young men. Arthritis & Rheumatism, 2011. 
63(12): p. 4023-4030 .

112.  Siebenrock, K., et al., Abnormal extension of 
the femoral head epiphysis as a cause of cam 
impingement. Clinical orthopaedics and related 
research, 2004. 418(January): p. 54-60 .

113.  Pfi rrmann, C.W., et al., Cam and Pincer 
Femoroacetabular Impingement: Characteristic MR 
Arthrographic Findings in 50 Patients 1. Radiology, 
2006. 240(3): p. 778-785 .

114.  Nötzli, H., et al., The contour of the femoral head-
neck junction as a predictor for the risk of anterior 
impingement. Journal of Bone & Joint Surgery, 
British Volume, 2002. 84(4): p. 556-560 .

115.  Lohan, D.G., et al., Cam-type femoral-acetabular 
impingement: is the alpha angle the best MR 
arthrography has to offer? Skeletal radiology, 2009. 
38(9): p. 855-862 .

116.  Sutter, R., et al., How useful is the alpha angle for 
discriminating between symptomatic patients with 
cam-type femoroacetabular impingement and 
asymptomatic volunteers? Radiology, 2012. 264(2): 
p. 514-521 .

117.  Nouh, M.R., et al., Femoroacetabular impingement: 
can the alpha angle be estimated? American Journal 
of Roentgenology, 2008. 190(5): p. 1260-1262 .

118.  Barton, C., et al., Validity of the alpha angle 
measurement on plain radiographs in the evaluation 
of cam-type femoroacetabular impingement. Clinical 
Orthopaedics and Related Research, 2011. 469(2): 
p. 464-469 .

119.  Pollard, T.C., et al., Femoroacetabular impingement 
and classifi cation of the cam deformity: the 
reference interval in normal hips. Acta orthopaedica, 
2010. 81(1): p. 134-141 .

120.  Laborie, L., et al., The alpha angle in cam-type 
femoroacetabular impingement: new reference 
intervals based on 2038 healthy young adults. The 
bone & joint journal, 2014. 96(4): p. 449-454 .

121.  Mac-Thiong, J., et al., Sagittal parameters of global 
balance. Normative values from a prospective cohort 
of seven hundred and nine white asymptomatic 
adults. Spine, 2010. 22: p. E1193-E1198 .

122.  Boulay, C., et al., Sagittal alignment of spine and 
pelvis regulated by pelvic incidence: standard values 
and prediction of lordosis. Eur Spine J, 2006. 15(4): 
p. 415-22 .

123.  Roussouly, P., E. Berthonnaud, and J. Dimnet, 
Geometrical and mechanical analysis of lumbar 
lordosis in an asymptomatic population: proposed 
classifi cation. Rev Chir Orthop Reparatrice Appar 
Mot 2003. 89: p. 632-639 .

124.  Lerebours, F., et al., Prevalence of Cam-Type 
Morphology in Elite Ice Hockey Players. The 
American journal of sports medicine, 2016. 44(4): p. 
1024-1030 .

125.  Kind, P., et al., Variations in population health 
status: results from a United Kingdom national 
questionnaire survey. Bmj, 1998. 316(7133): p. 736-
41 .

126.  Fairbank, J.C., et al., The Oswestry low back pain 
disability questionnaire. Physiotherapy, 1980. 66(8): 
p. 271-273 .

127.  Fairbank, J. and P.B. Pynsent, The Oswestry 
Disability Index. Spine, 2000. 25(22): p. 2940-2952 .

128.  Larson, A.N., B.A. Schueler, and J. Dubousset, 
Radiation in Spine Deformity: State-of-the-Art 
Reviews. Spine Deform, 2019. 7(3): p. 386-394 .

129.  Grosdent, S., et al., Lumbopelvic motor control and 
low back pain in elite soccer players: a cross-
sectional study. J Sports Sci, 2016. 34(11): p. 1021-9 .

130.  Ashby, D., Practical statistics for medical research. 
Douglas G. Altman, Chapman and Hall, London, 
1991. No. of pages: 611. Price: £32.00. Statistics in 
Medicine, 1991. 10(10): p. 1635-1636 .

131.  Sward, L., et al., Back pain and radiologic changes 
in the thoraco-lumbar spine of athletes. Spine (Phila 
Pa 1976), 1990. 15(2): p. 124-9 .

132.  Witwit, W.A., et al., Disc degeneration on MRI is 
more prevalent in young elite skiers compared to 
controls. Knee Surg Sports Traumatol Arthrosc, 
2018. 26(1): p. 325-332 .

133.  Nagashima, M., et al., Risk factors for lumbar disc 
degeneration in high school American football 
players: a prospective 2-year follow-up study. Am J 
Sports Med, 2013. 41(9): p. 2059-64 .

134.  Sward, L., et al., Disc degeneration and associated 
abnormalities of the spine in elite gymnasts. A 
magnetic resonance imaging study. Spine (Phila Pa 
1976), 1991. 16(4): p. 437-43 .

59Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

135.  Celebrini, R.G., et al., Effect of a novel movement 
strategy in decreasing ACL risk factors in female 
adolescent soccer players: a randomized controlled 
trial. Clinical journal of sport medicine : offi cial 
journal of the Canadian Academy of Sport 
Medicine, 2014. 24(2): p. 134-141 .

136.  Baranto, A., et al., Back pain and MRI changes in the 
thoraco-lumbar spine of top athletes in four different 
sports: a 15-year follow-up study. Knee Surg Sports 
Traumatol Arthrosc, 2009. 17(9): p. 1125-34 .

137.  Wang, F., et al., Aging and age related stresses: 
a senescence mechanism of intervertebral disc 
degeneration. Osteoarthritis Cartilage, 2016. 24(3): 
p. 398-408 .

138.  Baranto, A., et al., Back pain and degenerative 
abnormalities in the spine of young elite divers: a 
5-year follow-up magnetic resonance imaging study.
Knee surgery, sports traumatology, arthroscopy : 
offi cial journal of the ESSKA, 2006. 14(9): p. 907-
914 .

139.  Lagerstrand, K., A. Baranto, and H. Hebelka, 
Different disc characteristics between young elite 
skiers with diverse training histories revealed with 
a novel quantitative magnetic resonance imaging 
method. European Spine Journal, 2021: p. 1-8 .

140.  Belavy, D.L., et al., Characterization of Intervertebral 
Disc Changes in Asymptomatic Individuals with 
Distinct Physical Activity Histories Using Three 
Different Quantitative MRI Techniques. Journal of 
clinical medicine, 2020. 9(6): p. 1841 .

141.  Waldenberg, C., Hebelka, H., , Brisby, H.,  
Lagerstrand, K., Detailed T2-mapping analysis 
reveal disc characteristics that may be of 
signifi cance for low back pain patients, in Joint 
Annual Meeting ISMRM-ESMRMB 2018: Paris, 
France .

142.  Olof Thoreson MD1 Karin Svensson1, P.J.M., Peter 
Kovac MD3, Leif Swärd MD PhD1, Adad Baranto 
MD, PhD1, Back pain and MRI abnormalities in the 
thoraco-lumbar spine of elite long distance runners. 
A cross sectional study. Medical Research Archives, 
2015. 2(4, 22-28) .

143.  Witwit, W.A., et al., Disc degeneration on MRI is 
more prevalent in young elite skiers compared 
to controls. Knee surgery, sports traumatology, 
arthroscopy : offi cial journal of the ESSKA, 2018. 
26(1): p. 325-332 .

144.  Witwit, W., et al., Young football players have 
signifi cantly more spinal changes on MRI compared 
to non-athletes. Translational Sports Medicine, 
2020. 3(4): p. 288-295 .

145.  Thoreson, O., et al., Back pain and MRI changes 
in the thoraco-lumbar spine of young elite Mogul 
skiers. Scandinavian Journal of Medicine & Science 
in Sports, 2017. 27(9): p. 983-989 .

146.  Ike, H., et al., Spine-Pelvis-Hip Relationship in the 
Functioning of a Total Hip Replacement. JBJS, 2018. 
100(18).



58 Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 

correlation to back pain in young athletes

101.  Siebenrock, K., et al., The cam-type deformity of the 
proximal femur arises in childhood in response to 
vigorous sporting activity. Clinical Orthopaedics and 
Related Research, 2011. 469(11): p. 3229-3240 .

102.  Lahner, M., et al., Prevalence of femoro-acetabular 
impingement in international competitive track and 
fi eld athletes. Int Orthop, 2014. 38(12): p. 2571-6 .

103.  Byrd, J.W., Femoroacetabular impingement in 
athletes: current concepts. Am J Sports Med, 2014. 
42(3): p. 737-51 .

104.  Agricola, R., et al., The development of Cam-type 
deformity in adolescent and young male soccer 
players. Am J Sports Med, 2012. 40(5): p. 1099-106 .

105.  Tak, I., et al., The relationship between the frequency 
of football practice during skeletal growth and the 
presence of a cam deformity in adult elite football 
players. Br J Sports Med, 2015 .

106.  Siebenrock, K.A., et al., Prevalence of cam-type 
deformity and hip pain in elite ice hockey players 
before and after the end of growth. Am J Sports 
Med, 2013. 41(10): p. 2308-13 .

107.  Philippon, M.J., et al., Prevalence of increased alpha 
angles as a measure of cam-type femoroacetabular 
impingement in youth ice hockey players. Am J 
Sports Med, 2013. 41(6): p. 1357-62 .

108.  Roussouly, P. and C. Nnadi, Sagittal plane deformity: 
an overview of interpretation and management. Eur 
Spine J, 2010. 19(11): p. 1824-36 .

109.  Berthonnaud E, et al., Analysis of the sagittal 
balance of the spine and pelvis using shape and 
orientation parameters. J Spine Disord, 2005. 18(1): 
p. 40-47 .

110.  Roussouly, P. and J. Pinheiro-Franco, Biomechanical 
analysis of the spino-pelvic organization and 
adaptation in pathology. Eur Spine J, 2011. 20 Suppl 
5: p. 609-18 .

111.  Reichenbach, S., et al., Association between cam-
type deformities and magnetic resonance imaging–
detected structural hip damage: A cross-sectional 
study in young men. Arthritis & Rheumatism, 2011. 
63(12): p. 4023-4030 .

112.  Siebenrock, K., et al., Abnormal extension of 
the femoral head epiphysis as a cause of cam 
impingement. Clinical orthopaedics and related 
research, 2004. 418(January): p. 54-60 .

113.  Pfi rrmann, C.W., et al., Cam and Pincer 
Femoroacetabular Impingement: Characteristic MR 
Arthrographic Findings in 50 Patients 1. Radiology, 
2006. 240(3): p. 778-785 .

114.  Nötzli, H., et al., The contour of the femoral head-
neck junction as a predictor for the risk of anterior 
impingement. Journal of Bone & Joint Surgery, 
British Volume, 2002. 84(4): p. 556-560 .

115.  Lohan, D.G., et al., Cam-type femoral-acetabular 
impingement: is the alpha angle the best MR 
arthrography has to offer? Skeletal radiology, 2009. 
38(9): p. 855-862 .

116.  Sutter, R., et al., How useful is the alpha angle for 
discriminating between symptomatic patients with 
cam-type femoroacetabular impingement and 
asymptomatic volunteers? Radiology, 2012. 264(2): 
p. 514-521 .

117.  Nouh, M.R., et al., Femoroacetabular impingement: 
can the alpha angle be estimated? American Journal 
of Roentgenology, 2008. 190(5): p. 1260-1262 .

118.  Barton, C., et al., Validity of the alpha angle 
measurement on plain radiographs in the evaluation 
of cam-type femoroacetabular impingement. Clinical 
Orthopaedics and Related Research, 2011. 469(2): 
p. 464-469 .

119.  Pollard, T.C., et al., Femoroacetabular impingement 
and classifi cation of the cam deformity: the 
reference interval in normal hips. Acta orthopaedica, 
2010. 81(1): p. 134-141 .

120.  Laborie, L., et al., The alpha angle in cam-type 
femoroacetabular impingement: new reference 
intervals based on 2038 healthy young adults. The 
bone & joint journal, 2014. 96(4): p. 449-454 .

121.  Mac-Thiong, J., et al., Sagittal parameters of global 
balance. Normative values from a prospective cohort 
of seven hundred and nine white asymptomatic 
adults. Spine, 2010. 22: p. E1193-E1198 .

122.  Boulay, C., et al., Sagittal alignment of spine and 
pelvis regulated by pelvic incidence: standard values 
and prediction of lordosis. Eur Spine J, 2006. 15(4): 
p. 415-22 .

123.  Roussouly, P., E. Berthonnaud, and J. Dimnet, 
Geometrical and mechanical analysis of lumbar 
lordosis in an asymptomatic population: proposed 
classifi cation. Rev Chir Orthop Reparatrice Appar 
Mot 2003. 89: p. 632-639 .

124.  Lerebours, F., et al., Prevalence of Cam-Type 
Morphology in Elite Ice Hockey Players. The 
American journal of sports medicine, 2016. 44(4): p. 
1024-1030 .

125.  Kind, P., et al., Variations in population health 
status: results from a United Kingdom national 
questionnaire survey. Bmj, 1998. 316(7133): p. 736-
41 .

126.  Fairbank, J.C., et al., The Oswestry low back pain 
disability questionnaire. Physiotherapy, 1980. 66(8): 
p. 271-273 .

127.  Fairbank, J. and P.B. Pynsent, The Oswestry 
Disability Index. Spine, 2000. 25(22): p. 2940-2952 .

128.  Larson, A.N., B.A. Schueler, and J. Dubousset, 
Radiation in Spine Deformity: State-of-the-Art 
Reviews. Spine Deform, 2019. 7(3): p. 386-394 .

129.  Grosdent, S., et al., Lumbopelvic motor control and 
low back pain in elite soccer players: a cross-
sectional study. J Sports Sci, 2016. 34(11): p. 1021-9 .

130.  Ashby, D., Practical statistics for medical research. 
Douglas G. Altman, Chapman and Hall, London, 
1991. No. of pages: 611. Price: £32.00. Statistics in 
Medicine, 1991. 10(10): p. 1635-1636 .

131.  Sward, L., et al., Back pain and radiologic changes 
in the thoraco-lumbar spine of athletes. Spine (Phila 
Pa 1976), 1990. 15(2): p. 124-9 .

132.  Witwit, W.A., et al., Disc degeneration on MRI is 
more prevalent in young elite skiers compared to 
controls. Knee Surg Sports Traumatol Arthrosc, 
2018. 26(1): p. 325-332 .

133.  Nagashima, M., et al., Risk factors for lumbar disc 
degeneration in high school American football 
players: a prospective 2-year follow-up study. Am J 
Sports Med, 2013. 41(9): p. 2059-64 .

134.  Sward, L., et al., Disc degeneration and associated 
abnormalities of the spine in elite gymnasts. A 
magnetic resonance imaging study. Spine (Phila Pa 
1976), 1991. 16(4): p. 437-43 .

59Wisam A. Witwit, MD

References
Spinal column and hip joint changes, and their 
correlation to back pain in young athletes

135.  Celebrini, R.G., et al., Effect of a novel movement 
strategy in decreasing ACL risk factors in female 
adolescent soccer players: a randomized controlled 
trial. Clinical journal of sport medicine : offi cial 
journal of the Canadian Academy of Sport 
Medicine, 2014. 24(2): p. 134-141 .

136.  Baranto, A., et al., Back pain and MRI changes in the 
thoraco-lumbar spine of top athletes in four different 
sports: a 15-year follow-up study. Knee Surg Sports 
Traumatol Arthrosc, 2009. 17(9): p. 1125-34 .

137.  Wang, F., et al., Aging and age related stresses: 
a senescence mechanism of intervertebral disc 
degeneration. Osteoarthritis Cartilage, 2016. 24(3): 
p. 398-408 .

138.  Baranto, A., et al., Back pain and degenerative 
abnormalities in the spine of young elite divers: a 
5-year follow-up magnetic resonance imaging study.
Knee surgery, sports traumatology, arthroscopy : 
offi cial journal of the ESSKA, 2006. 14(9): p. 907-
914 .

139.  Lagerstrand, K., A. Baranto, and H. Hebelka, 
Different disc characteristics between young elite 
skiers with diverse training histories revealed with 
a novel quantitative magnetic resonance imaging 
method. European Spine Journal, 2021: p. 1-8 .

140.  Belavy, D.L., et al., Characterization of Intervertebral 
Disc Changes in Asymptomatic Individuals with 
Distinct Physical Activity Histories Using Three 
Different Quantitative MRI Techniques. Journal of 
clinical medicine, 2020. 9(6): p. 1841 .

141.  Waldenberg, C., Hebelka, H., , Brisby, H.,  
Lagerstrand, K., Detailed T2-mapping analysis 
reveal disc characteristics that may be of 
signifi cance for low back pain patients, in Joint 
Annual Meeting ISMRM-ESMRMB 2018: Paris, 
France .

142.  Olof Thoreson MD1 Karin Svensson1, P.J.M., Peter 
Kovac MD3, Leif Swärd MD PhD1, Adad Baranto 
MD, PhD1, Back pain and MRI abnormalities in the 
thoraco-lumbar spine of elite long distance runners. 
A cross sectional study. Medical Research Archives, 
2015. 2(4, 22-28) .

143.  Witwit, W.A., et al., Disc degeneration on MRI is 
more prevalent in young elite skiers compared 
to controls. Knee surgery, sports traumatology, 
arthroscopy : offi cial journal of the ESSKA, 2018. 
26(1): p. 325-332 .

144.  Witwit, W., et al., Young football players have 
signifi cantly more spinal changes on MRI compared 
to non-athletes. Translational Sports Medicine, 
2020. 3(4): p. 288-295 .

145.  Thoreson, O., et al., Back pain and MRI changes 
in the thoraco-lumbar spine of young elite Mogul 
skiers. Scandinavian Journal of Medicine & Science 
in Sports, 2017. 27(9): p. 983-989 .

146.  Ike, H., et al., Spine-Pelvis-Hip Relationship in the 
Functioning of a Total Hip Replacement. JBJS, 2018. 
100(18).




