UMEA UNIVERSITY

Low back pain in Adolescent
Athletes

Claes Goran Sundell

Department of Community Medicine and Rehabilitation
Umed 2019



Responsible publischer under Swedish law: The Dean of the Medical Faculty
This work is protected by the Swedish Copyright Legislation (Act 1960:729)
Dissertation for PhD

ISBN: 978-91-7855-024-1

ISSN-0346-6612

Neuw series no: 2014

Copyright © Claes Goran Sundell, 2019

Cover illustration: Stina Norgren, Illustre.se

Illustrations: Stina Norgren, Illustre.se, page 1,3,4,12,13,41

Illustration page 2: Permission Encyplopedica Brittanica, page 2

Pictures: 3D4 Medical; www.3D4Medical.com, page 1,3,5,6,7

Article nr .3 "© Georg Thieme Verlag KG."

All previously published papers were reproduced with the kind permission of the publishers

Electronic version available at: http://umu.diva-portal.org/
Printed by: UmU Print Service, Umed University
Umed, Sweden, 2019



“Listen to the Sound of Silence”

Unknown

To my family:

Doris, Cecilia, David, Johan






Contents

X3 1 0 2 T 1 RN iv
Sammanfatining pA SVENSKa ....cccciieieeiecieiieriececcesiosseseccssssssecsscasssssens vi
Preface...cccciieiiieiieniesiecaniesressecastessessesassessessssessessessssessessessssessessases viii
ADDIevIiations ...c.ceeceeiecrecreceeiecrecsecacsesressessssessesssssssssessssssssssssssssssess ix
INIrOdUCHON «vuierieiieieierierneiasiessessecasressessesessessessssessessessssessessesassesses 1
LADNATOIMY vttt et sas s a e s b e ab s ab e s abesanee 1

1.1 TRE SKELOLOTL ...ttt ettt ettt ettt aesbesaessesaens 2

1.2 TRE SPIN .ttt ettt et ettt sttt et et sttt sb e ae b esessessessenne 3

1.3 TRE LOWET DACK ..ottt ettt ettt et s st st s saesaessasanen 4

1.4 The Functional Unit Of the SPINe ........ccceeeeeirerirseeseeneeeeseeseesseneessesseseseseenens 4

1.5 TRE UBTLEDTAE ...ttt te st e stesste st e seesae st e s st esassbe st esssesaensanes 5

1.6 The Pars interarticularis of the Vertebrae..............ccuceeevevnseeneeneeneeseesenennens 6

1.7 The Zygapophysial facets of the Vertebrae...............uoeeeceeveeneeenvenenrensennenne 7

.8 ADOPRYSTS .ttt ettt sttt st ae st s s s bbbt sttt ettt ettt ae b n 7

2. FUNCIoNAal QNatOIMY......ccccueruerierrenienenenieneneeenee ettt ettt ettt et et e seestesessensesnens 7

2.1 SPINALLOAA ...ttt st sttt ettt et 8

3. The historical perspective of Low back Pain ........cccceceveverenenenenrennennenneneeeeene 8

3.1 The nAtural RISEOTY Of LBP.........coeoeevieieieieieiecieneesieneensessessessesesstssesteseeseenees 9

3.2 The history of SPONAYIOLYSIS ........cceeevereriririiiieeteteeecteseesresenresese et 9

4. LOW BACK PAIN..c.uiiriiiiiiiiiiieieeciceiestcsie ettt st e st e s st e sae et st e staesbesssesaaessesssesanens 9

4.1 Non-Specific Low Back Pain (NLBP) .......c.coevuevrveesersieneeseeseesieseeneessessessessensens 10

4.2 SPecific LOW DACK PAIMN .......coueeueeererieieieteeeteeestesiessessessesseseee st ettt eeeees 10

4.3 Adolescent Low Back PAin (ALBP)........coouuceriieeiieseesiensiesiseseesiesssesisesssssesssens 10

4.4 Low Back Pain and DiSADTIILY ..........cceecueeereeersiensieseesiessiesiseseessesssesssesssessesssens 10

5. Low Back Pain in Adolescent athletes .........cccevverienernieniiinieeniennienieneeseseeneeseeeeenn 11

5.1 SPONAYIOLYSTS ...ttt sttt st ettt st 11

5.2 SponAyYlolySiS-AetiOlOgY .......ccuevuevueeuesuesuenienienienienienesienenreseseseet ettt 11

5.3 Spondylolysis-PatROGenesTs ...........cecueveeeeeneesieserseenieseeseeneeseeseessessessessessesessennes 11

5.4 SPONAYlolYSiS- SITeSS TEACLION .....cueeueeuerueririeieietetetetestesteseeseessessessessesseenes 12

5.5 Spondylolysis- Stressfracture (Incomplete/Complete).............coceeveeererneenene. 13

5.6 Spondylolysis/PSEUAOATTATOSTS. ......cc.ceeeereesirsieteseestesteseeseeseessessessessessesesseenes 13

5.7 SPONAYIOLISTRESTS ....ceveeveeerrerieeitesieeieetesieesieesteseesteestesasesseessesasessssssesssesssenses 13

5.8 A differential diGGMOSIS..........cccuevueveeserseeseentesiesienieneestenesseseseseee ettt et nes 14

6. ATTIIS .ouviiieiieieetee et e e et e st e te et e st e st e sae st e s e e s b e et e et e sa e ba et e et e e ta e be et e e st e aeenbesssaenas 14

7. SUMMATY Of PAPETS.....eiotiteietententertentenienienreneseesestet et et st et et et e st estessessessessessessenne 15
PAPET T vttt e a e s aa s a 15

PAPET 2.ttt bbb st st 15

PAPET 3ttt s st 16

PAPET gttt et 16

PAPCT 5 ettt ettt sttt st e st e e s e bt e s s bt e s s st e e st e s e aa e e s e st e s e nnaees 17



Questionnaries — Study T and IL.......ccecceceererrerrinrinnienienienienienenenesesesesessessessessseseeseens 18
Epidemiology/Prevalence study - StUAY L..........ccocuvverververseenienrenrenienenesesesiesenns 18
Retrospective questionnaire study — STUAY Il .........c.ceeeverververserserseeneenrenressesesennes 19

Physical examination — Study IIL, IV, V ....cccooererenenenienenieneneseseseseeeeeessessessensens 20
Physical examination - StUAY IL.............ccecevuevuenuenieneneniesiesesiessessesssssssssesssssessens 20
FUNCHONAL TNOUGINENL LESL ...ttt esee e sseesseseeesseessesaenens 21
SPECIFIC PTOUOCALION LESLS ...veuveeerereerieriririetetestestessessessessessessessessesssssessessessessenes 21
Physical examination — STUAY IV .......ceeeevveeviententenienienesiesesesesesesssssssssessessessenes 21
Physical examination — STUAY V .....ceeeevveevernernieneenieniesiesiessessesessessessessssssssssssessens 22

MRI and CT — study II, IIL, IV, V.cccoeerererereneneneneseseeeeeeeessessessessessessessessessessesses 22
STUAY LT ..evoneeeeienienieeiesieseseseseeeseestesteseesteste st et et et et esestessessessessessassassassassassanse 23
STUAY LT ...vonveneeeeeenienienieseseseseeeeeesteseeseetestestestessesessessessensessessensessassassassassassasse 23
STUAY IV cveteviieeiesiesiesiesesiesesesessessteseesee st et et et et st et este st et essessessessassessassassassanss 24
STUAY V.veteieierieniesiesesesesesesesessessteseeses st et et sste st et et essessessessessessessassassassassassanse 24

Differential diagnOSis .....cceeverrerererenerienenenentnrertertet ettt este st saessessessessessessessessens 24

StatiStiCal MEtIOGS ..ccuveeeneeeeieeeiecceccteccee ettt eteeesteeess e e sse e baeeesaeeseeens 24
SEALISHCAL AMALYSTS ..ottt ettt et steste st e stestessessassassessassessenns 24

BICRIS ettt et ettt et et e e be e e ba e e se e e b r e e b aeebr e e reeerb e e et s eeaareseennes 25

RESUILS . .cvuituiiuitirniitiititeittitnieticteiteicsctesteicsncsssesssssssascsssssscsssssssans 26

ReESUILS — STUAY I-V ..ttt ettt sttt et st essesaesbessessessessessessessassaenees 26

SEUAY L.ttt st sesae e e sae st s e e e e se e s e e e sesassesaesessencs 26
Prevalence ....ccceceeeieeienieniincenieaieaceeiteicsecteicacsesessssscsessascssssssssssnes 26
D1 72 1 0 0] o L 26
CONSEUUEIICES ..ucueurernriririrircsesiscscscscssscssscssssssssssssssssssssssssssssesssssssens 27

StUAY IT RETOSPECLIVE ....cueuteuieuteteteientetententesieeresiee ettt et ettt et e saesaesessessessessens 30

Study ITI. ClHNical STUAY.....ccceeververuerrerenenenentetetetetete ettt steseessesressessessesse st eeene 31
CliNICAl TNUESTIGALION ....eeneeeeeneeeeeeeeteteseentestesresreerest et ettt ettt etesaessessessessens 31
Study IV. Subgroup Study IIT — ClasSifiCation............cceveeveeseeseeseeseesenenrenrensennenne 33

Study V. Differential diagnostiC.......ccceeueruerereninieninininnneeteectesteseesresrene e 37

DISCUSSION tuvviiuinierienrecaiesressecascessessesassessessessssessessessssesssssesssssssssnes 39

LOW DACK PAIN ..uviriieriieniiiieeieeteetesieeieete sttt ste st e satssteste st e sseebessasssesseessasnsesseensesnns 39
PrOUALCTICE. .....coneeeeeeeeetecieeceeeteet ettt et e steste st e sae s sae st e s saesaesste s st assaessasssanssansasnne 39
Low Back Pain in QdOleSCENCE............cccueecveeseereenieriieniesieessesisessessesssessessesssessenses 39
The Maturity of the skeleton (i.e lower BACK)...........c.cocuevevveeveeseesueneenenenenenennen. 40
SPINALLOAA. ...ttt ettt ettt et et st sa e stestessessessessessessessenne 40

Low Back Pain in Adolescent athletes ......ccccccecececececececececececececececens 41

Injuries to Pars Interarticularis of the low back.......cccccevevenenennnnneeeee 42
EHIOIOGY .ottt ettt et ettt st ettt ettt esaessessesuesnens 42
PAEROGEINESTS ...ttt sttt ettt ettt e sae st e e sbesaesaessessessessessesnene 42
SPONAYIOLISTRESTS ...ttt ettt ettt ettt et ste st ssesaessessessenne 43
PRYSICAL @XAMINALION ...e.veeveeeeeeeieeieetesieestesteseestesssestessesssesssesstessasssasssessaensasnns 43

TTEALIMENT ...ttt ettt et e s ae e e s e abe e s e sssaesesnsaean 43

Differential diagnosis ......ceevveeiereenieriienieneerierteee et stesrt e st esteeste st eseeesaeessessaessaessasanes 44

ii



AckNowledgmentsS....ccccieiieiieieiesiennecectesiesaececssssessecssssssesscsssessecssces 40

RELEIEINCES ..ccuenrniniererncerecrecocacsncecacsscscecassscossssscscassssscassssscasassscocass 47

il



Abstract

Abstract
Background:

Globally Low back pain (LBP) is one of five leading causes of years lived with
disability (YLD), and LBP is a common complaint among adults as well as adolescents
and adolescence athletes. During adolescents, the LBP often is considered as non-
specific without structural findings and thus not needed to be further diagnosed or
treated specifically. However, LBP that begins in adolescence often continue through
adulthood, and since adolescent athletes with high physical activity seems to have more
LBP than less physically active adolescents, high physical loading during adolescence,
might be a risk factor for LBP later in life.

Studies:

Epidemiology: The Standardized Nordic Questionnaire adjusted for adolescence
was used to investigate the prevalence of LBP during adolescence (16-19 years old
individuals).

Retrospective study: A ten-year follow-up on symptomatic low back spondylolysis
patients identified on MRI or CT. Sixteen out of nineteen identified patients
agreed to answer a questionnaire and to have their case-history reviewed.

Case-control study: Twenty-five patients (13-19-year-old boys and girls) with LBP
and 13 pain free individuals (controls, 14-19-year-old boys and girls) were
investigated with physical examination and MRI. If the patients had findings on
MRI a CT investigation was performed.

Clinical study: Twelve of 14 patients (a subgroup from the case-control study)
with Spondylolysis on MRI and CT were evaluated with a modified Hollenberg
classification (six levels). These patients were re-evaluated with MRI and CT after
3 months of treatment with complete rest from sports activity.

Differential diagnosis: Five adolescent patients with on-going LBP/thigh pain
previously treated in other clinics, were reevaluated for a “second opinion”.

Results:

Epidemiology study: The prevalence of LBP among adolescents was_46% (N=
2522) with an annual incidence of 42 %. Girls reported more LBP than boys (52
% versus 40 %). Individuals who were active in sports > 6 h/w had significantly
more LBP compared with less physically active individuals.
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Retrospective study: Thirteen of the 16 individuals had a second MRI/CT
investigation and thus 52 out of the initial 64 pars interarticularis where
investigated a second time (mean 3 months after the first investigation). These
patients had had different treatments, most commonly rest for 3 months. In total,
7 out of 16 individuals healed (44%).

Case control study: In 22/25 patients (88%) there were clinical findings and MRI
findings such as spondylolysis, disc herniated discs, disc degeneration and
injuries to the vertebral body. In 13/25 patients (52%) spondylolysis of different
stages were found. No clinical test alone, or in combination, could reliably
diagnose spondylolysis, and could thus not be used as a selection test for patients
who need further diagnostics with MRI and CT.

Clinical study: Using a combination of MRI and CT examination the early signs
of skeletal injury (oedema, incomplete fracture) to the pars interarticularis were
detected. Patients diagnosed with these early stages healed significantly better
than if diagnosed in later stages (complete fracture and pseudoarthrosis).

Differential diagnosis: The second opinion with careful physical examination and
MRI examination diagnosed stress reactions in the pelvic ischial tuberosity in the
patient seeking help for pain in the lower back/thigh. After guided rehabilitation,
all these patients returned to previous sport activities.

Conclusions:

LBP is common during adolescence, more common in girls and in highly active
individuals. LBP must be taken seriously, especially in adolescent athletes who
not seldom have fractures in pars interarticularis (Spondylolysis). If diagnosed
early, there seems to be good potentials to heal the fracture with 3 months” of
rest from loading (sport activity). Differential diagnoses such as stress reactions
in the pelvic ischial tuberosity should be taken into consideration.



Sammanfattning pa svenska

Bakgrund

Smarta i lindryggen (LBP) ar vanligt forekommande hos sévil vuxna som
ungdomar, och betraktas allmint i virlden vara den dkomma som ger mest
rorelsenedsétining. Landryggssmirta debuterar ofta i ungdomsaren och
fortsatter inte sillan in i vuxen alder. Fordndringar i landryggsskelettet kan
diagnosticeras redan i tonarsperioden. Fysisk aktivitet ar viktigt for hdlsan, men
fysisk aktivitet som innebar hoga och repetitive belastningar pa
landryggsskelettet under uppvaxtaren kan vara en riskfaktor for utveckling av
landryggssmarta, och stressreaktioner/frakturer i ldndryggens skelett kan
uppsta.

Syfte

Epidemiologisk studie: Att anvidnda det standardiserade nordiska
frageformularet (The Standardized Nordic Questionnaire) for att undersoka hur
vanligt forekommande landryggssmarta (LBP) ar bland 16-19 &ar gamla
ungdomar.

Retrospektiv_studie: Att gora en éaterblick genom en 10 ars uppfoljning av
patienter med LBP och diagnosen spondylolys (fraktur i pars interartikularis i
den bakre delen av kotan) verifierad med magnetkamera (MRI) undersokning
och datortomografi (CT) undersokning. Identifierade 19 patienter varav 16 var
villiga att deltaga genom att besvara ett frageformular samt fa sin skadehistoria
genomgéngen.

Patient-kontroll studie: Att det pa 25 patienter med LBP och 13 smartfria
individer (kontroller) utférdes klinisk undersékning och MRI undersokning. Om
LBP patienterna hade positivc MRI fynd utférdes ocksd CT undersokning for
ytterligare specificering av diagnosen.

Klinisk studie: Att pd 12 av 14 patienter med diagnosen spondylolys verifierad
med MRI utférdes CT for ytterligare stadieindelning av frakturen. Dessa
patienter behandlades med 3 ménaders vila fran idrottsaktivitet och annan tung
landryggsbeklastning. Efter behandlingen utférdes ny MRI och CT undersokning
for bedomning angéende lakning av frakturen.

Differentialdiagnos: Fem patienter med pagdende LBP som utan framging
behandlats pa andra kliniker bedémdes som second opinion-fall.

Resultat

Epidemiologisk studie: Forekomsten-prevalensen av LBP bland 16—19 &ringar
var 46 % (2522 st), med en érlig forekomst av 42%. Flickor rapporterade mera
LBP an pojkar (52% jamfort med 40%). De som var idrottsaktiva> 6 tim/vecka
rapporterade mer LBP 4n de som var mindre aktiva i idrott. Ingen specifik idrott
kunde pekas ut som speciellt riskfylld for att utveckla LBP.

Retrospektiv studie: Hos 13 av 16 patienter med diagnosen spondylolys gjorde
man en uppfoljande undersokning (i medeltal 3 ménader efter forsta
undersokningen) varvid man undersokte 52 av de ursprungliga 64 pars
articularis. Totalt lakte 7 av 16 individer (44%)




Patient-Kontroll studie: Hos 22/25 (88%) av LBP patienterna foreldg positiva
fynd vid klinisk undersékning och MRI undersokning. Hos 13 patienter visade CT
undersokningen spondylolys i olika stadier. Ingen enskild klinisk test, eller i
combination med andra tester, kunde med sdkerhet diagnosticera spondylolys,
och Kkliniska tester kan darfor ej anviandas for att vilja ut patienter dar det ar
indicerat att gd vidare med MRI och CT undersckning.

Klinisk studie: Genom att anvinda MRI i combination med CT undersckning
kunde man uppticka tidiga tecken pa skelettskada som 6dem och inkomplett
fraktur. Hos patienter dar skelettskadan diagnosticerades i tidigt stadium sag
man béttre lakning pd behandling dn om skelettskadan diagnosticerades i ett
senare stadium (komplett fraktur och pseudartros).

Differentialdiagnos: LBP patienter och patienter med LBP och smairta ner 6ver
hoftens baksida bedomdes for “second opinion”. Noggrann klinisk undersokning
kombinerad med MRI undersokning visade diagnosen
stressreaktion/frakturtecken i Tuber Ischiadicum. Efter specifik rehabilitering
kunde dessa patienter atervinda till full idrottsaktivitet.

Sammanfattning

LBP ar vanligt forekommande hos 16—19 aringar, och mer férekommande hos
flickor och hogaktiva ungdomar. LBP hos ungdomar maste tas pa allvar da
framforallt hogaktiva idrottare kan lida av frakturer i pars interarticularis i den
bakre delen av kotan. Det finns ingen speciell klinisk test att anvidnda for att
diagnosticera spondylolys. Om positiva fynd vid MRI undersokning kan
komplettering med CT undersokning anvandas for stadieindelning av frakturen.
Vid tidig diagnos, i tidigt frakturstadium, verkar det finnas goda forutsattningar
for 1lakning pd behandling med 3 manaders vila fran idrott och annan tung
landryggsbelastning. En  differentialdiagnos vid LBP kan vara
stressreaktion/fraktur i backenets skelett.



Preface

More than twenty years ago I had a 15-year-old sports active patient suffering
from LBP especially after sport activity. Clinical examination indicated facet joint
pain, and with my education in manual therapy I was thinking about treatment
with manipulation. By a co-incidence, this patient instead first had an MRI
examination, followed by a CT examination due to positive findings on the MRI.
These examinations showed that the patient suffered from spondylolysis
(incomplete fracture) in the L5 vertebrae. At that time, I had sparse knowledge
about spondylolysis, and did not at all know how to treat the condition.
Discussions with my future tutor and most scientific papers suggested treatment
in a brace for 6 months. However, in one of the papers (1) the treatment was rest
from physical activity for three months, and to me that seemed better to suggest
for this patient. Two months later another CT examination showed that the
fracture had healed, and after some additional rehabilitation exercises this
patient was pain-free and returned to previous physical activity level.

This started my interest in doing research in this field. Suddenly I recognized
other young and mostly sport actives suffering from LBP, were further
examinations showed the diagnosis spondylolysis. By just starting to think about
this diagnosis I have now seen around 100 patients with spondylolysis.
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Abbreviations

ADL — Activities of Daily Living

ALBP — Adolescent Low Back Pain

BMD- Body Mass Density

CT — Computer Tomography

FSU - Functional Spinal Unit

Inferior Articular Process (IAP)

IMD - inter malleolar distance.

LBP- Low Back Pain

NSLBP — Non-Specific Low Back Pain

NSALBP — Non-Specific Adolescent Low Back Pain
ICD - Intercondylar distance

YLD - years lived with disability

OR - Odds Ratio

PE- Physical Examination

PBM - Peak Bone Mass

PHYV - Peak Hight Velocity

MRI - Magnetic Resonance Imaging

MVPA — Moderate to Vigorous Physical Activity
IT- Ischial Tuberosity

SRBI — Stress Related Bone Injuries

PGR - Personally Graded Rehabilitation

PI — Pars Interarticularis

VAS - Visual Analogue Scale

STIR - sequence and a coronal T2-weighted inversion recovery
SAP -Superior Articular Process

PED - Posterior Element Disturbanc
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Introduction

1.Anatomy

fig. 1. Development fig. 2 lordosis

The human anatomy is a reflection of the change from primates walking on four
legs to the erect walking in humans (fig. 1). The erect walking has resulted in
thedevelopment of a different pelvic region, with high loads placed on hips, pelvic
girdle and lower back. This evolution has led to a lordosis in the lower back (fig.2),
essential to make it possible to balance the human torso on the pelvis and the legs
(2). All humans have the same neuro-musculoskeletal anatomy, with about 206
bones, 640 skeletal muscles, a lot of ligaments, and a nervous system in charge.
During life we need impact to the musculoskeletal systems, through physical
activity, to make progress and strenght in the tissues (3.). The low back needs
support from ligaments, muscles in the torso, pelvic region and legs, to manage
daily life activities, recreational and sports activities (4, 5, 6).



1.1 The skeleton
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Fig. 3. Bone remodelling

The skeleton consists of two tissue types, cortical bone tissue as a shell around
the trabecular bone tissue. The composition of these two tissues is defined as
Bone Mineral Density (BMD) and combines strength and stiffness of the skeleton.
Bone grows in two directions, in breadth and length (7). Osteogenesis during
growth spurt (i.e. longitudinal growth) mobilizes calcium from cortical bone to
the metaphysis of the long bone and increases the cortical porosity. These
changes decrease the strength in other parts of the skeleton during the growth
spurt (7). Strain is important for bone development during growth and is
described as a mechanostate by Frost (8). Strain creates a deformation that
initiate a homeostatic feedback in the skeleton, with resorption of injured tissue
by osteoclasts and formation of new bone by the osteoblasts (Fig. 3) (7). Bone has
the capacity to remodel and to increase BMD in order to manage the demands of
gravity and other types of skeletal loading (9). Different types of loading
parameters like increased frequency, cyclic loading, and rest time, may have
impact on the osteogenesis in humans (10). Weight bearing loading, high
intensity loading, and loading in unusual directions, increases the maximum
bone mass Peak Bone Mass (PBM) during childhood. Having a high peak bone
mass going into adulthood decreases the risks for fractures later in life (11).
Extreme situations with low skeletal loading such as weightlessness decreases the
BMD of the weight bearing skeleton with up to 2.5% in 6 months (12). In a
computer model a 15.8% decrease of the trabecular thickness was demonstrated
when the external load was reduced with 20%, and an increase in external load
with 20% increased the trabecular thickness with 17.5%. (13). Adolescent
swimmers, that are involved in a less weight bearing activity compared to
adolescent football players, had no significant increase in BMD compared to the
football players that had a significant 5.7% increase, during an 8-month
intervention study (14). On the contrary, Gable et. al. found that there was no
significant difference in bone architecture and BMD among adults on different
levels of sedentary walking activity (15). Though, the biological maturity also
effects the osteogenesis during childhood, hence this should be taken in account



when comparing BMD during adolescents. Instead BMD should be related to
Peak Hight Velocity (PHV) biological level (+- 1year in 95% of cases) and be
compared to chronological ages (16).

1.2 The Spine

Fig.4 The Spine

The spine consists of 24 vertebrae (7 neck, 12 thoracic and 5 lumbar vertebrae).
Sacrum is also a part of the spine with 5 vertebrae melted together and it finishes
with the coccyx. The sacrum is connected to the pelvic girdle through the joints
between the right and the left os. ileum in the pelvic girdle — the SI joints, and
rests on the hip joints. The spine is designed with cervical lordosis, thoracic
kyphosis and Lumbar lordosis which gives the spine less compression forces to
the structures. The spine is central in the movement of the muscles in the torso
which have their origin and insertions in the spine, the pelvic region and the hips.
The muscles in the torso area act together to balance the trunk and pelvic girdle
on the legs. The stability of the spine is established by the intervertebral discs, the
zygapophysial joint, ligaments and muscles, intrinsic stability by the
intervertebral discs, zygapophysial joint and ligaments and extrinsic stability by
muscles. The vertebrae in the low back functions together with the vertebrae in
the rest of the back as they are connected to each other in the Functional Unit of
the Spine (FSU) described below (17,18).



1.3 The lower back

The Low Back is the region bordered abowe by the 12t rib and below the gluteal
folds (19, 20, 21), and is represented by the five lowest vertebrae in the back. Itis
closely connected to the pelvic girdle. The single vertebrae form an anterior part
with the vertebral bodies and intervertebral discs, and a posterior part with its
neural arch, zygapophysial joints and the spinous process. The low back consists
of 5 functional spinal units (fig.3) joining L1/L2, L2/L3, L3/L4, L4/L5 and L5/S1,
respectively. There is a lordosis between Th12 and sacrum that is an important
part that lower the compressive loads acting on the low back during during daily
life activities, as well as more strenuous load during work, physical activity and
sports (17,18). The low back develops during the first 2 decades of life and is
estimated to have matured when the adolescent individual becomes adult around
20 years of age (22).

1.4 The Functional Unit of the Spine

Fig.5. Functional Unit of the Spinal (FSU)

The FSU (fig.5) can be described in a ventral and dorsal portion where the ventral
portion consists of the vertebral body, intervertebral discs, ligaments,
intervertebral foramina the spinal cord and the nerve root. The dorsal portion
consists of lig. flavum, the superior and inferior facet joints, joint capsules,
transvers processes, spinosus processes and the ligaments and small muscles in-
between (23). The posterior part of the functional spinal unit forms the spinal
canal where the spinal nerves passes. It is a complex part with several processes
acting as insertion points for muscles and ligaments. Pars interarticularis (PI) is
a part of the dorsal vertebrae previously called “The neck of the scotty dog”. It is
the bone area between the superior and inferior zygapophysial facets on the same
vertebrae, on the same side. and can be seen on the figure that shows the dorsal
part of the vertebrae (Fig 7). The height of the intervertebral disc is important as



it makes a free space for the nerve root to pass on its way to become a peripheral
nerve. Stability is formed by the facet joints. Thru the whole spine, the small
muscles between two vertebrae, as well as the bigger muscles in the different
muscle layers, initiate and control movements both locally as well as with another
FSU (17, 18).

1.5 The vertebrae

Fig.6 The vertebrae

The human vertebrae have two main parts, the ventral part with its body having
a tissue composed of cortical bone as a shell around the trabecular bone (Fig. 6).
Together these make a light and strong construction. The ring apophysis (a bony
ring) is connected to the endplates at the bottom and at the top border between
the intervertebral discs and the vertebral body (22, 24, 25). The dorsal part also
consists of a tissue composed of cortical bone as a shell around the trabecular
bone and anatomically, left and right pedicle, left and right transverse processes,
the superior articular processes, (the lamina in-between, Pars Interarticularis)
the inferior articular processes on the left and right side, and the spinosus
process. (17,18).



1.6 The Pars interarticularis of the Vertebrae

Fig 7. PI Fig. 8 PI (close look)

As the vertebrae are developing during puberty the low back is sensitive to high
loads and too high loads can lead to injuries to the vertebral body such as
intravertebral disc herniation and apophyseal injuries (22). Pars interarticularis
(PI) is a part of the dorsal vertebrae. It is the region (bridge) between the superior
and inferior facet (fig.7 and Fig.8) This region is loaded more or less all the time,
day and night, and mostly in hyperextention. The load on the facets is shared with
the intervertebral disc and is dependent on the position of the spine (17). The load
is higher in upright and standing position and much higher during activity, and
the higher activity the more load (17). During Physical activity and sports there
are all kind of movements like flexion, extension, lateral flexion and rotation (11).
Extensions, lateral flexion and rotations give the highest loads on the PI. The
functional muscle bone unit is important as there is a correlation between muscle
area and periosteal circumference which means that a lot of the load to the bone,
comes from muscle activity (26).



1.7 The Zygapophysial facets of the Vertebrae

Fig. 9 The Zygapophysial facets

There are four zygapophysial facets on each vertebra (fig. 9). A left and right
superior articular process (SAP) and a left and right inferior articular process
(IAP) placed in the posterior part of the vertebrae, acting during loading to
prevent sliding and in rotation too prevent to much load on the intervertebral
discs. They are also guiding the movement in the FSU of the spine. They take part
in all kind of movements in the spine upright position, flexion, extension and
rotation (17, 18).

1.8 Apophysis

Apophysis is the insertion of tendon to the skeletal tissue. In the apophysis there
is a gradual transition of tissue from tendon or ligament to bone and should be
seen as a relatively weak site of attachment of tendon or ligament to bone, in
adolescence during physical growth. A “slow progression principle” is a good
principle to avoid injuries in the apophysis in the growing athlete (27). The
functional muscle bone unit is important as load to thebone comes from muscle
activity together with gravity (26,27). Rapid load of the tendon or ligaments can
give too high an impact to the insertions and cause injuries (27, 28)

2. Functional anatomy

The functional unit of the spine (FSU) is essential for the movements in the spine.
The loads acting on the spine in upright position, is gravity that produce
compression force and shear forces in the FSU when the torso moves in different
directions. In all movements the IAP and the SAP is in action (22). In different
combinations of movements, the PI makes an obstacle to continued movement in



the FSU. The intervertebral disc is also an obstacle to these movements (18). The
erector spinae muscles seem to be inactive in full flexion while the counteraction
is made up by the posterior ligaments of the spine (17). Rotation in the low back
are small movements in each FSU with the total of about 10 degrees. There is a
couple of degrees in each segment and direction, with most of the rotation taking
part at L5 level with about 5 degrees to each side (18). In lateral flexion the cranial
vertebrae are bending to the same side and SAP glides down on IAP to the side
the bending is (convergence) and on the other side there is a divergence as the
SAP glides up on the IAP, on the same side. This action stretches ligaments and
capsule on the side you are bending from and relaxes structures on the side you
are bending towards.

2.1 Spinal Load

The load subjected to the spine differs depending on the type of activity, from
activities of daily life to strenuous work and sport activity. . Loading produces
strain in the tissues and activates osteogenesis in the skeleton (11 ), lumbrication
in the joints (29), the development of the muscle-bone-unit (27), the tendon
strength (30), the muscle tendon unit and the growing of the muscle fiber
thickness (31). Studies have reported loads on the lower back up to 800 N in
upright standing (17, 32) and about 1000 N in upright sitting and if you make a
lift of an object of 800N (80kg) there will be a load of about 10000N (1000kg) on
the FSU in lumbar level. This load is produced by the external objects, the weight
of the upper body as well as load produced by concentric and eccentric muscle
contractions (17 In vivo and in vitro studies has shown that the load on the spine
differs depending on spinal posture and movements, and mainly load the
intervertebral disc and the facet joints (25). Combination of movements like
extension, lateral flexion and rotation increase the load of the posterior part of
the vertebra (17, 25, 33).

3. The historical perspective of Low back Pain
The historical perspective of Low Back Pain

Allan, 19809, stated that “there has always been back pain” in his
“Understanding and management of low back pain”. The history of Low Back
Pain (LBP) starts many thousand years ago and was recognized as a disease in
papyrus about 1500 BC. Degenerative changes in the spine were seen in the
earliest remains of humans, and during decades with studies on the spine there
has been similar findings all over the world. Hippocrates (400 BC) also wrote
about LBP, but at that time LBP was a symptom of many illnesses. In the 19th
century, parallel to the industrial revolution when building of the railways
started, serious back injuries were seen, and injury was established as a cause to
back pain. During decades the understanding and management of LBP has
changed, and Wadell (1989) concluded that there is an “iatrogenic disability”
explained as health care being a part of the development of LBP conditions (34).
This opinion has been discussed and criticized thanks to the fact that specific LBP



now has been able to be diagnosed with the use of new examination technologies.
(35,36, 37)

3.1 The natural history of LBP

The natural history of LBP is still under discussion. The picture is very
heterogenous and there is no consensus about where the pain comes from, what
it is, how serious it is to humans, social interactions and what the best practice is
(38, 39, 40). Different opinions present different solutions to this condition (36,
41, 42, 43, 44, 45). Some authors describe a natural history of recovery within 3
months for 90% of the individuals (46), while others claim that LBP is not a self-
limiting condition (47, 48, 49, 50, 51, 52). Recurrence of LBP seems to be very
common since as many as 73% of those with an earlier episode of LBP will have
another one. Thus, it seems to be difficult to state that the LBP conditions have
an excellent prognosis (36). Nowadays the discussion is about Non-Specific Low
Back Pain (NSLBP) and Specific Low Back Pain (SLBP) (53). Luschka (1858)
proposed that neuro-, and musculoskeletal changes are supposed to be the reason
for LBP, related to prolapses of the intervertebral disc. Schmorl (1929) and
Andrea (1929) had a similar proposal related to posterior disc protrusion and
protrusions of the disc into the vertebral body. Sciatica was actualized by
Domenico Cotugno (1764). The prolapse of the intervertebral disc was later
established in the beginning of the 20t century by Goldthwaite (1911), Middeton
& Teacher (1911), Dandy (1929) and Mixter & Barr (1934) (34).

3.2 The history of Spondylolysis

Ever since Herbiniaux (1782) introduced spondylolisthesis, Robert zu Coblenz
(1855) recognized the pars defect, and Neugebauer (1884) established the term
Spondylolysis, there have been a lot of discussions about different reasons for the
development of spondylolysis. Anomalies and mechanical failure have been
proposed. Archaeology findings in North Alabama, USA showed as much as 17-
20 % spondylolysis changes (54). In population studies just about 6% develop
some kind of spondylolysis in bone tissue in the low back and many of these
lesions seems to be non-symptomatic (55). Vigorous athletic activity seems to be
involved in symptomatic spondylolysis (stressreaction/stressfracture) (56)
Spondylolysis can be seen in different parts of the spine

4. Low Back Pain

The definition of LBP is heterogeneous; it can be based on extent or impact of
LBP and would benefit from measurements of severity and activity limitation
(57). LBP is a common problem in all ages (35,58,). It is often divided in acute
(<3 months duration) and chronic (>3 months duration) which is an over-
simplification since 30% of acute LBP persist into disability (21,59).



4.1 Non-Specific Low Back Pain (NLBP)

Non-specific low back is defined as low back pain with no known specific
pathology (53). There are attempts to sub-classify this condition to find the right
intervention in different levels of NLBP (60).

4.2 Specific Low back Pain

Many authors have described specific Low Back Pain as many diagnoses (35, 53
61). In this thesis I have focused on Spondylolysis.

4.3 Adolescent Low Back Pain (ALBP)

ALBP is difficult to define because it’s heterogeneous. In an attempt to define
different stages of ALBP Milanese suggests three stages General LBP,
chronic/recurrent LBP and severe disabling LBP. (61) There is a need for more
uniform and standardized definitions of ALBP (35, 41). The first episode occure
in as early age as 12 years of age and escalates very quickly during puberty. The
different stages are quite the same for girls and boys with the exception that the
girls start one or two years earlier than boys (12-13 for girls, 13-14 for boys) (62,
63)

4.4 Low Back Pain and Disability

Today, it is a common problem in the world population to have LBP. Up to 84 %
of the population has that experience, during life (53,64) It starts early and
increases through life, mostly during puberty (62). Odds ratio for persistent LBP
in to adulthood, if you experience LBP during adolescence, is high, up to 4.7 (65).
There is a difference in the reason for LBP in adulthood and in adolescence. While
adults mostly have pain from lumbosacral strain and impact on discs (75 out of
100), adolescent athletes were found to have mostly spondylolysis or mechanical
back pain (73 out of 100) Spondylolysis was found in 48 of the adolescents and in
5 adults (39). The same amount of spondylolysis is seen in other studies (66). Low
back pain in occupational medicine was recognized as Low Back Disability (LBD)
in relation to work, by Ramazzini (1705) (34). LBD is when LBP does impact on
work, ADL, recreational and sport activities. About 12% of those that have a
lifetime prevalence of LBP (84%) experienced work, ADL and physical activity
related LBD (53,64)
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5. Low Back Pain in Adolescent athletes
5.1 Spondylolysis
(Spondylo = vertebrae, lysis=disintegration)

An early start in athletic activities seems to be a risk factor for both LBP and spinal
abnormalities (22,23,66,67). Repetitive stress both in flexion and extension, and
in combination with rotation of the low back, can result in impacts to the pars
interarticularis resulting in skeletal stress reactions. Rapid and oscillating
movements in extension, as in certain sports, can result in a mechanical stop
between the neural arches. These movements can develop into Spondylolysis
(18). Spondylolysis is defined as a bony defect fatigue failure in the lumbar pars
interarticularis (68). Today it is a description of the end of a process visible thanks
to modern techniques in radiology (SPECT, MRI and CT). Early stage findings
include edema visible on MRI, and incomplete fracture visible on CT. Later stage
findings include complete fracture visible on CT, and pseudo arthrosis visible on
CT. Spondylolysis is defined as a bony defect (stress reaction in the skeleton) in
the lumbar pars interarticularis (68,69,70). Early stage findings include edema
visible on MRI, and incomplete fracture visible on CT. Later stage findings
include complete fracture visible on CT, and pseudo arthrosis visible on CT (71).

5.2 Spondylolysis-Aetiology

There is good evidence that spondylolysis is a fatigue fracture in Pars
interarticularis and is more common in adolescent athletes compared with non-
athletes (68). The incidence of Spondylolysis has been reported to differ between
sports, but many sports are associated with spondylolysis. Certain sports like
cricket, weight lifting, American football, wrestling, gymnastics and tennis are
particularly associated with pars interarticularis injuries (72,73,74, 75).

5.3 Spondylolysis-Pathogenesis

Spondylolysis during childhood and adolescence is defined as a defect in the pars
interarticularis of the human vertebrae. An important pathogenetic criterion is
athletic activities with extension/flexion movements. A combination of
movements can produce stress reactions in the lumbar segments (L4, L5) during
complex activities and ADL where there are recognized microdamage in the PI of
vertebrae on these levels. This is also the most common site for spondylolysis

(25,33,76)
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5.4 Spondylolysis- Stress reaction

Fig.10 Stress reaction

Stress reaction (fig.10) is described as “intraosseous edema with surrounding
sclerosis of the pars, lamina, or pedicle, without cortical or trabecular disruption”.
(The Oxford Dictionary of Sports Science. Oxford University Press, 1998, 2006,
2007. Answers.com 02Feb.2010.http://www.answers.com/topic/stress-
reaction). In this context a stress reaction can be defined as:” A a reaction in bones
to a constant repetitive stress resulting in the development of microscopic
fractures (7,76) These fractures generally heal if the athlete decreases the
intensity of activities. However, if the force on the bone is continued, an
actual stress fracture may result (77,76). Stress reactions are seen in many parts of
the skeleton as a reaction to overload (77, 78). If there is an imbalance between
the breakdown and repair of bone tissue in response to physical activity, there is
a risk of developing a stress reaction. (7,76). In patients with LBP it is important
with an early diagnosis, because it is a condition where 89,5% of detected stress
reactions in L4, and 45,2% of stress reactions in L5, heal with restriction in
physical activity and treatment in a brace (79).

12



5.5 Spondylolysis- Stressfracture (Incomplete/Complete)

Fig.11 Incomplete fracture Fig. 12 Complete fracture

Incomplete stress fracture (fig.11, and complete stress fracture (fig.12) is defined
as” disruption of trabecular or cortical bone of the pars without any bony gap or
lysis”. It is the next step in this process, developing from a stress reaction if there

is no restriction in the activity level that caused it (80)). This was first described
by Briethaupt (1855) and diagnosed 42 years later when radiographs could
visualize the condition. Stress fracture is a condition found in practically every
bone in the human body, but probably more often in the bones of the lower limbs.
The terms for the condition vary from” march fracture”, crack fracture,
spontaneous fracture to pseudo fracture (76). If you practice physical activity (i.e
sports activity), heigh loads may occure. This can create microdamage in the
skeleton. This is a normal situation and strengthens the skeleton. High intensity
loads, over time and heavy loads, can create to mush damage to the skeleton and
give an imbalance in the remodelling process (between the activity of osteoclasts
(resorption) and osteoblast (remodelling)) and create stress fractures in the
skeleton (76) (fig.3)

5.6 Spondylolysis/Pseudoarthrosis

As described above Spondylolysis can be classified in different stages and the
latest stage is when there is a chronic sclerotic pseudoarthrosis. This stage has in
reality no chance of healing. (771,81, 82)

5.7 Spondylolisthesis

Spondylolisthesis is a translation (slipping) of the cranial vertebrae in a
functional unit of the spine. It is the last step in the spondylolysis process and the
translation is possible when there is a complete disruption of the pars
interarticularis with a gap and surrounding sclerosis at the edges of the defect ref.
Spondylolistesis is accentuated when there is an intervertebral disc degeneration
in the segment (83,84). In adolescents with injuries to pars interarticularis in the
lower back, approximately 15% develop Spondylolisthesis (74). In grade 3
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(according to Pfirrman scale 1-5) disc degeneration, there is a potential risk for
progression of Spondylolisthesis, and also a progression of symptoms (83, 85, 86)

5.8 A differential diagnosis

A differential diagnosis in injuries to Pars Interarticularis of the lower back is
stress reactions and fractures in the Ischial Tuberosity (IT) of the pelvic girdle
(87,88). The condition is seen in adolescent athletes, similar to injuries to the
back of the tight, not seldom missed in clinic (87,88,89,90)

6. Aims

The general aim of the present thesis was to investigate the prevalence of low back
pain (LBP) among adolescents, with particular focus on adolescent athletes.

Specific aims were:

+ To focus on the diagnosis pars interarticularis injury-Spondylolysis in
adolescents with LBP.

« To evaluate clinical tests to diagnose pars interarticularis injuries in adolescents
with LBP.

» To describe MRI and CT findings to diagnose pars interarticularis injuries in
adolescents with LBP.

« To describe the different fracture stages in pars interarticularis injuries found
on MRI and CT in adolescents with LBP.

« To try to evaluate whether the fracture stage in pars interarticularis affected the
potential for healing of the injury, using treatment with 3 months of rest.

« To describe a differential diagnosis to pars interarticularis injury-
Spondylolysis.
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7. Summary of Papers
Paper1

Aim: The aim with this epidemiology study was to evaluate the prevalence of
low back pain (LBP) and associated physical disability in a male and female
adolescent population on different activity levels.

Material and Methods: The Standardized Nordic Questionnaire for
musculoskeletal symptoms adjusted for adolescence was used to investigate the
prevalence of LBP during adolescence (16-19 years old individuals). From 3076
questionnaires there were 2550 answers (83%) from adolescents (1304 boys and
1234 girls) with a mean age of 18.2 years.

Main results: LBP was reported by 46% out of 2522 subjects, 42 % had had
LBP during the last year, and among those 45% had experienced LBP the last 7
days. More girls reported LBP than boys (52 % and 40 %, respectively, p< 0.001).
Significantly more adolescents active in sports > 6 hours/week reported LBP,
compared to less physically active adolescents.

Conclusions: LBP is common among adolescents, more common in girls and
in highly active individuals.

Paper 2

Aim: The aim with this retrospective study was to study the history, clinical
findings, MRI and CT findings in patients with the diagnosis Spondylolysis.

Material and Methods: In retrospective study based on patients treated
at the local hospital between 1995-2006, for 19 patients (17 men and 2 women,
mean age 16 years, range 12-21 years at the time for diagnosis) there was
information about clinical findings, MRI or CT findings. Sixteen patients agreed
to have their history reviewed and answered a questionnaire-the Standardized
Nordic Questionnaire.

Main results: In 13/16 sports active patients with diagnosed spondylolysis,
MRI and CT showed fractures in althogether 30 pars interarticularis. The patients
had had different treatments, most commonly rest for 3 months. In total 22/30
(73%) diagnosed pars interarticularis fractures healed.

Conclusions: LBP needs to be taken seriously, especially in adolescent
athletes that not seldom have fractures in pars interarticularis (Spondylolysis).
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Paper 3

Aim: To in a case control study evaluate clinical tests to diagnose pars
interarticularis injuries-Spondylolysis, and to evaluate MRI and CT findings in
patients with pars interarticularis injuries-Spondylolysis.

Material and Methods: Physical examination (specific clinical tests) and
MRI examination was performed in 25 sports active (>6h/w) patients (14 boys
and 11 girls, mean age 15 years, range 13-20) with > 3 weeks of LBP prevent them
from sports, and 13 sports active pain-free controls (5 girls and 8 boys, mean age
17 years, 14—19). If the patients had findings on MRI a CT investigation was
performed for further diagnostics.

Main results: No clinical test alone, or in combination, could reliably
diagnose pars interarticularis injury-spondylolysis, and could thus not be used as
a selection test for further diagnostics with MRI and CT. In 22/25 patients (88%)
there were clinical and MRI (pars interarticularis injury) findings. In 13/25
patients (52%) pars interarticularis fracture in different stages was demonstrated
on CT examination.

Conclusions: There is no single clinical test, or combination of clinical tests,
that reliably can diagnose pars interarticularis injury-Spondylolysis. CT
examination in addition to MRI provides a staging of the pars interarticularis
fracture.

Paper 4

Aim: In a clinical study, we tried to evaluate whether the fracture stage in the
pars interarticularis affected the potential for healing of the injury, using
treatment with 3 months of rest.

Material and Methods: In 12/14 patients (10 boys, mean age 14.7 years
range 14-17 and 4 girls mean age 15, range13-17) with the diagnosis pars
interarticularis injury-Spondylolysis verified on MRI, a CT examination was
performed with the purpose to stage the fracture. Two patients decided to not
participate in the CT examination. The 12 remaining patients were re-evaluated
with MRI and CT after 3 months of treatment with complete rest from sports
activity.

Main results: Using a combination of MRI and CT examination the early
signs of skeletal injury (oedema, incomplete fracture) were detected. After
treatment with 3 months of rest, patients diagnosed in the early stages (oedema,
incomplete fracture) healed significantly better than if diagnosed in later stages
(complete fracture and pseudoarthrosis).
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Conclusions: CT examination in addition to MRI provides a staging of the
pars interarticularis fracture. If diagnosed early, in the early fracture stages, there
seems to be good potentials to heal the fracture with 3 months of rest from loading
(sport activity).

Paper 5

Aim: To describe a differential diagnosis to pars interarticularis injury-
Spondylolysis.

Material and Methods: Five sports active patients (5 boys, mean age 15
years, range 13-17) suffering from LBP that had been treated at other clinics
without success, were evaluated for a “second opinion”.

Main results: Physical Examination and MRI examination diagnosed stress
reactions in the pelvic ischial tuberosity. After guided rehabilitation, all patients
returned to previous sport activities.

Conclusions: Differential diagnoses such as stress reactions in the pelvic
ischial tuberosity should be taken in consideration.
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Methods

Table. 1

Questionnary | Physical MRI CT

exmination

Epidemiology accepted X
(Study 1)
Retro study | manuscript | x X X
(Study 2) (retro) | (retro)
Clinic 1 | published | x X X X
(Study 3)
Clinic 2 | published | x X X X
(Study 4)
Different diag. | published X X
(Study 5)

Questionnaries — Study I and 11

Epidemiology/Prevalence study - Study I

This study comprises 23 items from a total of 73 items from the Standardized
Nordic Questionnaire for the analysis of musculoskeletal symptoms (9
modified for students. The first page contains individual characteristics and
questions about physical activity level in hours/ week and kind of sport
performed. The two following pages are questions about symptoms from the
musculoskeletal system in general, related to a drawing that explains the areas
referred to.

The following questions were used;
1. “Have you ever had pain, ache or felt unpleasantness in your low back?”

2. “Have you had pain or ache, or felt unpleasantness in your low back anytime
the last 12 months?”

If the answers to these questions were YES, the following questions were asked:

3. “Have you had pain or ache, or felt unpleasantness in your low back some time
the last 7 days?”
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The answer options to these questions were no or yes.

4. “How many days in total have you experienced pain in the low back the last 12
months?”

The answer alternatives to this question were 0 days, 1-7 days, 8-30 days, > then
30 days but not every day and day in day out.

5. “Have you, due to LBP, reduced your spare time physical activity the last 12
months?”

6. “How many days in all have you experienced that you were unable to perform
your daily activities due to pain in the low back the last 12 months?”

The alternatives were o0 days, 1-7 days, 8-30 days and >30 days.

7. “Have you, due to low back pain, been examined or treated by a physician,
physiotherapist or chiropractor the last 12 months?”

The answer options to this question were no or yes.

Before the investigation, information was delivered to all registered students in
high school about the purpose of the investigation. Students younger than 18
years of age were informed that they should take the information home to their
parents.

The questionnaires were delivered to each class separately and distributed by the
homeroom teacher or by the physical educational teacher. The questionnaires
were returned within two to four weeks. The school nurse delivered
questionnaires to those who had not answered the questionnaire during the first
round. A total of twenty-eight questionnaires were collected in this manner.

Retrospective questionnaire study — Study II

The subjects were asked to answer a questionnaire (the Standardized Nordic
Questionnaire for the analysis of musculoskeletal symptoms, modified for
students) about their low back pain problems today, the last week with
registration on Visual Analog Scale (VAS) (91) and the last year and about their
present physical activity level. Seventeen individuals returned the questionnaire
and agree to examinations of MRI investigations. We also asked permission to
take part of their medical records and 16 individuals agreed to this in order for us
to establish date of symptom debut, time of diagnosis and follow-up time.
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Physical examination — Study III, IV, V
Physical examination - Study ITII

Clinical tests for low back pain and lower limb examination often used in sports
medicine and orthopedic manual therapy were performed before the MRI and CT
investigation to blind the examiner to the structural anatomical findings. The
tests were standardized and performed by the same physiotherapist according to
(92) unless otherwise stated. The performance tests were performed in the
following order:

Gait pattern: limping, toe-off, heel-strike, step length.
Inspection: Scoliosis, lordosis, atrophy of muscles (legs, but- tocks and lower
back), foot position (e. g. pronation, supination, outflare and inflare) and leg

length difference (93).

Neurological tests: Straight leg raise, sensibility, reflexes and muscle strength
(heel walking, walking on toes). Slump tests were performed in the standing and
seated position.
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Functional movement test

Standing: Squat, hyperextension of the knees (standing), floor- finger distance in
flexion, ROM of feet, knees and hips, Trende- lenburg sign, side bending left and
right, one leg lumbar hyperextension test, thump test in neutral, flexion and
exten- sion, MCI pattern (standing up from sitting position and sitting down from
standing position) (94)

Sitting: Back movement tests for coupled movement in thoracic spine and lower
back.

Supine: Leg muscle strain tests, trunk muscle control test and standardized sit-
ups (hands across chest, in the neck and over the head).

Specific provocation tests
Supine: SI joint separation and sacrum ventrally.

On the side: Segmental movement in flexion, extension and rotation, and nerve
tension test for n.femoralis and n.obtorato-rius.
Prone: Palpation of muscle in the gluteus region, in the lower back, provocation
of sacrum in nutation, hyperextension test with fixation of the pelvis, coin test,
percussion test on the spinous process, hook test and rocking test, joint play Ls-
Thi2 with springing test technique, and joint play in the SI joint with slight flexion
of hips.

Standing: Intercondylar distance (ICD) and intermalleolar dis- tance (IMD).
After the clinical investigation, information was sent to an ortho- pedic surgeon
who wrote the referral for an MRI/CT investigation.

Physical examination — Study IV

The subjects included in this study is a subgroup from Study III. Fourteen
adolescent athletes (6 football players, 3 icehockey players, 1 floorball player, 1
basketball player, 1 volleyball player, 1 swimmer and 1 track and field athlete)
were diagnosed with stress reactions (using CT and MRI) in the PI ranging from
just oedema without fractures to pseudoarthrosis (Spondylolysis) Paper IV. The
twelve patients that gave their informed consent to participate in the study were
recommended refraining from physical activity and sports but not from Activities
of Daily Living (ADL) for 3 months, without a brace, and met a physiotherapist
once a month to ensure adherence/compliance. At each of these meetings the
perception of pain was registered with Visual Analog Scale (VAS) [Sugiura 2014].
After three months, the same physical examination as described above in study
III, was performed.
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Physical examination — Study V

After anamnesis was taken, a physical examination was performed with an
eccentric test of the insertion of the hamstrings muscles with hip flexion > 100
degrees, slightly flexed knee, and pain provocation when palpating the tuber
ischiadicum (TI) insertion of the hamstring muscles. The eccentric test was
scored as positive if pain in TI was recognized as a symptom by the patient. The
palpation test was also considered positive if the patient recognized the pain in TI
as a symptom.

MRI and CT - study II, ITL, IV, V

All images were examined/read by a doctor with a long experience of MRI and CT
diagnostics. MRI in study III and IV were performed on a standard 1.5T Philips
Achieva system and CT on a General Electric Light Speed VCT 64 row detector
system. The MRI protocol was different from the standard adult protocol and
focused on sequences sensitive to bone marrow and soft tissue edema for
detection of the secondary bone marrow changes that accompany a fatigue
fracture (a sagittal Ti-weighted FSE sequence, sagittal T2-weighted fat
suppressed FSE and coronal T2-weighted inversion recovery (STIR) sequences).
In cases with disc disease, the axial T2-weighted FSE sequence was added. In
search of changes compatible with a fatigue fracture, the presence of a high signal
in the bone marrow in the pars interarticularis of the vertebrae on the T2-
weighted sequences and a low signal on the T1-weighted sequence was assessed.
Other pathological changes were recorded such as disc degeneration, disc
herniation, olisthesis, congenital disorders, etc.

The initial CT was performed in all cases on the L4 and L5 vertebrae level
regardless of MRI findings. If there were any findings suspicious to fatigue
fracture in levels superior to L4 on the MRI, the intention was to include this level
on the CT. The CT control after three months of rest was only performed on the
level of pathology. Consecutive 0.6 mm thick slices with a bone algorithm were
used and evaluated on a workstation. A radiologist with long experience in MRI
and CT diagnostic imaging read the MRI and CT results. MRI was performed on
a standard 1.5 T Philips Achieve systems and CT was performed on a General
Electric Light Speed VCT 64 row detector system. The MRI examination was
evaluated in search of changes compatible with a fatigue fracture, which was the
presence of high signal in the bone marrow in the PI of the vertebrae on T2
weighted fat suppressed sequences and low signal on T1 weighted sequences. The
MRI and CT investigations were performed after 11 — 20 weeks following the start
of the intervention (median 14 weeks).

The Hollenberg classification on MRI was as follows:
—0 = no signal abnormalities,

—1= T2 signal abnormalities in PI — marrow oedema,
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—2 = T2 signal abnormalities — thinning, fragmentation or irregularity of PI,

—3 = T2 signal abnormalities — visible complete unilateral or bilateral
Spondylolysis,

—4 = No abnormal T2 signal - complete Spondylolysis not united fracture of PI
was our basic classification, but we added CT in our investigation to get a more
specified diagnosis.

Study I1
Reinvestigation of MRI or CT identified symptomatic spondylolysis in physically
active subjects found in the archive of the local hospital. The MRI/CT diagnosis

was classified on the L4/L5 level with a classification by Hollenberg and Dunn
and modified with a sixth class.

1. Normal: Normal marrow signal and intact cortical margins (stage o)
2. Stress reaction: Marrow edema and intact cortical margins (stage 1)

3. Incomplete fracture: Marrow edema and cortical fracture incompletely
extending

through pars (stage 2)

4. Complete active fracture: Marrow edema and fracture completely
extends through pars (stage 3)

5. Fracture non-union: No marrow edema. and fracture completely extends
through pars

(stage 4)
(Hollenberg 2002, Dunn AJ et al., 2008).
A sixth level was added in this article:

6. Healed stress fracture: Signs of healed stress fracture or stress fracture
with small rests of fracture (stage 5)

Study IIT

Three — six weeks after the physical examination, MRI investigations were
performed in both case and control groups (see above). CT was also performed in
all cases at the level of the L4 and L5 vertebrae, regardless of the MRI findings. If
any findings suggesting fatigue fracture were seen on MRI at any other levels or
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in controls, CT was performed at these levels or on these subjects. The case groups
CT exams were performed (0.6mm thick slices with a bone algorithm) over the
L4 and L5 vertebrae, to assess the bone changes compatible with fatigue fracture.
The findings in the vertebral arc were categorized using a five-grade system
reflecting the different stages in the development of a fatigue fracture [8], but

with a 6th grade added to reflect secondary signs of a healed fracture; that is,
sclerosis with small remnants of fracture and absence of bone marrow oedema.

Study IV

The cases in study III diagnosed with spondylolys/stress fractures of the pars
interarticularis where invited to take part in a follow up of treatment after three
months. After these three months of intervention, a new MRI and CT according
to the above were performed.

Study V

Differential diagnosis

An MRI was performed on 1.5 Tesla Philips Achiva system using sequences for
both good anatomical resolution and sequences with high sensitivity for water in
order to depict oedema and bleeding in bone marrow and surrounding soft tissue.
A radiologist with extensive experience of MRI reads the examinations.

Statistical Methods
Statistical analysis

No.1 Analyses were made using SPSS 11.0 for PC. To compare frequency
difference between groups, chi-square likelihood ratio was calculated. Differences
were considered significant if P < 0.05. We also used logistic regression analysis.
Percentage of answers to questions 3 and 4 are calculated in relation to the
number of “Yes” to question two

No.2 Due to the small number of subjects the Fischer exact was used. The
significance level was 0,05 and the program we used was SPSS 15,0 for Windows
and SPSS 17.0 for Mac.

No.3 The SPSS Statistics software, v.19 for Mac, and Fischer’s exact test were used
to calculate differences between groups. Partial least squares (PLS) multivariate
regression analy- sis was also performed.

No.4 Non-parametric related Samples Wilcox on Sign Rank Test was used in our
estimates of p value for changes in the perception of pain. To analyse differences
in healing among the different stages X2 test with Yates correction method was
used due to the small number of cases.
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No.5 No statistical analysis was performed

Etichs

No.1 The study was approved by the Regional Ethical Board of Umed University,
Sweden (No. 97-248 FEK). Questionnaries were anonymous and if the
participants were under 18 years, they had to inform their parents about the
questionarie.

No.2 The ethics committee of Umeé University approved this investigation No.

(No. 97-248 FEK).

No.3 The investigation was approved by the regional ethics committee at the
Umead University (06—014).

No.4 See above.

No.5 The investigation was approved by the regional ethics committee at the
Umea University (06—014) as an addendum (2011/36-32M added to 06—
014M).

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.” For the retrospective study we
had formal consent from the participants, eventhough this is not required.
Informed consent: Informed consent was obtained from all individual
participants, and their parents if under the age of 18 year
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Results

Results — Study I-V
Study I

Prevalence

Forty-six-point two percent (46.2%) of the two thousand five hundred twenty-
two (N= 2522) subjects had ever experienced LBP, and the last year 42.4 %
(N=2523) had had LBP. Out of those 42.4% - 44.7% had experienced LBP the last
7 days (N=1054). Girls had experienced LBP ever during life to a higher extent
than boys had (51.9 % and 40.4 %, respectively, p< 0.001) (Table 1). Annual
prevalence of LBP was also significantly higher in girls compared to boys (girls
48.7 %, boys 36.1 %, respectively, p> 0.001) (Table 1), and out of those that had
had LBP 47.5% of the girls, and 41.9 % of the boys, reported that they had had
problems from the lower back the last 7 days (p< 0.042) (Table 1). Compared to
those not active in sports during their spare time adolescent athletes reported
significantly more often than they ever had experienced LBP (not active in sports
in their spare time 41.6% and active in sports in their spare time 48%, p<0.003)

Duration

In the group that had ever experienced LBP, significantly more girls than boys
experienced LBP lasting more than 30 days. The relative frequency of LBP
problems lasting more than 30 days, in the group ever having had LBP, was 51.9%
in girls and 40.4% in boys (P < 0.001), and the annual experience of LBP was 27%
in girls and 21.3% in boys (P < 0.030).

Physical Disability

Almost forty seven percent of the sport active adolescents that ever-had
experienced LBP reported physical disability more than one day annually. This
was significantly more than those physically inactive (46.7% and 39.4%, P <
0.040). Seventeen percent of the subject that reported low back pain sometimes
during their life’s, experienced in physical disability eight days or more was, and
disability more than 30 days was reported in about 4% of the subjects,
irrespective of gender. In more than one out of three boys (38.1%), and in one out
of three girls (32.4%) with LBP the last year the LBP had affected their ability to
be physical activity.
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Sports and Low Back Pain

Life time experience of LBP correlated with spare time sport activity more than 6
hours/week (p<0.001), annual disability more than 8 days (p<0,017) and LBP

the last year (p<0.001) (Table 2). Both boys and girls active in sports more than
6 h/w during their spare time experienced more LBP than those boys and girls
less active than 6 h/w. Table 3 displays the number of subjects that participated
in the ten specific sports with the highest number of participants, and the
percentage taking part more than 6 h/w. The number of these subjects that ever
or during the last 7 days had experienced LBP is also listed (table 3).

Consequences

One out of tree adolescents, irrespectively of gender, that had experienced low
back pain the last year visited health care (girls 33.6%, boys 34.9%). Boys with a
physical activity of more than 6 hours/wk that had experienced LBP the last year
sought help most frequently for their low back pain (17%). In girls with LBP visits
to healthcare increased in relation to increasing hours of spare time sports (19%).

Risk factors

The Odds ratio for girls to experience LBP some time in life was 1.6 compared to
boys (girls/boys; OR 1.60, CI 1.351-1.898). Also, LBP symptoms the last year were
more frequent in girls in relation to boys (OR 1.35 CI 1.229-1.480). Another risk
factor for experiencing LBP some time in life was Spare time sport activity (spare
time sport/no spare time sport; OR 1.13, CI 1.068-1.194). 6 hours or more per
week of spare time further increased the risk of having experienced LBP some-
times in life (spare time sport >6 hours/wk/no spare time sport; OR 1.29 CI 1.061-
1.576). The need for and use of healthcare services due to lower back pain among
those with a high activity in sports in their spare time was also higher than among
those who were less active (OR 1.21, CI 1.10-1.32). The risk for girls to have low
back pain problems more than 30 days or daily the last year was higher if they
had had low back pain some time earlier in life (OR 1.46, CI 1.08-1.971).
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Table 1 study I. Prevalence of low back pain in the answering
population

Answering Number of|Yes boy Yes girl P
frequency 83%; | answers N (% yes of | N (% yes of|Difference boys/girls
N=2550 N boys) girls)
Ever LBP 2513 520 (40.4) 636 (51.9) P <o0.001
Boys 1287
Girls 1225
LBP12 M 2514 465 (36.1) 596 (48.7) P <o0.001
Boys 1288
Girls 1224
LBP7d 1023 192 (14.9/41.9) | 274 P <0.042
in relation to ever | Boys 458 (22.4/47.5)
LBP Girls 577

Ever LBP= Low Back Pain sometimes during life; LBP 12 M= Low Back Pain sometime the last 12
months; LBP 7d= Low Back Pain sometime during the last 7 day

Table 2 study I. Sports activity and low back pain in the answering
population

Answering | Number Yes-LBP 12 M No-LBP12M

frequqncy | of N N

82%:; answers P
N=2513 N

No, physical | 805 303 (37.6%) 502 (62.4%)

activity

Yes, 1708 755 (44.2%) 953 (55.8%) P <0.001
physical

activity

LBP 12 M = Low Back Pain sometime the last 12 months; Physical activity = > 6 hours/week
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Table 3 study 1. Sports participation and low back pain

Sport Number of | Yes Sports > | Yes Ever LBP
Sports 6h/W N
participants N (% of Sports
N (% of Sports) >6h/W)

Soccer 441 102 (23%) 54 (53%)

Floor ball 206 23 (8%) 14 (61%)

Strength 241 48 (20%) 20 (41%)

training

Ice hockey 207 84 (41%) 49 (58%)

Aerobics 170 2 (1%) 1(50%)

Budo sports | 97 33 (34%) 14 (42%)

Swimming 92 7 (8%) 3 (43%)

Equestrian 90 31(34%) 16 (52%)

Athletics 77 13 (17%) 7(54%)

Gymnastics | 57 3(5%) 1(33%)

All sports 1708 700 (41%) 365 (52%)

All sports 1708 819 (48%)

Non-active 803 334 (42%)
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Study II Retrospective

During the period between 1995 And 2006, Nineteen cases of spondylolysis were
identified in the archives of the department of radiology of the local hospital and
were invited to participate in the investigation. Sixteen of the cases accepted to
take part in the whole investigation (84,2%), 1 women/15 men with the mean age
of 20.8 years at the time of the investigation and mean age of 15,5 years (12-21
years) at the time for their MR diagnosis. Follow-up took part 16-27 years after
diagnosis.

Seven fractures at L4 level was found at diagnosis (6 incomplete and 1
pseudoarthrosis) and 19 fractures at the L5 level (1 stress reaction, 10 incomplete
fractures, 4 complete fractures, 4 pseudoarthrosis). Four heeled fractures in PA
were also found. Thirteen out of the 16 cases that took part in the study had had
a second MRI/CT investigation and thus 52 out of the initial 64 pars
interarticularis where investigated a second time (mean 3 months after the first
investigation). In these MRI/CT investigations there was found two fractures at
the L4 level, two pseudoarthrosis, and five healed pars interarticularis. At the L5
level we found nine fractures (1 stress reaction, 1 incomplete fracture, 1 complete
and 6 pseudoarthrosis) and eight healed stress fractures was identified. In total
we found 30 stress reaction/fractures on MRI/CT and out of these 22 heeled
during the MRI/CT follow up time (mean 3 months after first investigation). This
results in a heeling frequency of 73% of the 64 separate pars interarticularis. Since
there are subject with more than one stress fracture a complete heeling of all
found fractures in all investigated pars interarticularis was found in only 7 out 16
subjects (43.8%).

This study was made 1-12 years after diagnosis and mean time between the first
symptoms of back pain and diagnosis was according to the medical journals, 28
weeks (0-127 weeks). Three months of rest from physical activity except ADL was
the most common treatment found in the medical records, but two individuals
had been given the advice to be physical active and out of these two one healed
and one developed pseudoarthrosis.

The questionnaire was answered by 17 subjects (16 boys and one girl) with a mean
age of 20,8 years at the time of answering the questionnaire. At the time of
answering the questionnaire nine had had LBP more than 8 days the last 12
month, which had led to a change in work or school activities for six individuals.
Three had to change their sport activity due to LBP while 14 had kept their normal
activity the last year. The fourteen subjects that had answered the question about
number of hours of physical activity each week had a mean activity level of 8.9
hours a week. Ten were physically active more than 6 hours per week and four
were active 5 hours or less while three did not answered the question. Seven had
LBP at the day of questionnaire with a mean VAS estimation value of 11.4 (range
0-48). Four of those individuals scored more than 30 mm on VAS, which
corresponds to moderate pain. Three of the individuals with physical activity 5
hours or less per week had minor LBP problems while 6 with 6 hours or more in
physical activity had minor problems and 3 had frequent problems. We did not
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find any significance correlation between time span between first symptom and
initial X ray and LBP today (r=0,608), time span between first symptom and x
ray an LBP the last year (r=0,282) or in the rest 3 month as treatment and LBP
the last year (r=0,476).

Study III. Clinical study

Clinical investigation

Case/Control — clinical tests — LBP

Even though 8 clinical tests differed significantly in regard to the number of
positive tests between the case and the control group w no single test could fully
discriminated between LBP and no LBP (Table 1). However, if all these test eight
tests were analyzed in combination they could discriminate between LBP and no
LBP when the case and control groups were tested together.

Case/Control and diagnostic imaging

Significantly more subjects in the case group (22 out of 25) had findings on their
MRI than did the control group (3 out of 13) (p < 0.001). In the control group one
boy had a healed stress fracture, one boy with a healed stress fracture and
arthrosis of the intervertebral joints L4-L5, and one girl with disc degeneration
and L5-S1 level hernia without effect on the nerve roots. (Table 2).

Clinical tests — stress fracture/no stress fracture — all subjects
The number of positive tests in the groups with and without stress reaction/stress
fracture, irrespective of LBP differed significantly in some of the tests: the coin
test (p=0.015), the hook test (p=0.040), and the MCI (p = 0.042) (Table 3).
Though, if further analyzed none of the tests could discriminate between stress
fracture and other conditions, found in these groups.

Clinical tests — stress fracture/no stress fracture - case group
The number of subjects with a positive one-legged lumbar hyper- extension test
was significantly higher in subjects with than without stress fracture in the case
group. However, 5 cases with stress fracture did not have a positive one-legged
lumbar hyperextension test. The test can thus not be used on its own for the
clinical diagnosis of stress fractures in the lumbar spine. The multivariate
regression analysis (PLS) showed that none of the tests alone or in combination
could discriminate all cases of stress fractures from other conditions in the case
group.
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Table 1 study III. Number and type of diagnostic imaging findings.

No Disc Spina | Disc Active Fracture
findings degener. bifida hernia Stress non
of fracture union
interest
Case* 3 2 2 9 13 2
(n =25)
Control | 13** 0 0 0 0
(n=13)

*Some cases more than 1 finding. The total number of findings in the case

group 31, **3 of these controls had MRI findings

Table 2 study III Number of positive test in case and control groups

Case/Control Clinical test

Case
Control
Case
Control
Case
Control
Case
Control
Case
Control
Case
Control
Case
Control
Case
Control
Case
Control

Stress fracture

One leg lumbar hyper
extension test

Prone Dback extension

pelvic fix

Coin test FSU in prone
position

Rocking test FSU
Percussion test spinous
process in prone position
MCI control

HOOK test

Sacrum ventrally in supine
position thru Ileum
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No

n=12
n=13
n=5

n=13
n=11
n=13
n=4

n=13
n=7y

n=13
n=14
n=13
n=10
n=11
n=16
n=13
n=1y
n=13

Yes

n=13

Fischer
Exact
Test

p< 0.001

p< 0.001

p< 0.001

p< 0.001

p< 0.001

p< 0.01

p< 0.05

p< 0.05

p< 0.05



Table 3 study III. All subjects — clinical test in relation to occurrence of Stress
fracture.

Case + Control Clinicaltest No Yes Fischer Exact

Stress-fracture Test
(SF)

SF no Cointest FSU n=15 n=10 p<o0.05
SF yes n=2 | n=11

SF no HOOK test n=22 n=3 p<0.05
SF yes n=7  n=6

SF no MCI control n=17 n=8 p<0.05
SF yes n=4 n=9

Study IV. Subgroup Study III — Classification

In the follow up of study III. The twelve athletes with stress reaction/fracture to
the lumbar spine that took part in the follow-up had in total 48 PIs that were
evaluated after a three-month period of rest. In the follow-up a modified
Hollenberg classification was used, that included the use of CT.

The classification modified by using the combination of MRI and CT supports the
following stadges (fig. 13)

— 0 — no oedema on MRI, normal CT

— 1 — oedema in PI on MRI, no sign of fracture on CT

— 2 - oedema in PI on MRI, incomplete fracture in PI on CT
— 3-oedema in PI on MRI, complete fracture of PI on CT

— 4 - oedema in PI on MRI, signs of healing of PI om CT (periostal callus,
sclerosis, reduced extent or gap of fracture)

— 5 —no oedema in PI on MRI, healed fracture in PI on CT

— 6 — no oedemain PI on MRI, Pseudoarthrosis in PI on CT

Atinclusion from study Il including the CT examination to the MRI investigation
we found:

four PIs with oedema,

six PIs with incomplete fractures,

33



three PIs with complete fracture,

three PIs with signs of healing and

four PI with pseudoarthrosis

At the re-examination after three months of rest there were:
no newly developed stress reactions.

five PIs developed pseudoarthrosis

(one PI with only oedema on the first MRI/CT investigation),
two PIs with incomplete fracture,

two PIs with complete fracture.

At follow-up in relation to the investigation at inclusion:
three out of the four PIs with oedema/no fracture at , healed,
four out of six PI with incomplete fracture healed,

one out of three complete fracture healed,

three out of three with early signs of healing, healed.

none of the 7 PIs with pseudoarthrosis healed or showed signs of healing after
intervention.

In total 11 out of 13 PIs healed after three months (fig.11). If the PIs were divided
into early stage (oedema, incomplete fracture, complete and signs of healing) and
late stage (complete fracture and pseudoarthrosis), significantly more of the early
stages healed compare to the later stages. The early signs of injury (oedema,
incomplete fracture with or without signs of healing) thus, seem to heal better
than PIs with signs of complete fracture and pseudoarthrosis [11/13(84,6 %)
versus 1/7(14%)] (p<0.01).

One athlete with complete fracture developed pseudoarthrosis, and was operated
on, as she had no relief of Low Back Pain (LBP), after three months recommended
intervention and rehabilitation for 2-month. Another athlete with healed oedema
and an incomplete fracture had no relief of pain. A third athlete had a progressed
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and developed pseudoarthrosis on both PIs during intervention from an oedema
on one side and an incomplete fracture on the other side of the same spinal level
between the first and second MRI and CT investigations and.

We measured LBP when it was at its worst with VAS scale (0-100 mm) at baseline
and the same measurements were performed after the three months of
intervention.

The perception of pain registered on VAS decreased between baseline and end of
intervention (72.4 and 27.3, p=0.004) as a result of a large decrease in pain
during the three months’ period of changes in activity level. If the cases were
devided into completely healed PIs and not completely healed PIs, there was no
difference between groups in decrease of VAS, from baseline to the end of the
three months intervention with rest from vigorous physical activity (healed PI
VAS 67.6 to 25.4, not healed PI VAS 73.3 to 33.0. (n.s., p <0,485)) which indicate
that pain relief is not a good measurement on healing.
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MRI/CT Classification System for Lumbar Pl

S TIR(short tau-inversion recovery sequence)-o€
in Pl on MRlI(stage 1)

oedema on MRI-incomplete oedema on MRI-complete

fracture on CT(stage 2) fracture on CT(stage 3)

oedema on MRI-signs of No oedema on MRI-

healing on CT(stage 4) healed fracture on CT(stage 5)

No oedema on MRI-

pseudoarthrosis on CT(stage 6)

Fig. 13. Classification system for injuries to Lumbar PI
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Healed, Not healed Spondylolysis

Total

Incomplete

Oedema Signs of healing

Complete
P Pseudoarthrosis

0
- n o I I

Healed mMNot healed

Fig. 14. MRI/CT after recommended absence from physivcal activityand sports
but no restrictions in (ADL)for 3 months in 12 individuals in total 48 investigated
PIs

Study V. Differential diagnostic

All the cases in this study (Table 1 study V) came for a second opinion with
different suggested clinical diagnosis including low back lesions or SI joint
problems. After a careful PE, the preliminary diagnoses were injuries to the
enthesis of the TI. MRIs showed an oedema to the TI at the place for the insertion
of the hamstring’s muscles, which confirmed the clinical diagnoses.

During the time spans of 9-20 weeks personally, graded rehabilitation (PGR) was
performed after which a new PE by the same Physiotherapist as in the first
examination (i.e. reduced pain). All athletes were fully recovered and had
negative tests in the PE and returned to the same physical activity level as before
the injury.
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Table 1 Study V. Case history, adolescent male athletes, stress reaction/fracture in tuber ischiadicam

Case Case I Case IT Case III Case IVa Case IVb
Gender/A | Male/17 Male/14 Male/13 Male/15 Male/15
ge
Main Football Ice hockey Track and field Ice hockey Ice hockey
Sport
Injury Playing Explosive Explosive Ice hockey Ice hockey
activity football running running
Symptom Pain back of | Pain back of | Pain back of | Pelvic pain, Groin pain,
thigh thigh thigh Pain back of thigh | Pain back of
right side thigh left side
Previous Back pain, Groin injury
PE sprain tight
Initial PE | a+b a+b a+b a+b a+b
a,b
MRI Stress Avulsion Stress reaction | Stress reaction (great | Stress reaction
affected reaction fracture on | oedema in the | oedema)in the | (great oedema)
side (oedema) in | tuber skeleton on | skeleton in tuber | in the skeleton
the skeleton in | ischiadicum | tuber ischiadicum and | in tuber
tuber 15 mm | ischiadicum, discrete reaction in | ischiadicum.
ischiadicum diastasis and discrete | the surrounding soft
and in reaction in the | tissues
surrounding surrounding
soft tissues soft tissues
MRI No reaction No reaction No reaction No reaction No reaction.
contralate ¢ Left TI healed
ral side
Rest time 6 days 3 days 5 weeks 3 weeks 2 weeks
Rehabilita | Controlled Controlled Controlled Controlled Controlled
tion rehabilitation rehabilitatio | rehabilitation 4 | rehabilitation 9 | rehabilitation 7
20 weeks. | n 11 weeks | weeks. Stepwise | weeks. Stepwise | weeks. Stepwise
Stepwise Stepwise return to | return to normal | return to
return to | return  to | normal physical | physical activity normal physical
normal normal activity activity
physical physical
activity activity
Final PE a, | a+b negative a+b negative | a+b negative a+b negative a+b negative
b
Outcome Back to | Back to | Back to normal | Back to normal sport | Back to normal
normal sport | normal sport activity activity sport activity
activity sport
activity

PE=physical examination, a. Eccentric test hamstrings with hip flexion > 100 and slightly flexed knee
pain provocation recognized as a symptom by patient, b. Pain
provocation when palpating tuber ischiadicum insertion. Hamstring muscles recognized as a
symptom by patient, c. In the second MRI of the TI we could see that the first injury was completely

— eccentric test with positive

healed
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Discussion

Low back pain
Prevalence.

In a wide perspective LBP is common all over the world. The lifetime prevalence
of LBP is reported to be as high as 84% (64, 53) and based on 7.6 billion people
in the world, about 6.4 billion people have experienced LBP sometimes in their
life. Individuals suffering from disability because of LBP have been estimated to
be 8-12 % (about 768 million individuals) (53,64,95). Globally LBP seems to be
the leading cause of years lived with disability (YLD) in both men and women
(96)Different forms of physical workload and awkward positions are risk factors
for low back pain in adults (97) together with many other factors like absence
from physical activity (98). LBP is commonly divided into acute <3 months” pain
duration and chronic>3 months” pain duration but is better seen as a condition
that fluctuate over time, including low or medium intensity periods and periods
with more severe pain (36,59). If LBP is divided into specific and non-specific
LBP significantly higher pain scores and longer pain duration have been
demonstrated in the specific LBP groups (99). LBP early in life tends to remain
as chronic LBP or recurrent LBP over years (36 57).

Low Back Pain in adolescence

LBP during adolescence has been demonstrated already around 10 years of age,
and then escalate to reach almost the same prevalence as in adults by the age of 1
(62, 100, 101, 102). LBP in adolescence has been shown to increase, and LBP with
disability seems to continue into adulthood (103) presenting a high risk to suffer
from LBP later in life (65 104). In 25-years follow-up study of adolescents (14
years of age at inclusion) there was a positive correlation between adolescent LBP
and LBP in adulthood (105) In our prevalence study on 16-19 years old
individuals (paper I) we found high numbers (46%) suffering from LBP, more
girls than boys reported LBP, and highly sports active had significantly higher
prevalence of LBP compared with less sports active. High level of sport activity
(>6 h/w) was associated with higher odds ratio of having LBP, a longer duration
suffering from LBP, and more often disability due to LBP (Paper I). In a study on
Australian football players compared with non-football players it was shown that
one out of 4 football players reported that LBP had a negative impact on their
sport performance (106). In a study in Japan, on first year male and female
university students on different activity levels (non- actives, medium activity, and
high levels of sports activity) significantly more students that were on a high
activity level reported LBP (21). In a large cross-sectional study among 9-15-year-
old boys and girls (divided into non-sport group and sport group) the odds ratio
for having LBP was 1.57 in the sport group (100). Althogether, it seems that
highly sport actives sustain a higher risk to suffer from LBP.
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The Maturity of the skeleton (i.e lower back)

The whole skeleton needs to be loaded during youth and adolescence to become
strong (7,107). However, to much load can harm the growing skeleton. In adolescent
athletes it is important to find an individual loading approach (long term project)
considering the maturity of the skeleton (108). Especially the spine needs to mature
before tolerating high loads (22,23, 32,67)Paper IV.

Spinal Load

The spine is always under load, (109). It manages high loads during daily life as
well as during physical activity. For the growing skeleton activitiescontaining
weight bearing, high intensity activity, and movements in unusual directions is
important to build optimal peak bone mass (PBM) (11). Both gravity and muscle
force produce mechanical loading of the skeleton (110). Studying the intra-discal pressure
in different positions and during different exercises showed that during a forward bend,
during jogging and when holding 20 kg close to body, these activities produce an intra-
discal pressure that is twice as high as seen during unloading positions (109). In a torsion
like a golf swing the load on the lumbar spine can be as high as 7500N and during
a half squat lift of a weight that is 1.6 times body weight a compressive lumbar disc load
of 10 times body weight has been demonstrated (111). In an in vitro model estimating
loads on the lumbar spine facet joints, it was shown that a combination of lateral
bending and rotation resulted in loads up to 154.2 N on the facet joints at L4 level
(25). High levels of sport activities produce high levels of spinal load and for the
adolescent athlete this can overload the lower back and cause stress reactions like
microfractures, incomplete or complete pars interarticularis fractures most often seen at
L4 or L5 levels (112). This is in line with our results in Paper III, were we found
spondylolysis-fractures in pars interarticularis in highly active patients with LBP.
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Low Back Pain in Adolescent athletes

PHYSICAL ACTIVITY HIW
] ~ DANGER-ZONE

No physical activity w Physical activity Intensive physical activity >6 hours/week
or few hour/week 1 upto5hoursiweek ! (needs preparation over time and rest)

Fig. 15 U shape

Low Back Pain in Adolescent athletes has its own identity, not to compare with
adult low back pain. The reason for this is puberty, as adolescents is in a
developing stage were the living body and its tissues develops in an individual
manner. The skeletal development is not always correlating to the actual
chronological age, but more in its stage of maturity (10,39,113, 114, 115) LBP
seems to have a U shape relation to physical activity, as no physical activity or low
activity is related to LBP, but also a high activity levels can be related to LBP (fig.
15) (97).High level of competitive sport activities has to be adjusted depending
on the adolescent maturity stage, this is not always the chronologic age, because
the impacts on the growing low back skeleton from high loads and complex
movements (22,23,25,32,111,). The low back has development stages where some
parts of the FSU is weaker compared to other tissues. The endplate in the ventral
part of the FSU is a weaker part compared to the disc until around 20 years of age
(22,23,32). Pars interarticularis in the dorsal part of the L4 and L5 is due to
cortical porosity during puberty (7), also more vulnerable to repeated load in
extension and rotation (25). Unilateral defects in pars interarticularis has been
shown to produce greater stress on the contralateral pars, and bilateral defects
change the load in the whole FSU (disc, ligaments and endplates) (116). In our
case/control study 88% of the adolescent athletes with LBP had posterior element
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pathology and 50% had injuries in pars interarticularis in the L4 or L5 vertebrae
(Paper III).

Injuries to Pars Interarticularis of the low back
Etiology

The functional unit of the spine in the lower back, and its assignment to control
the complex loads and movements of the torso, place high demands on the
structures involved. The ventral and dorsal parts of the vertebrae, the disc,
ligaments and muscles, are extensively involved (80). Daily activity as well as
physical activity and sports produce different types of load on the low back
skeleton and require muscular and ligament control. The total daily load from
axial load, shear forces, and cyclic load with different intensity, is depending on
the type of activity. Low physical activity is a risk factor for LBP as well as to much
physical activity (97,117) (fig.15). Also, biomechanical variations and the vertebral
anatomy can be involved in the etiology. The sacro-horizontal angle has been
shown to be larger in adolescents with spondylolysis and spondylolisthesis (116,
118). The vertebral bodies are more “sensitive” too compressive high loads
(47Swird 1990, 23Lundin 2001, 22 Baranto 2006, 24 Thorenson 2016), while the
dorsal part and especially the pars interarticularis is more sensitive to intensive
cyclic movements causing stress reactions and fatigue fractures (97 117). A genetic
predisposition might play a role in the etiology. The sulfate anion transporter
possibly plays a role in the development of cartilage in the lumbosacral spine
(119,120) has found a possible genetic predisposition of spondylolysis in certain
families.

Pathogenesis

Cyclic repetitive loading in high frequencies has been found to be vulnerable to
pars interarticularis and can lead to fatigue fractures (56,74,84,121,123) There is
a “pincer theory” about the pathogenesis where the inter facet distance between
facets in the low back segments normally can increase, but in patients with pars
interarticularis fractures there is no capacity to increase. This decreased interface
distances were found in patients with pars interarticularis fractures and created
a pinch on the pars interarticularis in the caudal vertebra in the FSU when
performing flexion, extension, side bending and rotation movements during daily
living activities, physical activity and sport activities (84,122,124,). In a study of
the fibrocartilage in defected pars interarticularis the authors found both Ruffino
receptors (movement transmitters) and free nerve endings (nociceptors) (125).
This can possibly explain the background to pain caused by pars interarticularis
fractures. However, in another similar study a more ligamentous structure and
no neural structures were found (126).

42



Spondylolisthesis

Pars interarticularis fractures that don’t heal can develop in to a pseudarthrosis
and spondylolisthesis (74) (PaperIll). A relationship between pars
interarticularis fractures and spondylolisthesis has been shown, and about 15%
of the pars interarticularis fractures develop into spondylolisthesis, often
together with disc degeneration (74,83,86) Spondylolisthesis is considered to be
seen as a specific cause of LBP (127).

Physical examination

Medical history together with a physical examination is a traditional tool used in
the investigation of LBP (35, 39,128,129It often contains many questions and
many functional tests in an attempt to gain a careful clinical diagnosis and agrees
with reference standard diagnosis more often than by chance (130). Although
more specific diagnosis in the lower back is hard to find with a Physical
Examination (128). The causes of LBP in Adolescent Athletes compared with an
adult population is significantly different (35,39). Injuries to the lower back such
as conditions in Pars Interarticularis in Adolescent Injuries to the lower back such
as pars interarticularis fractures in adolescent athletes is no exception. The one
leg lumbar hyper extension test is said to be the physical examination test that
discriminate injuries in pars interarticularis in the low back from other conditions
in the low back in adolescent athletes (1). When looking at the specific diagnosis
spondylolysis, we could not find a significant difference between patients and
controls using physical tests including the one leg lumbar hyper extension test
(Paper III). To establish an early diagnosis, we found that the best way to find
pars interarticularis fractures was to focus on the medical history (symptoms),
and to use MRI and CT examination (Papers III and IV). This has later also been
confirmed by others (68)

Treatment

In Paper IV we describe the different fracture stages that was found using MRI
and CT examination. The injury can progress from a stress reaction in the
skeleton, to an incomplete fracture, a complete fracture, and to a pseudoarthrosis.
Spondylolysis should be seen as the end of this process and the stages before the
manifest fracture-spondylolysis, are the stages were there seeming to be a good
potential to heal the injury (Paper IV). Therefore, early diagnosis is important.
This has also been reported by others (56,79,80,82, 131, 132). The best options
for healing are an early detection in the stress reaction or incomplete fracture
stage (56,79, 82,132). We used conservative treatment with rest from aggravating
activities for 3 months (Paper IV) and this has also been successfully used by
others (56,132,133). Another treatment used by others is immobilization in a
brace (56,81,131,).
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Differential diagnosis

An important differential diagnosis to injuries to Pars Interarticularis of the lower
back is stress reactions and avulsion fractures in Tuber Ischiadicum (TI) of the
pelvis. In our study of LBP among adolescent athletes some cases of stress
reactions/ avulsion fractures in TI of the pelvis was found. As described in paper
V they had earlier been give the diagnose LBP (paper V). The diagnosis of avulsion
fractures to TI was detected by a Physical Examination and confirmed with an
MRI. The subjects were recommended different times of rest. After that, they all
got a Physically Graded Rehabilitation during different length and back to the
same sport activity. Paper V is a case report with few participants but the same is
found in another report (90). The condition is seen in adolescent athletes but
often missed in clinic. It has its similarities with injuries to the proximal
hamstrings muscle and tendon (87, 88, 89,90)

Summary

Adolescence ages have in general a high prevalence of Low back Pain and it
increases with age and Adolescents with a high level of competitive Sports have
significantly more Low Back Pain during longer time, more disabling and more
among girls than boys. The growing spine mature individual and does not follows
chronologic age. High loads and many hours of Sports/week can be vulnerable to
the growing spine It is important to adjust the level of hours spent in competitive
sports and the content in practice together with time for rest. It is important to
take LBP in adolescent athletes seriously as we found specific conditions that
explained the LBP symptoms. This makes it possible to secure early diagnosis and
early intervention to heal injuries and make these young people come back to
their normal physical activity and sports and in the long run prevent LBP in adult
ages. It is also important to see that it is not always LBP and that differential
diagnosis is the answer.

-LBP is common among adolescents
-LBP is more common in girls than in boys
-LBP is more common among highly sports active adolescents

-LBP in adolescents should be taken seriously, especially in adolescent athletes
that not seldom have fractures in pars interarticularis (Spondylolysis).

-There is no single clinical test, or combination of clinical tests, that reliably can
diagnose a pars interarticularis fracture-Spondylolysis.

-CT examination in addition to MRI provides a staging of the pars interarticularis
fracture.
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-Pars interarticularis fractures diagnosed early, in the early fracture stages, seems
to have a good potential to heal with 3 months of rest from loading (sport activity).

-Differential diagnoses such as stress reactions in the pelvic ischial tuberosity
should be taken in consideration.

Perspective

To be Physically active is good for your health and your body both the nervous
system, the muscle system and the skeletal system. On the contrary, physical
inactivity is bad for the nervous system, the muscle system and the skeletal
system. Adolescents with an ambition to be high level athletes with many hours
in practice, high intensity and high load exercises are close to a danger-zon to
injury because of too much total load to the body. There should be an awareness
that the maturity stage is more important than the chronologic age to avoid
injuries of high load and high intensity and there should be a slow progression
arrangement in practice, over time. This should be a guiding principle in the
design of exercises and long-term planning and make the training more
individualized the more hours there are, on the sport schedule.
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