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A systematic scoping review and textual narrative synthesis of long-
term health-related quality of life outcomes for adolescent idiopathic

scoliosis

Abstract

Introduction

Idiopathic scoliosis is a musculoskeletal conditieading to deformity of the spinal column.
There is a strong evidence reporting short ternitthealated quality of life outcomes, but
less is known about the longer-term impact of agtmat idiopathic scoliosis (AlS). This

paper reports the current evidence on long-termatiaical outcomes of AlS.

Method

A systematic scoping literature review, combinirggctiptive and textual narrative synthesis
was undertaken. Studies were included if they sadhpt followed up participants at least 10
years after diagnosis and / or treatment, contdieadth-related quality of life data that could
be extracted, where the intervention (or diagnasithe case of untreated) occurred after
1980 and where data was extractable for moderranadscrew or fusion techniques, non-

surgical interventions or untreated patients.

Results

Twenty-three studies were included. Overall, theQdR. measures utilised by these studies
suggest that HRQOL is not related to participamhaolgraphic or AlS characteristics or type
or extent of surgical intervention. Some studieggest that those with AIS scored worse

than controls.

Discussion

Results suggest that AIS participants had a gdgyegabd quality of life, although this was
often worse than those without AIS. No other cledationships were found. Importantly, the
available literature fails to address more fundamlequestions about how HRQOL is
conceptualised for those with AIS, and there isugah pursuing qualitative inquiry in this

area.
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Introduction

Idiopathic scoliosis is a musculoskeletal conditresulting in deformity of the spine, when
unequal development of spinal musculature causesadit, lumbar or thoracolumbar
curvatures and twists. It has a prevalence rate4f — 5.2% (Erwin et al., 2020; Konieczny
et al., 2013). Although idiopathic scoliosis occumsall age groups, 90% of cases are
diagnosed in adolescents. The cause of Adolesdmpathic Scoliosis (AIS) is unknown,
although genetic, embryological and developmehiabties are proposed. Since the peak age
of onset is puberty and the condition is more comnmogirls than in boys, there is much
interest in the role of hormones in instigating lmsis. Whilst usually asymptomatic,

advanced curvatures can cause functional diffiesiltelating to:

a. respiration and digestion, as thoracic and abdahgsiompartments are
compromised (Durmala et al., 2008)

b. pain and discomfort due to over-stretching of meseind connective tissues
on the external edge of the curves, and compresdithie same structures on
the internal edge (Makino et al., 2015)

c. impingement of nerves and nerve roots exiting ghees

d. height and gait, and

e. disfigurement, disrupting body image and self-astéeeszczewska et al.,
2012)

Scoliosis sometimes responds to external bracimgghwaims to support the spinal column
back into the correct position, holding it in plaocepermit stretching of the tight muscles on
the inner face of the curve(s). For unresponsiveatures, spinal fusion surgery with internal
permanent fixation is the optimal treatment. Theiglen to offer surgery is based mainly on
the extent of the curvatures (Cobb angles), the aigéhe individual, and the rate of

progression of curvature. Cobb angles of 50 degoeesore in the thoracic spine or 40
degrees or more in the lumbar spine are usualligatisle of the need for surgery (Bettany-
Saltikov et al., 2015).

Extensive research has guided refinement of bagicsll practices. However, it is major
invasive surgery, requires teams of highly skilididicians, and carries a 1 in 500 (less than

1%) risk of paralysis. Patients are often undeddbly nervous about agreeing to such
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surgery, Despite risks and costs, clinical outcoraes usually excellent with very low
complication rates, although as scoping/anecdotaleace from online support platforms
demonstrate, there are numerous long-term psyclabsooncerns and daily challenges
facing patients long after their surgery is caroed.

Background

There is a substantial body of evidence that exasngurgical and non-surgical outcomes in
AIS, yet the literature on quality of life is momixed. Pellegrino & Avanzi (2014) for
example concluded that amongst 33 patients at 8nhd 12 months follow up, surgical
treatment of AIS improved patient quality of lifie. a systematic review, Rushton & Grevitt
(2013) concluded that while no clinically relevasttanges occurred in mental health or
activity domains, surgery could lead to clinicallpportant improvement in patient self-
image. These results however contrast with otheties that suggest significant numbers of

AIS patient face “clinically significant psycholagil symptoms” (Sanders et al., 2018).

Over the longer term, while there is a growingrétare on outcomes of mid to long-term
surgical and non-surgical outcomes of scoliosisp(&eet al., 2012; Lykissas et al., 2013),
there is far less evidence on the long-term so@alchosocial, health and economic
outcomes amongst those with idiopathic scoliosi® wlb or do not have fusion surgery,
making it difficult for these often young patienéed their parents to make informed

decisions about treatment and management of thedition.

Anecdotal evidence gathered by the research tediner ehrough publicly available social
media platforms or personal contact with peoplenvitsed or unfused idiopathic scoliosis
clearly indicates the profound impact the conditiveis on individuals’ lives. There are
personal reports from those living with fused amfused AIS, of living permanently with
chronic pain, a reliance on often multiple analggsand disrupted ability to work due to
fatigue, pain, or discomfort. Physical impacts udd difficulties with maintaining any single
position (sitting, walking, standing) for periodstone, and finding it hard to breath. There is
an often unannounced yet apparent, through therenaitionline posts and discussions,
impact on mental health — with indications of atxialistress, and depression. For those
with unfused scoliosis, another common emotionriline forums is a sense of hopelessness,

since without the offer of surgery, there is nonpa@nent solution to the curves.
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The aim of this review was to summarise and symbdbe recent literature on the long-term
(10 years+) health-related quality of life (HRQO&Wtcomes for people with adolescent
idiopathic scoliosis, who did or did not have madéiate 1980’s onwards) spinal fusion
surgery. The objective was to demonstrate thatetleminimal evidence of psychosocial
influences on HRQoL in this population. The revidecused on the type of outcomes
examined, and how these were measured. The respagshion was: What are the long-term
non-clinical outcomes for patients with AIS who baw have not had spinal fusion surgery?’
In presenting the narrative synthesis, the popati that have been researched,
methodologies used, the shortcomings of this liteeaand recommendations for future

policy and research are also discussed.

Method

Design

A systematic scoping review was utilised to exanireextent, range and nature of research
activity and to identify gaps in the existing l@éure, with the goal of identifying, appraising,
and synthesizing all relevant studies on the la@mgtHRQOL outcomes of AIS (Uman,
2011), rather than generate a single outcome efast. Pham et al. (2014) confirms that a
scoping review, conducted in an organised (systejnaanner ‘maps the existing literature
.. in terms of the volume, nature and charactesspicthe primary research.” The scoping
review reported here involved seven steps: 1) ftatmg a review question; 2) developing a
search strategy and conducting the search; 3)idgfimclusion and exclusion criteria; 4)
selecting studies; 5) appraising included stud@s;extracting data; and 7) analysing,
synthesising and interpreting results. This revigllows a results-based convergent
synthesis design: qualitative, quantitative and edimethods studies were identified in a
single search, integrated throughout analysis,h&gi$ and presentation (Hong et al., 2017;
Noyes et al., 2019). PRISMA and ENTREQ reportinglglines have been followed (Moher
et al., 2009; Tong et al., 2012).

Search Methods
Five reference databases were searched: MedlifngAKILL, Web of Science, Science Direct,

and Scopus. Preliminary search terms were develtpe@flect the core concepts - the
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population of interest (those diagnosed with A8 outcomes or impact of treatment and
the time frame of interest (long-term). The finaasch terms used were (“adolescent
idiopathic scoliosis” OR “idiopathic scoliosis”) AN (outcomes or benefits or effects or
impact or effectiveness) AND (“long term” or longrin or longitudinal). The final search

was conducted in June 2020. Results were collatddiaplicate articles were removed.

Inclusion/exclusion criteria
A total of 77 studies were identified, one full texas unobtainable (author emailed) and the
remainder were reduced to 18 after being asseggedsa the following inclusion/exclusion

criteria:

Inclusion

* Studies that sampled or followed up participantsleaist 10 years (mean) after
intervention (or diagnosis in the case of those didanot undergo treatment)

» Studies that contained health-related qualityfefdiata that could be extracted

» Studies where the intervention (or diagnosis indase of untreated) for the entire
sample occurred after 1980

» Studies where data was extractable for modern nadsarew or fusion techniques,
non-surgical interventions or untreated AIS

* Studies of any design — quantitative, qualitatmesed methods

Exclusion
» Studies that did not include extractable HRQOL data studies that only examined
radiographic results or surgical outcomes for exainp
* Studies that examined traditional surgical techesjuincluding Harrington rod
surgery
» Studies that were not available in English
» Conference abstracts

* Articles that were not published in peer reviewaarnals

Following screening, studies were explored forHartreferences that were not identified in
the original search and that met the above crit&idurther five articles were identified,

leaving 23 articles to be included in the reviewl analysis (Figure 1).
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Data extraction

Data was extracted by one author (RE) and categbascording to the source, country of
where the research took place, study aims and tolgec research methods/design and
sample information, participants, scales of analysiain outcomes, and quality appraisal

scores and issues (see Table 1).

Quality appraisal

Critical Appraisal Skills Program (CASP) tools wer@opted to assess the quality of selected
publications. The CASP tools provide unique chetglfor evaluating eight different types of
studies. In this systematic review, the CASP colaod case control study checklists were
adopted (Critical Appraisal Skills Programme, 2Q1&3. These contain 12, and 10
dichotomous response questions respectively. Bgthiaclude two questions summarising
study results which were not utilised. Studiesemberefore scored against a possible total
score of 12 for cohort and 10 nine for cross seefistudies. To assess the quality of eligible
studies, two authors (RE and LD) scored each shgadynst its respective CASP criteria.

Data summary and synthesis

Due to heterogeneity across studies and even wdinmlar study methodologies, a meta-
analysis or combining of quantitative data for hert analysis, or a meta-synthesis for
gualitative data was not possible. Instead studiese combined to summarise descriptive
statistics of the study characteristics, followsdaltextual narrative synthesis. This approach
arranges disparate study types into more homogemsobsgroups which aids in the

synthesising of different types of evidence. Studharacteristics, context, quality, and

findings are reported according to a standard forrmad similarities and differences are

compared across studies (Lucas et al., 2007).

Results

Quality appraisal results

Of the 23 included studies, two were scored agdmesCASP case control checklist (Enercan
et al., 2015; Remes et al., 2004), while the redwinvere scored against the CASP cohort
study checklist. One, a case study, was excludewh fquality appraisal (Lebel & Lebel,
2016). The two case control studies were ratedgisduality, with each meeting eight out of
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the ten possible quality indicators. Similarly, abbhort studies were of generally good
guality. Only one study scored seven, with all atheeoring eight or above. However, almost
every cohort study failed to account for a rang@atentially confounding variables in their

design and analysis.

Combined study descriptive results

All 23 papers utilised a quantitative approach, amdrwhelmingly a cohort or case-control

design. The research took place across twelve gpbgrlocations. Six studies were carried
out in the US (Erwin et al., 2020; Green et al12Kelly et al., 2010; Lavelle et al., 2016;

Louer et al., 2019; Newton et al., 2020), four apan (Kino et al., 2019; Sudo et al., 2013a;
Sudo et al., 2013b; Sudo et al., 2016), two in Ssviand (Boos et al., 2007; Min et al., 2013)
two in Germany (Mueller & Gluch, 2009, 2012), twoTurkey (Benli et al., 2007; Enercan

et al., 2015), and one in Norway (Bjerkreim et 2D0Q7), Canada (Lebel & Lebel, 2016),

Finland (Remes et al., 2004), Israel (Falick-Midhae al., 2015), Italy (Scaramuzzo et al.,

2017), Spain (Pérez-Grueso et al., 2000) and Swkmelsson et al., 2010). The combined
sample size was 1,559 (including a small numbecariftrols). Twenty studies examined

surgical outcomes, with the remaining three stu@esmining outcomes of brace and no
treatment (Danielsson et al., 2010), no treatmEnwifi et al., 2020) or exercise (Lebel &

Lebel, 2016). While the earliest study was condiigiethe year 2000, the majority were

undertaken in the last decade, since 2010.

Textual narrative synthesis results

The included studies were categorized in relationthte health-related quality of life
outcomes they assessed. The majority (n=21) ofiegtudtilized various versions of the
Scoliosis Research Society (SRS) questionnaire dHahal., 1999). Seven studies utilized
the Oswestry Disability Index (ODI) (Fairbank & Pgnt, 2000). Three studies used the
Short Form Survey (SF-36) (Ware et al., 1980). @sed the Roland-Morris Disability
guestionnaire (Roland & Morris, 1983). One studgduthe EuroQol (EQ5D) (Balestroni &
Bertolotti, 2012), one used the Beck Depressiormhory (Beck et al., 1996), a further study
utilised the Female Sexual Distress Scale (FSD®ydfatis et al.,, 2002) and finally, one
study used bespoke researcher-developed scales @a@b., 2007). The studies that utilised

each of these measures, along with their key foglare summarised in Table 2.
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Scoliosis Research Society results

The SRS has a number of variants (SRS-22, 23, 8438h and has been translated into
several languages. While items differ slightly asreersions, the SRS contains questions that
examine five domains: function/activity, pain, setfage/appearance, mental health and
satisfaction with management. The first 22 itemseas these domains and are scored on a
scale of 1 (worst) to 5 (best). Depending on thesige, additional items are scored on a
variety of scales, for example on the SRS-30, i@nasks about satisfaction with self-image,
rated on a scale of 1 (very low) to 9 (extremelghl)j while items 24-30 ask about
improvements post-surgery and are either rated snase of 1-3 or 1-5. Overall, studies
reported generally high scores, indicating good IKIRQas measured by the SRS. These
studies also made a number of comparisons, eitledwelen SRS scores and the
characteristics of participants (i.e. curve progi@s or gender for example), type of
intervention (the majority of which compared suajimnterventions) and between different
populations or groups, or a combination of thedee Melow discussion will focus on these

comparisons.

Almost all studies that examined SRS results ay ttetated to AIS and participant
characteristics found little relation between SR8ras and those characteristics. A number
of studies found no association between curve nhagdgi postoperative correction rates, loss
of correction (Benli et al., 2007), curve progressi(Sudo et al., 2016), scoliosis
classification (or curve type) or gender (Muelle8uch, 2009; Scaramuzzo et al., 2017). Of
the studies that examined these results longitllgjmao significant difference in SRS scores
were found to be associated with participant cliarestics over time (Scaramuzzo et al.,
2017).

A number of studies also compared SRS scores betdifferent intervention types. There
was only one study that reported on the impactxef@se. Lebel & Lebel (2016) reported
that SRS-22 scores were consistently high (goodyesting no changes in scores over the
course of a Schroth physiotherapy intervention. @ddtrall other studies compared different
surgical techniques. Three studies made no congpexri®ut suggested that SRS scores
generally indicated good HRQOL amongst a numbeyaaiples who had undergone surgery
(Kelly et al., 2010; Sudo et al., 2013a; Sudo gt2413b).
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All other studies made comparisons either withinbetween surgical interventions. The
majority of studies that examined surgical intetiams also noted few differences in SRS
scores between surgical groups: SRS scores werassotiated with fusion level (Green et
al., 2011) or between those who had Cotrell-DubeugSD) instrumentation still in situ
opposed to those who had theirs removed becaussrgilications (Mueller & Gluch, 2012).
Only one study found difference between surgicalugs. Remes et al. (2004) report that
while almost all scores were similar, differencesrevfound in follow up SRS-24 scores
between those who had CD instrumentation and UsalerSpine System (USS)
instrumentation. A small but significant numberpairticipants who had CD instrumentation
reported pain often or very often, compared to nlyb@porting pain often or very often in
the USS instrumentation group. Furthermore, and fhe above studies, characteristics of
participants’ AIS were not related to SRS-24 scores

Several studies examined SRS data longitudinaliijngda temporal element to these results.
Similar to the studies above, SRS scores weressaiczated with fusion level (Lavelle et al.,

2016) and remained largely steady before and afiegery and long-term post-surgery
(Lavelle et al., 2016; Louer et al.,, 2019; Min ¢t 2013). However, these studies did
identify small numbers of participants who feltithienction had worsened; Pérez-Grueso et
al. (2000) for example, suggests that while theonitgj of participants were happy post-

surgery, a small number were not, scoring loweaarumber of SRS domains. In contrast,
another study found significant differences acrtds®e points in time, suggesting that
amongst a number of patients who had undergonegur§RS scores for pain improved at
two years follow up, but were lost at ten years witm et al., 2020). Furthermore,

improvements in self-image and total SRS scoras foce-operative scores, were maintained

at 10 year follow up (Newton et al., 2020).

Beyond examining differences in (mostly) surgitathniques, a number of studies also
looked more broadly at differences between grouffwse who had AIS and had surgery,
those who had brace treatment, those who wentaiatteand healthy controls, for example.
These studies generally yielded a number of maeifgiant results in comparison to those
reported above. However, a small number of stustildound no differences in SRS scores
between those having had selective thoracic fusioth age and gender matched controls
(Enercan et al., 2015), those with CD instrumeatatand controls (Pérez-Grueso et al.,

2000) and those who had brace treatment or who wareated (Danielsson et al., 2010). In
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contrast a number of studies found significantedéhces in SRS scores between those who
had a range of surgical interventions and contfidiso et al., 2019), pregnant women who
had previously had surgery and controls. Falickhdali et al. (2015) suggested that women
who underwent scoliosis correction surgery suffeireth an increased incidence of long-
term back pain after pregnancy compared to contFalghermore, SRS-24 scores suggested
that six of the 17 of the women with AIS had seveaek pain during pregnancy (35%)
mandating home treatment or hospitalization, andot3he 17 women continued to
experience sustained back pain that impacted tteirafter delivery of the child (76%).
Newton et al. (2020) suggested that compared taiqusly published data of age-matched
controls and AIS participants who had undergonange of surgeries, at 10 year follow up
both the male and female participants had more Bymgtic pain compared controls.
Furthermore, at 10-year follow-up, 23 patients (1J38ad SRS-22 scores two standard
deviations below the mean for normal individualstire pain domain, in self-image, in
function, and in mental health. However, in comgami with the subjects aged 20-40 years
who had a spinal deformity but who were not suidtyctreated, participants who were
surgically treated had substantially higher scqbetter outcomes) in all domains. Finally,
Erwin et al. (2020) suggest that pain and self-ienagre worse amongst those who had AIS,
function was worse amongst females aged >40 wihald mental health scores for females
with AIS were worse than males in AIS groups. T$tisdy goes on to report a number of
other results, that touch upon all areas reportede demonstrating a significant difference
in scores across age groups, with older age grecqgréng worse in all sub-scales of the SRS
except mental health. Furthermore, among those thé&hmost ‘surgical-sized curves’ those
who had gone on to have surgery reported worseesaar function, pain, self-image and
overall SRS-22 scores amongst those who had surgery

Oswestry Disability Index results

Nine studies utilised the Oswestry Disability Ind&@DI). The ODI is a tool that measures
function related to lower back pain (Holm et aDP3). The ODI has ten questions related to
pain, personal care and activities of daily liviigach question is rated on a 6-point scale,
from O (no pain) to 5 (worst imaginable pain). Téiem of these scores is calculated and
presented as a percentage, wherein 0% represepamand disability and 100% represents
the worst pain and disability. Many of the reswdte similar to those found with the SRS

above in that most scores generally indicated yargd HRQOL, with somewhat mixed

10
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results when comparisons were made. Also like bowea studies, those which used the ODI
also explored the relationship between ODI scothayacteristics of participants (or their

AlS), differences between interventions or differes between populations or groups.

Studies that explored the relationship between G&dres, intervention and participant
characteristics report mixed results. There wassswmciation between ODI scores and level
of fusion (Green et al., 2011; Lavelle et al., 2016ével of instrumentation or with longer

follow-up time (Lavelle et al., 2016). In contraBrwin et al. (2020) found that ODI scores
positively correlated with age, BMI, and curve sib®wever (and similar to the SRS-22
results reported above) no relationship was fougtsvéen ODI scores and participants age,
or curve size (between surgical and non-surgicaepis) although overall, ODI score was

significantly worse in surgical patients.

Three studies found no significant relationshipasetn ODI scores when compared to those
with AIS and controls (Bjerkreim et al., 2007; Ecen et al., 2015; Kelly et al., 2010). In
contrast, Kino et al. (2019) found that betweerséhwith CD instrumentation and controls,

controls had significantly lower (better) ODI scere

Results of other scales

One study utilised the Roland Morris disability gtiennaire (RDQ). The RDQ is a 24-item
self-report outcome measure that enquires aboutrpéated disability resulting from lower
back pain (Roland & Morris, 1983). Items are scdded left blank or 1 if endorsed, for a
total RDQ score ranging from 0 to 24; higher scammesent higher levels of pain-related
disability. Kino et al. (2019) reported a low oviéraean (1.13) this was significantly higher
than a control group. Kino et al. (2019) also séil the Short Form — 36 (SF-36). The SF-36
consists of one item on recent changes in health3&nitems that are scored across eight
subscales (Ware & Sherbourne, 1992). Lower scardgdte poorer health. Once again,
scores were relatively high suggesting those witd ¥ere again, in generally good health;
however, when compared to a population who did mete AIS, those with AIS had
significantly lower scores in the physical and naéstibscales (Kino et al., 2019).

Two further studies also used the SF-36. Danielsfoa. (2010) found that there was no
difference between those with AIS who either hadreatment or treatment with a brace, but

11
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when compared to a population of age matched dsnsmnificant differences were found
between the control group and non-treated AIS p&ian physical functioning and general
health subscales, and between brace treated gatemd control group in physical
functioning, ‘role physical’ (original author termmdnd social functioning subscales. Lavelle
et al. (2016) found that SF-36 scores did not ¢ateewith level of fusion or with those who

had longer follow up.

Falick-Michaeli et al. (2015) utilised the Femalex8al Distress Scale — Revised (FSDS)
(Derogatis et al., 2002) and the Beck Depressimeritory (BDI) (Beck et al., 1996).The

FSDS is a 13-item scale that was created to ass&sslly related distress. Each item is rated
on a scale of 0 (never) to 4 (always), with sca@mmed to a maximum of 52, with higher
scores indicating greater distress. The BDI hastétts rated on a four- point scale (0-3),
which is summed to maximum score of 63. The higherscore, the greater the symptoms of
depression. Generally, scores between 14-19 irdiositd depression, 20-28 moderate
depression and 29-63 severe depression. There neesgnificant differences in FSDS

scores between two groups with AIS (those who weegnant and those who were not)
While mean scores on the BDI were lower amongstrots again, there were no significant

differences.

Bjerkreim et al. (2007) utilised the EuroQol (EQ)5Dhe EQ-5D is a generic (non-disease
specific) instrument developed to measure qualitylife and quality-adjusted life-years
(Balestroni & Bertolotti, 2012). The scale includestems related to quality of life and a
visual analogue scale for assessment of overallth@emongst those with AlS, scores were
noted to be slightly worse (however non-signifigamhen compared the general population.
This study did note that 45% of participants hadstited a doctor or physiotherapist for
back pain in the last 12 months before follow-umaRy, one study included in this review
utilised a researcher-developed questionnaire (Bb@d., 2007). The questionnaire covered
the domains of back pain (4 items), function (3n$¢, self-image (3 items) and patient
satisfaction (3 items), but how the items were asdowas not described. Whilst
approximately 50% of participants experienced nio pad did not require pain medication,
the remainder indicated they had some degree ofgad required medication at least some
of the time. In terms of daily function, no sigodint difference was found pre to post
surgery. However, the majority of participant félat AIS was at least somewhat of an

influential factor in their career choice. Majoritf participants also felt that surgery had
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improved their appearance (64%), however the reteairfielt that surgery had made no

difference to their appearance. Most participané®4) were also satisfied with their surgery.

Discussion

Scoliosis Research Society scores in a majoritgtadies indicated that people with AIS at
long-term follow up have generally good HRQOL. Alshall studies found little relationship
between AIS or participant characteristics and SB&es, that is, it was often found that
SRS scores were relatively high regardless of tieeoperative curve magnitude or gender,
for example. Between studies that explored differaetervention types, again scores were
high, however with the exception of one study themas little difference in SRS scores
between different interventions, suggesting thatdlwas no significant relationship between
SRS scores and level of fusion or type of surg€hys generally held over time, again with
most studies indicating little change in SRS scatedifferent points of follow up. Finally,
amongst the studies that compared SRS scores betdiferent populations, a clearer
picture emerged. While three studies found no diffees between surgical and brace treated
AIS participants and controls, at least five stadieported that SRS results indicated that
those with AIS had lower HRQOL compared to those wia not.

Oswestry Disability Index results painted a moreedi picture. With the exception of one
study, it was clear that ODI scores had little tieteship to participant or AIS characteristics.
Two studies suggested that participants with Al lwer HRQOL to healthy controls,
however two other studies also suggested no diftere

Of the other instruments used, many produce simglsults, generally indicating a good level
of functioning and HRQOL amongst AIS patients. Hoer this level of function was often
noted to be significantly lower than control or tpeneral population, similar to a number of
studies that utilised the SRS and ODI.

In summary, while there were some exceptions, noliche evidence suggests that HRQOL
as measured by the above instruments is not stgnifly influenced by different AIS types,
participant characteristics, surgery type or evegr éime. The evidence above does however
begin to suggest that while AIS participants haptaerally good quality of life, this is lower

than those who do not have AlS.
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There are some shortcomings related to the literdhat has examined HRQOL in long-term
outcomes of AIS that deserve discussion and malaiexihe seemingly disparate impression
of outcomes between the studies reviewed here. HRQ& been measured by only a
handful of instruments. Although the SRS and ODFk fexample appear to be
psychometrically robust in a number of ways, questiremain related to construct validity,
that is, whether there is confidence that the abmstruments thoroughly measure all
elements that relate to HRQOL in this populationefe are three likely explanations for why
a number of studies did not find significant redaships between participant variables and
HRQOL scales. First, there was no difference betvibe groups to begin with, so the ability
to demonstrate change is limited. Second, theunstnts used were not sensitive enough,
that is, they failed to measure more subtle diffees in HRQOL. Third, the instruments
were not comprehensively measuring all aspectsR®BL relevant to this population. We
are sceptical of the first possibility and belidkat the remaining two may be influenced by
the manner in which the scales were designed.elfetivas no patient input, as in modern
Patient Reported Outcome Measure (PROM) developeemt Rothrock et al., 2011), then
there is substantial scope for further investigaiito HRQOL with people diagnosed with

AIS, for several reasons.

Firstly, the above studies stand in contrast tach literature that views HRQOL as a
dynamic, relational and largely unsettled concépbvdns et al., 2006). There are various
definitions and conceptualisations of HRQOL. Théniion of HRQOL that is used in the
development of a scale, the domains of HRQOL thatrecluded in the scale, and the level
of patient input into scale development will allpact the items and thus substantially affect
the results obtained. We cannot and should nonasshat the above scales discussed in this
paper adequately reflect HRQOL aspects of conaerpatients with AIS. . Secondly, the
studies reviewed above stand in contrast to angingeliterature that has utilised qualitative
techniques to explore the experiences of those Alfth For example, Honeyman & Davison
(2016) explored perioperative experiences of sptigpants with AIS. This was a stressful
experience for both the patients and their paremts, the authors identify recurring themes
related to the fear of the unknown, lack of conall more specific issues such as pain.
Rullander et al. (2013) also found that surgery haglgnificant impact on all participants,
who exhibited strong emotions before and long aftamgery, with feelings such as fear,

nightmares, nervousness, and helplessness emergihgst there may have been a
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participant selection bias (those with strongerati#gg emotional responses consenting to
participate in the study) the findings point to theesence of these experiences amongst
patients with AIS, and indicate that similar stwdere needed to explore these issues and
their impact on HRQoL in the longer term. Finalpnecdotal evidence gathered by the
research team, either through publicly availableiadanedia platforms or personal contact
with people with fused or unfused idiopathic scekoclearly indicates the profound impact
the condition has on individuals’ lives. There aersonal reports from those living with
fused and unfused AIS, of living permanently witiranic pain, a reliance on often multiple

analgesics, and disrupted ability to work due t@tee, pain, or discomfort.

There is a pressing need for qualitative resedrahexplores the lived experiences of people
with AIS. Such research would complement the stideiewed here, allowing for a more
rounded exploration of what HRQOL means for thosl WIS and the factors that impact
on HRQOL. This research would also inform futuraufitative work and potentially lead to
the development of other instruments to measure GIR{® those with AlS, using modern
methods which involve patients in instrument depeient. Additional work in these areas is
likely to be extremely beneficial to patients wikllS, and their parents, who often make
critical, life-long decisions about their healthdawellbeing at an early age. Well-informed
decision-making needs to be based on robust gaawitAND qualitative evidence, that
reassures the patient and parents of the effichsyrgery in addressing the curve, and the

long-term outlook, in terms of quality of life.

Conclusions

We have examined the long-term outcomes relatétRQOL for people with AIS, who had
or had not had spinal fusion surgery. While theegeasome exceptions, most of the evidence
suggests that HRQOL as measured by the above nmstiis doesn’t appear to be
significantly influenced between different AIS typearticipant characteristics, surgery type
or even over time. The evidence above does howkggm to suggest that while AIS
participants had a generally good quality of lifds is lower than amongst those who do not
have AIS. Importantly, the available literatureldaio address more fundamental questions
about how HRQOL is conceptualised for those witls Adnd there is value in pursuing

gualitative inquiry in this area.

15



495

496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526

References

Balestroni, G., Bertolotti, G., 2012 EuroQol-5D (B0Q): an instrument for measuring
quality of life. Monaldi Archives for Chest Diseas@ (3): 155-159

Beck, A.T., Steer, R.A., Brown, G.K., 1996 Beck degsion inventory (BDI-11).

Benli, I.T., Ates, B., Akalin, S., Citak, M., Kaya,, Alanay, A., 2007 Minimum 10 years
follow-up surgical results of adolescent idiopatbeoliosis patients treated with
TSRH instrumentation. European Spine Journal 163&)-391.

Bettany-Saltikov, J., Weiss, H.R., Chockalingam, Taranu, R., Srinivas, S., Hogg, J.,
Whittaker, V., Kalyan, R.V., Arnell, T., 2015 Sucgi versus non-surgical
interventions in people with adolescent idiopa#uoliosis. Cochrane Database of
Systematic Reviews 2015 (4): CD010663.

Bjerkreim, 1., Steen, H., Brox, J.I., 2007 Idiopathcoliosis treated with Cotrel-Dubousset
instrumentation: Evaluation 10 years after surg8pine 32 (19): 2103-2110.

Boos, N., Dolan, L.A., Weinstein, S.L., 2007 Lomgrh clinical and radiographic results of
Cotrel-Dubousset instrumentation of right thoraadolescent idiopathic scoliosis.
The lowa orthopaedic journal 27: 40-46.

Critical Appraisal Skills Programme, 2018a CASP &€@sntrol Study Checklist.
https://casp-uk.net/wp-content/uploads/2018/03/CASBe-Control-Study-
Checklist-2018_fillable_form.pdf

Critical Appraisal Skills Programme, 2018b CASP Gutstudy Checklist. https://casp-
uk.net/wp-content/uploads/2018/01/CASP-Cohort-StGtecklist_2018.pdf

Danielsson, A.J., Hasserius, R., Ohlin, A., Nachem#\.L., 2010 Health-related quality of
life in untreated versus brace-treated patients adolescent idiopathic scoliosis.
Spine 35 (2): 199-205.

Derogatis, L.R., Rosen, R., Leiblum, S., Burnett,iAeiman, J., 2002 The Female Sexual
Distress Scale (FSDS): Initial validation of a stardized scale for assessment of
sexually related personal distress in women. Jowifrfaex and Marital Therapy 28
(4): 317-330.

Durmala, J., Tomalak, W., Kotwicki, T., 2008 Fuctiof the respiratory system in patients
with idiopathic scoliosis: reasons for impairmentianethods of evaluation. Studies

in health technology and informatics 135: 237-245.

16



527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558

Enercan, M., Kahraman, S., Cobanoglu, M., Yilay&Gkcen, B.H., Karadereler, S., Mutlu,
A., Ulusoy, L.O., Ozturk, C., Erturer, E., Gebes, &nli, T., Alanay, A., Hamzaoglu,
A., 2015 Selective thoracic fusion provides simiaalth-related quality of life but
can cause more lumbar disc and facet joint degBoer#& comparison of adolescent
idiopathic scoliosis patients with normal populatitO years after surgery. Spine
Deformity 3 (5): 469-475.

Erwin, J., Carlson, B.B., Bunch, J., Jackson, RB8rton, D., 2020 Impact of unoperated
adolescent idiopathic scoliosis in adulthood: ay&@r analysis. Spine deformity
8(5):1009-1016

Fairbank, J.C.T., Pynsent, P.B., 2000 The osweksability index. Spine 25 (22): 2940-
2953.

Falick-Michaeli, T., Schroeder, J.E., Barzilay, Yuria, M., Itzchayek, E., Kaplan, L., 2015
Adolescent idiopathic scoliosis and pregnancy: Asalved paradigm. Global Spine
Journal 5 (3): 179-183.

Green, D.W., Lawhorne, T.W., Widmann, R.F., KepeK., Ahern, C., Mintz, D.N.,
Rawlins, B.A., Burke, S.W., Boachie-Adjei, O., 20ldng-term magnetic resonance
imaging follow-up demonstrates minimal transitioleadel lumbar disc degeneration
after posterior spine fusion for adolescent idibpascoliosis. Spine 36 (23): 1948-
1954,

Haher, T.R., Gorup, J.M., Shin, T.M., Homel, P.ifepA.A.M., Undefined, 1999 Results of
the Scoliosis Research Society instrument for etadn of surgical outcome in
adolescent idiopathic scoliosis: a multicenter gtoi244 patients. Spine
24(14):1435-40.

Holm, 1., Friis, A., Storheim, K., Brox, J.l., 2003easuring self-reported functional status
and pain in patients with chronic low back paingmgtal questionnaires: A reliability
study. Spine 28 (8): 828-833.

Honeyman, C., Davison, J., 2016 Patients' expegiehadolescent idiopathic scoliosis
surgery: a phenomenological analysis. Nursing candind young people 28 (7): 29-
36.

Hong, Q.N., Pluye, P., Bujold, M., Wassef, M., 2@dnvergent and sequential synthesis
designs: implications for conducting and reporsiygtematic reviews of qualitative
and quantitative evidence. Systematic reviews 661.)

17



559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592

Kelly, D.M., McCarthy, R.E., McCullough, F.L., KgllH.R., 2010 Long-term outcomes of
anterior spinal fusion with instrumentation for thcolumbar and lumbar curves in
adolescent idiopathic scoliosis. Spine (Phila P&).9p. 194-198.

Kepler, C.K., Meredith, D.S., Green, D.W., WidmaRnE-., 2012 Long-term outcomes after
posterior spine fusion for adolescent idiopathalissis. Curr Opin Pediatr, pp. 68-
75.

Kino, K., Fujiwara, K., Fujishiro, T., Nakaya, YHayama, S., Yano, T., Nakano, A., Neo,
M., 2019 Health-related quality of life, includimgarital and reproductive status, of
middle-aged Japanese women with posterior spisabfiwising Cotrel-Dubousset
instrumentation for adolescent idiopathic scolios@nger than 22-year follow-up.
Journal of Orthopaedic Science 25(5):820-824.

Konieczny, M.R., Senyurt, H., Krauspe, R., 2013depiiology of adolescent idiopathic
scoliosis. British Editorial Society of Bone andnid&urgery 7(1): 3-9.

Lavelle, W.F., Beltran, A.A., Carl, A.L., Uhl, R.LHesham, K., Albanese, S.A., 2016 Fifteen
to twenty-five year functional outcomes of twenyetpatients treated with posterior
Cotrel-Dubousset type instrumentation: A limited betailed review of outcomes.
Scoliosis and Spinal Disorders 11(1): 1-6

Lebel, A., Lebel, V.A., 2016 Severe progressivdiess in an adult female possibly
secondary thoracic surgery in childhood treateth waioliosis specific Schroth
physiotherapy: Case presentation. Scoliosis Andé&isorders 11 (Suppl 2): 41.

Leszczewska, J., Czaprowski, D., Pawtowska, P.wi¢al, A., Kotwicki, T., 2012 Evaluation
of the stress level of children with idiopathic kosis in relation to the method of
treatment and parameters of the deformity. TheriéieWorld Journal 2012.

Louer, C., Yaszay, B., Cross, M., Bartley, C.E.stéam, T.P., Shah, S.A., Lonner, B.,
Cabhill, P.J., Samdani, A., Upasani, V.V., NewtorQP 2019 Ten-Year Outcomes of
Selective Fusions for Adolescent Idiopathic Scadiodournal of Bone and Joint
Surgery-American Volume 101 (9): 761-770.

Lucas, P.J., Baird, J., Arai, L., Law, C., Robektd\l., 2007 Worked examples of alternative
methods for the synthesis of qualitative and quainie research in systematic
reviews. BMC medical research methodology 7 (1): 4.
https://omcmedresmethodol.biomedcentral.com/agit{®&1186/1471-2288-7-4

Lykissas, M.G., Jain, V.V., Nathan, S.T., Pawar,Bismann, E.A., Sturm, P.F., Crawford,
A.H., 2013 Mid- to long-term outcomes in adolesaddiapathic scoliosis after

instrumented posterior spinal fusion: A meta-analySpine 38(2):E113-9.

18



593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626

Makino, T., Kaito, T., Kashii, M., lwasaki, M., Yb&kawa, H., 2015 Low back pain and
patient-reported QOL outcomes in patients with eslodnt idiopathic scoliosis
without corrective surgery. Springerplus 4 (1): 397

Min, K., Sdzuy, C., Farshad, M., 2013 Posteriorection of thoracic adolescent idiopathic
scoliosis with pedicle screw instrumentation: Resaf 48 patients with minimal 10-
year follow-up. European Spine Journal 22 (2): 388-

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.2009 Preferred reporting items for
systematic reviews and meta-analyses: the PRISHkt&rsent. Annals of internal
medicine 151 (4): 264-269.

Moons, P., Budts, W., De Geest, S., 2006 Critiquéhe conceptualisation of quality of life:
A review and evaluation of different conceptual ches. International Journal of
Nursing Studies 43 (7): 891-901.

Mueller, F.J., Gluch, H., 2009 Adolescent idiopatétoliosis (AlS) treated with arthrodesis
and posterior titanium instrumentation: 8 to 12rgdallow up without late infection.
Scoliosis 4(1): 1-6

Mueller, F.J., Gluch, H., 2012 Cotrel-duboussetrumaentation for the correction of
adolescent idiopathic scoliosis. Long-term reswith an unexpected high revision
rate. Scoliosis 7(1): 1-7.

Newton, P.O., Ohashi, M., Bastrom, T.P., Bartle)g.CYaszay, B., Marks, M.C., Betz, R.,
Lenke, L.G., Clements, D., 2020 Prospective 10-y@ow-up assessment of spinal
fusions for thoracic AlS: radiographic and clinicaitcomes. Spine Deformity 8 (1):
57-66.

Noyes, J., Booth, A., Moore, G., Flemming, K., Talp; O., Shakibazadeh, E., 2019
Synthesising quantitative and qualitative evidetoceform guidelines on complex
interventions: clarifying the purposes, designs aumitining some methods. BMJ
global health 4 (Suppl 1): e000893.

Pellegrino, L.N., Avanzi, O., 2014 Prospective emadibn of quality of life in adolescent
idiopathic scoliosis before and after surgery. iCahSpine Surgery 27 (8): 409-414.

Pérez-Grueso, F.S., Fernandez-Baillo, N., ArauRDlgles, S., Garcia Fernandez, A., 2000
The low lumbar spine below Cotrel-Dubousset insgntation: Long-term findings.
Spine 25 (18): 2333-2341.

Pham, M.T., Ra§, A., Greig, J.D., Sargeant, J.M., PapadopoulosiV&Ewen, S.A., 2014 A
scoping review of scoping reviews: advancing thgreach and enhancing the

consistency. Research synthesis methods 5 (4)3831-

19



627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659

Remes, V., Helenius, I., Schlenzka, D., Yrjonen,Ylikoski, M., Poussa, M., 2004 Cotrel-
Dubousset (CD) or Universal Spine System (USSjuns¢ntation in adolescent
idiopathic scoliosis (AlS): Comparison of midterimizal, functional, and radiologic
outcomes. Spine 29 (18): 2024-2030.

Roland, M., Morris, R., 1983 A study of the natumnedtory of back pain: Part I. Development
of a reliable and sensitive measure of disabititioiv-back pain, 2 ed. Springer-
Verlag London Ltd, pp. 141-144.

Rothrock, N.E., Kaiser, K., Cella, D., 2011 Devefapa valid patienrteported outcome
measure. Clinical Pharmacology & Therapeutics 90157-742.

Rullander, A.C., Isberg, S., Karling, M., Jonssdn,Lindh, V., 2013 Adolescents'
Experience with Scoliosis Surgery: A Qualitative@dt. Pain Management Nursing
14 (1): 50-59.

Rushton, P.R., Grevitt, M.P., 2013 What Is the &ff# Surgery on the Quality of Life of the
Adolescent With Adolescent Idiopathic Scoliosis”Réview and Statistical Analysis
of the Literature. Spine 38 (9): 786-794.

Sanders, A.E., Andras, L.M., lantorno, S.E., HaoniJtA., Choi, P.D., Skaggs, D.L., 2018
Clinically Significant Psychological and Emotioraiktress in 32% of Adolescent
Idiopathic Scoliosis Patients. Spine Deformity i @B5-440.

Scaramuzzo, L., Giudici, F., Bongetta, D., Cab&niMinoia, L., Zagra, A., 2017 Thoraco-
lumbar selective fusion in adolescent idiopathalissis with Lenke C modifier
curves: clinical and radiographic analysis at 18ryellow-up. European Spine
Journal 26: 514-523.

Sudo, H.S., Ito, M., Kaneda, K., Shono, Y., AbuKkii,2013a Long-term outcomes of
anterior dual-rod instrumentation for thoracoluméad lumbar curves in adolescent
idiopathic scoliosis: A twelve to twenty-three-ydaltow-up study. Journal of Bone
and Joint Surgery - Series A 95 (8): e491-e498.

Sudo, H.S,, Ito, M., Kaneda, K., Shono, Y., Takahst., Abumi, K., 2013b Long-term
outcomes of anterior spinal fusion for treatingrédwic adolescent idiopathic scoliosis
curves: Average 15-year follow-up analysis. Spi@€10): 819-826.

Sudo, H.S., Mayer, M.M., Kaneda, K.K., Nufiez-Pexe8., Shono, S.Y., Hitzl, W.H.,
lwasaki, N.I., Koller, H.K., 2016 Maintenance ofospaneous lumbar curve
correction following thoracic fusion of main thoracurves in adolescent idiopathic
scoliosis. Bone and Joint Journal 98B (7): 997-1002

20



660 Tong, A., Flemming, K., Mclnnes, E., Oliver, S.a&y, J., 2012 Enhancing transparency in

661 reporting the synthesis of qualitative researchTREQ. BMC medical research

662 methodology 12 (1): 181.

663 Uman, L.S., 2011 Systematic reviews and meta-aeslypournal of the Canadian Academy
664 of Child and Adolescent Psychiatry 20(1): 57-59

665 Ware, J.E., Brook, R.H., Davies, A.R., WilliamsNK,. Stewart, A., Rogers, W.H., Donald,
666 C.A., Johnston, S.A., 1980 Conceptualization andddeement of Health for Adults
667 in the Health Insurance Study: Vol. I, Model of Heand Methodology.

668 https://www.rand.org/pubs/reports/R1987z1.html

669 Ware, J.E., Sherbourne, C.D., 1992 The MOS 36-8&rt-Form Health Survey (SF-36): 1.
670 Conceptual Framework and Item Selection. Medicae@G8(6):473-83

21



Table 1. Studies included in this review

Author Year Aims Country Sample size  Methodology t@@mes Intervention/treatment HRQOL

meaures used

Benli et. al. 2007 This study examined surgicalurkey n=109 Quantitative + In terms of quality of life, this| Surgical - Texas Scottish The  Scoliosis
outcomes and Turkish SRS-22 Prospective cohort study essentially reports meanRite Hospital System (n ¥ Research Society
questionnaire results of 109 late- study SRS-22 scores as low, 109) Patient
onset adolescent idiopathic scoliosis moderate etc... Questionnaire
patients surgically treated with (SRS-22).
third-generation instrumentation.

Bjerkreim et. al. | 2007 This study examined the kemgn | Norway n =100 Quantitative + Radiologic results, patient Surgical EuroQol (EQ-
results after operative treatmept Prospective cohort satisfaction, and mean scores 5D) and ODI
with Cotrel-Dubousset (CD study for quality of life and back
instrumentation  for  adolescent function were excellent after
idiopathic scoliosis (AlS). CD instrumentation for AIS

but a considerable number of
patients had treatment for back
problems.

Boos et. al. 2007 This study examined clinical an8wtizerland | n =54 Quantitative - In relation to HRQOL, overall Surgical Researcher
radiological results of Cotrel Retrospective  cohort patient satisfaction, functional developed
Dubousset instrumentation (CDJ) study status and subjective cosmetic questionnaire
for the treatment of adolescent improvement is high. (13 items)
idiopathic scoliosis. measuring pain

function,  self-
image, patient
satisfaction

Danielsson et| 2010 This study examined quality of life Sweden n=77 Quantitative - Capelhe SRS-22/total score was|aBracing - (n = 37);| SRS-22 and SF

al. in adulthood in AIS patient control study mean of 4.2 for braced patientsObservation - (n = 40) 36
receiving no active treatment, and 4.1 for only observed
compared with similar patients whio patients. Neither total
had been brace treated during scores/subscales of the SRS22

adolescence.

or SF-36 differed significantly
between the groups. For th
SF-36, no differences i
relation to the Swedish age
matched norm scales we
found for either group. Patien
with moderate AIS report goo
quality of life in their 30s, ag
measured by both the SRS-]
and SF-36, regardless

whether they received n
active treatment or were bra




treated during adolescence

Enercan et. al. 2015 This study evaluated the teng-| Turkey n = 25| Quantitative - Case Our study group had excellentSurgical -  Selectivg SRS-22 and
behavior of the lumbar curve ih (AIS); n =| control study long-term clinical outcomes thoracic fusion (n = 25){ Oswestry
patients with adolescent idiopathjc 30 and showed no significant Controls - (n = 30) Disability Index
scoliosis treated with selective (controls) difference between patient and (ODI)
thoracic fusion and to assess the control groups in terms of all
clinical and radiologic outcomes in SRS domains. The mean ODI
this fusion group compared with gn in the normal population wap
age- and gender-matched group. 3.7 , which is comparable with

the mean 4.5 value in the AIS
group.

Erwin et. al. 2020 This study evaluated the impafc{ US n =255 Quantitative Patients with AIS have SRS- Observation - (n = 255) SRS-22 and O
unoperated adolescent idiopathic Retrospective  cohort 22r scores that are lower than
scoliosis (AIS) in adulthood o study age—gender-matched contrgls
pain, quality of life, and need for in most domains. ODI had a
operative management. positive linear correlation with

age, body mass index, and
curve size.




Falick-Michaeli | 2015 This study examined the rates |ofsrael n = 40| Quantitative -| The SRS24 scores in theSurgical - Pedicle screw Female Sexua
et. al. anesthesia prescription and (AIS); n = | Retrospective cohort patients with AIS were 72% (n = 40) Distress Scale -
satisfaction with surgery| 6 (controls) | study (88/120), showing a low scorg Revised (FSDS)
prevalence and severity of low ba¢k of 3.69/5 in the pain domains Beck Depressiorn
pain, prevalence of depression, and (p ¥ 0.0048 when compargd Assessment
sexual dysfunction among pregnant with nonpregnant patients with Questionnaire,
and nonpregnant patients with Al AIS). SRS-24
undergoing correction surgery wi Depression rates were in the
pedicle-based systems and healthy normal range and similar in all
woman with a history of pregnancy. groups. FSDS scores, used [to
assess sexual dysfunction,
were 4.02 in the pregnangy
group and 5.67 in the
nonpregnant
group (not significant) and 4.6
in the nonscoliosis contrg|
group (not significant).
Green et. al. 2011 This study examined the longrterus n=20 Quantitative SRS-22R scores and subscoreSurgical -  Posterioff SRS-22, ODI
clinical and imaging result Retrospective  cohort were calculated demonstratirjgfusion (n = 20)
focusing on the ninstrumented study that all patients had good to
lumbar spine after posterior spingl excellent outcomes with anh
fusion for adolescent idiopathic average overall score of 4)3
scoliosis and average function and pain
subscores of 4.5 and 4.3,
respectively. Similarly,
Oswestry
scores averaged 1417
indicating minimal disability.
Kelly et. al. 2010 This study evaluated a group |dS n=31 Quantitative The anterior approach in theSurgical - Anterior spinal SRS-30, ODI
patients based on  Scoliosjs Retrospective  cohort treatment of thoracolumbar fusion (n = 31)
Research Society (SRS)-30 and study and lumbar curves in AlIS
Oswestry data as well as offers good long-term
radiographic and magnetic functional outcomes  fo
resonance imaging (MRI) and patients. Despite  expected
report the results of long-term degenerative changes, patients
follow-upof this surgical treatment scored well on the SRS and
for this particular curve pattern in Oswestry tests, and were able
AlS. to pursue careers and family

activities.
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Kino et. al. 2019 This study investigated the longdapan n = 29 Quantitative -| HRQOL scores in the patient Surgical - CDI (n = 29) Roland-Morris
term health-related quality of life (AIS); n = | Retrospective cohort group were generally lower Disability
(HRQOL), including marital ang 71 study than that in the healthy control Questionnaire,
reproductive status, of middle-aged (controls) group, although there was no ODI, SRS-22,
Japanese women who underwent significant difference between SF-36
posterior spinal fusion using COI the two groups in the
for AIS in its earliest days in Japan. role component summary scofe

(RCS) of SF-36. Marital ang

reproductive status were not
significantly different betweer

patient and control groups, and
results for the patient group
were similar to Japanese
national data.

Lavelle et. al. 2016 This study examined long-tgrmdS n=22 Quantitative No relationship was shown Surgical - (n = 22) SF-36, SRS-2
functional outcomes of patients Retrospective  cohort between ODI and distal level oD, visual
treated with Cotrel-Dubousset (CD) study of fusion (p = 0.72). SF-36 and analog scale
instrumentation and determingd SRS 22 values were also npt (pain)
whether distal level of instrumentgd related to distal level o
fusion (L4 and L5) correlate with instrumentation. Patient
increased back pain or lower reported VAS back pain scores
functional level. (r2 = 0.18, p = 0.05), ODI (rZ

= 0.09, p = 0.17), and SF-36
and SRS-22 were not worse |n
patients with longer follow-ug
over time. Back pain and
certain functional SCorg
subcategories of the SF-36 and
SRS-22 trended towargd
improved results over time.

Lebel & Lebel 2016 This case presentation shows fh@anada n=1 Quantitative -Within  one  month  off Exercise - scoliosi§ SRS-22
indeed adult curve progression can Retrospective case beginning SSSPT, the patientspecific
be stopped and even reversed wjth study reported no more back painSchroth physiotherapy

scoliosis specific Schrot
physiotherapy (SSSPT) in an ad
patient with scoliosis.

t

and within 2 months, reporte

improved  breathing.  Thg
patient also benefitted fron
improved chest expansio

reduced scoliosis curve angl
(measured in Cobb degree
increased  vital  capacity
decreased ATR, and high
SRS-22 scores. She becar
more active and resumed &
athletic activity within 8
months of beginning Schrot
physiotherapy.

d

p
N
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Louer et. al. 2019 The purpose of this study wag tdS n=>51 Quantitative On the whole, SRS scores didSurgical -  selectivg SRS-24
report 10-year prospective Prospective cohort not decrease during follow-up, fusions (n = 51)
radiographic and  patient-rated study and no patient had secondary
outcomes of selective fusions of the operations.
main thoracic (MT) or
thoracolumbar/lumbar (TUL
curve, with particular attention tp
the behavior of the uninstrumented,
compensatory curve.

Min, et. al. 2013 This study examined the clinicalSwitzerland | n =48 Quantitative - SRS-24 scores did not changeSurgical SRS-24
radiological and pulmonary Prospective cohort with time. There was nd
function results of 48 consecutive study significant difference of 10
patients with 10-year minimal year SRS-24
follow-up. scores between the those who

had different levels of

instrumented vertebra. patients
who had the spinal implant
removed for late infection alsp
reported good  subjective
outcomes.

Mueller & | 2012 This study explored long termGermany n =40 Quantitative -Only 14 out of 40 patient$ Surgical - Cotrel-| SRS-24

Gluch outcomes among patients treated for Prospective cohort (35%) completed the SRS-24dubousset
AIS with CD instrumentation an study questionnaire after a mean pfinstrumentation (n = 40)
spondylodesis. 14.3 years postoperatively. InOnly n = 14 completed

the SRS-24 questionnaire, theSRS-24
total score averaged 933
points out of a maximum 120
points (min. 71 to max. 10
points) at the follow-up. Thg
analysis of the questionnairne
showed no significan
differences between the B
patients with instrumentation
still in situ (average 96.4
points) and the 9 patients after
the removal of the
instrumentation (average 91/5

points).




Mueller, et. al.

2009

This study examined long te
outcomess in patients treated f
AIS with a posterior titanium
instrumentation.

rrsermany
or

Quantitative
Retrospective
study

cohor

- SRS scores generally indicatg
that participatns had goo|
HRQOL. Specifically, 48 of 49
patients (98%) were highly o
fairly satisfied with the resul
of the treatment; only on
female patient was somewh
dissatisfied — however we sa
no objective (e.g. loss O
correction) signs concernin
this result. 42 of 49 patient
(86%) reported to suffer neve
or rarely from back pain a
rest. Overall 44 of 49 patient
(90%) would definitely or
probably undergo the sam
treatment again.

rdSurgical

o

=g ==

7 B

e

SRS-24

Newton et. al.

2020

This study examined the lomgnt
outcomes related to of spin
fusions  for  thoracic  AlIS:
radiographic and clinical outcomesg

e US

n=174

Quantitative
Prospective
study

cohor

Spinal fusion patients repo
SRS-22 quality of life 10 year
after scoliosis surgery that
minimally reduced compare
to healthy peers an
substantially better than an u
operated cohort of comparab|
aged scoliosis
Adolescents  with  thoraci
idiopathic  scoliosis  shoulg
expect little if any change i
their health-related quality o
life compared to beforg
surgery, high satisfaction, an
a 7.5% chance of revisio
surgery 10 years after the|
index spinal fusion.

patients.

t Surgical - Pedicle scre
5 (n = 102), hook or hybrid
sconstructs (n = 22)
1 anterior screw rod
j constructs (n = 50)
]-

y

f

=> o

SRS-22

Perez-Grueso
et. al.

2000

This study evaluated whether t
use of instrumentation systems th
preserve the sagittal profile cou
reduce the incidence of ear
degenerative changes

hé&pain
at
d

y

n = 34
(AIS); n =
35
(controls)

Quantitative
Retrospective
study

cohor

Cotrel-Dubousset

instrumentation maintain
the physiologic sagitta
contour. Although there ar
some degenerative changes

magnetic resonance imag
and dynamic radiographs, th
quality of life and daily

activities of the patients afte
surgery are similar to those
a normal population of th

Surgical - CDI (n = 35)

5

1%

n
eS

@

= =

Same age.

SRS *th
authors refer to
this as the SRS
questionnaire -
will need further
information  to
determine  what
version it is.




Remes et. al. 2004 This study examined whethee thdfinland n=112 Quantitative CaseThe total SRS questionnaiteSurgical - CDI (n = 57),| SRS
were any differences in outcome control study score averaged 97 in the CDUSS instrumentation (n F
between the 2 instrumentatign and 101 in the USS$ 55)
systems. instrumentation groups at the
final follow up. Six (11%)
patients in the CD, but none in
the USS instrumentation
group, reported back pain oftgn
or very often on the SR$
questionnaire
Scaramuzzo, et| 2017 This  study  examined theltaly n=90 Quantitative 1 Results suggest that all SRS 22Surgical SRS-22
al. radiological and clinical outcomes Retrospective  cohort evaluations showed significant
of a single-center case series |of study improvement at 6 months, in
selective thoracic fusions (STF) in particular, the self-image
adolescent idiopathic scoliosis. analysis. A further|
improvement was also reported
at 10 years, in particular in
pain and function scores.
Sudo et. al. 2013 This study assessed the long-tedepan n=25 Quantitative -The average total SRS-30Surgical - Anterior spinal SRS-30
outcomes of anterior spinal fusign retrospective cohort score  was 4.0. Overall fusion (n = 25)
(ASF) for treating thoraciqg study radiographical findings and
adolescent idiopathic  scoliosis patient outcome measures pf
(AIS). ASF for Lenke 1 MT AIS were
satisfactory at an average
follow-up of 15 years.
Sudo et. al. 2013 This study examined the outcoméapan n=30 Quantitative -The average total SRS-30Surgical - Dual -rod| SRS-30
of anterior dual-rod instrumentation Retrospective  cohort score was 4.2. Radiographjcinstrumentation (n= 30)
in a consecutive series of patients study findings, pulmonary function
with thoracolumbar/lumbal and clinical measures were
adolescent idiopathic  scoliosis satisfactory at the time of
managed by a single surgeon at a followup, at a minimum of
single institution. twelve years.
Sudo, et. al. 2016 This study examined long-terdapan n=14 Quantitative -Results suggest that the megrSurgical SRS-22
outcomes about the behaviour of the Retrospective  cohorf SRS-22 total score at the final
thoracolumbar/lumbar (TL/L) curve study follow-up was 4.0 (SD 0.3)
after thoracic anterior correction No significant difference wa
and fusion (ASF) and to determine observed between patients with
the impact of ASF on pulmonary and without a TL/L curve

function

increase




Table 2. Summary of outcome measures used andgesul

Instrument

How this instrument measures HRQOL

swdi

Significant or notable results

Scoliosis Research Socie!
Questionnaire (SRS)

yThe SRS has a number of variants (SRS-22, 23
and 30) While items differ slightly across versipl
the SRS contains questions that examine
domains: function/activity, pain, self
image/appearance, mental health and satisfag
with management. The first 22 items assess t
domains and are scored on a scale of 1 (worst)
(best) with a higher score indicating bet
HRQOL.

, B4= 21: (Benli et al., 2007; Danielsson et al., 20
sEnercan et al.,, 2015; Erwin et al.,, 2020; Fali
ividichaeli et al., 2015; Kelly et al., 2010; Kino &,
tibouer et al., 2019; Min et al., 2013; Mueller & Ghy
td2B00; Remes et al., 2004; Scaramuzzo et al., 2

2016)

- 2019; Lavelle et al., 2016; Lebel & Lebel, 201
€809, 2012; Newton et al., 2020; Pérez-Grueso. e

eSudo et al., 2013a; Sudo et al., 2013b; Sudo gt]

I Overall studies suggested that mean SRS scoreshiggrégood). No
kelifferences were found between participant charsties (i.e. curve
type and gender) and SRS scores. Few differences foeind
6between surgical and non-surgical interventionsS SiRores wereg

generally stable over time. A number of studiesddifferences in
&BRS scores between those with AIS and controlsh wintrols
DIgEnerally reporting higher (better) SRS scores.

al.

Oswestry Disability Index
(OoDI)

The ODI is a tool that measures function relateg
lower back pain. The ODI has ten questions relg
to pain, personal care and activities of dailyrlgyi
Each question is rated on a 6-point scale, fron
(no pain) to 5 (worst imaginable pain). The sum
these scores is calculated and presented &
percentage, wherein 0% represents no pain
disability and 100% represents the worst pain
disability.

to = 7: (Bjerkreim et al., 2007; Enercan et al., 20
tdefwin et al., 2020; Green et al., 2011; Kelly et
2010; Kino et al., 2019; Lavelle et al., 2016)

no

of

s a

and

and

L Overall, studies reported low (good ODI) scoreswéwer results

alwere somewhat mixed. Two studies indicated noioglahip between
ODI score and level of fusion, however one studyntb that ODI
scores were positively correlated with age, BMI @andve size. Two|
studies found no difference between those with Atfl controls,
while one study suggested that controls had sigamifi lower (better)
ODI scores.

Short Form 36 (SF-36)

The SF-36 consists of ona ib@ recent change]
in health and 35 items that are scored across &
subscales. Lower scores indicate poorer health.

sn = 3: (Danielsson et al., 2010; Kino et al., 20
idlatvelle et al., 2016)

| Overall, SF-36 scores were relatively high (goo@ne study
indicated that SF-36 scores were not related tellef fusion.
However SF-36 scores were lower amongst those Wit and
controls in two studies.

Roland Morris Disability
Questionnaire (RDQ)

The RDQ is a 24-item patient-reported outco
measure that enquires about pain-related disab
resulting from lower back pain. Items are score
if left blank or 1 if endorsed, for a total RDQ sed
ranging from O to 24; higher scores repres
higher levels of pain-related disability

me = 1: (Kino et al., 2019)
ility
1 0]

ent

RDQ scores were higheworée) amongst those with AIS whe
compared with controls.

35

Female Sexual Distres

Scale (FSDS)

s The FSDS is a 13-item scale that was create
assess sexually related distress. Each item id
on a scale of 0 (never) to 4 (always), with sco
summed to a maximum of 52, with higher sco
indicating greater distress.

o= 1 (Falick-Michaeli et al., 2015)
ate
res
es

(those who were pregnant and those who were nat)cantrols in
regards to FSDS scores.

There were significant differences between two groups with AIS

Beck Depression Inventor
(BDI)

The BDI has 21 items rated on a four- point sg
(0-3), which is summed to maximum score of
The higher the score, the greater the symptom
depression.

ale = 1 (Falick-Michaeli et al., 2015)
53.
5 of

There were significant differences between two groups with A
(those who were pregnant and those who were nat)cantrols in
regards to BDI scores.

IS

EuroQol (EQ-5D)

he EQ-5D is a generic (non-diseapecific)
instrument developed to measure quality of life @
quality-adjusted life-years. The scale includeg
items related to quality of life and a visual armggie
scale for assessment of overall health.

n =1 (Bjerkreim et al., 2007)
nd
5

While EQ-5D scoresrg elevated amongst those with AIS wh
compared to the general population, this was mptifitant.

Researcher develope

d

The questionnaire covereddah&ins of back

n =1: (Boos et al., 2007)

Thesellte suggest that 50% of participants experieno@gain




scales

pain (4 items), function (3 items), selfgaa3
items) and patient satisfaction (3 items), but h
the items were scored was not described.
information on scoring provided

ow

No

and did not require pain medication, the remainagicated they had
some degree of pain and required medication at Eawme of the
time. No significant differences were found in gdiinction pre and
post surgery. The majority of participants indicateat AIS was an
influential factor in their career choice. Majorit§ participants alsg
felt that surgery had improved their appearanceo(dand were
satisfied with their surgery (76%).
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Identification

Screening

Eligibility

Included

Figure 1. PRISMA 2009 Flow Diagram (Moher et al., 2009)

Records identified through
database searching (terms:
“adolescent idiopathic scoliosis” OR

“idiopathic scoliosis”“) AND through other sources
(outcomes or benefits or effects or (n=5)
impact or effectiveness) AND (“long
term” or long-term or longitudinal
(n=77)

™~ ~

Additional records identified

Records screened using
Inclusion criteria

(10 year follow up, (n=1)

HRQOL data, intervention

Full text not obtained

or diagnosis after 1980)
Exclusion criteria
(Did not include

extractable HRQOL data,
not in English, conference
papers, non-peer

Records excluded
Duplicates (n = 8)

reviewed sources). — > . Did not meet
(n=83) inclusion/exclusion (n = 48)
(n=59)

Studies included in
qualitative synthesis

(n=23)
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