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ABSTRACT

KARINA ZAPATA, B.S.

EFFECTIVENESS OF SPINAL STABILIZATION EXERCISES FOR LOW BACK PAIN IN
ADOLESCENTS WITH IDIOPATHIC SCOLIOSIS

AUGUST 2013
Background: The purpose of this study was to investigate the effectiveness of spinal
stabilization exercises in reducing pain intensity and disability and improving disability,
guality-of-life (QOL), back muscle endurance, and perceived changes in participants with
low back pain (LBP) and adolescent idiopathic scoliosis (AlS).
Methods: Participants were randomized into either a supervised PT group or
unsupervised home exercise program (HEP) group. Thirty participants (15 in each group)
completed the study. The supervised group received weekly supervised PT for 8 weeks.
The unsupervised group received a one-time treatment and an 8-week HEP on DVD.
Both groups received the same standardized spinal stabilization exercise program.
Exercise progression was determined by the treating PTs for the supervised group and
by the participants/caregivers for the unsupervised group. The following outcome
measures were collected before and after 8 weeks: the Numeric Pain Rating Scale
(NPRS) for pain intensity, the Revised Oswestry Back Pain Disability Questionnaire

(OSW) for disability, the Scoliosis Research Society-22 Health-Related Quality-of-Life



Questionnaire (SRS-22) for QOL, the prone-double-leg-raise (PDLR) test for back muscle
endurance, and the Global Rating of Change (GROC) for participants’ perceived changes.
Four 2X2 ANOVAs with repeated measures were used to analyze the NPRS, OSW, SRS-
22, and PDLR data. A Mann-Whitney U test was used to analyze the GROC scores.
Results: The ANOVA results revealed a significant interaction for the NPRS (p = .01), but
not for the PDLS, OSW, and SRS-22 scores. Further, post-hoc analysis revealed
significant between-group and within-group differences in the NPRS (p < .01), showing
that the supervised group had significantly greater reductions in pain intensity than the
unsupervised group. The ANOVA results also showed that all participants, regardless of
group, improved in all outcome measures after 8 weeks (p <.001). Both groups had
improved GROC scores after 8 weeks of intervention, but no significant difference was
found between groups.

Conclusions: This study indicates that supervised PT is superior to an unsupervised HEP
in reducing pain intensity in AIS and LBP. Spinal stabilization exercises may provide
clinicians with an evidence-based treatment option for adolescents with idiopathic

scoliosis with LBP.
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CHAPTER |

INTRODUCTION

Idiopathic scoliosis (IS) is a structural curve of the spine that has an
undetermined cause (Weinstein, Dolan, Cheng, Danielsson, & Morcuende, 2008).
Adolescent Idiopathic Scoliosis (AIS) is the most common type of scoliosis and develops
in adolescents before skeletal maturity (“Scoliosis,” 2008, p. 265). Adolescent Idiopathic
Scoliosis is diagnosed only after other causes of scoliosis have been ruled out (Weinstein
et al., 2008). One to three percent of the population reportedly has AIS (Weinstein et al.,
2008).

The latest evidence suggests that the majority of adolescents with idiopathic
scoliosis (IS) develop low back pain (LBP). Sato et al. (2011) assessed a large number of
adolescents (n = 43,630), revealing significantly more back pain in adolescents with IS
compared to adolescents without IS (controls). Twenty-eight percent of adolescents
with IS reported currently having back pain compared to 12% of controls. Furthermore,
adolescents with IS reported a 59% lifetime prevalence of back pain compared to 33% of
controls. The scoliosis group also encountered more severe pain of longer duration with
more frequent recurrences compared to controls. In addition, authors of a multi-center
prospective study of 1,433 adolescents with IS found that 78% of patients reported back

pain before posterior spinal fusion (Landman, Oswald, Sanders, Diab, & Members of the



Spinal Deformity Study Group, 2011). Although back pain was reduced to 64% at 1 and 2
years post-operatively, the use of analgesics for back pain remained at almost 30%
(Landman et al., 2011). In addition to increased health care utilization, adolescents with
recurrent back pain are absent from school more often, are more limited in participating
in physical activities, and have a reduced quality-of-life (QOL) (Jones, Stratton, Reilly, &
Unnithan, 2004).

Researchers also have examined the relationship between physical fitness,
physical activity, and back pain in 9,413 adolescents (Andersen, Wedderkopp, &
Leboeuf-Yde, 2006). Physical fitness measures included vertical jump height, back
extensor endurance, sit-and-reach test, and maximal oxygen uptake. These authors
found that the presence of back pain was associated with low isometric muscle
endurance of the back extensors, and that the absence of back pain was associated with
high isometric muscle endurance of the back extensors. No other physical fitness
measures or self-reported physical activity factors were associated with LBP. Although
causal statements cannot be made about poor muscle endurance and LBP, this
association suggests that a treatment focusing on back muscle endurance may be
beneficial for adolescents with LBP.

A systematic review by Jeffries, Milanese, and Grimmer-Somers (2007) reported
a high prevalence of LBP during the transition from adolescence to adulthood,
suggesting a relationship between adolescent LBP and adult LBP. In addition, Jones,

Stratton, Reilly, and Unnithan (2007) found that an individual with a previous history of
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LBP was at risk of developing LBP in the future. Several risk factors have been associated
with a future episode of LBP, including spine asymmetry, lumbar spine extension
endurance, high levels of physical activity, part-time work, and psychosocial difficulties
(Hill & Keating, 2010). Therefore, researchers recommended that properly treating LBP
during adolescence may prevent recurrent episodes into adulthood (Hestbaek,
Leboeauf-Yde, Kyvik, & Manniche, 2006).

Minimal research addresses physical therapy (PT) interventions for adults who
have scoliosis with LBP. Exercises have been mentioned, but no specific interventions
have been described. Rather, the focus in research has been on surgical and more
invasive treatment options (Aebi, 2005). Since degeneration at the spine typically
accompanies adult scoliosis (Aebi, 2005), PT interventions for adults with scoliosis may
not be appropriate for adolescents with IS. No published studies have investigated the
effectiveness of PT interventions for patients with AIS with LBP.

Currently, two common PT practices are used for managing adolescents with IS
who have LBP: (a) supervised PT and (b) a one-time treatment with no follow-up. No
studies have examined which of these two approaches is superior. Spinal stabilization
exercises are routinely included regardless of the type of PT practice (i.e. supervised PT
or one-time treatment). Spinal stabilization exercises designed to activate the deep
abdominal and back extensor muscles have been shown to prevent recurrent episodes
of LBP in the adult population (Cairns, Foster, & Wright, 2006; Hicks, Fritz, Delitto, &

McGill; Hides & Jull, 2001). Authors of a long-term follow-up randomized control trial
3



revealed that adult patients were more than two times less likely to have LBP 3 years
after spinal stabilization exercises compared to a control group who did not receive
spinal stabilization exercises (Hides, Jull, & Richardson, 2001). Based on these findings, a
standardized spinal stabilization program has been recommended for adults with LBP
(Hicks et al., 2005). However, spinal stabilization exercises for LBP in adolescents with IS
may not have the same effect on this patient population.
Statement of the Problem

Although LBP is prevalent in AlS, no studies have evaluated the effectiveness of
the most common PT intervention, spinal stabilization exercises, for managing LBP in
this population. Spinal stabilization exercises may be of particular importance in
adolescents with IS due to possible reduced spinal stability from structural deformity.
While spinal stabilization exercises are effective in treating adults who have LBP, we did
not know if spinal stabilization exercises were effective in AlS. Given the high prevalence
of LBP in AIS and limited evidence of conservative interventions, exploring the
effectiveness of spinal stabilization exercises was warranted.

Purpose of the Study

The primary purpose of the study was to investigate the effectiveness of spinal
stabilization exercises in participants with AIS and LBP. Specifically, the purpose was to
investigate whether or not 8 weeks of weekly supervised PT compared to 8 weeks of an
unsupervised home exercise program (HEP), would reduce pain intensity and disability

and improve QOL and back muscle endurance. Participants’ overall perceived changes
4



were also examined after 8 weeks of treatment. Spinal stabilization exercises are

commonly provided for LBP in AlS, but their effectiveness is unknown. This study also

provides information regarding the optimum frequency of visits for patients with AIS
and LBP.
Research Questions

The following research questions were addressed in this study:

1. Would there be differences in pain intensity, disability, QOL, and back muscle
endurance between participants with AIS and LBP who receive 8 weeks of weekly
supervised PT compared to those who receive 8 weeks of an unsupervised HEP?

2. Would there be improved pain intensity, disability, QOL, and back muscle endurance
in participants with AIS and LBP, regardless of group, after 8 weeks of intervention?

3. Would there be a difference in perceived changes between participants with AlS and
LBP who receive 8 weeks of weekly supervised PT compared to those who receive 8
weeks of an unsupervised HEP?

Hypotheses

Research Hypotheses

The hypotheses of the study were as follows:

1. Participants with AlIS and LBP who receive 8 weeks of weekly supervised PT would
have significantly improved pain intensity, disability, QOL, and back muscle
endurance following the intervention compared to those who receive 8 weeks of an

unsupervised HEP.



2. Participants with AIS and LBP, regardless of group, would have significantly
improved pain intensity, disability, QOL, and back muscle endurance after 8 weeks
of intervention.

3. Participants with AIS and LBP who receive 8 weeks of weekly supervised PT would
demonstrate significantly improved perceived changes compared to those who
receive 8 weeks of an unsupervised HEP.

Null Hypotheses

The null hypotheses of this study were as follows:

1. There would be no differences in pain intensity, disability, QOL, and back muscle
endurance following the intervention between participants with AIS and LBP who
receive 8 weeks of weekly supervised PT and those who receive 8 weeks of an
unsupervised HEP.

2. Participants with AIS and LBP, regardless of group, would demonstrate no improved
pain intensity, disability, QOL, and back muscle endurance after 8 weeks of
intervention.

3. There would be no significant differences in perceived changes between participants
with AIS and LBP who receive 8 weeks of weekly supervised PT and those who

receive 8 weeks of an unsupervised HEP.



Operational Definitions
The definitions used for this study included the following:

e Spinal stabilization exercises: Spinal stabilization exercises are a series of exercises

designed to target the spinal stabilizers, such as the transversus abdominis, erector
spinae/multifidus, quadratus lumborum, and oblique abdominals (Hicks et al., 2005).

e Exercise compliance: The number of exercise sessions completed out of 28 possible

exercise sessions.

e Low back pain intensity: LBP intensity is determined using a subjective report of the

participant’s perceived pain localized to the lumbar spine on the Numeric Pain
Rating Scale (NPRS).

e Disability: The level of disability associated with LBP was determined using the
Revised Oswestry Back Pain Disability Questionnaire (OSW).

e Quality-of-life: QOL is a subjective report of the participant’s perceived physical and
psychosocial health associated with the participant’s LBP and AlS as measured by
the Scoliosis Research Society-22 Health-Related QOL Questionnaire (SRS-22).

e Back muscle endurance: Back muscle endurance is determined by the participant’s

performance of the prone-double-leg-raise test.

e Overall perceived change: Overall perceived change is a subjective report of

perceived change of LBP due to PT treatment as measured by the GROC.
e Scoliosis: A lateral curvature of the spine measuring at least 10° on a radiograph

using the Cobb method (Weinstein et al., 2008).
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e Adolescent Idiopathic Scoliosis: Scoliosis of unknown origin with age of onset from

10 to 16 (Weinstein et al., 2008).
Assumptions

Assumptions of this study included the following:

e Participants would rate their LBP intensity that best reflected their perception of
LBP.

e Participants would give maximal effort with the back muscle endurance test.

e Participants would understand the OSW and SRS-22 questionnaires and reply
honestly.

e Participants and caregivers would report the home exercise diary honestly.

Limitations

Potential limitations of the study included the following:

e A placebo effect of treatment attendance may have occurred in the supervised PT
group. However, we minimized this effect by providing a DVD to the unsupervised
HEP group.

e Participants with larger scoliotic curves may have demonstrated worse LBP.
However, we randomized the participants into two groups and limited the inclusion
criteria to curves that were not severe enough (10° to 45°) to qualify for surgery.

e Participants with different scoliotic curve types may have demonstrated differences
in LBP severity. However, we randomized the participants into two groups and

examined subgroups if differences were found.
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e Participants may have asked their caregivers for help in interpreting the OSW or SRS-
22, which may have biased results of the OSW or SRS-22. However, we chose the
OSW since this revised version replaced the question about sex life and was
considered reliable and sensitive to change in adults with LBP. Also, the SRS-22 had
been validated in the adolescent population.

e Participants treated at Texas Scottish Rite Hospital for Children (TSRHC) may not
have been representative of adolescents with IS with LBP which may limit the
generalizability of the study. However, TSRHC treats all children with orthopedic
conditions throughout the state of Texas regardless of families’ ability to pay.

Significance of the Study

Since the majority of adolescents with IS develop LBP (Sato et al., 2011), LBP is a
major public health concern. Adolescents with back pain have increased health care
utilization, use of analgesics, school absences, and physical activity limitations, as well as
a reduced QOL (Jones et al., 2004). Properly treating LBP during adolescence may
reduce health care costs, promote full participation in school, and enable physical
activity.

Should the outcomes of this study favor 8 weeks of weekly supervised PT, then
the appropriate duration and frequency of PT could be recommended. If no differences
in outcomes are found between the two PT approaches (i.e. 8 weeks of weekly
supervised PT versus an unsupervised HEP), the optimal choice of treatment would be 8

weeks of an unsupervised HEP as part of a one-time visit, since it is more cost-effective
9



and less burdensome for the family. In addition, the results of the study may contribute
to the body of literature in an attempt to eventually develop clinical guidelines for

treating LBP in the AIS population.
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CHAPTER Il
REVIEW OF THE LITERATURE

The primary purpose of the study was to investigate the effectiveness of an
unsupervised home exercise program (HEP) in participants with adolescent idiopathic
scoliosis (AlS) who had low back pain (LBP). Specifically, the purpose was to investigate
whether or not 8 weeks of weekly supervised physical therapy (PT) compared to 8
weeks of an unsupervised HEP, would have superior reductions in pain intensity and
disability and improvements in quality-of-life (QOL) and back muscle endurance. The
main literature related to AlS is explored first, including clinical features and treatment
outcomes. Next, an overview of back pain is provided with a focus on the pediatric
population. Instruments used to measure back pain are discussed before outcome
measures related to the low back. Finally, various PT treatments related to back pain in
adolescents are described. Due to the lack of research regarding spinal stabilization
exercises for LBP in AlS, a further contribution to the body of literature is needed.
Although spinal stabilization exercises are considered common practice in PT, the

effectiveness of this treatment has not been validated in adolescents.
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Adolescent Idiopathic Scoliosis (AlS)
Scoliosis

Scoliosis is a three-dimensional deformity in with a lateral and rotated curvature
of the spine measuring at least 10° on an x-ray (Weinstein et al., 2008). Scoliosis is
observed clinically by the following signs: uneven shoulders, pelvis, or waistline, a
prominent scapula or thorax, or trunk lean. The Adams forward bending test is
frequently used in school screenings or in primary care physician offices to screen for
scoliosis (“Scoliosis,” 2008, pp. 269-270). Standing behind the patient, the examiner asks
an individual to bend forward at the hips while keeping the knees straight until the spine
is horizontal to the floor. The examiner evaluates whether one side of the spine appears
higher at any level of the spine. If an inequality exists, the examiner assesses the
amount of trunk rotation noted during forward bending, usually with a scoliometer. The
examiner places the scoliometer at the apex of the noted rotational deformity
perpendicular to the long axis of the body. The examiner refers an individual to a
medical doctor when the angle of trunk rotation measures at least seven degrees
(“Scoliosis,” 2008, p. 270).

Scoliosis is most often classified as idiopathic, congenital, or neuromuscular.
Subtypes of idiopathic scoliosis (IS) include infantile (age of onset 0 to 2), juvenile (age of
onset 3 to 9), and AlIS (age of onset 10 to 16) (“Scoliosis,” 2008, p. 265; Weinstein et al.,
2008). AIS is the most common type of scoliosis affecting one to three percent of

children (Weinstein et al., 2008). The majority of curves do not progress enough to
12



require serious interventions such as bracing or surgery, as the prevalence of curves
measuring greater than 20° is low, 0.3 to 0.5%. However, as the curve magnitude
increases, girls are affected more profoundly than boys, requiring intervention at a ratio
of 7:1 (“Scoliosis,” 2008, p. 266). AlS develops during puberty in children from 10 years
old until skeletal maturity is achieved. Despite extensive research about AlS, its cause
remains unknown with numerous factors likely involved, including central neurologic
dysfunction, connective tissue abnormalities, and genetic factors (Weinstein et al.,
2008).

Scoliotic curves can be classified in various ways. Curves are generally described
by the anatomic location of their curve pattern, the main ones being thoracic,
thoracolumbar, lumbar, or double (thoracic and lumbar) curves (Weinsten, 1999). The
King classification system identifies five curve types of IS, considering the location of the
curve apex and curve flexibility which is determined by bending radiographs. A bending
radiograph is obtained from an anterior-to-posterior view with the patient supine and
actively bending maximally to both sides. In 1997, Lenke introduced a more complex
classification with 42 IS curve types (“Scoliosis,” 2008, pp. 289-290). Although the Lenke
classification system is more complex, it is popular among surgeons because it helps
determine which vertebral levels should be included in a surgical fusion (“Scoliosis,”
2008, p. 290).

Curve progression is most affected by skeletal and sexual immaturity, as

indicated by age at diagnosis, bone age (Risser sign and triradiate cartilage status),
13



menarche, and peak growth (Sanders et al., 2006). The Risser sign is a radiographic
measurement taken from a routine scoliosis radiograph (“Scoliosis,” 2008, p. 267). The
Risser grading system is based on the ossification of the iliac apophysis, which is divided
into four quadrants. A child's' skeletal maturity is rated on a scale of 0 (no ossification)
to 5 (fused ossified apophysis), which correlates with remaining spinal growth
(“Scoliosis,” 2008, p. 267). Patients who are Risser 0 and 1 are growing rapidly and at
greatest risk for curve progression (“Scoliosis,” 2008, p. 268). The triradiate cartilage
closure is another radiographic index of maturity and typically closes before Risser 1 and
menarche (“Scoliosis,” 2008, p. 268). The triradiate cartilage refers to the Y-shaped
growth plate that separates the ilium, ischium, and pubis until ossification (“Lower
Extremity Injuries,” 2008, pp. 2573-2574).

The Cobb method is used to measure curve magnitude and to monitor curve
progression in the clinic. The Cobb angle is determined on radiograph by measuring the
angle formed at the intersection of two perpendicular lines drawn at the end-vertebrae.
The end-vertebrae, or top and bottom of the curve, have the greatest amount of tilt. To
account for measurement error, a curve must increase at least five degrees before it is
considered a true change and to have progressed (Weinstein et al., 2008).

The standard medical management for AIS in the United States includes
observation, bracing, and surgery. Observation is indicated in curves measuring less
than 25° if patients are skeletally immature, and in curves less than 45° if patients have

achieved skeletal maturity. Bracing is recommended in curves ranging from 25° to 40°
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among patients who are still growing with the goal of preventing curve progression and
avoiding surgery. Surgery is indicated in curves greater than 45° with the goal to correct
the curve. In other countries (mostly European countries), physical therapy (PT)
consisting of scoliosis-specific exercises is utilized to reduce curve progression, to reduce
brace prescription, and to enhance brace wear (Fusco et al., 2011). In the United States,
PT is not commonly utilized due to a lack of evidence supporting the concept that
exercise alters the natural history of scoliosis (Mordecai & Dabke, 2012; “Scoliosis,”
2008, p. 287).

Observation is the standard medical management of AIS with mild curves in the
United States. The frequency of follow-up examinations depends on the patient’s
maturity and curve size (“Scoliosis,” 2008, p. 278). Prognostic factors for curve
progression included skeletal immaturity (premenarchy and Risser 0), larger curves
(greater than 30°), younger age (below 12 years old), and curves with a thoracic
component (Bunnell, 1986). Therefore, a skeletally immature adolescent with a curve
approaching 25° may be monitored every 3 months, as opposed to a more skeletally
mature adolescent who may be monitored every 6 months (“Scoliosis,” 2008, p. 278).

Curve patterns also influence progression; thoracic and double curves are more
progressive than thoracolumbar curves, and lumbar curves are the least likely to
progress. In curves greater than 50°, thoracic curves progress about one degree per year
(Weinstein, 1999). Further, reduced pulmonary function is often observed in

adolescents with idiopathic scoliosis (IS) with large curves, especially thoracic curves
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over 50°. A lower pulmonary function includes a lower vital capacity and shortness of
breath, but rarely cardiopulmonary compromise. Increased rates in mortality occur in
curves greater than 100° (Weinstein, Dolan, Peterson, Spratt, Spoonamore, & Ponseti,
2003).

The efficacy of bracing in reducing curve progression in AlS remains
controversial, because studies have reported both favorable and unfavorable results.
Goldberg, Dowling, Hall, and Emans (1993) found no significant differences in curve
progression between 32 untreated girls with AIS in Dublin and 32 brace-treated girls
with AIS in Boston matched by curve size, age, and skeletal immaturity at diagnosis.
Goldberg, Moore, Fogarty, and Dowling (2001) compared their surgery rates of
untreated patients with AlS to an active bracing center, finding no statistically different
surgical rates for AlS. However, Katz, Herring, Browne, Kelly, and Birch (2010)
demonstrated findings from a landmark study, indicating that bracing is effective in
preventing curve progression in AlS. Katz et al. utilized brace sensors to monitor brace
wear compliance and curve progression in 100 adolescents with IS. Adolescents were
either prescribed 16 or 23 hours of brace wear, depending on the surgeon’s discretion.
The treating surgeons were blinded to brace wear data. When brace treatment was
complete, the authors examined the relationship between the amount of brace wear
and curve progression. An inverse correlation between amount of brace wear and curve
progression was found. In addition, the most skeletally immature adolescents appeared

at highest risk of progression. Successful outcomes, or curve progression less than 6°,
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were found in 82% of adolescents who wore their brace more than 12 hours a day. In
contrast, only 31% of adolescents who wore their brace less than 7 hours a day had
successful outcomes. Finally, Katz et al. found that the more adolescents wore their
brace, the less likely was the need for surgery.

Surgery is generally recommended for severe curves and is a widely accepted
form of treatment. Larger curves tend to progress over time, especially curves greater
than 45° (Weinstein 1999; Weinstein et al., 2003). The current literature is rather
focused on comparing surgical approaches, the extent of fusion, and the
instrumentation used (Weinstein et al., 2008). Minimal research compares surgery to
non-operative treatment (Weinstein, 1999). Dickson, Mirkovic, Noble, Nalty, and Erwin
(1995) compared the two groups, finding that the surgically treated group reported
significantly improved pain, self-image, and ability to perform functional activities than
the group who declined surgery. However, the two groups only included a small group
of adults who had declined surgery (n = 30) and took place only an average of 5 years
after surgery.

Clinical Features of AlS

Clinical features of AlS include back pain during adolescence and in adulthood, as
well as decreased health-related quality-of-life (QOL). Authors of recent studies indicate
a stronger relationship between AIS and back pain than previously believed. As part of a
multi-center prospective study of 1,433 adolescents with IS, Landman, Oswald, Sanders,

Diab, and Members of the Spinal Deformity Study Group (2011) found that 78% of
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patients reported back pain pre-operatively in contrast to surgeons’ report of 44%,
suggesting that surgeons underestimated the prevalence of pain in their patients.
Landman et al. also found that complaints of back pain were reduced to 64% at 1 and 2
years after surgery, although almost 30% of the subjects reported using analgesics for
back pain both before and after surgery. In addition, patients were more likely to report
back pain if they were older, were overweight, or had larger proximal thoracic curves.

A retrospective chart review conducted by Ramirez, Johnston, and Browne
(1997) at Texas Scottish Rite Hospital for Children (TSRHC) also assessed the prevalence
of back pain in the AIS population. Ramirez et al. reported that 560 (23%) of 2,442
patients reported current back pain. The majority (392 patients) was observed for
scoliosis, performed exercises, and took medication for their back pain. The rest (168
patients) were braced or had surgery. At the latest follow-up visit an average of 3 years
later, only 53% (208 patients) of patients observed for scoliosis had no more back pain
while 69% (116 patients) who were braced or had surgery were free of back pain. The
investigators hypothesize that back pain is relieved when a curve is stabilized due to
altered spinal biomechanics from the scoliotic deformity. Ramirez et al. also found that
the following factors were significantly associated with patients having back pain: age
greater than 15 years, skeletal maturity (Risser sign at least two), post-menarchal status,
and a history of injury. In contrast, the following factors had no association with back
pain: gender, family history of scoliosis, limb length discrepancy, magnitude or type of

curve, or spinal alignment. However, spinal alignment approached significance (p = .052)
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and was recorded if a shift lateral to the gluteal cleft relative to a plumb line dropped
vertically from the seventh cervical vertebra was greater than one centimeter.
Interestingly, out of the 560 patients that reported to have back pain, only 48 (9%) had a
pathology, mostly spondylolysis or spondylolisthesis.

A similar prevalence of LBP in AlS also was found outside of the United States.
Sato et al. (2011) involved 43,630 students in Japan and found significantly more back
pain in adolescents with IS compared to adolescents without IS (controls) by prevalence,
location, and severity. Adolescents with IS reported a 28% current prevalence of back
pain compared to 12% of controls, and a 59% lifetime prevalence compared to 33% of
controls. Adolescents in the scoliosis group experienced more severe pain of longer
duration with more frequent recurrences compared to controls. Adolescents with IS
reported significantly more pain in the upper middle and right back compared to
controls, suggesting a relationship between pain and right rib hump deformity.

In addition to LBP, reduced QOL and body image are also common in adolescents
with IS. Pain and body image may be related. In the study by Landman et al. (2011)
which evaluated adolescents with IS with LBP pre- and post-operatively, patients who
perceived themselves as more deformed had a greater desire to change their
appearance and had less reduction in pain after surgery. Results of a systematic review
(Tones, Moss, & Polly, 2006) concluded that adolescents with IS demonstrated worse
health-related QOL, psychosocial functioning, and body image compared to their peers,

especially during treatment for AlS. In this systematic review, psychological distress also
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was found in adolescents with IS who had pre-existing psychological conditions and
challenging social and family situations. Therefore, psychological therapy was offered as
an option to target current and future psychosocial issues. This systematic review also
found that disturbed body images in adolescents with IS relating to their appearance
may be worse than patients who were diagnosed with a chronic illness in childhood or
adulthood. A worse body image was associated with brace wear, as opposed to an
improved body image after surgery. Body image and physical exercise in AlS also was
explored by Dekel, Tenenbaum, & Kudar (1996). Dekel et al. (1996) evaluated the body
images and physical activity levels of 286 adolescents (140 with IS, 146 without spinal
deformity) using questionnaires and self-reports of physical activity beyond school time.
Adolescents with IS rated their body image lower than adolescents without spinal
deformities, F(1, 264) = 53.51, p < .000. Further, adolescents with IS demonstrated a
positive association between body image and physical activity. Specifically, adolescents
with IS who engaged in physical activity at least three times a week were found to have
an improved body image.

Back pain is more common among adults who received no treatment for AIS
than in the general population (Weinstein et al., 2003). However, little research has
been conducted to examine the effects of PT interventions for adults with scoliosis with
back pain. Several types of adult scoliosis have been described, including progressive IS,
referring to adults who had AIS. If progressive IS is accompanied by secondary

degeneration or imbalance, it is considered a different type of scoliosis. Adults with
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progressive IS also can present differently depending on whether they were treated
surgically (Aebi, 2005). Although the most frequent clinical problem of adult scoliosis is
back pain, patients present with a variety of symptoms due to various etiologies and the
possibility of radicular symptoms (Aebi, 2005). Surgery is more readily explored in
addition to medication, bracing, root blocks, and facet joint injections. Although
therapeutic interventions such as muscle exercises, swimming, and traction have been
recommended for adults with progressive IS (Aebi, 2005), the effectiveness of these
interventions has not been investigated.

The effects of back pain on function and health are less clear in adults who had
AIS. In a long-term prospective study (Weinstein et al., 2003), back pain did not
necessarily lead to more disability or decreased ability to perform activities of daily
living. However, adults with scoliosis did report restrictions such as buying clothes,
decreased physical ability, and self-consciousness. No relationship was found between
development of osteoarthritis and curve severity. Psychosocial sequelae, such as
decreased self-esteem, were associated with AlS, but clinical depression was not
(Weinstein et al., 2003).

Long-term outcomes have been evaluated among adults treated non-operatively
and with surgery for AlS. Haefeli, Elfering, Kilian, Min, and Boos (2006) investigated non-
operative outcomes among patients with AlS after at least 10 years. Patients with curves
larger than 45° reported significantly more pain than patients with smaller curves. No

significant differences were found in pain, disability, and health-related QOL between
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those treated by bracing and those without bracing. A systematic review on health-
related QOL and psychosocial concerns among adults with AIS by Tones, Moss, and Polly
(2006) investigated treatment outcomes in studies with over 20 years of follow-up.
Tones et al. found that previous bracing or surgery did not influence health-related QOL;
however, they suggested that patients treated by bracing may report less satisfaction
from treatment, and patients treated by surgery may have worse physical functioning
compared to patients without scoliosis. Further, Daniellson and Nachemson (2003a,
2003b) described that patients with scoliosis treated with both bracing and surgery took
more sick leave due to back problems than patients without scoliosis. Though
pyschosocial concerns were not as evident in adults as in adolescents, adults who had
AIS still reported limited participation in social activities due to self-consciousness and
fear of injury. Body image also was found to be lower in adults with scoliosis than
patients without scoliosis.

Decreased spinal mobility and muscle strength were also observed in adults who
had AIS. Daniellson, Romberg, and Nachemson (2006) published a case-control study in
which patients with AIS who were followed for over 20 years were compared to healthy
adults without spinal deformities. Spinal mobility and muscle strength were examined
between the two groups: adults treated for AIS by either bracing or surgery, and age-
and sex-matched healthy adults without spinal deformity (controls). Patients treated by
either bracing or surgery had decreased lumbar spinal mobility and endurance

compared to the control group. Daniellson et al. also found that patients with decreased
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spinal mobility treated by bracing or surgery exhibited more back pain than controls.
However, the investigators could not answer whether reduced muscle endurance
resulted from scoliotic deformity, treatment, or chronic back problems.
Low Back Pain

Low Back Pain in Adults

LBP is epidemic worldwide, and almost every individual experiences LBP at some
point in their lifetime (Costa-Black, Loisel, Anema, & Pranksy, 2010). Back pain is the
most common type of pain reported, with one in four adult Americans reporting LBP
within the past 3 months (Deyo, Mirza, & Martin, 2002). Almost all adults will recover
from LBP. However, recurrences are also common. LBP is commonly differentiated as
specific or non-specific, with non-specific LBP associated with an unknown origin. Over
90% of individuals with LBP have non-specific LBP (Koes, van Tulder, & Thomas, 2006). A
variety of classification systems have been used by different health care providers to
label non-specific LBP, but they are of questionable reliability and validity (Koes et al.,
2006). One widely agreed upon classification system of non-specific LBP by Koes, van
Tulder & Thomas (2006) defines types of LBP by the duration of symptoms. Koes et al.
defined acute LBP as lasting less than 6 weeks, sub-acute LBP lasting between 6 weeks
and 3 months, and chronic LBP lasting longer than 3 months.

An increasing number of individuals with LBP do not recover and develop chronic
LBP (Freburger et al., 2009). Authors of a population-based study in North Carolina

demonstrated a significantly increased prevalence in chronic LBP from 4% in 1992 to
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10% in 2006, using the same definitions to describe LBP during both 1992 and 2006
(Freburger et al., 2009). Increases in LBP prevalence were noted across all demographic
categories, including age, gender, and ethnicity. Additionally, more individuals sought
medical care during the past year in 2006 (84%) than in 1992 (73%). Increases in health
care services have been attributed to an increase in chronic LBP cases.

In a clinical review which summarized systematic reviews, Koes et al. (2006)
found several individual, psychosocial, and occupational factors that are associated with
the development and chronicity of LBP in adults. Four individual risk factors were
identified for the development of back pain: weak abdominal and back muscles, age,
physical fitness, and smoking. However, individual risk factors found to influence the
chronicity of LBP included obesity, little education, and high levels of pain and disability.
Job dissatisfaction, unavailability of light duty upon return to work, and lifting three
guarters of the day were the occupational factors for developing chronic LBP. Lastly,
several psychosocial factors were associated with development of chronic LBP, including
distress, depressive mood, and somatization.

Although we have speculated that exercises would relieve LBP, currently no
exercise guidelines exist (Koes et al., 2006). However, a Cochrane systematic review
found a moderate quality of evidence to indicate that exercise programs prevents
recurrences of LBP in adults (Choi, Verbeek, Tam, & Jiang, 2010). Exercise therapy also
has been found to be slightly effective in reducing pain and improving function in adults

with chronic LBP (Hayden, van Tulder, Malmivaara, & Koes, 2005). A recent meta-
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analysis found that specific motor control exercises (i.e. spinal stabilization exercises)
reduce pain and disability in adults with chronic and recurrent low back pain (Boestrom,
Rasmussen-Barr, & Grooten, 2013).
Low Back Pain in Pediatrics

The reported lifetime prevalence of LBP in children between ages 7 to 18 varies
from 7% to 72% in a systematic review by Hill and Keating (2009). This excessively wide
range is the result of the use of varying definitions for LBP and data collection methods.
Children are most prone to develop LBP during periods of rapid growth, which occurs for
boys at 12.5 + 2 years old and for girls 2 years earlier. Hill and Keating (2009) also
documented a 1% lifetime prevalence of LBP in children 7 years old. This very low
prevalence gradually increases to 17% at 12 years of age, and a sharp increase occurs
after 12 years of age until 15 years of age when the prevalence reaches a plateau at
53%. A leveling off occurs in the late teens when LBP prevalence approaches that of
adults at almost 60%. Additionally, adolescents with a previous history of LBP are at risk
of developing LBP in the future (Harreby, et al., 1999; Jones & Macfarlane, 2005).
Authors of a systematic review on the epidemiology of LBP suggest a relationship
between adolescent and adult LBP (Jeffries, Milanese, & Grimmer-Somers, 2007).

Little information exists on the prevalence of chronic LBP among adolescents, as
authors typically describe lifetime prevalence of LBP (Hill & Keating, 2009). Some studies
have evaluated point prevalence, while others include 1 year prevalence. Although

chronic LBP typically lasts longer than 3 months, chronic LBP has not been clearly
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defined in the adolescent population, making comparisons difficult. Harreby et al.
(1999) from Denmark examined the severity of chronic LBP in 1,389 adolescents 13 to
16 years old. Moderate to severe recurrent or continuous LBP was found in 19.4% of
children, with significant risk factors including daily smoking, female gender, and jobs
requiring heavy lifting more than 5 hours a week. Adolescents with severe LBP
demonstrated increased use of analgesics and health care utilization, and reduced QOL.
Jones, Stratton, Reilly, and Unnithan (2004) from England investigated the prevalence
and consequence of recurrent LBP in 500 adolescents 10 to 16 years old. Recurrent LBP
was defined as regular LBP classified by repeated acute episodes and was found in
13.1% of adolescents, with the prevalence increasing significantly by age. Unlike Harreby
et al., Jones et al. did not find a significant difference in recurrent LBP between boys and
girls. Nevertheless, Jones et al. found that adolescents with recurrent LBP were absent
from school more often, visited a health care professional more frequently, and were
limited by participation in physical activities.

Due to the high prevalence of LBP among children and increased likelihood of
future LBP, a systematic review by Hill and Keating (2010) investigated risk factors for a
first episode of LBP in children. LBP has been attributed to genetics, psychological
issues, and physical activity, but risk factors have not been validated in independent
investigations. Five prospective studies met the inclusion criteria with 47 risk factors
identified for a first-time occurrence of LBP in children. Nine of these 47 risk factors

demonstrated a significant correlation with a future episode of LBP, but a follow-up
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study confirming these factors has not been completed. These nine factors were: spine
asymmetry, lumbar spine extension endurance, the ratio of lumbar flexion mobility to
lumbar extension endurance, the ratio of lumbar extension mobility to lumbar extension
endurance, the ratio of lumbar flexion and extension mobility to extension endurance,
high levels of physical activity, part-time work, abdominal pain, and psychosocial
difficulties. Due to difficulty in undertaking studies predictive of LBP, Hill and Keating
suggested evaluating intervention studies instead.

Physical activity can have a curvilinear relationship with LBP, with both low and
high levels of physical activity increasing the risk of LBP (Fritz & Clifford, 2010). However,
the effect of high levels of physical activity on disability and pain is unclear. Fritz and
Clifford (2010) investigated the effect of sports participation on clinical outcomes of PT
among 12- to 17-year-old adolescents with LBP. They found that adolescent patients
who were involved in sports underwent PT for a longer period of time, but had less
improvement in disability compared with adolescents who were not involved in sports.
However, the disability and pain levels in the adolescents with LBP were similar to those
in adults with LBP.

Decreased back muscle endurance is another main factor associated with LBP,
according to Andersen, Wedderkopp, and Leboeuf-Yde (2006a). Andersen et al.
investigated the association between physical fitness and LBP in 9,413 adolescents 17
years old. Physical fitness measures included functional leg extensor strength, back

extensor endurance, flexibility, and aerobic fitness. The results revealed that back pain
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was associated with low isometric back extensor muscle endurance and the absence of
back pain was associated with high back muscle endurance. No other physical fitness
measures or self-reported physical activity factors were associated with LBP. Although
causal statements cannot be made about muscle weakness and LBP, the association
between back extensor weakness and LBP suggests that spinal stabilization programs
may be used to treat and prevent future episodes of LBP, as they increase muscle
endurance in both healthy individuals and those with LBP (Andersen et al., 2006a).
Outcome Measures for Back Pain

A systematic review exploring outcome measurements used in LBP studies by
Kamper, Stanton, Williams, Maher, and Hush (2011) demonstrated no consistent
measures to describe LBP recovery. Many studies used pain, disability, or function, or a
combination of the two to describe LBP recovery as an outcome measure. Other studies
mentioned in the systematic review used self-rating scales, physical performance, or
return to work. This section describes instruments used as outcome measurements
applicable to adolescents with LBP.
Function Measurements

The patient-specific functional scale (PSFS) (see Appendix A) is a patient-specific
guestionnaire used to assess functional limitations in patients with orthopaedic
conditions, including LBP. Patients are asked to identify up to three important activities
that they are unable to do or having difficulty performing because of their back pain

(Hall, Maher, Latimer, Ferreira, and Costa, 2011). Patients score the activity on a scale of
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0 (unable to perform the activity) to 10 (able to perform the activity at pre-injury level).
Scores are summed and averaged, resulting in a total score out of 10. The PSFS has been
found to be reliable (Stratford, Gill, Westaway, and Binkley, 1995) and valid, especially
for patients with low levels of activity limitations (Hall et al., 2011). The PSFS has been
found to have a MCID of 2 from the average score of three activities in adults with
chronic LBP (Maughan & Lewis, 2010). We are unaware of the use of this scale in the
adolescent population.
Pain Intensity Measurements

Pain intensity self-rating scales widely used are the Visual Analog Scale (VAS),
faces pain scales, and the Numerical Pain Rating Scale (NPRS). The VAS quantifies the
intensity of pain on a continuum from 0 (no pain at all) to 10 (worst pain ever). Although
variations of the VAS exist (LaMontagne, Hepworth, Cohen, & Salisbury, 2003), a
common version that has been used to examine adolescents with LBP associated with
AlS includes anchors at the endpoints of a 10 centimeter horizontal line. Adolescents are
asked to mark their pain intensity on a 10 centimeter line, with verbal descriptors at 0
(no pain) and 10 (worst pain ever) (Williamson & Hoggard, 2005). The VAS is considered
a ratio scale since it has a zero point (Sherman, Eisen, Burwinkle, & Varni, 2006). The
VAS is reliable and valid in children as young as 5 years old (Sherman et al., 2006). The
minimal clinically significant difference for the VAS ranges from a 1 to 2 centimeter

change (von Baeyer, 2009).
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Faces scales are considered simpler to use and less abstract than the VAS or
numerical scales (Tomlinson, von Baeyer, Stinson, & Sung, 2010). They are typically
utilized in younger children (ages 4 to 12). The Faces Pain Scale-Revised includes six
faces on a horizontal line using the 0 to 10 pain rating scale (in intervals of 2). A series of
facial expressions accompanies each point, with a happy face at the 0 anchor endpoint
and a sad face at the 10 endpoint (Tomlinson et al., 2010). During administration of the
FPS-R, children are asked to choose a face that reflects their pain intensity. Results of a
systematic review of faces pain scales in children recommended the FPS-R for research
purposes due to its utility and psychometric features (Tomlinson et al., 2010).

The NPRS is another scale that is used to measure pain intensity. Children are
asked to rate their pain in whole numbers from 0 (no pain) to 10 (worst imaginable
pain). The NPRS is the most widely used self-reported pain scale in pediatric hospitals
(Connelly & Neville, 2010) and has been recommended in children at least 8 years old
(von Baeyer, 2009). The NPRS is also referred to as the verbal numeric scale (Bailey,
Daoust, Doyon-Trottier, Dauphin-Pierre, & Gravel, 2010) and the numerical rating scale
(Connelly & Neville, 2010). The NPRS is considered to be reliable, valid, and to have
good sensitivity in pediatrics (Williamson & Hoggard, 2005). When evaluating the
content validity in children, the NPRS has been found to correlate with the VAS from .89
to .93 (Bailey et al., 2010; von Baeyer et al., 2009) and with the FPS-R at .87 (von Baeyer
et al., 2009). The test-retest reliability of the NPRS has been found to have 95% limits of

agreement of -0.9 and 1.2 (Bailey et al., 2010). The NPRS is advantageous for
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researchers who wish to follow-up with a child over the phone, since the scale can be
verbally presented and does not require physical materials.

Connelly and Neville (2010) compared the responsiveness of three pain scales:
VAS, FPS-R, and NPRS. Children ages 9 to 18 were followed for their pain level over 3
days after a surgical procedure. The NPRS results had consistently higher ratings
compared to those of VAS and FPS-R, suggesting that the NPRS may be less responsive
than the other scales, although the clinical significance is unknown. On the contrary, von
Baeyer (2009) compared the NPRS to the VAS and FPS-R and found the NPRS to be
functionally equivalent except for in very mild pain (rated less than 1 out of 10). The
NPRS has been used in previous PT studies examining adolescents with LBP (Clifford &
Fritz, 2003; Fritz & Clifford, 2010). The minimum clinically important difference (MCID)
for the NPRS has been found to be 2 in adults with LBP (Childs, Piva, & Fritz, 2005;
Kamper et al., 2011) and 1 in children with acute pain (Bailey et al., 2010). Treatment
success also has been described as 30-50% decreased pain (von Baeyer, 2009).
Therefore, a 50% success rate could be from 10/10 to 5/10, or from 2/10 to 1/10 on the
NPRS (von Baeyer, 2009).
Disability Measurements

The Revised Oswestry Back Pain Disability Questionnaire (OSW) is a region-
specific disability scale used for individuals with LBP (see Appendix B). It is a 10 question
scale addressing different aspects of function. Each question is scored on a scale of 0 to

5, with 5 indicating the highest level of disability. The total score ranges from 0 to 50.
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The total score may be divided by the total possible score (50 if all questions are
completed) and multiplied by 100 to yield a percentage score; 0 percent is equivalent to
no disability and 100 percent is equivalent to a great deal of disability (Maughan &
Lewis, 2010). The Revised OSW is adapted from the original Oswestry Low Back Pain
Disability Questionnaire that replaces the sex life item with an item regarding
fluctuations in pain intensity. The OSW is considered reliable and sensitive to change
(Hudson-Cook, Tomes-Nicholson, & Breen, 1989). Another modified version of the
Oswestry Low Back Pain Disability Questionnaire replaces the sex life item with or an
item regarding employment and home-making (Fritz & Irrgang, 2001). This modified
version is reliable (ICC = .90) and valid (Fritz & Irrgang, 2001). The modified version has a
MCID of 6 points (Fritz & Irrgang, 2001) and minimal detectable change of 10.5 points
(Davidson & Keating, 2002). The modified version also has been used to define a
successful outcome if there was at least a 50% improvement in the score (Fritz &
Clifford, 2010). The modified version was used in adolescents with LBP by Clifford & Fritz
(2003), but a low correlation between the modified version and pain scores was found,
indicating that the modified version may not be an appropriate outcome measure to
measure disability in adolescents. Clifford & Fritz further elaborated that the questions
in the modified version may not apply to the functional difficulties of adolescents with

LBP. To date, the modified version has not been validated in adolescents.
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Quality-of-life Measurements

The Short Form-36 (SF-36) is a general health questionnaire that can compare
across health care organizations in a uniform and accurate way (Bartie, Lonstein, &
Winter, 2009). It is commonly used as a health-related QOL questionnaire as it is not
specific to any age, disease, or treatment group (Helenius, Remes, Lamberg, Schlenzka,
& Poussa, 2008). The SF-36 consists of 36 questions in eight domains with scores ranging
from 0 to 100 and higher scores reflecting a better health status. The eight domains
include physical function, role physical, bodily pain, general health, vitality, social
function, role emotion, and mental health. Two summary measures describe the overall
physical and mental health (Lai, Asher, & Burton, 2006). The SF-36 has a copyrighted
scoring algorithm that must be annually purchased for each research study. The SF-36
takes about ten minutes to complete (Davidson & Keating, 2002). In addition, the SF-36
has been validated for ages 18 years old and above but not in adolescents.

The Scoliosis Research Society-22 Health-Related Quality-of-Life Questionnaire
(SRS-22) is the most commonly used health-related QOL instrument in AlS, was
developed by the SRS, and is commonly utilized in individuals after surgery (see
Appendix C). The SRS-22 is a disease-specific questionnaire that may be more relevant
to the health issues of individuals with IS than a generalized health questionnaire such
as the SF-36 (Asher, Min, Lai, Burton, & Manner, 2003). It consists of 22 questions in five
domains which include pain (five questions), self-image (five questions), function (five

questions), mental health (five questions), and management satisfaction/dissatisfaction
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(two questions). The mental health domain was adapted with written permission from
the SF-36. Each item is scored from 1 (worst) to 5 (best); higher scores indicate a better
health-related QOL. The first four domains have a total sum score that ranges from 5 to
25, and the management satisfaction/dissatisfaction domain has a total sum score that
ranges from 2 to 10. The maximum total score of the first four domains is 100, and the
total score of all five domains is 110. The SRS-22 can be scored in various ways. The first
method of scoring is to divide the total score for each domain by the total possible score
to yield an average score for each domain. The second method of scoring the SRS-22 is
to either sum or average the first four domains to yield either a sub-total sum or sub-
total average score. The third method of scoring the SRS-22 is to either sum or average
all five domains to yield either a total sum or total average score. Unlike the SF-36, the
SRS-22 is free and easy to score by hand. It is user-friendly, taking only 2 to 3 minutes to
complete (Parent, Hill, Mahood, Moreau, Raso, & Lou, 2009). The SRS-22 is internally
consistent, reliable, and valid, correlating with the SF-36 and the OSW (r = .87)(Bridwell
et al., 2005; Lai et. al., 2006; Parent et al., 2009). When comparing scores between
individuals pre- and post-operatively, the SRS-22 has a MCID of 0.20 for the pain
domain, 0.98 for self-image, and 0.08 for function (n = 387) (Carreon, Sanders, Diab,

Sucato, Sturm, & Glassman, 2010).

The MCID for the total SRS-22 score, mental health, and management

satisfaction/dissatisfaction could not be determined since no anchors exist to serve as a
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comparison (Carreon et al., 2010). Another study (n = 91) that excluded the two
guestions on management satisfaction/dissatisfaction showed a MCID of 6.8 for the
SRS-22 sub-total sum score (possible score ranges from 22 to 100), 0.5 for the SRS-22
sub-total average score (average score out of 20 questions), 0.6 for pain, 0.8 for
function, 0.5 for self-image, and 0.4 for mental health using the distribution-based
method (Bago, Pérez-Grueso, Francisco, Les, Hernandez, & Pellisé, 2009). When using
the anchor-based method, Bago et al. (2009), found a MCID of 13.1 for the sub-total
sum score, 0.6 for the sub-total average score, 0.6 for pain, 0.3 for function, 1.3 for self-

image, and 0.3 for mental health.

Measurement for Participants’ Perceived Changes

The global rating of change (GROC) is a scale that assesses individuals’ overall
perceived change, usually to determine the effect of an intervention or to report on the
progress of a condition (Kamper, Maher, & Mackay, 2009). Individuals rate their
perceived change or improvement on a Likert scale that can range from 3 to 101 points
(Kamper et al., 2009). Kamper et al. (2009) recommended an 11-point scale ranging
from -5 (very much worse) to 0 (unchanged) to 5 (completely recovered). The GROC is
reliable and valid, and is quick and simple to measure (Kamper et al., 2009). The 11-
point GROC has a MCID of 2 points (Kamper et al., 2009). However, the GROC has not

been used in the adolescent population.
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Impairment Measurements for Back Pain
Measurement for Spinal Stability

Though standard measurements for spinal stability do not exist (Kane & Bell,
2009), spinal stability is generally described as the ability of the deep spinal muscles to
stabilize the individual vertebra and its adjacent vertebrae. Three components must
function properly to achieve spinal stability: the vertebral column to provide intrinsic
stability, the spinal muscles to provide dynamic stability, and the neural control unit to
coordinate the muscle response for stability requirements (Panjabi, 2003). Adult
patients who may benefit from spinal stabilization exercises due to spinal instability
often present with the following clinical characteristics: recurrent LBP, regular
manipulation with short-term relief, trauma, pregnancy, oral contraceptive use, and
positive responses to spinal immobilization (Fritz et al., 2007).

Several clinical tests have been developed to evaluate lumbar spine instability,
including lumbar flexion range of motion (ROM), the segmental intervertebral motion
test (i.e. prone lumbar posterior-anterior stress test), and the prone instability test.
Fritz, Piva, and Childs (2005) evaluated the relationship between these three clinical
tests and radiographic lumbar instability in adults with LBP. The authors found that
individuals with > 53° of lumbar flexion or a lack of hypomobility with the segmental
intervertebral motion test had a 4.3 positive likelihood ratio (95% CI: 1.8, 10.6) for
predicting radiographic instability. The presence of both findings increased the

probability of instability from 50% to 93%. However, the prone instability test did not
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show any predictive value for lumbar instability. For the first test, lumbar flexion ROM,
the authors collected lumbar flexion ROM measures according to the methods
described by Waddell et al., (1992). With the individual lying prone, the examiner marks
the midlines of S2 and T12-L1. Next, the individual stands relaxed with the arms by the
side. The examiner records the individual’s position in standing at S2 and T12-L1 with a
single inclinometer. The examiner then instructs the individual to bend as far forward as
possible while keeping the knees straight before making recordings at T12-L1 and S2
again. Lumbar flexion is calculated by subtracting the pelvic flexion at S2 from total
lumbar flexion at T12-L1. The second clinical test that measures spinal instability is the
lumbar segmental intervertebral motion test. The individual lies prone while the
examiner produces a posterior to anterior force with the hypothenar eminence at the
spinous processes. Each lumbar segment is judged as normal, hypermobile, or
hypomobile. The third test previously mentioned, the prone instability test, is
performed with the individual prone and feet resting on the floor. The examiner
performs the segmental intervertebral motion test and records pain provocation. The
individual is then asked to lift the legs off the floor, and the examiner performs the
segmental intervertebral motion test again at the painful segment. A positive test is
recorded when pain is present with the feet resting on the floor but alleviated with the
feet off the floor. We are unaware of any studies which utilized the above mentioned

lumbar instability tests in the adolescent population.
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In addition to the above-mentioned clinical tests, assessment of the ability to
activate or contract deep spinal muscles (e.g. transversus abdominus and lumbar
multifidus) has been used to indirectly determine spinal stability. Palpation is a simple
and quick method to assess muscle contraction in the clinical setting. Two common
procedures activate the transversus abdominis: the abdominal draw-in maneuver and
abdominal bracing. The abdominal draw-in maneuver is performed with an individual in
prone or supine hooklying. The transversus abdominis can be palpated medial and distal
to the anterior superior iliac spines. The examiner’s thumbs or middle three fingers sink
gently but deeply into the abdomen. The individual is instructed to do the following:
take a relaxed breath in and out, hold the breath out, and then draw-in your lower
abdomen without moving your spine (Koppenhaver et al., 2009). The examiner should
feel a drawing in of the lower abdomen with gentle deep tension under the fingers
(Hides, Scott, Jull, & Richardson, 2000). The procedure for abdominal bracing is aimed at
co-contraction of the global abdominal muscles with the individual in supine hooklying
(Hides et al., 2000). The examiner’s thumbs or middle three fingers sink into the
abdomen, as in the abdominal draw-in maneuver, as the individual is instructed to brace
as if punched in the stomach (Bressel, Willardson, Thompson, & Fontana, 2009). The
examiner will feel a bulging under the fingers (Hides et al., 2000). The lumbar multifidus
can be palpated with the individual in prone. The examiner places the index finger and
thumb of one hand, or thumbs, index or middle fingers of both hands adjacent to the

lumbar spinous process. The examiner’s fingers sink gently but deeply into the
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multifidus. The examiner instructs the individual to gently swell out the muscles under
the examiner’s fingers without moving the spine or pelvis; hold the contraction while
breathing normally (Richardson et al., 2004). The examiner gently releases pressure at
the multifidus as the individual contracts so that the contraction is not inhibited. The
examiner feels for differences between sides and vertebral levels (Richardson et al.,
2004).

The Pressure Biofeedback Unit (PBU) (Stabilizer, Chattanooga Group Inc., Hixson,
TN) is a clinical instrument designed to quantify contraction of deep spinal muscles,
specifically the ability to perform the abdominal draw-in maneuver. The PBU is a simple
pressure transducer with a three-chamber air-filled pressure bag, catheter, and
sphygmomanometer gauge (see Appendix D) (Lima et al., 2012). The PBU can show
whether local or global anterior abdominal wall muscles are recruited during the
abdominal draw-in maneuver. To measure the ability to perform an abdominal draw-in
maneuver, the examiner positions the individual in prone with the PBU under the
abdomen with the navel in the center of the pad. The pressure pad is inflated to 70 mm
Hg. The examiner palpates the abdomen and gives the same instructions as the
abdominal draw-in maneuver. The examiner observes the dial of the PBU, observes the
individual’s pelvis and trunk for extraneous movements, and continues to palpate the
abdominal wall. An optimal test performance reduces the pressure of the unit 4 to 10
mm Hg for 10 seconds without spinal or pelvic movement and without abdominal

bulging (Richardson et al., 2004). Pressure changes indicate the capability of the
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transversus abdominis to contract into its shortened range independently of other
abdominal muscles (Richardson et al., 2004).

In the past decade, researchers have used ultrasound imaging to visualize and
guantify the size and behavior of deep spinal stabilizing muscles (Stokes, Hides, Elliott,
Kiesel, & Hodges, 2007). Ultrasound imaging is non-invasive as compared to intra-
muscular fine-wire electromyography, and is cheaper as compared to magnetic
resonance imaging. In addition, muscle size and thickness measurements on ultrasound
images have been shown to be reliable in quantifying muscle morphological changes
during contraction of the deep spinal stabilizing muscles, specifically the lumbar
multifidus and transversus abdominis (Koppenhaver, Hebert, Fritz, Parent, Teyhen, &
Magel, 2009; Stokes et al., 2007). Adults with chronic LBP have a reduced ability to
contract the lumbar multifidus, which can be improved with ultrasound imaging (Stokes
et al., 2007). Ultrasound imaging has been found to be valid and reliable in adults,
especially when averaging muscle thickness values measured by an experienced
examiner (Hebert, Koppenhaver, Parent, & Fritz, 2009).

Little literature is available regarding measurements for spinal stability in
children. The ability to perform six functional exercises has been suggested to indicate
spinal stability in children with development coordination disorder (Kane & Bell, 2009).
These exercises included sit-ups, push-ups, plank, hip bridge, four-point arm/leg lift, and
single-leg stance. However, these exercises were not specific to the lumbar spine nor

isolated the deep spinal stabilizing muscles.
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Measurement for Muscle Endurance

Back muscle endurance in individuals with LBP is commonly assessed by the
Sorensen test. The Sorensen test is often used for examining the treatment effects
before and after rehabilitation programs (Demoulin, Vanderthommen, Duysens, &
Crielaard, 2006). In a prone position with the upper body unsupported, the examiner
records the amount of time that an individual can hold a horizontal position. Several
variations of the test exist. The original test describes the arms folded across the chest,
the upper iliac crests aligned at the edge of a table, and the legs fixed by three straps
across the pelvis, knees, and ankles. A typical stopping point for the test is when the
individual deviates more than 10° from neutral as measured by a hand-held
inclinometer (O’Sullivan, Smith, Beales, & Straker, 2011). The maximum recorded time is
4 minutes. The Sorensen test is safe, has good discriminative validity, and is reliable,
although motivation may be a confounding factor (Demoulin et al., 2006). It has been
used in adolescents with and without LBP (Andersen, Wedderkopp, & Leboeuf-Yde,
2006b; Dejanovic, Harvey, & McGill, 2012; O’Sullivan et al., 2011; Sjolie & Ljunggren,
2001). Dejovanic, Harvey, & McGill (2012) reported normative mean and percentile data
in 753 Serbian children by gender and age (7 to 14 years old). In adolescents with
chronic LBP, the amount of time the position can be held is significantly decreased
(Andersen et al., 2006b). The Sorensen test has been used in adults who had AlS
(Danielsson, Romberg, & Nachemson, 2006) and a modified version in adolescents with

AIS (Ahlgwist, Hagman, Kjellby-Wendt, & Beckung, 2008). The modified version of the
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Sorensen test in adolescents with AIS was performed on an inclined bench with
instruction to hold the position for a maximum of 180 seconds (Ahlgwist et al., 2008).

The prone-double-leg-raise (PDLR) test is another common back muscle
endurance test used in the clinic (see Appendix F). From a prone lying position with the
hands folded underneath the forehead and arms perpendicular to the body, the
examiner asks an individual to raise both legs straight back until the knees clear the
support surface. The examiner slides one hand under the knee to record the time in
seconds the individual is able to maintain knee clearance (Arab, Salavati, Ebrahimi, &
Mousavi, 2007). The PDLR test is reliable and valid (McIntosh, Wilson, Affieck, & Hall,
1998). Also, normative percentile data has been published in seconds by 25th, 50th, and
75th percentiles categorized by age (19 to greater than 60 years) and gender (McIntosh
et al., 1998). Arab, Salavati, Ebrahimi, & Mousavi (2007) examined the diagnostic
accuracy of five trunk muscle endurance tests, including the PDLR test and the Sorensen
test. They evaluated 200 adults with and without LBP by gender and obtained average
hold time in seconds for each test by gender. Arab et al. found that the PDLR test had
the best sensitivity (men 96%, women 100%), specificity (men 100%, women 92%), and
predictive value (positive predictive value: 100% men, 93% women; negative predictive
value: 96% men, 100% women) compared to the other tests, including the Sorensen
test. Some researchers consider the PDLR test to be a better test for the LBP population;
it targets the endurance of the lower back muscle extensors, such as the multifidus,

while the Sorensen test targets hip extensor muscle endurance (Arab et al., 2007;
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Mcintosh et al., 1998). Another practical advantage of the PDLR test is that it is easier to

administer than the Sorensen test which requires either an inclined bench or the lower

body stabilized. However, the PDLR test has not been used in the adolescent population.
Treatment for LBP in Adolescents

Overview

Researchers performing systematic reviews on the effectiveness of exercises for
treating non-specific LBP have not included studies on children or adolescents (Hayden,
Tulder, Malmivaara, & Koes, 2005; Kosseim, Rein, & McShane, 2008). Researchers of
one recent Cochrane systematic