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Abstract

An important challenge physicians encounter when treating adolescent patients with
moderate scoliotic curves is that the adolescents may not wear the brace as prescribed or
long enough for the brace to be effective. The present investigation used electronic
monitoring and temperature probes to investigate whether the adolescents were wearing
their brace during events identified using a modified Daily Reconstruction Method for six
randomly selected days over a 14-day period. It was hypothesized that environmental,
interpersonal, and intrapersonal variables during the events would be predictive of objective
brace-wear across and within participants, and patterns of significant variables would differ
from subjective reports of brace-wearing. Participants were nine ethnically diverse
adolescents (two male, seven females) with a mean age of 13.25 years, who provided 47 —
81 events each for a total of 567 observations. When analyzing whether the adolescents were
wearing their braces during events, the results of a logistic regression across participants
suggests adolescents did not wear their braces when participating in physical activities,
when with parents and non-related adults, during hygiene activities, and when in a more
negative mood. As a group, the adolescents in this study were more likely to wear their
brace when they were studying at school and when they feel competent. For individuals,
other variables, such as riding in vehicles, eating, shopping, and comfort were associated
with not wearing their brace. The main discrepancies in objective and subjective measures
of whether they were wearing their brace-wearing were intrapersonal situations. The
adolescents were less likely to not report not wearing their brace when they were in a more
negative mood, and but were more likely to when they were uncomfortable. Importantly,

this investigation was successful at pioneering a replicated single-case design to assess both
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objectively measured brace-wearing and environmental, interpersonal, and intrapersonal
psychosocial variables within and across participants. This innovative use of DRM
methodology is generalizable to research investigating a wide array of adherence behaviors
and measuring their predictors proximally in time but without reactivity typically caused by

interrupting ongoing activities.
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Introduction

Scoliosis is a chronic health condition that is characterized by abnormal curvatures
of the spine greater than 10 degrees (also referred to as Cobb angle of >10°) and is
diagnosed in approximately 2 - 4% of the population, totaling about 6 million adolescents.
Unlike curves due to congenital and neuromuscular abnormalities, Adolescent Idiopathic
Scoliosis (AIS) has no known cause but is thought to be a multigenic dominant condition
with variable phenotypes (Reamy & Slakey, 2001). Although the onset can be at any age, it
is most common in adolescents 8 -18 years old. Either gender may be affected, but because
their curves are greater and progress more quickly, females are eight times more likely to
require treatment. Curves can progress during puberty if not adequately treated before
skeletal maturity. Skeletal maturity is assessed by the Risser sign greater than four (the
amount of calcification present in the iliac apophysis) and less than one centimeter of
change in height for females.

Although alternative treatments such as biofeedback and electrical stimulation exist,
standard treatments are structured observation (also referred to as “watchful waiting”),
bracing, or surgery. If curves are less than 25 degrees, physicians usually watch for signs of
progression. About 30,000 adolescents each year are prescribed braces for curves between
25 and 45 degrees to arrest curve progression, and approximately 38,000 per year undergo
surgery for curves that have progressed beyond 45 degrees (Richards, Bernstein, D'Amato,
& Thompson, 2005).

An important challenge physicians encounter when treating adolescent patients with
moderate scoliotic curves is that the adolescents may not wear the brace as prescribed or

long enough for the brace to be effective. If the progression of the curve cannot be halted
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with a brace, patients may be faced with having to undergo surgical spinal fusion to correct
the curves or having to live with severe curves that may negatively affect functioning as they
mature (Bowen, Keeler, & Pelegie, 2001; Katz & Durrani, 2001; Wiley, Thomson, Mitchell,
Smith, & Banta, 2000). Some studies have shown as many as 64% of high school age
patients may be non-adherent with wearing a brace (Gurnham, 1983).

The current investigation examined the variables associated with adolescent brace-
wearing. What follows is a review of the literature, examining how best to define adherence,
the consequences of not adhering to wearing a brace, the popular theoretical models of
adherence and how they might or might not apply to brace-wearing, how constructs within
the Behavioral Analytic Model shed light on brace-wearing adherence, the state of the
current assessment methods and a new method of proximally assessing behaviors, the state
of current design methods, and the benefits of using a longitudinal design for empirically
investigating brace-wear adherence. Following the literature review will be a description and
discussion of a preliminary investigation that was needed to gather information about the
target population and inform construction of the new assessment method. Thereafter, the
unique research method used in the the main empirical investigation will be described. The
results of this investigation will be discussed highlighting assessment and design benefits
and significant results in terms of the theoretical models.

Defining Adherence

Before discussing adherence to brace-wearing, a clarification of the term and the
relationship with treatment improvement would be prudent. Whereas some researchers still
use the term compliance, the synonym adherence is now preferred. The connotation of

“compliance” suggests that the patient is a passive participant and subservient to the
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practitioner who prescribes a treatment regimen. It follows that patients should follow the
practitioner’s advice and if they do not, the assumption is that something is wrong with the
patient, who is thus labeled noncompliant. Conversely, adherence implies an active and
voluntary role for the patient, wherein the patient has agreed to follow the advice and may
have participated in determining the regimen characteristics. The patient is viewed as a
decision-maker who continuously evaluates if, when, and how he or she will perform the
target behavior. To help clarify and direct the literature, the World Health Organization
(WHO) has adopted use of the term adherence and, through consensus, has defined
adherence as “the extent to which a person’s behavior — taking medication, following a diet,
and/or executing lifestyle changes, corresponds with agreed recommendations from a health
care provider ” (Sabaté, 2003, p. 3).

The relationship between degree of adherence (as indicated by dose) and condition
improvements vary by disorder and treatment. Relationships can be viewed as fitting on-off,
linear, curvilinear, and threshold models (Kravitz & Melnikow, 2004). In the on-off model,
which may be applicable to antiviral therapies, benefits are negligible until adherence
reaches near 100%. In the linear and curvilinear models, which may be applicable to
antihypertensive therapies, benefits increase with increasing adherence behaviors. In the
threshold model, which may be applicable to aspirin therapy to prevent myocardial
infarction, benefits are not experienced until a certain adherence level is attained and the
added benefits are no longer experienced when the dose is increased past a certain level.
Adding to the variation, dose responses frequently vary across individuals, so clearly
defining effective adherence rates is necessarily disease-, treatment-, and individual-

specific. These considerations have rarely been taken into account when categorical cutoffs
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for adherence have been determined in research investigations. Patient behaviors are often
labeled as adherent or non-adherent when a threshold percentage of behaviors is met or not
met. Alternatively patient behaviors may be categorized as good, moderate, and poor when
the samples are trifurcated (La Greca & Bearman, 2003), an approach which may not be
clinically meaningful. For these reasons, for research purposes continuous measures of
adherence or carefully investigated cutoffs that are linked to meaningful disease outcome
evidence are preferred to arbitrary or study specific cut-offs.

With respect to AlS brace adherence, in one study as many as 92% of adolescents
with scoliosis who wore their brace less than 12 hours a day had Cobb angle progress
beyond 45° (Wiley et al., 2000); in another study, curves progressed for 56% of adolescents
who complied less than 90% (Yrjonen, Ylikoski, Schlenzka, & Poussa, 2007). In contrast,
only 4% of adolescents with scoliosis who wore their brace more than 18 hours a day had
Cobb angle progress more than 45° (Wiley et al.) and curves progressed for only 11% of
adolescents who complied more than 90% (Yrjonen et al.). Longer durations of brace-wear
have often been associated with increasingly less curve progression (Bowen et al., 2001;
Katz & Durrani, 2001; Wiley et al., 2000; Yrjonen et al., 2007), suggesting that adherence
rates have a negative linear relationship to the progression of spinal curves. Therefore, the
present study focused on the daily amount of time adolescents wore the brace and which
situations predicted or were associated with wearing the brace longer.

In the brace-wearing literature, arbitrary and investigation-specific cutoffs weaken
inferences about the links between behavior and disease improvement and make
comparisons across studies difficult. For example, it is difficult to compare the benefits of

brace-wearing when one study defined adherence to brace-wearing with full-time brace

www.manaraa.com



08/26/2008 Adolescent Adherence To Wearing Orthopedic Brace 5

wearing at greater than 90% of prescribed time (Rahman, Bowen, Takemitsu, & Scott,
2005), another as greater than 78% (Bowen et al., 2001; Wiley et al., 2000), or as when the
brace is worn more than just at night or occasionally (Yrjonen et al., 2007).

Another problem interfering with defining adherence behaviors is that inadvertent
and volitional non-adherence are posited to be two different classes of behaviors associated
with different causes and influential factors and, thus, require different interventions
(Bauman, 2000). Inadvertent non-adherence occurs when individuals accept the treatment
advice, believe that they are adhering, and may be working hard at being adherent, but face
obstacles to adequate adherence, acknowledge missing doses occasionally but are not
concerned about it, have misunderstood what is expected, and/or have been given incorrect
instructions. Inadvertent non-adherence may be predicted by patient characteristics,
developmental characteristics, and provider/system characteristics (Bauman, 2000). On the
other hand, volitional non-adherence occurs when an individual makes a reasoned choice not
to adhere. Volitional non-adherence may be predicted by the difficulty and disruptiveness of
medical regimen, skepticism about efficacy, presence of side-effects, cost of treatment,
denial of diagnosis, physician prescribing practices, and patient beliefs, fears, and concerns
(Bauman, 2000). Furthermore, patients who believe they are adhering may underreport more
than those who deliberately misrepresent the degree of adherence. Since intervening when it
is not perceived as needed may actually do more harm (Rapoff, 1999) and choosing
ineffective interventions may be costly, researchers and clinicians should consider
differentiating between the two types of non-adherence.

As an example of inadvertent non-adherence in the AIS population, 30% of the

adolescents have been found to wear the brace too loose to be effective (Lou et al., 2004). In
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addition, the factors associated with wearing the brace ineffectively may be associated with
patient characteristics, such as age, or system factors that affect recalling instructions. In
contrast, removing the brace purposely may be more associated with the patient’s belief in
the effectiveness of the brace or fear about others’ reactions. Given the evidence and
concerns about defining adherence and the types of adherence, the present investigation did
not categorize adherence as a binary variable (adherence as opposed to non-adherence).
Instead, in order to contribute to understanding how to aid adolescents with wearing their
brace longer, this investigation explored the daily duration of brace-wearing and whether the
adolescents purposefully or inadvertently did not wear their brace.

Negative Ramifications of Adherence Behaviors

Non-adherence is a significant problem for many chronic illnesses or disorders, not
just for AIS. In order to manage chronic illness or disorders such as diabetes or asthma,
patients are asked to take medication consistently, use orthotics, and/or make lifestyle
changes. However, making consistent positive health choices is difficult for many
individuals. When the prescribed procedures or changes are not followed, not only are there
consequences for the individual, but non-adherence has repercussions for clinical service
providers and organizational and societal systems as well.

In general, individuals are at greater risk of poor health, hospitalization, and even
death due to not adhering to medical recommendations. For example, in the general
population, adherence rates have been shown to be negatively related to physical health
across samples of participants with diabetes, hypertension, or heart disease (Sherbourne,
Hays, Ordway, DiMatteo, & Kravitz, 1992) and accounted for 26% of medical outcomes
(DiMatteo, Giordani, Lepper, & Croghan, 2002). For adolescents and children with diabetes,

75% of the cases of ketoacidosis (DKA) resulted from missed or incorrect insulin doses
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(Bismuth & Laffel, 2007). Aside from short-term threats of ketoacidosis and hyperosmolar
coma, poorly controlled diabetes increases the long-term risks of heart disease, stroke, high
blood pressure, blindness, kidney disease, nervous system disease, amputation, and dental
disease (Center for Disease Control and Prevention [CDC], 2004). The childhood asthma
literature provides additional examples. Ten percent of children and adolescents have
asthma and represent 50% of the emergency department visits. Even though primary care
visits cost five times less than emergency room visits, as many as 43% of children and
adolescents do not follow through with recommended primary care visits for asthma yearly
(Kruzikas et al., 2004). Like adolescents and children with asthma and diabetes, adolescents
with moderate back curves face worsening of their condition and increased costs. For
adolescents with scoliosis, as many as 75% who wore their brace less than 12 hours a day
required fusion surgery (Wiley et al., 2000).

Poor adherence rates also affect healthcare providers when they cause
misinterpretations of treatment efficacy, increased utilization of higher cost services, and
poorer treatment outcomes. Low adherence may contribute to prematurely altering or
discontinuing treatments (Heidenreich, 2004). It is estimated that 25% of physician
recommendations are not followed (Cherry, Burt, & Woodwell, 2003), resulting in 206
million wasted office visits (DiMatteo, 2004), which may be especially burdensome in
systems that require the provider to share or assume all of the risk, when patient availability
decreases as patients are referred elsewhere, or contracts are not renegotiated due to high
utilization and poor outcomes (Armenti, 1999). For example, for patients not responding to
part-time brace-wearing schedules, a physician may come to regard part-time schedules as

ineffective and subsequently prescribe a greater frequency of full-time brace-wearing or
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increase his recommendations for fusion surgeries when the poor outcomes from brace-
wearing are more likely the result of poor adherence.

The third party payers are directly burdened by the costs of non-adherence, which
are estimated to be as high as $100 billion in the United States (Berg, Dischler, Wagner,
Raia, & Palmer-Shevlin, 1993), costs ultimately borne by the public. Contributing to the
costs of healthcare, each year 30,000 of the six million cases of scoliosis are expected to
need to wear a brace, but if the curve progression is not arrested, they may become one of
the 38,000 expected to undergo spinal surgery or risk respiratory, muscular/skeletal, and
circulatory complications as they age (National Scoliosis Foundation, 2005). Not only would
the cost of expensive braces and monthly appointments be wasted, but the cost of $46,000
for each fusion surgery each would be incurred (Brown, 2002).

In summary, despite the fact that adherence to medical procedures has been
investigated for several years, non-adherence continues to contribute to poorer health and
even death for individuals diagnosed with chronic illnesses. In an increasingly efficiency-
driven system, healthcare providers may find their organizations suffer when the effects of
non-adherence on treatment outcomes are misinterpreted. In the end, the public shares the
burden of the substantial direct and indirect health care costs of non-adherence. Given that
non-adherence to wearing an orthopedic brace prescribed for scoliosis wastes the
expenditures incurred during the original treatment and may lead to more costly procedures,
non-adherence to brace-wearing contributes to the national healthcare burden. Therefore, a
clear understanding of the variables that would increase brace-wearing is needed to assist
healthcare professionals treat patients with AIS and so reduce patients’ future suffering and

healthcare costs.
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Adolescent Brace-wearing

Despite the fact that wearing an orthopedic brace over 18 hours has been found to be
associated with successfully reducing spinal curve progression, compared to when braces
were worn less (Bowen et al., 2001; Katz & Durrani, 2001; Wiley et al., 2000; Yrjonen et
al., 2007), the variables affecting adolescent brace-wearing have not been systematically
investigated. AlS adherence studies fall into two camps, those that used objective measures
and others that used more subjective measures of adherence. Only eight studies have
investigated the patterns of brace-wearing using objective measures (Edgar, 1998;
Helfenstein et al., 2006; Lou, Benfield, Raso, Hill, & Durdle, 2002; Lou, Hill, Raso,
Mahood, & Moreau, 2006b; Lou, Raso, Hill, Mahood, & Moreau, 2004; Morton, Riddle,
Buchanan, Katz, & Birch, 2008; Nicholson, Ferguson-Pell, Smith, Edgar, & Morley, 2003;
Takemitsu, Bowen, Rahman, Glutting, & Scott, 2004; Vandal, Rivard, & Bradet, 1999).

The objective studies showed the actual average adherence rates, found to range
from 33% to 75%, were substantially less (at least by 150%) than adherence self-reported by
adolescents to range from 85% to 89% (Takemitsu et al., 2004; Nicholson et al., 2003;
Vandal et al., 1999). Measuring pressure at the corrective or “apex” points of the brace
added the information that 30% of the time the adolescents wore their brace too loosely to
provide benefits (Lou et al., 2004). Furthermore, older adolescents have been found to be
consistently less adherent to brace-wearing than younger children (DiRaimondo & Green,
1988; Edgar, 1998; Gurnham, 1983; Korovessis, Zacharatos, Koureas, & Megas, 2007;
Takemitsu et al., 2004). Adherence rates also appear to peak at four and eight months after
brace-wearing was initiated, and decline significantly after two years (Edgar, 1998). The

effects of the settings are less consistent: one study indicated that adherence to brace-
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wearing was better at nighttime (Korovessis et al., 2007; Nicholson et al., 2003) and another
during the day time (Vandal et al., 1999). Although Edgar indicated that adherence rates
were higher during the school year, another study suggested that being out of school did not
alter adherence rates (Lou et al., 2002). Unlike other adherence behaviors that suggest the
dosage frequency influenced adherence rates, the length of time the adolescents were
instructed to wear the brace did not appear to influence adherence rates; adherence to part-
time brace-wearing was similar to full-time rates (DiRaimondo & Green, 1988; Takemitsu et
al., 2004).

Seven studies have investigated the psychosocial factors associated with adolescent
brace-wearing (Andersen, Andersen, Thomsen, & Christensen, 2002; Climent & Sanchez,
1999; DiRaimondo & Green, 1988; Gurnham, 1983; Korovessis et al., 2007; Lindeman &
Behm, 1999; Wickers, Bunch, & Barnett, 1977), but these studies used retrospective self-
reports and chart reviews, methods of questionable reliability. Nevertheless, the findings
suggest that subjective reports differ from actual wear and that age, gender, treatment
duration, discomfort, expectations, self-efficacy, daily concerns, settings, and family and
medical professionals’ factors contribute to adolescent brace-wearing.

Some of the most frequently endorsed reasons for not wearing the brace include
pain, skin problems, and social issues (Andersen et al., 2002; Korovessis et al., 2007). A
retrospective study found 34 to 37% did not wear the brace because of pain and skin
problems and 16% thought the brace was unpleasant and would rather risk curve
progression; 10% reported giving up due to discomfort; 11% did not wear their brace
because of a boyfriend/girlfriend relationship; 13% thought the brace caused them to be

reserved concerning relations with the opposite sex; 13% did not wear the brace because of
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friends; 43% tried to keep the brace a secret; and 13% reported actually experiencing
harassment (Andersen et al., 2002). Andersen and colleagues also reported that wearing a
brace as prescribed was the reported reason for 54% of the adolescents who refrained from
activities and 23% who give up sports.

Similarly, pain and psychosocial reactions to their relations with peers and teachers,
as surmised from less brace-wear by adolescents during school hours, were the main cause
of poor adherence in a prospective study (Korovessis et al., 2007). The more months an
adolescents had worn a brace, the less likely they were to lose friends, but the less likely
they were to spend time with friends. Adolescents who wore the brace less were more likely
to have sleep problems, wake up due to pain, and have more problems due to lack of
flexibility.

A recent prospective study that assessed cognitive and attributional variables and
objectively measured adherence found that pretreatment expectation and knowledge about
treatment, attitudes toward healthcare professionals, peer and family influences, and beliefs
about health self-efficacy were associated with brace-wearing (Morton et al., 2008).
However, the unique contributions of each variable could not be determined because the
psychosocial variables in this study were not individually assessed but summed as a single
total score for the Brace-Beliefs Questionnaire (Morton et al.).

Gender differences in adherence factors have been noted. Higher success
expectation, more seeking of social support, and higher self-esteem predicted higher
adherence for females but lower adherence rates for males (Lindeman & Behm, 1999). Girls

were less likely to adhere and more likely than boys to experience back pain, have problems
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with sleeplessness, feel ashamed of their bodies, and regard their bodies as unattractive than
boys (Korovessis et al., 2007).

Adolescents from intact families were found to be more adherent and more likely to
complete treatment than those from non-intact families (Gurnham, 1983). Interpreting these
data should be done with caution, as intact family status may be less reflective of marital
status and more reflective of family resources, such as amount of and level of supervision.

Given the variables that have been investigated so far and despite methodological
problems in the few extant studies, the findings to date suggest brace-wearing adherence
rates remain a significant problem, and investigators attribute adherence rates to experiences
with situational (e.g., activities), environmental (e.g., discomfort), interpersonal (e.g., social
and family interactions), and intrapersonal (e.g., health belief) factors. Future investigations
of adolescent brace-wearing should systematically investigate these daily concerns and
objectively measure actual adherence behaviors.

Models of Adherence Behaviors

Investigations of adherence behaviors have examined many variables, but not always
in a systematic or useful fashion. Some of the general factors that have been identified as
correlated with adherence are age, gender, and socioeconomic status (SES), illness type,
illness duration, illness severity, treatment complexity, knowledge of the disease and
treatment, treatment cost, environmental barriers, treatment efficacy, and patient/provider
alliance. Table 1 shows a risk profile for pediatric adherence that has been developed based
on modifiable and non-modifiable correlational variables (Rapoff, 1999). Nevertheless, the
findings from correlational studies that are not based on theory have the potential to identify
spurious or non-modifiable variables. For example, interventions based on theory have been

found effective in increasing adherence to annual health screenings (behavioral by 13.2%
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and cognitive by 23.6%), but interventions that were not based on theories were not
effective (Yabroff & Mandelblatt, 1999). Therefore, approaching adherence from a
theoretical background may be most effective, and an examination of the models that have

been used to understand health behaviors is warranted.

Table 1

Risk Profile for Pediatric Non-Adherence

Construct Variable

Family Preoccupied with dysfunctional interaction patterns
Several social and recreational activities outside home
Larger families*
Lower SES*
One parent household*

Parent Less education*

Less informed about illness

Preoccupied with own adjustment and coping problems
Child or adolescent ~ Older age*

Adjustment or coping problem

Less knowledgeable of disease and treatment

Bears primary responsibility for carrying out regimen tasks

Disease Longer duration*
Fluctuations in symptoms™*
Regimens Complex
Intrusive
Costly

Negative side effects
Not immediately beneficial*

Modified from Rappoff, 1999
*non-modifiable variable

The theories that explain adherence behaviors focus on two types of behavior change
processes: cognitive or self-mediated thought processes (e.g., self-efficacy or rule-governed
behavior) on the one hand, and environmental contingencies (e.g., cues and consequences)
on the other. Whereas cognitive models concentrate on the influence of the individual’s
evaluation of the health situation and their related choices, behavioral models concentrate on
the situational stimuli that alter the individual’s evaluations and responses. The Health

Belief Model, the Theory of Planned Action, the Social Cognitive Theory, and the
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Transtheoretical Model are representative of the cognitive theories commonly used to
conceptualize adherence behaviors, and the Self-management and Relapse Prevention
models are representative of the cognitive-behavioral theories. However, as argued below,
these cognitive models may be too general and distal (remote in time) from actual situations.
Therefore, the current investigators posit that a Behavioral Analytic model would furnish a
greater understanding of the proximal (close in time) reasons for adolescents not wearing
their brace.
Cognitive Models

Health Belief Model (HBM:Janz & Becker, 1984). One of the most frequently
employed models for explaining and predicting adherence to health and medical
recommendations is the HBM. Even though this model was originally developed to
investigate preventative health behaviors, later it was applied to help seeking and following
medical regimens (Clark & Becker, 1998). The model hypothesizes that a person is likely to
take action if they are sufficiently motivated and believe they are susceptible to the disease
or complication and that doing so will be beneficial for an acceptable cost (Rosenstock,
Strecher, & Becker, 1988). The combined levels of perceived susceptibility and perceived
severity are thought to provide the motivation to act, while the perceived benefits minus the
perceived costs or barriers provide information about the means of action (Janz & Becker,
1984). Furthermore, internal or external stimuli or “cues to action” are surmised to activate
the individual’s decision-making process. Demographic and sociopsychological factors
impact actions indirectly by influencing the individual’s perceptions of susceptibility,
severity, threats, benefits, and barriers. More recently, self-efficacy, which had been viewed

as part of the perceived benefits variable (Janz & Becker, 1984), has been separated out and
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treated as an important unique variable in the current model that is often referred to as the
Expanded Health Belief Model (Charron-Prochownik et al., 2001; Rosenstock et al., 1988).

Studies have strongly supported some of the constructs of the model but only weakly
supported others, especially in adolescent populations. Across 12 prospective and 17
retrospective investigations, barriers were significantly related to adherence in 91%, benefits
in 81%, susceptibility in 77%, and severity in only 59% of the investigations in which they
were measured (Janz & Becker, 1984). For adolescents with insulin dependent diabetes, the
entire HBM accounted for 23-25% of the variance in reported adherence to medicine
regimens and self-care (Bond, Aiken, & Sommerville, 1992). More importantly and contrary
to the model, increased threat was associated with reduced adherence when the benefits of
treatment adherence were high. The HBM was also not well supported for adolescent girls
with diabetes: whereas fewer perceived barriers, greater self-efficacy, and increased
motivational cues were predictive of choosing effective birth control, only self-efficacy and
intention were predictive of actual use (Charron-Prochownik et al., 2001). Together, these
findings provide only limited support for the use of the HBM to predict adolescent
adherence behaviors.

Theory of Planned Behavior (TPB; Ajzen, 1991). The TPB hypothesizes that an
individual’s beliefs about the behavior, social norms, and control over the situation motivate
the intention to act and thereby influence the behavior (Ajzen, 1991). The model is limited
to when the behavior is under volitional control and the individual has the opportunity and
resources needed to act. Attitude toward behavior (82%) and perceived behavioral control
(85%) consistently demonstrated predictive significance in 56 studies examining the

intention to perform health-related behaviors, but the impact of social norms (47%) was
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more variable (Godin & Kok, 1996). More important to research on actual adherence
behaviors, such as wearing a brace, intentions account for only 22% to 33% of variance in
the actual performance of the behavior of interest (Armitage & Conner, 2001). In other
words, an adolescent may only follow through with wearing the brace in fewer than one-
third of the situations in which, based on their attitudes, perceived control, and beliefs of
social norms, they report intent to wear their brace. Therefore, the TPB model is not very
useful for identifying the predictors of adolescents’ actual brace-wearing.

Social Cognitive Theory (SCT; Bandura, 1977)). Initially developed to analyze
phobic reactions, SCT has also been applied to health behaviors. The two major
components, perceived self-efficacy and, to a lesser extent, outcome expectations, are
posited to influence all aspects of behavioral initiation, effort, and duration of effort when
faced with barriers to adherence (Bandura, 1977, 1996). Although vicarious experience,
verbal persuasion, and emotional arousal provide efficacy information, actual performance
accomplishments (and failures) are considered especially influential. For adolescents
wearing braces, this would imply that their own personal experiences with wearing the brace
would have more influence of future brace wearing than the experiences of others,
persuasion from parents or medical professionals, or a positive mood. In addition, not only
does the information generalize across similar situations, but it may also be differentially
affected by social, situational, and temporal factors, suggesting that strongly held efficacy
beliefs are more likely to be strengthened if the individual accomplishes the new behavior in
a similar situation. This means that adolescents may feel more self-efficacious and wear
their brace in situations similar to past brace-wearing but not necessarily when the social,

situations, or temporal variables differ or change.
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Reviews of empirical studies demonstrated that manipulations in information about
performance altered participants’ beliefs and subsequent behavior in laboratory settings
(e.g., tolerance to cold-pressor; Bandura & Locke, 2003) and various health-related
behaviors in clinical samples (i.e., smoking, weight control, contraceptive use, alcohol use,
and exercise; Strecher, DeVellis, Becker, & Rosenstock, 1986). However, it is also argued
that the participants were given information on their performance that altered their
prediction of future performances and that self-efficacy is only an index of the individual’s
summation of various past performances (Hawkins,1995). Although the SCT model may
predict adherence behavior, such as brace-wearing, by itself the SCT model does not provide
enough information to identify the direct predictors of adherence behaviors.

Transtheoretical Model (TTM; Prochaska, 1979)). The TTM originally
conceptualized readiness to change in psychotherapy (Prochaska, 1979) and addictive
behaviors (Snow, Prochaska, & Rossi, 1994) but now includes initiating and maintaining
changes in health behaviors (Prochaska, DiClemente, & Norcross, 1992; Prochaska et al.,
1994). Two dimensions, stage of change and process of change, articulated when and how
individuals change behaviors. Individuals are hypothesized to use overt and covert behaviors
(Rosen, 2000) to move through the precontemplation, contemplation, preparation, action,
and maintenance stages in often nonlinear relapse and recycling patterns (Prochaska et al.,
1992). Two new constructs, decisional balance and self-efficacy, were later added to the
original model (Prochaska & Velicer, 1997). Decisional balance or the individual’s attitudes
that give weight to the pros and cons of the behavior has been observed to shift predictably
between precontemplation and action stages. Self-efficacy has also been posited to influence

the individual’s degree of confidence that they can cope with high-risk situations and the
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degree of temptation. For adolescents with scoliosis, this would entail weighing the pros of
wearing the brace (e.g., straighter back in future) against the cons (e.g., embarrassment in
front of friends) and making the general decisions whether they are ready and able to wear
their brace continuously. However, although the TTM model may assess when the
adolescent is agreeable to wearing their brace as a treatment option, it has limited utility
because it does not predict specific situations that may lead to not wearing their brace.
Cognitive-behavioral Models

Self-Management Model (SMM;Lorig et al.,1999). Based on the assumption that
whether or not an individual performs a healthy (or prescribed) behavior, the individual is
constantly engaged in the management of behaviors, Self-Management Models focused on
the individual’s shifting perspectives and day-to-day problems related to maintaining
healthy behaviors (Lorig & Holman, 2003; Lorig et al., 1999). Derived from work with
asthma patients, self-management tasks more generally can be identified as medically
managing the condition (e.g., wearing a brace), maintaining or changing the meaning in life
roles (e.g., altering style of clothing), and dealing with the emotional sequelae of having a
chronic disease (e.g., embarrassment). Although five core self-management skills (i.e.,
problem-solving, decision-making, utilizing resources, forming of patient/provider
partnership, and taking action) are employed to maintain or change health behaviors, self-
efficacy is also viewed as a key component. Not only have Chronic Disease Self-
Management Programs been shown to reduce medical utilization and health distress and
increase self-efficacy across chronic medical conditions (Lorig et al., 2001), but the
improvements in self-efficacy were uniquely associated with reduced medical utilization.

Similarly, for child and adult participants, problem-solving skills and self-efficacy were
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associated with adherence to diabetes regimens, whereas increased knowledge alone usually
produced non-significant or even adverse effects (Hill-Briggs, 2003). The Self-Management
model may be useful in conceptualizing treatment components but again relies heavily on
measures of self-efficacy instead of measuring the maintaining (or barrier) variables
directly. Therefore, in the current investigation of the predictors of brace-wearing, the
investigator deemed a more direct approach as desirable.

Relapse Prevention (RP; Marlatt & Gordon, 1985). If adhering to new behavior
patterns is viewed as adopting new responses to existing situations (e.g., making new food
choices), the Relapse Prevention (RP) model can be applicable. The model surmises that
when faced with a high-risk situation, the individual chooses between repertoires of
effective or ineffective coping responses (Marlatt & Gordon, 1985). Choosing effective
coping skills leads to increased self-efficacy and reduced chance of repeating old patterns.
On the other hand, choosing ineffective coping responses leads to decreased self-efficacy,
lapses, abstinence violation effects, and performance of old patterns of behavior. Lifestyle
imbalances (e.g., lack of sleep) or stress, environmental stimuli, and “apparently irrelevant
decisions” are viewed as antecedents of high-risk situations and lapse, whereas outcome
expectancies and the abstinence violation effect are thought to contribute to relapses.
Initially conceptualized as a repeatable linear process, the model was recently
reconceptualized as a dynamic process with coping skills, cognitions, cravings, affect, and
behaviors interacting through feedback loops (Witkiewitz & Marlatt, 2004).

Despite the fact that hypothesized constructs were primarily developed to describe
the behaviors of individuals trying to change alcohol use and other addictive behaviors,

interventions designed using the model have improved dieting behaviors (Kirkley & Fisher,
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1988), physical activity (Belisle, Roskies, & Levesque, 1987), and smoking behaviors
(O'Connell & Martin, 1987). For adolescent brace-wearing, the RP model may help
conceptualize situations in which the adolescent is at high risk for removing the brace when
the stimuli are identified as physiological responses (e.g., pain), affect (e.g., anxiety),
situational (e.g., playground), cognitive (e.g., verbal behaviors), or social (e.g., peers).
However, similar to the other cognitive models, RP ascribes a significant proportion of the
variance in prediction to a measure of self-efficacy rather than direct measures of event
variables and responses. Doing so reduces the utility of the model to assess variables that
contribute to the high risk situations.
Critique of Cognitive Models

Although the models described thus far have hypothesized that cognitive
components are important for individuals’ adherence behaviors and have demonstrated
empirical support, general criticisms exist concerning the stability, clarity, and completeness
of the models. For example, the influences of perceived vulnerability and threat on
increasing adherence behaviors appears unstable in the HBM, given that findings showed
higher adherence to be associated with reduced vulnerability and threat (Bond et al., 1992;
Janz & Becker, 1984). Likely, the findings are due to the effects adherence has on reducing
threat and perceived vulnerability. For example, when person is taking a medication for high
blood pressure as prescribed, he or she may feel less likely to suffer a heart attack or stroke
as a result of the high blood pressure. Conversely for some individuals, low adherence rates
may increase the perceived threat from the disease and the benefits perceived from the
regimen without affecting the actual adherence behaviors. Furthermore, the HBM may not

have completely accounted for biases that may also interfere with perception. For example,
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individuals and especially adolescents who are more prone to the optimistic bias may
underestimate their own risk, thus affecting the vulnerability and severity constructs
(Rapoff, 1999). Likewise, adolescents may underestimate their vulnerability for curve
progression and contrary to the hypothesized model, may be less likely to identify perceived
vulnerability and severity as predictors of brace-wearing. This may account for studies
showing less influence of perceived severity when preventative behaviors were examined
than when sick role behaviors were examined (85% and 36% respectively; Janz & Becker,
1984). These findings also highlight the importance of the individual’s actual experiences
with the illness that are not explicitly accounted for by the model.

Models that measure intention, such as the TPB, do not explain the difference
between the intention and the behavior and furthermore, intentions are not clearly defined.
Since the correlation between intention and behavior is altered by their proximal relationship
(Godin & Kok, 1996), the influence on behavior of the variables that increase intentions
cannot be assumed to be linear or stable. Another criticism is that verbalizing intentions may
have a past reinforcement history that differs from actual intention and, hence, verbalizing
intent can not be assumed to be synonymous with the actual intent (Guerin, 1997; Rapoff,
1999). The difference between intended brace-wearing and actual brace-wearing has not
been directly investigated, but may be inferred from a study that indicated that even when
adolescents negotiated the duration that they would wear their brace, adherence rates did not
improve (Takemitsu et al., 2004).

In fact, most of the cognitive models are limited to attitudes and beliefs. However,
other influences such as social contingencies and physiological factors need to be considered

in order for the models to be complete enough to understand adherence behaviors, such as
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adolescent brace-wearing (Rapoff, 1999). For example, the TTM’s predictions become
circular when membership in one stage is simply defined by the individual’s intentions
toward the next stages, which limits the stages to simply categorizing behaviors for planning
intervention approaches. Interestingly similar to behavioral theories, among several other
variables investigated, it was the change in value of the response or behavior (i.e., pro versus
con) that reliably predicted initiation and adherence to the new behaviors and progress
through the stages (Prochaska & Velicer, 1997). The model also posits that movement
through the stages is dynamic, suggesting that in order to capture a stable measure of change
behaviors, the reinforcement value of new behavior should be measured over time.

Even if self-efficacy was not originally included in the initial conceptualizations of
the models, all of the models described above have come to include self-efficacy as an
important variable, yet self-efficacy as an independent cause of behavior has been repeatedly
criticized (Hawkins, 1996). Self-efficacy is conceptualized as the belief that one has skills
and can effectively use the skills in a specific situation to accomplish a desired behavior
(Bandura, 1977). Self-efficacy was hypothesized as a causal factor for adherence behavior
because performance feedback was found to alter the participants’ self-beliefs in the
effectiveness of their efforts (Bandura & Locke, 2003) and self-efficacy was found to
correlate positively with adherence behaviors (Strecher, DeVellis, Becker, & Rosenstock,
1986).

In contrast, it can be argued that the participants were given information on their
performance that altered their prediction of future performances and that self-efficacy is
only an index of the individual’s summation of various past performances (Hawkins, 1996).

Furthermore, other variables, such as bogus feedback, mood, fatigue, and drug effects also
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situationally alter self-efficacy in the same manner as they alter behaviors. The functional
dependency of self-efficacy is not enough to determine a causal relationship, but the ability
of self-efficacy to influence behavior independently and directly must also be demonstrated.
In other words, self-efficacy beliefs are cognitive behaviors or something people do as a
result of their prior performance. The environmental factors that influence self-efficacy also
influence the behavior directly and may be better identified as the cause.

In light of the above critique, behavior analytic models may contribute to better
understanding of adherence behaviors through improved power of prediction. For example,
analyzing the antecedent stimuli or establishing operations of specific situations rather than
intent to wear the brace could identify the variables that may underlie adolescents’ decisions
whether or not to wear their brace. Doing so would provide information about situational
factors that then might be amenable to change. Next is a discussion of the Behavioral
Analytic models and how its constructs explain brace-wearing behaviors that led to the
decision to use proximal measures of individual events associated with whether the
adolescent wore their brace at the time. This required innovative techniques to assess the
environmental, interpersonal, and intrapersonal variables proximal to the events.

Behavior Analytic Model

In behavior analytic models, external and internal environments influence the form
and frequencies of adherence behaviors. The frequency of actually performing specified
behaviors is generally conceptualized as the dependent variable influenced by contingency
histories and associated stimuli. The antecedent stimuli may be external, such as a posted
reminder, or internal, such as pain sensations. Several principles are involved in the

acquisition and maintenance of behaviors, but the following discussion will focus on
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establishing operations, schedules of reinforcement, differential reinforcement, extinction,
rule-governance, and generalization and their applications with respect to adherence
behaviors.

Establishing operations. Establishing operations influence the reinforcement
function of the reinforcer. As a result, a behavior which previously was followed by a
reinforcer, becomes more likely in future (Michael, 1982). For example, a state of food
deprivation would increase the frequency of responses to gain food reinforcers in contrast to
the rate observable when satiated. Since the establishing operation appears to increase or
decrease behaviors by increasing or decreasing the effectiveness of a reinforcer or punisher,
it has been viewed as providing the motivating function or motivation (Laraway, Snycerski,
Michael, & Poling, 2003). Establishing operations differ from discriminative stimuli in that
the former provide the motivation for the reinforcer and the latter provide the signal that the
reinforcer is available. Moreover, establishing operations regularly occur and several may be
present simultaneously which may establish the motivation for different reinforcers. For
example, as discomfort increases, the likelihood of removing the brace increases, even in the
presence of gains in health benefits for wearing the brace. As a result, altering establishing
operations is effective for altering behaviors. For example, removing pain by properly fitting
the brace would remove the motivation for removing the brace and increase the likelihood
that the motivation to gain the associated health benefits would produce increased brace-
wearing behaviors. Also, it is notable that the same response may obtain different reinforcers
in different situations (Pierce & Epling, 1999). For example, removing the brace could
function in one situation to attain the positive reinforcement of social approval and in

another situation as negative reinforcement to remove a painful stimulus. To summarize,
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establishing operations increase or decrease the likelihood of that one behavior over another
in any given situation by influencing the motivational value of the reinforcer. Therefore,
examining the establishing operations and discriminative stimuli in a situation would
provide information concerning modifiable variables that underline an individual’s
intentions.

Schedules of reinforcement. Another set of principles that affect the rate or likelihood
of a response occurring are the characteristics of the reinforcer. Schedules of reinforcement
differentially affect the rate of learning a new behavior, patterns of responding, and the
resistance of that behavior to extinction once reinforcement is removed (Pierce & Epling,
1999).

Continuous rates of reinforcement allow for rapid acquisition of new behaviors, but
they are difficult to maintain and extinction occurs rapidly once reinforcement is removed
(Ferster & Skinner, 1957; Pierce & Epling, 1999). Drug taking and cigarette smoking
behaviors deliver reinforcers at a continuous rate when aversive withdrawal effects are
removed or avoided and when positive physical or emotional sensations are experienced.
Similarly, discomfort would be reliably removed or avoided when the adolescent removed
his or her brace.

The delivery of reinforcers in fixed ratios or after a certain number of responses is
emitted produces a pause and run pattern (Ferster & Skinner, 1957; Pierce & Epling, 1999).
Because the organism is not reinforced for the next occurrence directly after being
reinforced, responding is unlikely until the establishing operations increase the motivation
for the reinforcement and then the responses are rapid in order to maximize the likelihood of

attaining the reinforcer. This effect could be responsible for the difficulties some individuals
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have when attempting to initiate new behaviors and may be corrected by also reinforcing the
initial responses. Therefore, the long-term health benefits may not increase the immediate or
initial brace-wearing. However, this is contrary to findings that suggest that brace-wearing
reduces over time.

The delivery of reinforcers in a fixed interval or after a certain time period has
passed produces a significant drop in response rates in the middle of the interval and
produces a “scalloped” pattern of behaving, since the organism gains nothing from
increasing the rate of responding initially but increases responding near the end of the
interval (Ferster & Skinner, 1957; Pierce & Epling, 1999). Unfortunately, when intervals are
predetermined, such as scheduled office visits to check on the scoliosis, and reinforcement
by the physician is contingent on current behavior, the likelihood of an inconsistent response
pattern is increased, which is often the case when patients’ behaviors are reinforced only
during office visits. In addition, if the patient is asked about current or recent adherence
behaviors, the temporarily increased adherence rate, which increased in anticipation of the
scheduled office visit may inflate the self-report. In contrast, increases in avoidance
behaviors may increase substantially immediately prior to an expected event in which the
avoidance (or escape) had been reinforced. For example, removing the brace early to avoid
embarrassing questions in the locker room would become more likely as the time for gym
class approached, if doing so resulted consistently in avoiding questions at that time.
However, the adolescent’s anxiety about the situation may be low at t