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A B S T R A C T

Objective: The current study sought to examine the relationship between changes in distress for items on in-vivo
exposure hierarchies and posttraumatic stress disorder (PTSD) symptom change over the course of exposure
therapy.
Methods: Active duty army soldiers (N=108) were recruited from a military base in the U.S. and were enrolled
in a randomized clinical trial comparing Prolonged Exposure (PE), Virtual Reality Exposure (VRE), and a wait-
list control for the treatment of PTSD stemming from deployments to Iraq or Afghanistan. PTSD diagnosis fol-
lowed DSM-IV-TR criteria. Outcome measures were assessed via self-report and clinician interview. The re-
lationships between in-vivo exposure distress, imaginal exposure distress, and PTSD symptoms, were examined
in a factor of curves model for participants in the treatment conditions.
Results: Analyses revealed that, when controlling for one another, changes in in-vivo exposure distress were
significantly associated with changes in PTSD symptoms (β=0.75, 95% CI [0.60, 0.90]), while changes in
imaginal exposure distress were not (β=0.03, 95% CI [-0.27, 0.33]). The model also revealed that after ac-
counting for the shared variation in trajectories of change, symptom clusters did not have unique variation,
meaning that symptom clusters did not change independently.
Conclusion: Results suggest the possibility that in-vivo exposures are more closely tied to changes in overall
PTSD symptoms than imaginal exposures during exposure therapy. Furture research should incorporate more
frequent measurement of in-vivo exposure distress to better elucidate these relations over the course of treat-
ment.

Posttraumatic stress disorder (PTSD) is highly prevalent, with recent
lifetime estimates around 8% of the U.S. population (Kessler et al.,
2012). PTSD prevalence among U.S. military personnel and veterans is
even higher, with 13% of those deployed to Iraq or Afghanistan meeting
criteria for PTSD (Hoge et al., 2014). Within a learning theory frame-
work, PTSD has been conceptualized as a disorder that arises in part
due to a failure of the natural extinction process following trauma ex-
posure (Rothbaum and Davis, 2003). This conceptualization has been
supported by research demonstrating that the vast majority of in-
dividuals exposed to a traumatic event experience symptoms of PTSD
(i.e., re-experiencing, avoidance, hyperarousal) immediately following
the trauma, and natural recovery occurs for many over the subsequent
weeks and months (Rothbaum et al., 1992).

According to conditioning theory, the traumatic event itself serves
as an unconditioned stimulus (US) which elicits an unconditioned re-
sponse (UR; e.g., fear, horror). Other stimuli present at the time of the
event become conditioned stimuli (CSs), which when subsequently
experienced outside the context of the traumatic event reliably elicit a
conditioned response (CR). Through the processes of stimulus gen-
eralization and higher order conditioning additional previously neutral
stimuli in the individual's internal (e.g., intrusive images) and external
environment (e.g., situations that were neutral at the time of trauma)
become CSs, and elicit a CR (Rothbaum and Davis, 2003).

Exposure therapy is a cognitive behavioral treatment for PTSD de-
signed to facilitate the extinction process (Foa et al., 2007). There are
various exposure therapy protocols in the literature (e.g., Beidel et al.,
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2017; Foa et al., 2007; Keane et al., 1989), but most include some
components of repeated imaginal exposure to the trauma memory in-
session (imaginal exposure), and repeated in-vivo exposure to trauma-
related CSs in the individual's environment (in-vivo exposure). Ad-
ditionally, some protocols have used virtual reality during imaginal
exposures (virtual reality exposure; VRE) to simulate the trauma
memory in a multi-sensory environment (e.g., Beidel et al., 2017; Reger
et al., 2016). Over repeated exposures, new associations are formed
between the CSs and the lack of US. This process is thought to facilitate
inhibitory learning and reduce distress elicited by the CSs (Craske et al.,
2008). Prolonged Exposure (PE; Foa et al., 2007) is the most re-
searched, evidence-based exposure therapy for PTSD. PE has become a
gold-standard treatment for PTSD with efficacy among civilians
(American Psychological Association, 2017; Foa et al., 2005) and
military personnel (Department of Veterans Affairs & Department of
Defense, 2017; Foa et al., 2018; Reger et al., 2016). Indeed, one recent
trial found that both PE and PE using virtual reality during imaginal
exposures were efficacious in the treatment of PTSD symptoms among
active duty military personnel with combat-related PTSD (Reger et al.,
2016).

Initially, habituation (i.e., reduction in the distress elicited by the
CS) to imaginal and in-vivo exposure was proposed as a critical me-
chanism of PE (Foa et al., 1989). Distress elicited by the CS is typically
measured through patient report using “subjective units of discomfort”
(SUDs; Foa et al., 2007). A recent empirical review determined that
while there is limited evidence to support within-session habituation as
a predictor of PTSD symptom change in PE, most studies report a
modest relationship between between-session habituation and clinical
outcomes (Cooper et al., 2017). Though research has called into ques-
tion the mechanistic role of between-session habituation in symptom
change (e.g., Bluett et al., 2014; Craske et al., 2008), it is clear that
between-session habituation is often at minimum a co-occurring pro-
cess with symptom change (Cooper et al., 2017).

However, to our knowledge, every study to date examining the re-
lationship between between-session habituation and PTSD symptom
change in exposure therapy has investigated this process only for the
imaginal exposure component (see Cooper et al., 2017 for a review).
Given the theoretical importance of in-vivo exposure to the extinction
process of CSs and reduction of PTSD symptoms, it is surprising that in-
vivo habituation has not received more attention in the literature. The
symptoms of PTSD can be viewed as manifestations of the failed ex-
tinction of trauma related external CSs in each symptom cluster. For
example, re-experiencing symptoms include intense psychological dis-
tress and physiological reactivity on exposure to external cues that
symbolize or resemble the trauma event, whereas the avoidance cluster
includes efforts to avoid activities, places, or people that arouse re-
collections of the trauma. Additionally, it is quite possible that negative
alterations in cognition, particularly a continuing belief that the world
is a dangerous place, maintains the strength of the CR since it may lead
to avoidance of new learning that would reduce the impact of the
connection between CS and CR, which was learned at the time of
trauma. Finally, symptoms of increased arousal are often seen in re-
sponse to exposure to trauma-related CSs. Accordingly, it remains an
important question whether changes in distress elicited by external CSs
over the course of treatment is a predictor of overall PTSD symptom
change, as well as change in specific PTSD symptom clusters.

The purpose of the current study is to examine the relationship
between changes in in-vivo SUDs and PTSD symptom change over the
course of PE and VRE in a sample of active duty soldiers with combat-
related PTSD. Prior published work from this trial demonstrated that PE
and VRE significantly reduced PTSD symptoms compared to a waitlist
control condition, and found no significant differences between the PE
and VRE conditions at post-treatment (Reger et al., 2016). It was also
established in this sample that changes in SUDs recorded during ima-
ginal exposure were associated with changes in PTSD symptoms (Reger
et al., 2019). We hypothesized that changes in in-vivo SUDs would be

positively associated with PTSD symptom change over the course of
treatment. Second, we proposed that changes in in-vivo SUDs would be
uniquely associated with change in each PTSD symptom cluster. Fi-
nally, it was hypothesized that changes in in-vivo SUDs and changes in
imaginal SUDs would each predict unique variance in PTSD symptom
change, as they reflect parallel yet distinct therapy targets (Foa et al.,
2007).

1. Materials and methods

1.1. Participants

Participants were drawn from 162 active duty U.S. military per-
sonnel with prior combat deployments to Iraq or Afghanistan who en-
rolled in a randomized controlled trial that compared the efficacy of PE
or VRE to a waitlist control (see Reger et al., 2016). This secondary
analysis included those who were randomized to receive active treat-
ment (n=108), which included 10 sessions of PE or VRE. Participants
were predominantly male (95%, n=103), Caucasian (64%, n=69),
and had some college education (67%, n=72). Full demographics are
available elsewhere (Reger et al., 2016).

Participants were included if they met full DSM-IV-TR criteria for
PTSD related to combat trauma experienced during deployment, as
assessed by the Clinician-Administered PTSD Scale (CAPS; Blake et al.,
1995). The index trauma was required to have occurred at least three
months before the baseline assessment and in a setting that could be
simulated by the Virtual Reality Iraq/Afghanistan software (Rizzo et al.,
2009). Exclusion criteria were: (1) changes in psychotropic medications
in the last month; (2) hospitalization for risk of suicide or self-harm in
the last six months; (3) ongoing threats to safety (e.g., domestic vio-
lence); (4) current alcohol or drug dependence; a history of (5) bipolar
or psychotic disorder, (6) seizures, or (7) loss of consciousness for more
than 15min since entering military service; (8) physical conditions that
would preclude engagement with the VRE system; (9) prior treatment
with PE; (10) concurrent other psychotherapy for PTSD. Participants
were asked to not initiate new psychotropic medications or therapies
during their participation in the trial.

1.2. Procedure and treatments

After providing informed consent, participants completed a baseline
assessment of inclusion and exclusion criteria, demographics, self-re-
port surveys, the baseline CAPS assessment, and a physiological as-
sessment. Assessment time points included a mid-treatment assessment
after the 5th session of therapy and a post-treatment assessment after
session 10. On average, participants completed the mid-treatment as-
sessment 31.2 days (SD=19.5) after initiating treatment, and com-
pleted the post-treatment assessment 70.9 days (SD=36.97) after in-
itiating treatment. Three-month and 6-month follow-up assessments
were also conducted but not used for the purposes of this study.

Therapy was conducted according to the published PE treatment
manual (Foa et al., 2007) and consisted of 10 approximately weekly
sessions, each 90–120min in length. The following is a description of
the PE treatment protocol. Session 1 included psychoeducation on ex-
posure therapy, assessment of trauma history and its impact, and in-
troduction of breathing retraining. In Session 2, clinicians collabora-
tively discussed common reactions to trauma, introduced in-vivo
exposure, and developed SUDs anchor points. During this session,
clinicians also assisted the client in constructing an in-vivo exposure
hierarchy by helping them generate a list of situations, places, or cir-
cumstances they avoided. Participants rated their SUDs for how dis-
tressed they would feel participating in each item on the list. In-vivo
exposures were assigned as daily homework from Session 2 onward.
Specifically, clients were asked to intentionally approach safe, but an-
xiety-provoking situations on their in-vivo hierarchy, and to remain in
the situation until distress decreased. In Session 3, the rationale and
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procedures for imaginal exposure were introduced. During imaginal
exposure, clients repeatedly, verbally recounted the trauma, progres-
sively incorporating sensory and emotional detail, for 30–45min per
session. Clinicians elicited clients’ SUDs ratings every 5min. Afterward,
clinicians processed the imaginal exposure experience. Imaginal ex-
posures continued in sessions 4–10. In Session 10, participants com-
pleted a final imaginal exposure and re-rated each in-vivo exposure
hierarchy item with their current SUDs for each item on the list.

Participants assigned to the VRE condition received identical
treatment except that imaginal exposures were conducted using virtual
reality. Participants wore a head-mounted display and high fidelity
over-the-ear headphones while seated or standing on a platform that
vibrated during low-frequency sounds. While clients recounted the
memory aloud, the clinician used the virtual reality interface to si-
multaneously alter the virtual reality environment or stimuli to match
the narrative. There were no differences in how in-vivo exposure was
delivered for both conditions. For more detail on this system, see Rizzo
et al. (2009). Given previous findings that there were no differences
between PE and VRE at post-treatment (Reger et al., 2016), the two
active treatment groups were combined for the purposes of this study.

1.3. Measures

Clinician-Administered PTSD Scale (CAPS; Blake et al., 1995). The
CAPS is a structured diagnostic interview that assesses the presence and
severity of symptoms of PTSD according to DSM-IV-TR criteria. Psy-
chologists coded the frequency and intensity of each symptom on a 0
(Never; None) to 4 (daily or almost every day; extreme distress) scale. For
this paper's analyses, we used a “last week” time reference to support
detection of symptom changes between assessment points. In this sub-
sample, internal consistency of the CAPS was good at baseline
(α=0.81) and was excellent at mid-treatment (α=0.94) and post-
treatment (α=0.96).

Subjective Units of Discomfort (SUDs; Foa et al., 2007). SUDs is a
self-reported index of the intensity of anxiety, discomfort, or distress
experienced in a specified moment. SUDs was rated on a continuous
0–100 scale, where 0 represents no distress and 100 represents extreme
(maximum) distress. Participants collaborated with their therapist to
“anchor” SUDs ratings to idiographic past experiences, and then pro-
vided SUDs ratings throughout exposure therapy to indicate their state-
dependent levels of distress. We distinguish between in-vivo SUDs (de-
fined as the SUDs ratings that participants assigned to each item on the
in-vivo exposure hierarchy) and imaginal SUDs (defined as average
SUDs during that session's imaginal exposure). Consistent with the PE
treatment protocol (Foa et al., 2007), initial in-vivo SUDs were collected
at Session 2 during hierarchy construction, and initial imaginal SUDs
were collected during the first imaginal exposure (average of all ratings
during session 3) in the third session of treatment. Final in-vivo SUDs
and final imaginal SUDs (average of all ratings during session 10) were
collected at last session of treatment. In-vivo SUDs ratings from the
exposures themselves were not collected by study staff in this trial and
therefore were not available for the current analyses.

1.4. Data analysis

To differentiate the shared and unique aspects of changes in PTSD
symptoms, we used a factor of curves model (FOC; Isiordia et al., 2017;
McArdle, 1988). The FOC model is a second-order factor model that
captures shared variation in trajectories of change across symptom
clusters. Latent growth models (Cole and Maxwell, 2003) were fit to
each symptom cluster. Two second-order factors, one measured by the
intercepts and one measured by the slopes of the growth factors, were
used to capture the change that was shared across symptom clusters
(i.e., PTSD symptoms). Under this parameterization, the change shared
by all symptoms was captured by the second-order slope term, and
cluster-unique aspects of change were captured by the residual var-
iances of the first-order slope terms. A statistically significant residual
would indicate that a symptom cluster had variability not explained by
the general pattern of change.

We planned to test whether in-vivo SUDs were associated with
unique changes in symptom clusters by comparing alternative models
where changes in in-vivo SUDs scores predicted the common slope
factor (second-order term) versus a model where they predicted the 3
unique symptom cluster slopes (first-order slope terms). A significant
chi-square difference test between models would indicate that the
higher order model was a worse fit to the data. To test whether in-vivo
and imaginal SUDs predicted unique variance in PTSD symptom
change, we included change in average imaginal (average session 10 –
average session 3) SUDs scores across treatment as an additional pre-
dictor in the model determined in the previous step. We included age,
gender, and initial SUDs scores of each type as covariates in our models.
To account for missing data in all models, we used full likelihood
maximum likelihood (FIML) in MPLUS version 7.31 (Muthén and
Muthén, 1998–2012). FIML produces unbiased estimates under condi-
tions of missing at random (i.e., missingness is adequately explained by
variables included in the model). FIML outperforms other missing data
treatments, such as listwise deletion and similar response pattern im-
putation (Graham, 2009).

2. Results

2.1. Preliminary model specification

To ensure good local fit before building the second-order model,
latent growth models were fit to each of the three PTSD symptom
clusters independently. Both hyperarousal and avoidance/numbing
symptoms were well represented by linear change. Reexperiencing
symptoms had curvilinear change, which we modeled with a quadratic
term with the variance fixed to zero. Consistent with prior work on this
sample (Reger et al., 2016), all symptom clusters decreased markedly
over time (reexperiencing Cohen's d=−0.74, hyperarousal
d=−1.44, avoidance/numbing d=−1.68, calculated using the mean
change over the study divided by the standard deviation of the cluster
score at baseline for each independent growth model). Fit for these
preliminary models can be found in Table 1.

Table 1
Model fit change during model specification.

Change in model specification df χ2 p CFI RMSEA

LCGM – Reexperiencing symptom cluster 0
LCGM – Avoidance/Numbing symptom cluster 1 0.03 .874 1.00 .000
LCGM – Hyperarousal symptom cluster 1 0.01 .938 1.00 .000
Combined model including the symptom cluster LCGMs 17 26.74 .062 0.97 .073
Combined model including second order PTSD symptom factor 28 47.38 .013 0.95 .080
Second order factor model including in-vivo SUDs 57 64.97 .219 0.98 .046
Second order factor model including imaginal SUDs 72 80.36 .234 0.98 .043

Note: LCGM=Latent curve growth model; CFI= confirmatory fit index; RMSEA= root mean squared error of approximation.
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2.2. Specifying the LCGM for PTSD symptoms

To understand shared versus unique variability in symptom change,
the FOC model was fit to the first-order cluster terms. This model
adequately fit the data, χ2 (25, N=108)=43.04, p= .014,
CFI= 0.95, RMSEA=0.08, 90% CI [0.04, 0.12], though the significant
χ2 suggests some model misfit. Notably, chi-square tests can be overly
conservative when sample sizes are less than 200 (McNeish, 2018). In
order to test whether cluster scores had unique change over and above
that accounted for by the common slope factor, we then tested whether
constraining the residual variances for the three clusters to 0 reduced
model fit. Doing so did not reduce fit, Δχ2 (4, N=108)= 4.34,
p= .36, providing evidence that the second-order factor explained the
relevant variance in PTSD symptoms change. This suggests there is not
significant variation in the trajectory of PTSD symptom clusters during
treatment, and therefore we only predicted variation in the second-
order overall PTSD symptom factor in our subsequent models.

2.3. Changes in in-vivo SUDs predicting PTSD symptoms

We next tested whether initial levels or changes in self-reported in-
vivo SUDs predicted the intercept and slopes of PTSD symptoms. We
regressed the intercept of PTSD symptoms on the initial level of in-vivo
SUDs, and regressed the slope of PTSD symptoms on both initial level
and changes in in-vivo SUDs. Initial in-vivo SUDs at session 2 predicted
the intercept of PTSD symptoms, β=0.35, 95% CI [0.08, 0.62],
p= .010. Change in in-vivo SUDs from session 2 to session 10 sig-
nificantly predicted the slope of PTSD symptoms, β=0.77, 95% CI
[0.65, 0.89], p < .001, whereas initial in-vivo SUDs at session 2 did
not, β=0.03, 95% CI [-0.16, 0.22], p= .786.

2.4. Changes in in-vivo and imaginal SUDs predicting PTSD symptoms

We next compared the association of initial level and changes in in-
vivo SUDs when also including initial level and changes in imaginal
self-reported SUDs1 predicting the intercept and slope of PTSD symp-
toms. We regressed the intercept of PTSD symptoms on the initial level
of in-vivo and imaginal SUDs, and regressed the slope of PTSD symp-
toms on both initial level and changes in both in-vivo and imaginal
SUDs. Initial in-vivo SUDs at week 2 remained significantly associated
with the intercept of PTSD symptoms, β=0.26, 95% CI [0.01, 0.51],
p= .044. Initial imaginal SUDs at session 3 was independently sig-
nificantly associated with the intercept of PTSD symptoms, β=0.35,
95% CI [0.10, 0.60], p= .006. Change in in-vivo SUDs remained sig-
nificantly associated with change in PTSD symptoms, β=0.75, 95% CI
[0.60, 0.90], p < .001, but changes in imaginal SUDs did not predict
change in PTSD symptoms after controlling for changes in vivo SUDS,
β=0.03, 95% CI [-0.27, 0.33], p= .859. Neither initial in-vivo SUDs
nor initial imaginal mean SUDs predicted change in PTSD symptoms.
Initial in-vivo and imaginal SUDs, r=0.27, p= .023, as well as
changes in in-vivo and imaginal SUDs, r=0.60, p < .001, were sig-
nificantly correlated.

3. Discussion

The current study investigated the relationship between in-vivo
distress and PTSD symptoms during exposure therapy among active
duty soldiers with combat-related PTSD. Results revealed that decreases
in in-vivo SUDs were associated with decreases in PTSD symptoms over
the course of treatment. These results are consistent with prior studies
which have found relationships between changes in SUDs during

imaginal exposure and PTSD symptoms (see Cooper et al., 2017 for an
empirical review). However, to our knowledge this is the first study to
test a direct, empirical relationship between in-vivo SUDs and PTSD
symptoms over the course of PE or VRE. These results are not surprising
given the theoretical importance of in-vivo exposures to reduce con-
ditioned responses to generalized conditioned stimuli in the context of
PTSD (Rothbaum and Davis, 2003), and further suggest that between
session habituation (for both imaginal and in-vivo exposures) is often at
minimum a co-occurring process with symptom change within exposure
therapy for PTSD, if not a mechanistic process, per se (Cooper et al.,
2017).

Though prior research in this sample found a significant relationship
between changes in SUDs during imaginal exposure and changes in
PTSD symptoms (Reger et al., 2019), only the relationship between
changes in in-vivo SUDs and PTSD symptoms remained significant
when both were considered in the same model. These results suggest
that changes in in-vivo exposure distress may be more closely related to
overall change in symptoms than changes in imaginal exposure distress.
These results are logical when considering in-vivo exposures are able to
directly target a much broader range of conditioned stimuli than ima-
ginal exposures. Clearly, imaginal exposure is a critical component of
exposure therapy and effective PTSD treatment. Nonetheless, this study
suggests that the reductions in distress elicited by external conditioned
stimuli may be more closely associated to overall PTSD symptom
change. Therefore, the current results underscore the importance of
clinical attention to changes in in-vivo exposure distress. Should future
research determine that reductions in in-vivo distress serve as a me-
chanism of PTSD symptom reduction, clinicians may benefit from
monitoring in-vivo distress throughout treatment as an additional in-
dicator of treatment progress. Prolonged exposure is unique among the
exposure protocols in that in-vivo exposures are often not directly ob-
served by the clinician, whereas imaginal exposures are. It can be easy,
as a PE clinician, to focus on the imaginal exposures, which are more
salient in the room, rather than the in-vivo exposures outside, which
could lead to less optimal progress for the patient if the patient is ex-
periencing difficulty with extinction during in-vivo exposures.

Symptom changes for all soldiers followed the same pattern: the
largest changes were found in avoidance/numbing, followed by hy-
perarousal, then re-experiencing, and this ordering was generally con-
sistent across soldiers. Some prior work has found evidence of differ-
ences in amounts and rates of change in symptom clusters during group
and individual treatment with an exposure component (Bryant et al.,
2003; Maples-Keller et al., 2017; Phelps et al., 2018; Taylor et al.,
2003). Our results were consistent with prior work which found the
effect size for re-experiencing symptoms was smaller than the other
symptom clusters during exposure therapy (Phelps et al., 2018). How-
ever, to our knowledge ours is the first study to directly examine cov-
ariation among symptom cluster change over the course of exposure
therapy for PTSD. Our findings suggest PTSD symptom clusters changed
together rather than independently.

The current study is not without limitations. First, in-vivo exposure
distress was measured based on patients’ ratings of exposure situations
on their hierarchies during session 2 and session 10, rather than their
ratings during the exposures themselves. Measurement of exposure
distress during the exposures themselves would be a more precise ap-
proach to address the question of habituation across in-vivo exposures
and would reduce the possibility of recall bias. It is also possible that
patients did not complete all the situations on their hierarchy and some
of the ratings are simply their perception of how difficult those situa-
tions would be. Future research would benefit from examining this
question by assessing real-time SUDs ratings during in-vivo exposure
exercises, as has previously been done using SUDs during imaginal
exposure. Second, by only measuring in-vivo and imaginal SUDs at two
time points, we were unable to assess whether changes in exposure
distress preceded changes in PTSD symptoms or vice versa. This is an
important area of future research to examine the potential mechanistic

1 All models that included change in mean imaginal SUDs and initial mean
SUDs were also tested using change in and initial peak SUDs. Using peak
imaginal SUDs did not alter any of the substantive results of the current study.
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role of in-vivo distress change, rather than as a correlate of symptom
change. Third, all participants in the current study received both the
imaginal (with or without virtual reality assistance) and in-vivo ex-
posure components of exposure therapy and therefore it would be im-
possible to determine relative importance of these two components as
their effects and relations to symptom change are intertwined. It should
be noted that one small study (N=14; Richards et al., 1994) did find
that in-vivo exposure was more effective than imaginal at reducing
phobic avoidance (other symptom change was comparable between
exposure types), however, those results would clearly need to be re-
plicated in a much larger sample before conclusions could be drawn.
Similarly, it would be useful to examine whether or not experiencing a
reduction in in-vivo exposure distress, as opposed to not experiencing a
reduction in imaginal exposure distress, is associated with poorer
treatment outcomes. Finally, given this is the first study to examine the
relations between in-vivo distress habituation and PTSD symptom
change in exposure therapy, it is possible that these results will not
generalize to other samples.

Despite these limitations the current study is a significant step for-
ward as it is the first to examine the relationship between in-vivo dis-
tress habituation and PTSD symptom change in exposure therapy for
PTSD. Results revealed that only the relationship between changes in
in-vivo exposure distress and PTSD symptom change, as opposed to
imaginal exposure distress, remained significant when accounting for
both in the same model. These results suggest the possibility that in-
vivo exposures are more closely tied to changes in overall PTSD
symptoms than imaginal exposures. Future research should incorporate
more frequent measurement of in-vivo exposure distress and utilize a
dismantling design to better elucidate these relations over the course of
treatment and the potential relative efficacy of these treatment com-
ponents.
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