
Emotional numbing and pain intensity predict the development of pain disability
up to one year after lateral thoracotomy

Joel Katz a'b'c'*, Gordon J.G. Asmundsond, Karen McRae"'c, Eileen Halketa
'Department of Anesthesia and Pain Management, Toronto General Hospital and Mount Sinai Hospital, Toronto, ON, Canada
b Department of Psychologt and School of Kinesiologt and Hedlth Science, BSB 232, york llniver;ity, 4700 Keele Street, Toronto, ON M3J 1P3, Cansda

'Depdrtment of Anesthesio, University ofToronto, Toronto, ON, Canada
d Depanment of Psychologt and The Awiety and lllness Behaviour Laboratory, Ilniversity of Regina, Regina, SK, Canada

ABSTRACT

Little is known about the factors that predict the transition of acute, time limited pain to chronic path-
ological pain following postero-lateral thoracotomy. The aim of the present prospective, longitudinal
study was to determine the extent to which (1) pre-operative pain intensity, pain disability, and post-
traumatic stress symptoms (PISS) predict post-thoracotomy pain disability 6 and 12 months later; and
(2) ifthese variables, assessed at 6 months, predict 12 month pain disability. Fifty-four patients scheduled
to undergo postero-lateral thoracotomy for intrathoracic malignancies were recruited before surgery and
followed prospectively for one year. The incidence ofchronic post-thoracotomy pain was 68.'l% and 61.1%
at the 6 and 12 month follow-ups, respectively. Multiple regression analyses showed that neither pre-
operative factors nor acute movement-evoked post-operative pain predicted 6 or 12 month pain disabil-
ity. However, concurrent pain intensiry and emotional numbing, but not avoidance symptoms, made
unique, significant contributions to the explanation of pain disability at each follow-up (total
R2 =76.3.O% and 63.9% at 6 and 12 months, respectively, both p < 0.0009). The relative contribution of
pain intensity decreased, while that of emotional numbing increased with time, indicating a progressive
de-coupling of pain intensity and disability and a concomitant strengthening of the link between emo-
tional numbing and disability. This suggests that pain may serye as a traumatic stressor which causes
increased emotional numbing. The results also support recent suggestions that avoidance and emotional
numbing constitute separate PTSS clusters. Further research is required to determine the source(s) of
emotional numbing after posteroJateral thoracotomv and effective interventions.

1. Introduction

Most patients who undergo surgery do not develop chronic
post-surgical pain (CPSP). They recover uneventfully and within
weeks resume everyday activities. The typical course of recovery,
however, is not enjoyed by many patients whose pain does not
abate. The scale of the problem is documented by the growing
awareness of CPSP in the surgical community (l(ehlet et al.,
2006; Macrae,2OO'la,2001b; Perkins and Kehlet, 2000). A prospec-
tive study of approximately 5000 patients estimated the incidence
of acute neuropathic pain following surgery to be 1-3%. A one year
follow-up showed that 56% of patients with neuropathic pain re-
ported ongoing pain (Hayes et al., 2002). Considering the total
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number of patients worldwide who undergo surgery every year,
it is not surprising that almost 25% of patients seen at chronic pain
treatment centers are referred for CPSP (Crombie et al., 1998).

One of the most intractable CPSPs arises after postero-lateral
thoracotomy for lung cancer. Given the poor prognosis and low
survival rates associated with lung cancer (Mountain, 1997; Moun-
tain and Dresler, 1997), the main priority is to optimize quality of
life (Cella, 2004; Pearman, 2008). However, quality of life among
survivors is compromised by an unacceptably high occurrence of
chronic post-thoracotomy pain. The one-year incidence of chronic
post-thoracotomy pain is between 21% (Ochroch et al., 2002) and
61% (Perttunen et al., 1999), with most estimates around 50%
(Gotoda et al., 2001 ; Ju et al., 2008; lr.a.tz et al., 1996).

Very little is known about the mechanisms underlying develop-
ment and maintenance of chronic post-thoracotomy pain. Biopsy-
chosocial models acknowledge the important interplay between
biomedical and psychosocial variables in chronic neuropathic pain
and disability in other surgical patient populations (Hanley et al.,



2004,2007; Jensen et al., 2002). However, there have been no stud-
ies of risk factors associated with development of chronic post-tho-
racotomy pain and disability.

Recent data (Asmundson et al.,2OO2) show high co-morbidity
between chronic pain and post-traumatic stress disorder (PTSD).

PTSD usually occurs after exposure to a situation or event per-
ceived as threatening to one's physical or emotional integrity.
According to the Diagnostic and StatisticalManual of Mental Disor-
ders-lV Text Revision (DSM-IV T& American Psychiatric Associa-
tion, 2000), the diagnostic criteria for PTSD include three
symptom clusters - (1) re-experiencing (e.g., nightmares), (2)
avoidance (e.g., of activities associated with the event) and emo-
tional numbing (e.g., feeling detached from others), and (3) hy-
per-arousal (e.g., jumpiness). The lifetime prevalence for PTSD

ranges from 7% to '14% but may be as high as 58% for at-risk indi-
viduals (e.g., soldiers, victims of assault) (American Psychiatric
Association, 2000). Many more individuals not meeting full diag-
nostic criteria may suffer with partial or subthreshold trISD (Mylle
and Maes, 2004). Reasons for the high co-occurrence of chronic
pain and post-traumatic stress symptoms (PTSS) include mutual
maintenance of overlapping symptoms and shared vulnerability
mechanisms (Asmundson et al., 2002).

The aim of the present prospective, longitudinal study was to
determine the extent to which (1) pre-operative pain intensity,
pain disability, and PTSS predict post-thoracotomy pain disability
6 and 12 months later; and (2) if these variables, assessed at 6
months, predict 12 month pain disability. Based on suggestions
linking emotional numbing with endogenous opioid dysregulation
(Foa et al., 1992; Glover, 1993), evidence that avoidance and emo-
tional numbing represent distinct PTSD symptoms clusters
(Asmundson et a1.,2004), and evidence that pain severity and emo-
tional numbing symptoms predict quality of life in chronic pain pa-
tients (Clapp et al., 2008), we hypothesized that both pain intensity
and emotional numbing, but not avoidance, would predict long
term post-thoracotomy pain disability.

2. Methods

2.1. Participants

Fifty-four patients scheduled to undergo postero-lateral thora-
cotomy for intrathoracic malignancies were recruited approxi-
mately one week before surgery and followed prospectively for
one year.

2.2. Procedure

The study was approved by the Research Ethics Board at the
Toronto General Hospital, University Health Network and by the
Human Participants Review Committee at York University. Data
for the present study were collected as part of a larger prospective
research project examining various facets offear and anxiety in pa-
tients undergoing major surgery. Patients who underwent postero-
lateral thoracotomy for intrathoracic malignancies constituted the
sample for the present paper.

Eligible patients met the following inclusion criteria: undergo-
ing major surgery; scheduled to be admitted for at least 2 days
after surgery; to receive intravenous or epidural patient controlled
analgesia post-operatively for at least 2 days; 18-60 years of age;
able to read and understand English, not enrolled in another re-
search study.

Patients were approached in the hospital pre-admission unit
approximately one week before surgery by a research assistant
or research nurse not involved with the patients' clinical care.
The nature and purpose of the study was explained to them.

Patients who agreed to participate in the study signed an informed
consent form after which they completed a demographic informa-
tion form and a battery ofquestionnaires including an assessment
of pre-operative pain intensity. At that time, we also obtained pres-
sure pain thresholds (kg/cm2) by applying a Fischer (1987) algom-
eter (Pressure Threshold Meter, Pain Diagnostics and
Thermography, Great Neck, NY, USA) to the side ofthe chest ipsi-
lateral to the site of proposed surgery and at control sites on the
left and right upper legs (anterior aspect midway between the knee
and hip).

Each patient received a general anesthetic in accordance with
hospital clinical practice. In addition, patients received iv PCA mor-
phine (0.5-2.0 mg bolus doses, lock out 5 min,40 mg maximum in
4h), iv PCA hydromorphone (0..1-0.4mg bolus doses, lock out
5min, 10mg maximum in 4h), epidural infusion with PCEA
(0.1% bupivacaine and 0.015 mg/ml hydromorphone), or both an
epidural infusion of ropivacaine 0.2% and iv opioid via PCA. Pa-
tients also received adjuvant analgesics with acetaminophen and/
or ketorolac. Analgesic consumption was downloaded from the
PCA and PCEA pumps and the cumulative dose at 48 h was calcu-
lated from hard copy records. Pain at rest and after standardized
movement was measured at24h and 48 h after surgery.

Patients were followed up by telephone at 6 and 12 months
after surgery and were re-administered the same questionnaires
they had completed at the pre-admission visit. Patients were tele-
phoned a maximum of three times. A voice message was left on the
third call. Patients were considered lost to follow-up if they could
not be reached and did not return the call.

Hospital and thoracic surgery department records were re-
viewed to determine the presence of a local recurrence of the
malignancy at the time of the 6 and 12 month follow-ups. Patients
are routinely seen by their surgeon 6 and 12 months after surgery,
and additionally are seen more often should they develop new
symptoms. Routine assessment included physical examination
and radiologic assessment with X-ray andior CT scan ofthe chest.
Local recurrence was defined as a new mass in the chest consistent
with tumor, bony invasion of the thoracic spine or a pleural effu-
sion containing malignant cells.

Data from the following questionnaires measured pre-opera-
tively and at the 6 and 12 month follow-up interviews were ana-
lyzed for the present paper.

2.3. Measures

2.3.'1. Pain intensity
Pain intensity was measured with a numeric rating scale (NRS).

The NRS consists of a series of numbers ranging from 0 to 10 with
endpoints representing the most extreme pain experiences (0 = no
pain and 10 = worst possible pain). Patients were asked to choose
the number that best corresponded to the intensity of their pain.
We assessed average daily pain (NRS-A) at the pre-assessment visit
("On the days that you feel pain, what is the average intensity of
your pain"). We assessed rest pain and movement-evoked pain
(NRS-M) on days 1 and 2 after surgery (24 h and 48 h after sur-
gery). The latter measure involved having the patient sit up in
bed from a lying position and then provide a pain rating. We also
assessed average and worst pain at the 6 month and 12 month fol-
low-ups. The NRS has demonstrated good reliability and validity
and has been shown to be sensitive to change following pharmaco-
logical intervention (Katz and Melzack, 1999).

2.3.2. Pain disability index (PDI)
The PDI (Pollard, 1984) is a self-report questionnaire that mea-

sures the extent to which pain interferes with seven daily, psycho-
social activities and life domains, including (1) family/home
responsibilities, (2) recreation, (3) social activity, (4) occupation,



(5) sexual behavior, (6) self-care, and (7) life-support activity. Each
domain is rated on an 1 1-point scale ranging from 0 = no disability
to 10 = total disability. The total score ranges from 0 to 70. The PDI
has high internal consistency (.86), modest test-retest reliability
(.44), good concurrent validity based on significant correlations
with objective measures of pain related disability (Chibnall and
Tait, 1994; Tait et al., 1990, 1987). The PDI is sensitive to change
in response to pre-operative analgesic treatment for up to 3 weeks
after surgery (Katz and Cohen, 2004). The PDI showed excellent
internal consistenry at all three time points (Cronbach's alpha ran-
ged between 0.92 and 0.97).

2.3.3. Post-traumatic stress disorder checklist-civilian version (PCL-C)

The PCL-C (Weathers et al., 1993) is a 17-item self-report mea-
sure. Each item is a statement based on the current DSM-IV TR
(American Psychiatric Association, 2000) symptoms for PSTD.
Respondents are asked to indicate how much they have been both-
ered by each symptom over the past month, on a scale from 1 = not
at all to 5 = extremely. The questionnaire produces a total score as
well as subscale scores for re-experiencing, avoidance and emo-
tional numbing, and hyper-arousal. The current DSM-IV TR con-
vention of combining avoidance and numbing into a single
symptom cluster may not be the most accurate conceptualization
of PTSS (Asmundson et al., 2004). Recent conceptual (Asmundson
et al., 2004; Foa et al., 1992) and empirical work from factor ana-
lytic (Asmundson et al., 2000), treatment outcome (Taylor et al.,
2001,2OO3), and correlational (Clapp et al., 2008; Felmingham
et al., 2002) studies suggests that avoidance and emotional numb-
ing constitute separate symptom clusters. For example, Clapp et al.
(2008) found that pain severity and emotional numbing, but not
the other PTSD symptom clusters, were significantly negatively re-
lated to role functioning in patients with ongoing pain subsequent
to motor vehicle injury. Based on this emerging and empirically
supported conceptualization of PTSS, we used a scoring procedure
that separates avoidance and emotional numbing items. The emo-
tional numbing subscale was calculated by summing the responses
to items 8 through 12 and avoidance subscale was calculated by
summing the responses to items 6 and 7. Examples of emotional
numbing items include: ltem 11, "Feeling emotionally numb or
being unable to have loving feelings for those close to you?" and
Item 12, "Feeling as if your future somehow will be cut short?".
The two items that make up the avoidance subscale are Item 6,
"Avoiding thinking about or talking about a stressful experience
from the past or avoiding having feelings related to it?", and ltem
7, "Avoiding activities or situations because they reminded you of a
stressful experience from the past?" Cut-off scores that reliably
predict PTSD diagnosis range between 44 (Weathers et al., 1993)
and 50 (Blanchard et al., 1996). Test-retest reliability for the
PCL-C over a 2-3 day retest interval is 0.96 (Weathers et al.,
1993). The PCL-C yields an adequately high overall diagnostic effi-
ciency and is both reliable and valid (Weathers et al., 1993). The
PCL-C showed excellent internal consistency at all three time
points (Cronbach's alpha ranged between 0.90 and 0.94).

2.4. Data analysis

Data were analyzed using Statistical Package for the Social Sci-
ences (version 15.0.1. for Windows, SPSS Inc., Chicago, IL, USA).
Pearson correlation coefficients were calculated to examine bivar-
iate relationships among variables. Multivariate association was
examined using regression analyses to predict 6 and 12 month
pain disability scores. To determine the eligible demographic, med-
ical, and pain covariates to enter into the regression equations, we
computed the association between the outcome variables (6 and
12 month PDI scores) and age, sex, education level, duration of
pre-operative pain, pre-operative mechanical pressure pain

thresholds, surgical procedure, American Society of Anesthesiolo-
gists physical status classification, duration of surgery, periopera-
tive epidural use, cumulative dose of post-operative analgesia,
chemotherapy, radiation therapy, and cancer recurrence. None of
the above variables was significantly associated with either out-
come variable (all p > 0.05).

Therefore, for the 6 and 12 month follow-ups, we conducted the
following three-step multiple regression analyses predicting fol-
low-up PDI scores: In step 1, we entered pre-operative PDI scores,
PTSS (PCL-C emotional numbing or avoidance scores), NRS-A pain
intensity scores, and mean NRS movement-evoked pain intensity
scores on days 1 and 2 after surgery. In step 2, we entered NRS-A
pain intensity scores at the follow-up. In the final step, we entered
follow-up PCL-C symptoms (emotional numbing or avoidance
scores). Thus, we were interested in determining the proportion
of variance in follow-up pain disability explained by concurrent
(i.e., 6 or 12 month) PISS (PCL-C emotional numbing or avoidance
scores) after controlling for pre-operative pain intensity and dis-
ability, pre-operative PTSS (PCL-C emotional numbing or avoidance
scores) and acute post-operative movement-evoked pain.

We calculated a third three-step multiple regression analysis
predicting 12 month follow-up PDI scores from 6 month data. In
step 1, we entered 6 month NRS-A pain intensity, PDI, and PCL-
emotional numbing (or avoidance) scores. In step 2, we entered
12 month follow-up NRS-A pain intensity scores and in the final
step, we entered 12 month follow-up PCL-C emotional numbing
(or avoidance) scores. Thus, for this analysis, we were interested
in determining the proportion of variance in pain disability at 12
months explained by 12 month PTSS symptoms (emotional numb-
ing or avoidance) after controlling for 6 month NRS-A pain inten-
sity, pain disability, PTSS (emotional numbing or avoidance), and
12 month pain intensity.

Finally, we ran separate one-way linear mixed models repeated
measures ANOVAS comparing mean PDI, PCL-C emotional numb-
ing, PCL-C avoidance, and NRS-A pain intensity scores obtained at
the initial assessment and the 6 and 12 month follow-ups. A signif-
icant main effect was follow-up with Bonferroni adjusted post hoc
comparisons to evaluate the pattern of change over time.

3. Results

3.1. Recruitment and retention of patients

Fig. 1 shows the flow chart outlining recruitment and retention
of study patients. Patients were recruited betweenJuly 2003 and
July 2006 during which time 351 patients were scheduled ro un-
dergo lateral thoracotomy. Of these, 21 5 did not meet the inclusion
criteria (208 were older than 60 or younger than 18 years of age,
five were not proficient in English, one was not to receive PCA,

and one was already participating in another study). Of the
remaining 136 patients, 31 refused to participate for various rea-
sons and 51 were missed by study personnel (29 had theirsurgery
or appointment rescheduled without notice, for 10 patients study
personnel were not available, for nine patients study personnel
were not informed of the patient's availability, two patients were
incorrectly deemed ineligible, and one patient did not show up at
the pre-admission unit).

Fifty-four patients were recruited into the study. One patient
withdrew consent prior to surgery. Surgery was cancelled for an-
other patient. Of the remaining 52 patients who underwent thora-
cotomy, 47 (9O.4%; 24 male, 23 female) were contacted and
followed up 6 months after surgery, three had died and two were
lost to follow-up. Twelve months after surgery, 36 (69.2%;14 male,
22 female) patients were followed up. Between the 6 and 12 month
follow-ups, seven patients had died (total 1 0 deaths), five were lost



n = 215 ineligible

n = 31 refused

n=2losttoFU

n=5losttoFU

Fig 1. Chart of patient flow through the study, See text for details.

to follow-up (total five lost to follow-up as the two patients who
were lost to follow-up at 6 months were reached for the 12 month
follow-up) and one refused to be interviewed.

3.2. Demographic and clinical variqbles

Table 1 shows the demographic and clinical variables describing
the sample of 52 patients at the initial assessment approximately
one week before surgery. Table 1 also contains clinical variables
including the surgical procedure and the doses of drugs received
by the epidural and iv routes over the course of the first two
post-operative days. Twenty-one patients (38.8%) reported pre-
operative pain. Twelve patients received iv PCA (morphine or
hydromorphone), 35 received epidural PCA (bupivacaine and
hydromorphine), three received iv PCA and a background infusion
of epidural ropivacaine, one patient was started on epidural PCA

and was switched to iv PCA and one patient received iv hydromor-
phone. Table 2 shows scores on the psychosocial measures at the
initial assessment and follow-ups.

3.3. Changes in PI"SS, pain intensity, and pain disability over time

Table 2 shows mean t sd NRS-A pain intensity scores and the
psychosocial variables at the pre-admission visit and the 6 and
12 month follow-ups. A series of linear mixed model repeated
measures ANOVAs revealed a significant main effect of time for
the PCL-C total score (F(2,41.029)=3.576, p=0.037) and PCL-C

avoidance symptoms (F(2,60.096)=5.'170, p=0.008), but not for

PCL-C emotional numbing, pain disability, or NRS-A pain intensity
(all p > 0.216), indicating that for the Iatter variables, there was no
significant change from baseline to the 12 month follow-up. Bon-
ferroni adjusted post hoc comparisons showed that both the PCL-
C total score (p = 0.030) and avoidance score (p = 0.012) decreased
significantly from the baseline pre-operative assessment to the 12
month follow-up.

3.4. Pre-operative prediction of 6 month pain disability

At the 6 month follow-up, 32 of the 47 (68.1%) patients reported
CPSP (mean t sd NRS average pain intensity: 3.94 t 2.0; NRS worst
pain intensity: 6.31 t2.9) located predominantly at the thoracot-
omy scar and chest wall. Of those with pain, 15 patients (46.9%) de-
scribed it as constant. The remainder described the pain as periodic
or brief with most (74%) indicating that it occurred on at least a

daily basis. Twenty-one (65.6%) reported taking medication for
the pain. Eleven (34.4%) patients had actively sought treatments
for the pain including referral to a pain clinic, relaxation training,
acupuncture, physiotherapy, and massage therapy. Eleven (34.4%)
reported having resumed normal or modified work activities. Nine
of the 47 (1 9.1%) patients had a documented local recurrence ofthe
malignancy at the time of the 6 month follow-up.

Table 3 shows the correlation matrix of the regression model
variables predicting 6 month pain disability scores. Regression
analysis showed that the pre-operative factors and acute move-
ment-evoked pain intensity on days 1 and 2 after surgery (step
1: F = 0.116, p = 0.257) did not significantly predict 6 month pain
disability (Table 4). In contrast, the addition of 6 month pain inten-
sity scores in step 2 (AF = 0.604, p = O.0OO9) was a significant pre-
dictor of 6 month pain disability. Importantly, after controlling for
all variables in the model, 6 month emotional numbing scores ac-
counted for a small, but significant proportion of variance in 6
month pain disability scores (step 3: AfiP =O.O42, p=0.011). In
the final model, only 6 month pain intensity scores (beta =0.727:
p=0.0009) and 6 month emotional numbing (beta=0.245;
p=0.011) contributed significantly to the prediction of 6 month
pain disability scores (F(6, 4O) =27.48, p = 0.0009; total RP = 0.763).

In contrast to the emotional numbing symptoms, 6 month
avoidance symptoms (beta = -0.007 i p = 0.942: AR9 = 0.000, p = 0.
942) failed to contribute significantly to the explanation of 6
month pain disability scores.

3.5. Pre-operative prediction of 12 month pain disability

At the 12 month follow-up,22 of the 36 (61.1%) patients re-
ported CPSP (meantsd NRS average pain intensity:3.90+2.0;
NRS worst pain intensit5r: 6.89 t 2.9) located predominantly at
the thoracotomy scar and chest wall. Of those with pain, 7 patients
(31.8%) described it as constant. The remainder described the pain
as periodic or brief with most (60%) indicating that it occurred on
at least a daily basis. Eleven (50%) reported taking medication for
the pain. Seven (31.8%) patients had actively sought treatments
for the pain including relaxation, acupuncture, physiotherapy,
and massage therapy. Thirteen (59.1%) reported having resumed
normal or modified work activities. Five of the 36 (13.8%) patients
had a documented local recurrence of the malignancy at the time
of the 12 month follow-up.

Table 5 shows the correlation matrix of the regression model
variables predicting 12 month pain disability scores. Similar to
the 6 month data, regression analysis showed that pre-operative
factors and acute movement-evoked pain intensity on days 1 and
2 after surgery (step 1 : tr = O.t ae, p = 0.275) did not significantly
predict 12 month pain disability (Table 6). The addition of 12
month pain intensity scores in step 2 (AF =0.29'1, p=0.0009)
was a significant predictor of 12 month pain disability, although,
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notably, less so (by -31%) than at 6 months. Finally, after control-
ling for all variables in the model, 12 month emotional numbing
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Pain and psychosocial variables at the pre-operative and follow-up assessments.
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avoidance symptoms (beta = -0.012 p = 0.934; AF = 0.000,
p = 0.934) failed to contribute significantly to the explanation of
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Abbreviations as in Tables 1 and 2.

to the main outcome variable (12 month PDI scores) as well as to
one another. Results of the fegression analysis (Table 8) showed
that after controlling for 6 month variables (pain intensitlr, emo-
tional numbing, and pain disability) (step 1: R2 = 0.559,
p = 0.0009), 12 month pain intensity scores (step 2i LF =o.o82,
p=0.016) and 12 month emotional numbing scores (step 3:
4ft9 = 0.095, p = 0.004) made significant, independent contribu-
tions to the prediction of 12 month pain disability scores. The final

model shows that 6 month pain disability scores (beta = 0.652;
p = 0.006), 12 month pain intensity (beta = 0.265; p = 0.047), and
12 month emotional numbing (beta = 0.372; p = 0.004) contributed
significantly to the prediction of 12 month pain disability scores
(F(5,28) = 15.51, p = 0.0009; total fif = 0.73s).

In contrast to the above regression analysis, neither 6 month
(beta=-0.176; p=0.189; A['=0.002, p=0.71O) nor 12 month
avoidance symptoms (beta=0.136; p=0.248; LR2 =0.017, p=0.



Table 6
Summary ofthree-step multiple regression analysis predicting 12 month pain disability from perioperative variables, 12 month pain intensity and 12 month PCL-C emotional
numbing scores (N = 36). Abbreviations as in Tables 1 and 2.

F-Change -Beta

o,291
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, - :. 0,109'
' ,;.,'+!127'..:.O0,33r

. :r':i047.6
;,;,,; 1. 0.299-
: :i :.: 055ga

" p < 0.0009.

Table 7
Pearson corelation coeffcients (two tailed) among variables in the regression analysis predicting l2 month pain disability scores fom 6 month data (N = 36). Note that N= 34 for
correlations among 6 month variables since 2 patients whose 6 month follow-up was missed were subsequently followed up at 12 months. Also shown are significance levels (p).
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Abbreviations as in Table 2.

Table 8
Summary ofthree-step multiple regression analysis predicting 12 month pain disability from 6 month variables, .12 

month pain intensity and 12 PCL-C month emotional numbing
scores (N = 34). Abbreviations as in Table 2.

Steps and variables predicting 12 month pain disability scores Total ftF RP chang,ie:: , 
,,: . , F.change - ,.-..8 i
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248) contributed significantly to the explanation of 12 month pain
disability scores.

4. Discussion

The results of the present study are consistent with previous
work showing a high rate of chronic post-thoracotomy pain (Dajcz-
man et al., 1991; Katz et al., 1996; Maguire et a1.,2006; Ochroch
et a1.,2002; Perttunen et al., 1999; Pluijms et al., 2006; Senturk
et al., 2002} The 6 month and one year incidence rates were
68.1% and 61.1%, respectively, which is in line with most other pro-
spective studies. Consistent with previous research the intensity of
the pain was, on average, moderate and occurred on at least a daily

basis for the majority of patients. To our knowledge, this is the first
study to measure pain disability in patients after lateral thoracot-
omy. Pain disability scores were, on average, low and compare well
with scores reported by chronic low-back pain outpatients several
months post-treatment (Tait et al., 1987) and those who were
working full-time (Pollard, 1984).

The results of the present study show th at -7 5% of the variance
in 12 month pain disability scores can be explained by a combina-
tion of 6 and 12 month variables, notably, 6 month pain disability,
and 12 month pain intensity and emotional numbing. While it is
true that pain disability scores were, on average, low at the three
assessments, the relative contribution to pain disability of pain
intensity and emotional numbing appears to change with time.



The pattern of results differed for the 6 and 12 month follow-up
regression analyses; concurrent pain intensity and emotional
numbing contributed significantly to the prediction of pain disabil-
ity (Tables 4 and 6, respectively) at 6 months, but only 12 month
emotional numbing predicted 12 month pain disability. In addi-
tion, the relative contribution of concurrent pain intensity to con-
current pain disability dropped from 60% at 6 months to 29% at'12

- months (a difference of 31%) while that of emotional numbing in-
creased from4.2% at 6 months to2o% at 12 months (a difference of
15.8%).1

These data suggest that as time from surgery increases from 6
to 12 months, pain intensitSr and pain disability become progres-
sively de-coupled while the relationship between emotional
numbing and pain disability becomes stronger. One possible expla-
nation for this pattern of findings might be that pain itself serves as

a traumatic stressor which causes increased emotional numbing.
For example, the post-thoracotomy pain may serve as a constant
reminder of the cancer diagnosis or it may be interpreted as a
recurrence of disease both of which would ultimately lead to in-
creased emotional numbing and pain disability. Biological explana-
tions of the link between pain and emotional numbing have
implicated the endogenous opioid system (Foa et al., 1992). How-
ever, the studies that have been conducted to date show that CSF

(Baker et al., 1997) and plasma (Hamner and Hitri, 1992; Hoffman
et al., 1989) concentrations of beta-endorphin are significantly
higher in patients with PTSD compared with controls. These stud-
ies have not examined the relationship between beta-endorphin
concentrations and emotional numbing per se. Nevertheless, the
results of the present study seem inconsistent with the beta-
endorphin hypothesis given the positive correlations between pain
intensit5r and emotional numbing.

It is notable that pre-operative levels of pain intensity, pain dis-
ability, emotional numbing and acute movement-evoked pain did
not contribute significantly to later pain disability, either at 6
months (Table 4) or at 72 months (Table 6). In addition, peri-oper-
ative epidural use and dose of post-operative analgesics did not
correlate with 6 or 12 month pain disability scores. These results
are not consistent with two studies showing that perioperative
epidural use reduces the incidence and/or intensity of chronic
post-thoracotomy pain (Ochroch et al., 2002; Senturk et al., 2002).

In contrast to the lack of a relationship between follow-up pain
disability and the perioperative factors noted above, 6 month pain
disability, and 12 month pain intensit5r and emotional numbing
(Table 8), contributed significantly to the prediction of 12 month
pain disability. Taken together, these data suggest that the main
source of late pain disability (e.g., at 12 months) stems from
post-surgical factors with little to no contribution from pre-opera-
tive factors or acute post-operative movement-evoked pain. This
appears to be inconsistent with previous research showing that
acute movement-evoked pain in the hours and days after surgery
predicted the development of post-thoracotomy pain 18 months
Iater (lGtz et al., 1996). However, it is important to note that the
present study found a significant univariate association (r=0.38,
p = 0.022) between acute movement-evoked pain intensity in the
first two days after surgery and 12 month pain intensity scores (Ta-
ble 5). In addition, the univariate relationship between pre-opera-
tive pain intensity and 12 month pain intensity was also significant
(r = O.44, p = 0.007). However, when these variables were consid-
ered in a multivariate context, which was not done in previous re-
search (l(atz et al., 1996), they did not contribute significantly to
the prediction of pain disability.

-t 

thi, o*"rn of results was confirmed when we ran the 6 month regression

equations using only those patients reached at the 12 month follow-up indicating
that the relative changes in variance from 6 to 12 months explained by pain intensity
and emotional numbing are not a cohort effect.

Emotional numbing is regarded as a prominent feature of the
more global phenomenon of dissociation (Foa et al., 1992) and
peri-traumatic dissociation has been associated with an increased
risk of developing PTSD (Shalev et al., 1 996). It is interesting to note

,that in the present study, the larger contribution to 12 month pain
disability was not pre-operative emotional numbing but emotional
numbing at the 6 month assessment. As noted above, this suggests

- that the development of 12 month pain disability is more depen-
dent on post-operative factors (i.e, occurring within 6 months of
surgery) and less on pre-operative pain intensity or emotional
numbing associated with pre-operative factors (e.g., anticipation
of surgery or a cancer diagnosis).

The preceding discussion raises the issue of the source(s) of
emotional numbing and other PTSD symptoms at the three time
points. We did not assess the nature of the traumatic stressors that
contributed to the PCL-C total and subscale scores. Although there
has not been an evaluation of PTSD symptoms in post-thoracotomy
cancer patients, studies ofpatients with other types ofcancer sug-
gest that the emotional numbing may arise from living with pain,
which may serye as a reminder of the cancer (Bender et al., 2008),
living with a diagnosis of cancer (Kangas et al., 2005) as well as the
threat of and/or a recurrence of cancer (Black and White, 2005). It
is also possible that the emotional numbing is, in part, due to a pre-
vious unrelated traumatic event (Shelby et al., 2008). Future stud-
ies should examine more closely the source of emotional numbing
associated with pre-and post-surgical pain.

The results of the present study also support recent suggestions
that avoidance and emotional numbing constitute separate PTSD
symptom clusters (Asmundson et al., 2004; Foa et al., 1992). Con-
current emotional numbing, but not avoidance, was a significant
predictor of pain disability at the 6 and 12 month follow-ups. In
addition, avoidance symptoms, but not emotional numbing, pain
disability or pain intensity, decreased significantly over time, from
the pre-operative assessment to the 12 month follow-up. These
findings are consistent with a recent study showing that pain
severit5t and emotional numbing, but not the other PTSD symptom
clusters, are significantly negatively related to role functioning in
patients with ongoing pain subsequent to motor vehicle injury
(Clapp et al., 2008). Taken together, these results support the sug-
gestion that combining avoidance and emotional numbing into a

single symptom cluster may not be the most accurate conceptual-
ization of PTSS (Asmundson et al., 2004).

From a treatment perspective, there is very little published on
co-morbid PTSD and chronic pain (Asmundson and Taylor, 2006).
There is some evidence a cognitive behavioral perspective that ad-
dresses both disorders is essential: otherwise, due to mutual main-
tenance of symptoms or shared vulnerability factors, improvement
when only one disorder is treated may be temporary or may yield
only partial resolution of symptoms (Asmundson and Taylor,
2006). The de-coupling of pain and PTSD symptoms with time
would argue for the early initiation of treatment, However, until
we know more about the source and nature of the traumatic
stressors the patients experienced it may be premature to make
treatment recommendations.

There are several limitations to the present study notwithstand-
ing its prospective and longitudinal design. First, we recruited a
convenience sample and not a consecutive series of patients. This
may have introduced a bias. Second, the sample size was relatively
small. Third, we did not assess depressive symptoms which bear
some similarity to the symptoms of emotional numbing. However,
the association betvveen depressive symptoms and the symptoms
of emotional numbing is unlikely due to symptom overlap
(Asmundson et al., 2004) in light of evidence showing that they
are distinct constructs (Blanchard et al., 1998; Feeny et al., 2000;
I(ashdan et al., 2006). We did not assess the nature of the traumatic
stressors that contributed to the PTSS at the three interviews and



so we do not know the source(s) of the emotional numbing and
whether these remained constant or changed over time. These lim-
itations suggest a number ofconsiderations for future studies that
will build on the currently limited understanding of pain disability
following lateral thoracotomy and the specific contributions made
by pain intensity and emotional numbing.
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