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ABSTRACT

Background: Human and animal laboratory studies have
shown that stress delays healing of standardized punch biopsy
wounds. Purpose: This 5-week prospective study of 17 women
who underwent elective gastric bypass surgery addressed the
association between postsurgical pain intensity and subsequent
healing of a standard 2.0-mm punch biopsy wound. Methods:
Participants were assessed 1 week before surgery, within 3 hr
before surgery, 1 to 3 days postsurgery, and at weekly intervals
for 4 weeks following surgery. Results: Patient ratings of great-
er acute postsurgical pain, averaged over Days 1 and 2 post-
surgery, and greater persistent postsurgical pain, averaged over
4 weekly postsurgery pain ratings, were significantly associated
with subsequent delayed healing of the punch biopsy wound.
Presence of depressive symptoms on the day of surgery, pre-ex-
isting persistent pain, and medical complications following ini-
tial discharge from the hospital were not related to wound heal-
ing. Depressive symptoms on the day of surgery and pre-existing
persistent pain did predict persistent postsurgical pain intensity.
Conclusions: These findings extend the previous laboratory
models of wound healing to a surgical population, providing the
first evidence that pain plays an important role in postsurgery
wound healing, a key variable in postsurgical recovery.

(Ann Behav Med 2006, 31(2):165–172)

INTRODUCTION

Pain contributes to poor quality of life, reduced well-being,
physical disability, and mortality (1,2). One source of pain

includes surgical procedures. Unrelieved postsurgical pain is
common and may be a useful context in which to study pain-re-
lated morbidity and mortality. For example, postoperative pain
in hip fracture patients predicted longer hospital length of stay
(LOS), delayed ambulation, and long-term functional impair-
ment (3). Attempts have been made to resolve the pervasive
problem of undertreated acute postsurgical pain through devel-
opment and implementation of quality improvement guidelines
(4). Despite these efforts, unrelieved postsurgical pain remains
an important clinical problem (5,6) and may have serious impli-
cations for the recovery of surgical patients (7). The question of
interest for this study was whether postsurgical pain is associ-
ated with delayed wound healing.

Why might pain influence wound healing? Pain–wound
healing links can be considered within the broader context
of pain-associated neuroendocrine and immune function alter-
ations relevant to the wound repair process. Wound healing pro-
cesses involve interactions of a wide array of soluble mediators
and cells, and the immune system plays a key role in the early
wound repair cascade (8,9). Consistent overlap between pain-
related dysregulation of neuroendocrine and immune function
(10–13) and the aspects of neuroendocrine and immune func-
tion shown to be critical in wound healing (14–19) suggests that
pain may play a key role in delayed wound healing.

In this study, we assessed the relationship between post-
surgical pain and healing of a standard punch biopsy wound in
gastric bypass patients. We hypothesized that patients who re-
ported surgery-related higher intensity pain during 4 weeks
postsurgery would show subsequent delayed healing of the stan-
dard wound. Because depression has been shown to influence
patients’ experience of pain severity (20), and has been associ-
ated with delayed healing of chronic lower leg wounds (21), we
also assessed the relationship between depressive symptoms
and healing of the standard wound. Additionally, we assessed
the association between pre-existing persistent pain and wound
healing to control for potential presurgery pain-related changes
in neuroendocrine and immune function that could influence
postsurgery wound healing.

METHOD

Participants

The participants were 17 patients who underwent elective
gastric bypass surgery. Exclusion criteria included health prob-
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lems (other than obesity) with an immunological or endocrin-
ological component (e.g., cancer, diabetes) and coincident sur-
gery scheduled to occur with the gastric bypass procedure. All
patients were female, aged 21 to 48 years (M = 37.65, SD =
7.79). The majority of patients (65%) were Caucasian, 29%
were African American, and 6% were another minority. Most
participants were married (65%) or living with a partner (17%)
and were currently employed (82%). All patients had completed
high school; 59% had completed some college, 12% graduated
college, and 12% had completed graduate or professional train-
ing. Total annual income was greater than $50,000 for 65% of
participants.

Procedure

Patients were recruited from a medical clinic specializing in
gastric bypass surgery and were approached following success-
ful completion of an initial appointment that determined their el-
igibility for the surgery. All patients received the same surgical
procedure, roux-en-Y gastric bypass. Four patients underwent
conventional surgery, which requires one midline incision, and
13 patients received minimally invasive laparoscopic surgery.
Patients received a standard range of narcotic and non-narcotic
analgesics for control of postsurgery pain, including intravenous
morphine by patient-controlled pump, nonsteroidal anti-inflam-
matory agents, and acetaminophen. Informed consent was ob-
tained, and participants were assessed 1 week before surgery,
within 3 hr before surgery, 1 to 3 days postsurgery, and at
weekly intervals for 4 weeks following surgery. The protocol
was approved by the Institutional Review Board at The Ohio
State University.

Measures

Postsurgery pain. Pain was assessed using a 10-point nu-
merical rating scale from 1 (no pain) to 10 (intense pain); simi-
lar numerical rating scales have been widely used for pain mea-
surement and have demonstrated reliability and validity for
assessing pain intensity (22). Participants rated their level of
pain on Days 1 and 2 postsurgery and their average level of pain
over the past week at weekly intervals through 4 weeks post-
surgery. Acute postsurgical pain is the average of the respon-
dents’ pain ratings from the first 2 days postsurgery. Persistent
postsurgical pain is the average of participants’ weekly pain rat-
ings through 4 weeks postsurgery.

Pre-existing pain. A single item from the Short Form–36
(23), “How much bodily pain have you had during the past 4
weeks?” was used to assess pre-existing pain at 1 week before
surgery; pain ratings ranged from 1 (none) to 6 (very severe).

Depressive symptoms. Depressive symptoms were assessed
using the Beck Depression Inventory short form (BDI–SF) (24)
on the day of surgery. The BDI–SF is a 13-item measure that
provides information on the severity of affective and cognitive
depressive symptoms over the past week. It correlates highly
with the total score of the 21-item BDI (r = .96) and with clini-
cians’ ratings of depression (r = .61) (24) and has been shown to

have acceptable internal reliability and criterion group validity
(25). A cutoff score of 5 has been used to indicate the threshold
for clinically relevant depressive symptoms in adults (26,27).

Health behaviors. Poor health behaviors (e.g., smoking)
may be important risk factors for postsurgical recovery and
wound healing (28). Assessment of health-related behaviors oc-
curred at 1 week before surgery and included current use of to-
bacco products, caffeine intake, number of drinks in the past
week, recent weight change, and sleep (29). Sleep was also as-
sessed during hospitalization and weekly postsurgery.

Standard wound. On the day of surgery a 2-mm punch
biopsy, full thickness wound was placed on the back of one up-
per arm of each patient prior to surgery. The area was anesthe-
tized with 1% lidocaine with epinephrine. The punch biopsy
was then performed, and bleeding was stopped using a cotton
swab dipped in Monsel’s solution. Antibiotic ointment was ap-
plied to the wound and the area was covered with an adhesive
bandage. The punch biopsy wound provided an easily accessi-
ble, uniform shape, and standard size wound for assessment of
postsurgery wound healing across patients. Digital photography
was used to assess healing of the standard wound at Days 1, 2, 7,
10, 14, 17, 21, 24, and 28 postsurgery. Included in each digital
wound photograph was an “anchor”—a 2-mm black dot. A soft-
ware program (30) was used to measure the area of the standard
wound and the area of the anchor, and a ratio was created. Two
independent raters calculated each ratio. Reliability between the
independent raters was calculated using average measure in-
traclass correlation coefficients (ICCs). All ICCs for the stan-
dard wound measurements were above .80 except for the Day 10
measurement (ICC = .51). The corresponding measurements of
the raters were averaged and used in the current analyses. Over
time, a reduction in the size of the ratio (i.e., wound size com-
pared to the size of the anchor) showed healing of the standard
wound. A ratio of .10 indicated when the wound had healed 90%.

Surgery-related outcome measures. Two primary mea-
sures were collected to indicate surgery-related complications.
LOS included the number of days from the day of surgery
through initial hospital discharge. One patient had a 10-day LOS
in the hospital, and the remaining patients had an average LOS
of 3 days (M = 3.07, SEM = 0.18, range = 2–5 days). Postsurgery
complications were indicated by emergency room visits or re-
hospitalizations (referred to as medical contact) following ini-
tial hospital discharge. Consistent with previously reported post
operative complication rates in this type of surgery (e.g., 31),
41% of patients (n = 7) reported emergency room contact, and
71% of those emergency room visits (n = 5) resulted in re-
hospitalization. Patient reports of medical contact were verified
by hospital records. Additionally, two secondary measures were
collected to indicate surgical stress: (a) duration of the surgery
and (b) estimated intraoperative blood loss.

Statistical Methods

Survival analysis (32) was used to test for the relationship
between acute and persistent postsurgical pain intensity and
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subsequent time to healing of the standard wound. Wound heal-
ing is the “event” and is defined as the first time point that the
wound-to-anchor ratio is less than .10 and remains below .10
(90% healing). Censoring was used for patients with a ratio
greater than .10 at the last observed time point, either followed
by missing data or at Day 28. For both acute (Days 1 and 2
postsurgery) and persistent (average over the 4 weeks post-
surgery) pain, two distinct pain groups were created. The acute
pain analyses compared patients who reported pain intensity of
less than or equal to 8 with patients who reported pain intensity
greater than 8. This level of pain intensity was chosen because it
was the median split of the pain ratings (Mdn = 8) and it pro-
vided a high-intensity acute pain comparison group (pain rat-
ings of 9 or 10). Because several patients reported an 8 for their
acute pain, the low acute pain group is larger than the high acute
pain group. The persistent pain analyses also used a median split
of the pain ratings and compared respondents who reported pain
intensity of less than or equal to 4 with patients who reported
pain intensity greater than 4. A chi-square analysis examined the
extent of overlap of the same surgical patients in the high acute
pain group versus the high persistent pain group and found no
significant overlap in group membership (p > .85). The survival
curves for time to healing were compared between the groups
experiencing more or less pain using Kaplan–Meier survival es-
timates and the log-rank test. The log-rank test was used to test
the equality of the two survivor functions, assuming propor-
tional hazards across the groups. Because the effect of pain on
healing may be confounded with factors of the surgery itself,
further analyses were performed to model the effects of type of
surgery, LOS, presence of postsurgery medical contact, duration
of surgery, and estimated intraoperative blood loss on time to
healing. The effect of depressive symptoms and pre-existing
persistent pain on time to healing was also examined. Small
sample sizes prevented more complicated analyses, such as Cox
proportional hazards models. Missing data occurred at varying
time points across participants because of technical difficulties
in digital photography and scheduling of appointments. Where
necessary, time to healing was calculated using Last Observa-
tion Carried Forward. Linear regressions were used to test for
the association between depression at the time of surgery and
postsurgery acute and persistent pain, and pre-existing persis-
tent pain and postsurgery acute and persistent pain. Chi-square
analyses were used for comparisons of health behaviors by pain
groups. We used t tests for comparison of mean pain between
surgery types. Fisher’s Exact Test was used to test for associa-
tions between LOS and pain (both dichotomized), because of
small cell counts. All tests were performed with a two-sided, α =
.05 level of significance. Stata 8.0 (33) was used for all analyses.

RESULTS

Health Behaviors, Depressive Symptoms,
and Pre-Existing Persistent Pain

Health behaviors were not significantly associated with
healing of the standard wound or surgery-related outcomes.
There was no association between smoking and time to healing
of the standard wound. The majority of patients (76%) did not

smoke, and of the 4 participants who did smoke, 2 showed rela-
tively early healing (Day 17), and 2 showed late healing (Day 28
and after Day 28).

Survival analysis was used to examine depressive symp-
toms on the day of surgery and time to healing of the standard
wound. The depressive symptoms groups were dichotomized as
< 5 (no depressive symptoms, n = 6) or ≥ 5 (mild or greater
depressive symptoms, n = 7) using the BDI–SF. The Kap-
lan–Meier survival curves of time to healing (90% wound-
to-anchor ratio) for the two depressive symptoms groups were
not significantly different (log-rank test, p = .54). Depressive
symptoms did not influence healing of the standard wound. Lin-
ear regression was used to test for the relationship between de-
pressive symptoms on the day of surgery and acute (averaged
over Days 1 and 2 postsurgery) and persistent (averaged over 4
weeks postsurgery) pain. Depressive symptoms were not signif-
icantly associated with acute pain, F(1, 11) = 2.12, p = .17, r =
.4, but did predict persistent pain, F(1, 11) = 9.69, p = .01,
r = .68.

Survival analysis was used to examine pre-existing (previ-
ous 4 weeks) persistent pain, assessed 1 week before surgery,
and time to healing of the standard wound. The pre-existing pain
groups were dichotomized as < 4 (no or low pre-existing pain, n
= 7) or ≥ 4 (high pre-existing pain, n = 10) using the median split
of the bodily pain item from the Short Form–36. The
Kaplan–Meier survival curves of time to healing (90%
wound-to-anchor ratio) for the two pre-existing pain groups
were not significantly different (log-rank test, p = .30). Pre-ex-
isting pain did not influence healing of the standard wound. Lin-
ear regression was used to test for the relationship between
pre-existing pain and acute and persistent postsurgery pain.
Pre-existing pain was not associated with acute pain, F(1, 15) =
1.01, p = .33, r = .25, but did predict persistent pain, F(1, 15) =
16.20, p = .001, r = .72.

Postsurgery Pain and Wound Healing

The first survival analysis examined acute pain and time to
healing of the standard wound. The average of patients’pain rat-
ings for the first 2 days postsurgery was used to create two pain
groups. The pain rating groups were dichotomized, using the
median split of the pain ratings, as ≤ 8 or > 8 (ns = 11 and 6, re-
spectively) level of pain. Figure 1 shows the Kaplan–Meier sur-
vival curves of time to healing (90% wound-to-anchor ratio) for
the two pain groups. Annotations on the curves indicate the
number of censored observations at each time point. The group
that reported less acute pain (≤ 8 pain rating) had faster healing
(shorter survival time). The survival curves for more or less
acute pain were significantly different (log-rank test, p =.023).
Patients who rated their pain lower over the first 2 days post-
surgery (≤ 8) experienced faster healing compared with patients
who reported more acute pain postsurgery (> 8; e.g., median
time to healing was 21 days and 28 days, respectively).

The second survival analysis examined persistent pain and
time to healing of the standard wound. The average of the
weekly pain ratings through 4 weeks postsurgery (1/week) was
used to create two groups. The pain ratings were split at the me-
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dian, < 4 or ≥ 4 (ns = 8 and 9, respectively), to create two groups
expressing more or less pain.

Figure 2 displays Kaplan–Meier survival curves of time to
healing (90% wound-to-anchor ratio) for the two pain groups.
The survival curve dropped more quickly for the lower pain
group (< 4), indicating that patients who rated their average pain
lower across the 4 weeks postsurgery experienced faster healing
than patients who reported higher pain (≥ 4; e.g., median time to

healing was 21 days and 28 days, respectively). The difference
in healing times between the more and less pain groups was sig-
nificant (log-rank test, p = .012).

Surgery-Related Outcome Measures

To examine the possibility that the effect of pain on healing
of the standard wound was confounded with factors of the sur-
gery itself, such as type of surgery, three additional survival
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FIGURE 1 Kaplan–Meier survival curves for more or less acute pain during the first 2 days postsurgery and time to healing of the standard wound.
Annotations on the curve show the number of censored observations at each time point, indicating patients who were unhealed on their last day of ob-
servation. Patients who reported higher acute pain during the first 2 days postsurgery experienced slower healing (log rank test, p = .023) of the stan-
dard wound; median time to healing was 28 days.

FIGURE 2 Kaplan–Meier survival curves for more or less persistent pain through 4 weeks postsurgery and time to healing of the standard wound.
Annotations on the curve show the number of censored observations at each time point, indicating patients who were unhealed on their last day of ob-
servation. Patients who reported higher persistent pain during the 4 weeks postsurgery experienced slower healing (log rank test, p = .012) of the stan-
dard wound; median time to healing was 28 days.

http://www.leaonline.com/action/showImage?doi=10.1207/s15324796abm3102_8&iName=master.img-000.jpg&w=359&h=224
http://www.leaonline.com/action/showImage?doi=10.1207/s15324796abm3102_8&iName=master.img-001.jpg&w=361&h=224


analyses were performed. Although multivariable Cox propor-
tional hazards models are ideal for assessing confounders and
effect modifiers for survival analysis, our small sample size lim-
ited our analyses to univariable comparisons of survival curves
for each of the factors in question. The first analysis examined
surgery type—conventional (n = 4) versus laparoscopic (n =
13); pain; and time to healing. Although no statistically signif-
icant differences were found, laparoscopic patients reported
slightly lower acute (M = 7.58, SD = 1.38) and persistent (M =
3.9, SD = 1.54) pain compared with conventional surgery pa-
tients (acute, M = 7.75, SD = 1.85; persistent, M = 4.33, SD =
2.0). The difference in healing times between groups was not
significant (log-rank test, p = .42); however it did appear that pa-
tients who received the laparoscopic surgery healed faster (Mdn
= 24 days) than conventional surgery patients (Mdn = 28 days).
To control for the effects of surgery type, the analyses examin-
ing acute and persistent pain and time to healing were repeated
including only laparoscopic surgery patients. Both lower acute
pain and lower persistent pain were associated with faster heal-
ing (log-rank test, p = .017 and p = .035, respectively) in the lap-
aroscopic surgery patients.

The second survival analysis examined LOS and time to
healing of the standard wound. LOS was dichotomized into ≤ 3
days or > 3 days (ns = 13 and 3, respectively). The difference in
healing times between the shorter and longer LOS groups was
marginally significant (log-rank test, p = .085), suggesting that
the shorter LOS group may have experienced faster healing. The
relationship between pain and LOS also was examined. Acute
pain was associated with LOS. All 11 of the patients who re-
ported less pain (≤ 8) in the first 2 days postsurgery spent fewer
days in the hospital (≤ 3); whereas, only 2 of the 5 patients re-
porting more pain (> 8) had a shorter LOS (Fisher’s exact test,

p = .018). Persistent pain was not related to LOS (Fisher’s exact
test, p = 1.0). Because LOS is a confounder in the interpretation
of pain and time to healing, the survival analyses examining
acute and persistent pain and time to healing of the standard
wound were repeated including only participants with LOS less
than or equal to 3 days (N = 13). Although the results for acute
pain and time to healing were no longer significant (log-rank test,
p = .24), the central findings for greater intensity persistent pain
over the 4 weeks postsurgery and delayed time to healing re-
mained significant (log-rank test, p = .015; see Figure 3).

The third survival analysis examined medical contact after
initial discharge from the hospital and time to healing of the
standard wound. Medical contact was dichotomized into yes or
no (ns = 7 and 9, respectively). The difference in healing times
between medical contact groups was not significant (log-rank
test, p = .40). Similarly, additional analyses examined duration
of surgery and estimated intraoperative blood loss, two indica-
tors of intraoperative stress, and found no significant associa-
tions with time to healing of the standard wound (log-rank test, p
= .34 and p = .12, respectively). Although not significant, both
duration of surgery and intraoperative blood loss showed stron-
ger associations with acute postsurgery pain (r = .33, p = .19,
and r = .29, p = .25, respectively), compared with persistent
postsurgery pain (r = .21, p = .42, and r = .08, p = .75, respec-
tively). Estimated intraoperative blood loss was significantly as-
sociated with type of surgery. Blood loss was significantly lower
in laparoscopic surgery patients compared with conventional
surgery patients, t(15) = 4.34, p = .001.

DISCUSSION

Pain is a frequent consequence of wounds, and it may have
important implications for the subsequent wound healing pro-
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FIGURE 3 Kaplan–Meier survival curves for more or less persistent pain through 4 weeks postsurgery and time to healing of the standard wound,
including only participants with a hospital stay of 3 or fewer days (N = 13). Annotations on the curve show the number of censored observations at
each time point, indicating patients who were unhealed on their last day of observation. Patients who reported higher persistent pain during the 4
weeks postsurgery experienced slower healing (log rank test, p = .015), of the standard wound.
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cess. Pain-related delay in wound healing is particularly relevant
in surgical patients, because healing of surgical wounds is a key
outcome, and undertreatment of postsurgical pain is frequent
(5,6). In this study of female gastric bypass patients, post-
surgical pain intensity was associated with subsequent delayed
healing of a standard wound. For both the acute (average pain
during Days 1 and 2 postsurgery) and persistent (average pain
through 4 weeks postsurgery) measures of pain, higher ratings
of postsurgery pain were associated with slower healing of the
standard wound.

A series of analyses were performed to test for potential al-
ternative explanations for the relationship between postsurgical
pain and delayed wound healing. Although these analyses in-
flated the possibility of finding significant results where null
findings were desirable, we found no evidence that the relation-
ships between pain and wound healing were simply a function
of health habits, depressive symptoms, pre-existing pain, or
surgery-related factors. Although cigarette smoking has been
linked to poorer wound healing in previous studies (34), smok-
ing was not related to wound healing in this study. The majority
of patients were nonsmokers, and it is likely that the number of
smokers (n = 4) was too small to see the effects of smoking on
wound healing. Among our patients who smoked, 2 healed rela-
tively quickly, and 2 healed slowly. Depressive symptoms on the
day of surgery were associated with higher ratings of persistent
pain postsurgery but were not significantly related to acute pain
postsurgery or healing of the standard wound. Pre-existing per-
sistent pain during the month before surgery was a significant
predictor of persistent postsurgical pain, but not acute pain or
wound healing. Although type of surgery was not significantly
related to pain or healing of the standard wound, patients who
received laparoscopic surgery reported slightly lower pain and
experienced faster healing (Mdn = 24 days vs. 28 days) com-
pared with patients who received conventional surgery. The re-
lationships between acute and persistent pain and time to heal-
ing were maintained after controlling for type of surgery by
including only patients who received laparoscopic surgery in the
analyses. Presence of medical complications following initial
discharge from the hospital and intraoperative indicators of sur-
gical stress (i.e., surgery duration, blood loss) were not related to
wound healing.

The relationships among postsurgery pain, LOS, and heal-
ing are more complicated. Higher acute pain in Days 1 and 2
postsurgery, but not persistent pain over 4 weeks postsurgery,
was associated with longer LOS. After controlling for LOS by
including only short-LOS participants in the analyses, the rela-
tionship between persistent pain and time to healing was main-
tained. The association between acute pain and time to healing
was no longer significant. Pain in Days 1 and 2 postsurgery may
also predict delayed healing, but the delayed healing may de-
pend in part on other surgery-related factors that lead to both
acute pain and a longer LOS. Alternatively, acute pain may pre-
dict both LOS and healing and may mediate the association
between longer LOS and delayed healing. Most important, how-
ever, is that the pattern of results suggests that persistent post-

surgery pain is an important predictor of time to healing,
independent of surgery-related complications.

We chose to use a standard wound, a 2-mm full thickness
punch biopsy on the arm, rather than the patients’ surgical
wounds. The use of the punch biopsy wound provided us with a
standard size, depth, and shape wound that we could compare
across participants. Actual surgical wounds differed in size and
shape across patients and, more important, the standard proce-
dure of suturing the wound closed and then covering the closed
surgical wounds with adhesive wound closure strips meant that
there was not an open wound that could be measured, a barrier to
wound assessment for virtually all kinds of surgeries.

Our findings suggest a need for systematic, prospective ex-
amination of pain specifically related to the progress of wound
healing and evaluation of possible underlying mechanisms, in-
cluding pain-related neuroendocrine and immune function al-
terations relevant to wound healing. In the case of surgery pa-
tients, the prospective evaluation of pain and wound healing
need not wait until postsurgery. There is some evidence to sug-
gest that presurgical pain tolerance, as measured by the cold
pressor task, predicts postsurgical immune function and compli-
cations (35). Given the current findings, a question of interest is
whether presurgical pain tolerance predicts who is at risk for de-
layed postsurgery wound healing. Pain-related poor outcomes
in wound healing could have important implications for patient
morbidity, including an increased risk of infection (36) and de-
layed return to independent functioning. These relationships
may be even more critical in older adults or persons with
comorbid systemic illness, such as diabetes, as age- or dis-
ease-related immune dysregulation may already present a chal-
lenge for successful wound healing (37). This study included
young to middle-age women, and thus the extent to which the
findings of this study generalize to men and older adults should
be assessed in future studies.

The finding that postsurgical pain is associated with slowed
wound healing provides additional evidence to support aggres-
sive pain management. To the extent that future studies of
wound healing identify individual characteristics associated
with more or less pain, such as depressive symptoms or the cog-
nitive style of catastrophizing (38), psychological interventions
may be an additional valuable treatment component of compre-
hensive pain management in surgical patients or in illnesses
where wounds are associated with pain. The findings of this
study suggest that depressive symptoms and pre-existing persis-
tent pain may indicate who is at greater risk for experiencing
persistent pain postsurgery and, as a result, who is at greater risk
for delayed wound healing. In addition to informing the treat-
ment of surgical patients, knowledge of contributing factors in
delayed wound healing may eventually inform interventions in
other populations in which slowed healing of chronic wounds is
particularly problematic (e.g., in diabetes mellitus) and can lead,
in extreme cases, to amputations.

A limitation of this study is the lack of documentation of the
amount of pain-related medication used by patients throughout
the study period. The extent to which individual differences in

170 McGuire et al. Annals of Behavioral Medicine



consumption of opioids and nonsteroidal anti-inflammatory
agents may affect wound healing, potentially through effects on
the immune system, is an important future direction for studies
of pain and wound healing. Although patients in this study did
not receive preemptive analgesia (i.e., presurgery epidural anal-
gesia), there is evidence suggesting that preemptive analgesia
reduces pain intensity and pain-related disability for several
weeks postsurgery (39,40). It is not yet known whether reduc-
tions in the experience of postsurgery pain following preemptive
analgesia translate into faster wound healing. Additionally, the
small sample size of this study, and consequent low statistical
power, may have precluded significant results for some analyses
(e.g., the association between depressive symptoms on the day
of surgery and acute postsurgery pain ratings).

This study examined the influence of depressive symptoms
on postsurgery pain and time to healing of wounds; however,
there are additional possible psychosocial factors that may inter-
act with pain to affect wound healing or might independently
predict wound healing. Prior studies have linked presurgery
negative affect, anxiety, and stress with higher postsurgery pain
and analgesic use (28,41) and have linked specific coping strate-
gies with postsurgery pain and use of morphine (42). Future
studies of the association of postsurgery pain with wound heal-
ing should examine the relative contribution of individual differ-
ences in pain intensity, emotional distress, social support, and
coping on wound healing outcomes. Additionally, we chose to
collapse multiple pain ratings into averages for acute and persis-
tent postsurgery pain. An interesting question for a future study
is whether the rate of change in postsurgery pain over time is a
significant predictor of time to heal wounds.
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