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Abstract

The most common wound care procedures (WPCs) performed on open wounds are dressing 

changes and wound cleansing. Dressing changes cause moderate to severe pain in 74% of patients, 

nearly half (36%) of whom experience severe pain (rated as 8 to 10 on a 10-point numeric rating 

scale). The purpose of this paper is to propose a model of clinically accessible factors that can be 

tested in order to develop a clinical tool to identify which patients are likely to experience high 

intensity pain during non-operative WCPs, such as dressing changes. Although multiple factors 

are known to be associated with pain, the factors selected for this model were limited to those that 

1) are supported based on evidence and/or pain mechanisms and 2) are readily accessible to 

clinicians/practitioners and can be tested as a prediction tool to be used prior to WCPs. This model 

may be helpful to identify those likely to experience high intensity pain during WCPs. In this way, 

use of aggressive pain management strategies, including specialty dressings, pharmacologic 

analgesics, and/or non-pharmacological strategies, such as high intensity transcutaneous electrical 

stimulation.
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Introduction

The most common wound care procedures (WPPs) performed on open wounds are dressing 

changes and wound cleansing1. Dressing changes cause moderate to severe pain in 74% of 

patients, nearly half (36%) of whom experience severe pain (rated as 8 to 10 on a 10-point 

numeric rating scale) 1. High intensity pain causes substantial stress for both patient and 

clinicians. When WCPs cause high intensity pain, those changing the dressing may “hurry 

through the procedure” in an effort to stop the pain [personal communication, Linda Abbott, 

RN, CWOCN]. This may lead to incomplete cleansing and packing, an increased risk of 

infection, delayed healing, and higher costs. Moreover, one episode of pain changes 
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nociceptive pain pathways (i.e., sensitization; 2) and elevates anticipatory pain 3, making 

future procedures even more painful. Thus, addressing wound care pain, an under-

recognized and under-studied issue, could greatly impact healing and reduce the cost of 

wound care. The most effective approach is to prevent such episodes so the ability to predict 

who will experience high intensity pain during WCPs is a key aspect of prevention.

WCPs, such as dressing changes, involve the movement or manipulation of wound tissue 

and, therefore, provide a mechanical trigger that causes or increases pain beyond baseline or 

“resting” pain, similar to movement-evoked pain during walking or lifting. Pain experienced 

during dressing changes, therefore, is similar to pain caused by mechanical triggers used to 

assess pain sensitivity in humans, such as pressure pain thresholds or punctate pain 

intensities 4. If peripheral or central sensitivity is involved in the pain experience during 

WCPs, then interventions targeting this response may be effective.

To date, mainstay recommendations to prevent pain during WCPs have focused on either 

administration of preventive and procedural analgesia and/or use of non-adherent dressings 

(e.g., silicone, foam, hydrofibers, and alginate) but provide no guidance on which patients 

should be targeted for these expensive dressing materials, or other adjunctive therapies to 

address peripheral or central sensitivity 5–7. Although 74% of subjects in our study 

experienced moderate or severe pain during WCPs only 37% received analgesia and even 

fewer were treated with specialized dressings 1.

The purpose of this paper is to propose a model of clinically accessible factors that can be 

tested in order to develop a clinical tool to identify which patients are likely to experience 

high intensity pain during non-operative WCPs, such as dressing changes. Although 

multiple factors are known to be associated with pain, the factors selected for this model 

were limited to those that are readily accessible to clinicians/practitioners and could be 

incorporated into a prediction tool for identifying patients likely to experience high levels of 

pain during a dressing change. The accessible factors include both patient-level and wound-

level factors and were selected on both empirical and inductive approaches based on 

evidence and/or pain mechanisms that suggest biologically plausible factors to include. A 

systematic literature search was conducted in the Cumulative Index to Nursing and Allied 

Health Literature, PubMed, and Embase using the keywords-wound* AND pain And 

(procedures or dressing changes) with research as a limiter. From the retrieved articles, we 

excluded those that focused on resting wound pain (i.e., non-procedure related pain) and 

debridement. The remaining articles provided very little evidence on factors associated with 

WCPs. Therefore, many of the factors were derived from the evidence on factors associated 

with movement pain, which we propose is the same mechanism that leads to pain with 

WCPs.

Accessible Patient Factors

Younger Age

Studies evaluating the relationship between age and pain intensity have consistently shown 

that younger age is associated with higher pain intensities. Stotts et al. (2004) 8 found that 

younger patients had greater pain than older patients before and after wound care procedures 
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(r = −.252, p = .001; r = −.138, p = .006, respectively). Additionally, a systematic review 

identifying risk factors of post-surgical pain and analgesia consumption showed that age was 

commonly found to have a negative correlation with incisional pain intensity and analgesia 

consumption, suggesting that the younger the patient, the more pain and analgesia 

requirements 9.

Female Sex

While Stotts et al. (2004) 8 found no differences between genders in pain during wound care 

procedures, the majority of research evaluating the relationship between sex and pain have 

found that females report higher pain intensities than males. Studies testing sex differences 

in post-surgical and acute whiplash pain have found that women report more intense pain 

than men 10,11 and exhibit greater sensitivity to noxious stimuli in the laboratory compared 

to men, particularly when they have a positive pain history 12. Finally, women are more 

likely than men to develop certain chronic pain disorders 13.

Non-white Race/Ethnicity

Racial and ethnic disparities exist in pain perception in various settings (e.g. postoperative, 

emergency room) and across all types of pain (e.g. acute, cancer, chronic, procedural, and 

experimental) 14. Stotts et al. (2004) 8 found that non-whites had greater pain intensity than 

whites during wound care procedures (t = −2.12, p = .034). Additionally, findings from 

clinical studies of postoperative pain 15,16 and studies with healthy adults. Edwards, 

Fillingim, and Keefe (2001) 17 suggest greater pain sensitivity among African-Americans 

and Latinos compared to non-Hispanic Caucasians.

Chronic Pain Conditions

Chronic pain conditions, particularly those associated with augmented central nervous 

system pain processing, such as fibromyalgia and irritable bowel syndrome, have been 

linked to higher pain during procedures such as surgery 18. Research has demonstrated that 

patients with chronic pain conditions have alterations in central neurotransmitters that lead 

to both augmented pain and sensory processing 19. While no study has evaluated the 

influence of chronic pain conditions on wound procedure pain, there is growing evidence 

demonstrating its effect on postoperative pain following a variety of surgeries, such as joint 

arthroplasty, pelvic floor surgery, etc. 18–20.

Opioid Tolerant/Amount

Repeated administration of opioids can elicit increased sensitivity to noxious stimuli (i.e., 

induce hyperalgesia) through activation of pain facilitory systems which increase the 

perception of pain 21. Numerous reports have demonstrated that opioid-induced hyperalgesia 

is observed both in animal and human experimental models 22. More recently, Wibbenmeyer 

et al. (2015) 23 investigated the relationship between opioid intake and postoperative pain in 

130 patients with burn wounds. They found that the amount of opioids taken prior to surgery 

was significantly correlated to postoperative pain reports in these patients. Therefore, the 

amount of opioids taken prior to wound care procedures may influence the degree of pain 

experienced during WCP.
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Anxiety and High Anticipatory Pain

The relationship between anxiety and pain intensity is well established. Anxiety promotes an 

overestimation of pain intensity. Level of anxiety before dressing change was significantly 

related to anticipatory pain (r = 0.66, p < 0.01), pain at dressing removal (r = 0.53, p < 0.01) 

and pain at cleansing (r = 0.44, p < 0.01) suggesting that assessment of anxiety be part of 

chronic wound pain evaluation and management 24. In a subsequent study, Woo (2015) 25 

found that anxiety mediated the relationship between anticipation and pain perception during 

dressing change suggesting that anticipation of pain triggers anxiety that leads to increased 

pain 25. Upton (2014) 26 also found a significant, positive relationship between chronic 

stress and acute pain reported during dressing changes on chronic wounds, and suggests that 

stress due to anticipation of pain following previous bad experiences cause higher pain 

during dressing change 27. Anxiety has also been identified as a common predictor of 

incisional pain during the immediate postoperative period 9,28.

Depression

Depression and pain are common co-morbidities that share biological pathways and 

neurotransmitters 29,30. Dysfunction at the level of the serotonergic and noradrenergic 

neurons affects both ascending and descending pathways. This results in the psychological 

and somatic symptoms of depression and causes routine sensory input that is not normally 

felt to become interpreted as disagreeable or even painful 31. Converging lines of evidence 

suggest that four key neurotransmitters are involved in both pain and depression (serotonin, 

norepinephrine, substance P, and corticotrophin-releasing factor) 32. While no study has 

investigated the influence of depression on wound pain during dressing changes, meta-

analyses evaluating psychological correlates of acute post-surgical pain have identified 

depression, along with anxiety and pain catastrophizing, as significantly associated 33.

Pain Catastrophizing

Pain catastrophizing, broadly defined as a negative emotional and cognitive response to pain 

involving elements of magnification, helplessness, and pessimism, has been shown to 

magnify behavioral responses to pain and exaggerate pain intensity 34. In the above 

mentioned meta-analysis 33, pain catastrophizing was the most strongly linked psychological 

variable with acute, post-surgical pain. Additionally, Roth, Lowery, & Hamill (2004) 35 

found a strong association between pain catastrophizing and pain intensity (r = 0.63, p < 

0.05) in patients with chronic wounds.

Accessible Wound Factors

Recent injury/Tissue Loss

The process of wound healing starts at the time of injury and can be divided into four 

overlapping phases: 1) Hemostasis and Coagulation; 2) Inflammation; 3) Proliferation; and 

4) Remodeling 36. At the time of injury, processes of hemostasis are initiated and completed 

in first few hours. During this phase, clotting mechanisms produce a clot filled with 

cytokines and growth factors. In addition, vasoconstriction in the first few hours decreases 

oxygen levels, increases glycolysis and lowers pH 36. Low wound oxygen levels 37 
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encourage anaerobic metabolism, lowering pH and elevating lactate levels in the wound, 

which sensitize nociceptors 38. Vasodilation follows this initial vasoconstriction with the 

influx of platelets and neutrophils, which release cytokines (IL-1a, IL-1b, IL-6 and TNF-a) 

which sensitize nociceptors leading to pain and hyperalgesia 39–43.

The inflammatory phase is characterized by additional neutrophil recruitment 36 which 

further increases the release of IL-1β IL-6, and TNF-α [44] thereby further sensitizing 

nociceptors. Therefore, when a wound is in the first two phases, WCPs are more likely to be 

painful. The inflammatory period is proposed to last 3 to 5 days in acute surgical wounds 36. 

It is unclear how long this phase may last in large acute or traumatic wounds healing by 

secondary intention or in chronic wounds. Although research is lacking, these biological 

mechanisms suggest that days from time of injury or tissue loss may be an accessible factor 

that may be associated with high pain intensity during WCPs.

Chronic Wound

Type of wound (acute vs. chronic) may also be associated with high levels of pain during 

WCPs because chronic wounds are in a prolonged state of inflammation and, therefore, have 

relatively higher levels of inflammatory cytokines than acute wounds 45,46. Price and 

colleagues (2008) 45 found that venous, mixed, and arterial ulcers were associated with more 

frequent pain at dressing changes (p< 0,001) than other types of wounds. Although evidence 

of differences in pain intensity during WCPs between acute and chronic wounds is limited, 

higher levels of wound cytokines suggest that type of wound may be an accessible factor 

that could be associated with pain intensity during WCPs.

Clinical Inflammation

Clinical inflammation, (i.e., erythema and heat) is positively correlated with higher pain 

during WCPs 1. In a small pilot study, these differences approached significance in this 

exploratory study with an alpha of 0.10. Although other studies are lacking to corroborate 

this relationship, the findings of this study suggest that clinical inflammation, which are 

signs of vasodilation in the early phases of wound healing, chronic inflammation, or high 

wound bioburden may associated with high pain intensity during WCPs. High wound 

bioburden 47 may lead to the recruitment of neutrophils to the wound and the release of 

inflammatory cytokines. One of the few studies that examined the relationship between 

wound pain and bioburden found that high microbial load (>105 organisms/ gram of tissue) 

predicted chronic wound pain (predictive value = 1.00 or 100% 48).

Resting Wound Pain

High resting wound pain is likely associated with high levels of WCP pain because it may be 

an indication of peripheral or primary nocioceptive sensitization. Postoperative resting and 

movement pain were significantly correlated in a study of incisional pain following total 

knee arthroplasty (Spearman rho r = .54, P < 0.0001) 28. Similar to movement pain, the 

mechanical manipulation during WCPs stimulates sensitized nocioceptors through 

mechanoreceptors in the wound bed resulting in higher pain.
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Partial Thickness Wounds

Level of tissue loss may also be associated with high intensity pain during WCPs because 

nocioceptor fiber types and densities differ in various tissues. Although studies that examine 

wound depth with pain during WCPs are limited. shallow wounds or partial thickness 

wounds may be more painful than wounds that penetrate the muscle or viscera because the 

cutaneous tissues are more densely innervated with nociceptors (i.e. a-delta and c fibers) 

than deeper tissues 49.

Conceptual Framework of Accessible Factors Associated with High 

Intensity Pain During Wound Care Procedures

Based on the evidence to date, we propose that clinical accessible patient and wound factors 

may be useful in a prediction model to determine which patients are likely to experience 

high intensity pain during WCPs (see Figure 1). To develop the model and a scoring system 

by which to classify or identify patient’s likely to have high intensity pain during wound 

care procedures, we will develop a predictive model of pain during WCPs based on 

accessible wound and patient factors, with pain during WCPs treated as a dichotomous 

variable: low/moderate (≤7/10) vs. severe (≥8/10) and also as low (≤ 3) vs moderate/severe 

(≥4). Using logistic regression we will regress pain during WCPs on the 14 factors depicted 

in Figure 1, while controlling for dressing factors, analgesic intake, and practitioner 

performing the WCP, if needed. Since the predictors are readily available, all will be left in 

the model because our interest is in obtaining a good prediction model, not in evaluating the 

effects of individual factors, and model-reduction procedures (e.g., stepwise) that eliminate 

statistically insignificant factors typically do not generate prediction models that are as good 

as those resulting from leaving all factors in the model 50. The performance of the fitted 

model will be evaluated by the c-statistic (equivalent to the area under the ROC curve or 

AUC), which can be interpreted as the probability that the estimated prediction index will 

accurately discriminate between low/moderate versus severe pain subjects. We will also 

describe the performance of the model by an ROC curve, which is a plot of the true-positive 

rate (sensitivity) vs. the false-positive rate (1-specificity) corresponding to each possible 

threshold of the estimated prediction index. Bootstrap methods 50 will be used to account for 

“optimism” in the c-statistic estimate, because the prediction index arises from the same data 

from which the c-statistic was calculated. This eliminates the need for a separate “test” 

sample.

Nonetheless, the model, if shown to be predictive, will need to be tested in a large, 

independent sample and refined as needed. In this way, use of aggressive pain management 

strategies, including specialty dressings, pharmacologic analgesics, and/or non-

pharmacological strategies, such as high intensity transcutaneous electrical stimulation 1, 

can be targeted in a cost-effective and personalized manner. The annual market for wound 

care products was estimated at $15.3 billion, reflecting the prevalence and economic burden 

of wounds 50. When used appropriately, these interventions will decrease the pain associated 

with WCPs leading to less nociceptive sensitization, more thorough, complete wound care, 

better wound outcomes and lowered costs.
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Figure 1. 
Factors associated with high intensity pain during wound care procedures model
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