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Abstract

Inter-individual variability exists in persistent breast pain following breast cancer surgery. 

Recently, we used growth mixture modeling to identify three subgroups of women (n=398) with 

distinct persistent breast pain trajectories over six months following surgery (i.e., Mild, Moderate, 

Severe). Purposes of this study were to identify demographic and clinical characteristics that 

differed among the breast pain classes and, using linear mixed effects modeling, determine how 

changes over time, in sensitivity in the breast scar area, pain qualities, pain interference, and hand 

and arm function differed among these classes. Several demographic and clinical characteristics 

differentiated the breast pain classes. Of note, 60% to 80% of breast scar sites tested were much 

less sensitive than the unaffected breast. Significant group effects were observed for pain qualities 

and interference scores, such that, on average, women in the Severe Pain class reported higher 

scores than women in the Moderate Pain class. In addition, women in the Moderate Pain class 

reported higher scores than women in the Mild Pain class. Compared to the Mild Pain class, 

women in the Severe Pain class had significantly impaired grip strength and women in the 

Moderate and Severe Pain classes had impaired flexion and abduction.
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INTRODUCTION

The majority of women diagnosed with breast cancer will undergo either breast conserving 

surgery or mastectomy. Unfortunately, a common sequela of either procedure is persistent 

post-surgical pain,11 defined as pain that persists for longer than 3 months. In fact, this pain 

may persist for several years5,20 and has detrimental effects on patients’ functional status 

and quality of life.4,28

Considerable inter-individual variability exists in the experience of persistent pain after 

breast cancer surgery and prevalence estimates vary widely between 25% and 60%.11 Most 

of the studies that evaluated persistent pain were retrospective and used a dichotomous pain 

outcome, with varying definitions of persistent “post-mastectomy” pain.2 However, a 

detailed phenotypic characterization of this pain, including changes in sensitivity; pain 

qualities; as well as its impact on daily functioning, muscle strength, and shoulder mobility, 

is lacking.

Recently, in a large prospective study (n=398), we evaluated the prevalence and severity of 

breast symptoms following breast cancer surgery. In order to account for inter-individual 

variability and better characterize persistent pain phenotypes, we used growth mixture 

modeling (GMM) to identify subgroups (i.e., latent classes) of women with distinct 

trajectories of breast pain over six months following surgery.21 In addition to women who 

reported no pain at all six monthly assessments (32% No Pain), three latent classes with 

distinct breast pain trajectories were identified: 43% with Mild Pain, 13% with Moderate 

Pain, and 12% with Severe Pain.21

The use of GMM allows for the identification of patient subgroups, as well as the 

identification of potential risk factors for persistent pain. We identified a number of 

demographic, pre-, intra-, and postoperative characteristics that differed among the four 

GMM pain classes.21 However, this analysis did not include an evaluation of differences in 

demographic and clinical characteristics among only the three pain classes. In addition, a 

detailed description of the persistent pain experience and how pain-related characteristics 

(e.g., pain qualities, pain interference) changed over time within and among the persistent 

pain classes were not evaluated. A clearer understanding of how these persistent pain classes 

differ might inform our understanding of the mechanisms that underlie the development of 

persistent breast pain, as well as guide the development of tailored interventions and 

ongoing assessments of physical functioning in these patients.

Therefore, the purposes of this study were to: identify demographic and clinical 

characteristics that differed among the three breast pain classes (i.e., Mild, Moderate, 

Severe) and determine how changes over time, in sensitivity in the breast scar area, in 
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ratings of pain qualities and pain interference, as well as in hand and arm functions (i.e., grip 

strength, shoulder mobility) differed among the three persistent breast pain classes.

MATERIALS AND METHODS

Patients and Settings

The methods are described in detail elsewhere.21 In this paper, the methods are abbreviated 

and focus on specific measures and procedures used in this analysis. This prospective, 

longitudinal study is part of a larger study that evaluated neuropathic pain and lymphedema 

in women undergoing breast cancer surgery.19,21,22 Patients were recruited from seven 

breast care centers including a Comprehensive Cancer Center, two public hospitals, and four 

community practices.

Women were eligible to participate if they: were ≥18 years; were scheduled to undergo 

unilateral breast cancer surgery; were able to read, write, and understand English; agreed to 

participate; and gave written informed consent. Patients were excluded if they were having 

breast cancer surgery on both breasts and/or had distant metastasis.

A total of 516 patients met these criteria and were approached to participate, 410 were 

enrolled (response rate 80%), and 398 completed the study. Common reasons for refusal 

were: too busy, overwhelmed with the cancer diagnosis, or insufficient time available to do 

the baseline assessment prior to surgery.

Subjective Measures

The demographic questionnaire obtained information on age, marital status, education, 

ethnicity, employment status, living situation, and financial status. Patients completed the 

Karnofsky Performance Status (KPS) scale, which is widely used to evaluate functional 

status in patients with cancer and has well established validity and reliability.15,16 Patients 

rated their functional status using the KPS scale that ranged from 30 (I feel severely disabled 

and need to be hospitalized) to 100 (I feel normal; I have no complaints or symptoms).

The Self-Administered Comorbidity Questionnaire (SCQ) is a short and easily understood 

instrument that was developed to measure comorbidity in clinical and health service 

research settings.31 The questionnaire consists of 13 common medical conditions. Patients 

were asked to indicate if they had the condition; if they received treatment for it; and 

whether the condition limited their activities. The SCQ has well-established validity and 

reliability and has been used in studies of patients with a variety of chronic conditions.3,31

Breast pain was evaluated using the Breast Symptoms Questionnaire (BSQ). The BSQ 

consists of 2 parts. Part 1 obtained information on the occurrence of pain and the occurrence 

of other symptoms in the breast scar area (i.e., swelling, numbness, strange sensations, 

hardness). These additional symptoms were identified in studies by Tasmuth and 

colleagues.38,39 In Part 2, patients were asked to rate the intensity of their average and worst 

pain, in the past week, using a numeric rating scale (NRS) that ranged from 0 (no pain) to 10 

(worst imaginable pain). The NRS is a valid and reliable measure of pain intensity.12
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In addition, patients rated the level of interference caused by breast pain with sixteen 

activities using a 0 (does not interfere) to 10 (completely interferes) NRS. This interference 

scale is an adaptation of the interference scale from the Wisconsin Brief Pain Inventory 

(BPI).7 The interference scale is a valid and reliable measure that was used to evaluate the 

extent to which a person’s pain interferes with their ability to function.6,32 In addition to the 

original eight items on the BPI interference scale (i.e., general activity, mood, walking 

ability, normal work, relations with other people, sleep, enjoyment of life, sexual activity), 

the eight additional activities that were evaluated were those assessed in studies by Tasmuth 

and colleagues (i.e., ability to sleep on the operated side, touch, ability to reach out, ability 

to carry things, ability to get up from bed, ability to do handicrafts, ability to drive a car, 

ability to write).38,39 Patients completed the BSQ prior to surgery and monthly for 6 months 

after surgery.

Postsurgical pain was evaluated using the Postsurgical Pain Questionnaire. Patients were 

asked to rate average and worst pain intensity, using a 0 to 10 NRS, in the first 24 to 48 

hours after surgery. This questionnaire was completed during the month 1 study visit.

The 20-item Pain Qualities Assessment Scale (PQAS)13,40 is an adaptation of the 

Neuropathic Pain Scale developed by Galer and Jensen.10 Sixteen items evaluate the 

magnitude of the different pain quality descriptors (e.g., sharp, hot, aching, cold) measured 

with NRSs. Four items evaluate global and spatial qualities of pain. Three subscale scores 

were calculated (i.e., paroxysmal pain [shooting, sharp, electric, hot, radiating], surface pain 

[itchy, cold, numb, sensitive, tingling], deep pain [aching, heavy, dull, cramping, throbbing, 

tender]).40 The PQAS has well-established validity and reliability.13,40

Objective Measures

Sensitivity in the breast scar area was tested at 4 to 8 sites around the length of the scar, 

using a 5.07 gram monofilament and compared to the corresponding area on the unaffected 

side. For each site tested, the patient reported whether it was “much less sensitive than the 

opposite side,” “same as the opposite side,” or “much more sensitive than the opposite side.” 

The percentage of the total number of sites on the affected side classified as “much less,” 

“same,” and “much more” were calculated.

Grip strength in kilograms (kg), in both hands, was measured using a Jamar hydraulic hand 

dynamometer (Patterson Medical, Bolingbrook, IL). This measure was used to evaluate for 

changes in muscle strength in women following breast cancer surgery39 and other forms of 

breast cancer treatment.27 The measurement was performed with women in a standing 

position with the arm held in a comfortable position according to the procedures described 

by Spijkerman and colleagues.33 Grip strength was measured 3 times in each hand. If a 

variance of more than 20% occurred among the 3 readings on a hand, the test was repeated. 

The 3 readings from each hand were averaged.

Shoulder mobility was assessed using goniometric measurements of range of motion 

(ROM). While the patient was lying supine, ROM was measured, in degrees, twice on each 

side in 4 positions (i.e., flexion, abduction, internal rotation, external rotation). For each 

position, the two measurements were averaged.
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Study Procedures

The study was approved by the Committee on Human Research at the University of 

California, San Francisco and by the Institutional Review Boards at each of the study sites. 

During the patient’s preoperative visit, a clinician explained the study to the patient and 

determined her willingness to participate. For those women who were willing to participate, 

the clinician introduced the patient to the research nurse. The research nurse met with the 

women, determined eligibility, and obtained written informed consent prior to surgery. After 

obtaining written informed consent, patients completed the enrollment questionnaires 

(Assessment 0). Following the completion of these questionnaires, the research nurse 

performed the following objective measures: height, weight, grip strength, and shoulder 

mobility.

The research nurse met with the patient either in their home or in the Clinical Research 

Center at 1, 2, 3, 4, 5, and 6 months after surgery. During each of the study visits, the 

women completed the study questionnaires, provided information on new and ongoing 

treatments, and had the objective measures done by the research nurse. Over the course of 

the study, patients’ medical records were reviewed for disease and treatment information. 

Inter-rater reliability among the research nurses, for each of the objective measures, was 

evaluated every 6 months and exceeded 0.80.

Characterization of the persistent breast pain classes

A description of the GMM analysis that was used to characterize the persistent breast pain 

classes was reported previously.21 In brief, at each assessment, patients were asked, “Are 

you experiencing pain in your affected breast?”. If the patient reported pain, she was asked 

to rate her worst breast pain in the previous week using a 0 (no pain) to 10 (worst pain) 

NRS. Prior to conducting the GMM analysis, patients who reported no pain in their affected 

breast for all seven assessments (i.e., prior to surgery and 1, 2, 3, 4, 5, and 6 months) were 

identified (n=126; 32%) and were not included in the GMM analysis. For the remaining 272 

women, six ratings of worst breast pain (i.e., prior to surgery, and 2, 3, 4, 5, and 6 months) 

were used in the GMM analysis to assign each patient into a latent class. Pain ratings 

obtained at the 1-month assessment were excluded from the model because of the high 

prevalence of pain and reduced variability in pain ratings. The GMM analysis was done 

using Mplus 6.1.24 Because patients in the No Pain class did not complete the remaining 

pain measures (i.e., BPI, PQAS), their data could not be modeled. Therefore, only data from 

the three breast pain classes (i.e., Mild, Moderate, Severe) were evaluated in this study.

Statistical Analyses

Data were analyzed using SPSS version 21. Descriptive statistics and frequency 

distributions were calculated for patients’ demographic and clinical characteristics. One-way 

analyses of variance, Kruskal-Wallis or Chi-square tests with Bonferroni corrected post hoc 

comparisons were performed to evaluate for differences in demographic and clinical 

characteristics among the three breast pain classes.

Linear mixed effects models fit by restricted maximum likelihood estimation (REML) were 

evaluated to determine if any differences existed over time among the breast pain classes in: 
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sensitivity in the breast scar area (i.e., percentage of sites in the breast scar area that were 

more, the same, or less sensitive than the unaffected breast); PQAS subscale scores (i.e., 

Paroxysmal, Surface,, Deep); individual pain interference items; grip strength; and shoulder 

mobility (i.e., abduction, flexion, internal rotation, external rotation). The tests of Group x 

Time interactions determined whether changes over time in any of these outcomes were 

significantly different among the breast pain classes. In addition, group effects (differences 

among the classes) and time effects (changes over time across the classes) were evaluated 

for significance using mixed-model tests of main effects. Post hoc pairwise comparisons 

with Bonferroni correction were used to identify differences among the classes. Time effects 

were described based on an evaluation of estimated marginal means and respective plots, 

and supplemented with post hoc pairwise comparisons between the monthly timepoints.

As was done with the GMM analysis of persistent breast pain,21 data from the postsurgical 

assessment (i.e., Month 1) were excluded from the linear mixed effects models. The linear 

mixed effects model approach does not require that each patient have complete data at all six 

assessments. It allows patients to contribute as many assessment measurements as they 

completed. For the evaluation of differences among the classes in demographic and clinical 

characteristics, all calculations used actual values. Adjustments were not made for missing 

data. Therefore, the cohort for each of these analyses was dependent on the largest set of 

complete data across groups. A P-value of <0.05 was considered statistically significant.

RESULTS

Differences in Demographic and Clinical Characteristics among the Breast Pain Classes

A comprehensive description of differences in demographic and clinical characteristics 

among all four latent classes is provided elsewhere.21 Differences in select demographic and 

clinical characteristics among the three breast pain classes are listed in Table 1. Significant 

differences were found in years of education, Karnofsky Performance Status (KPS) and 

comorbidity scores, body mass index (BMI), annual household income, and occurrence of 

high blood pressure and rheumatoid arthritis. Post hoc pairwise comparisons revealed that 

women in the Severe Pain class had significantly fewer years of education than women in 

the Mild and Moderate Pain classes. Women in the Moderate and Severe Pain classes had 

significantly lower KPS scores than women in the Mild Pain class. Women in the Severe 

Pain class had significantly higher comorbidity scores, higher BMI, and lower annual 

household incomes than those in the Mild Pain class. A higher proportion of women in the 

Moderate Pain class had radiation therapy during the six months of the study compared to 

the other pain classes. Finally, a higher proportion of women in the Severe Pain class had 

high blood pressure and rheumatoid arthritis than women in the Mild Pain class.

Differences in Preoperative Breast Symptoms and Postoperative Pain among the Breast 
Pain Classes

The pain classes differed with respect to preoperative breast symptoms and postoperative 

pain intensity ratings. As shown in Figure 1A, a significantly larger proportion of women in 

the Severe Pain class, compared to the Mild Pain class, reported swelling and numbness in 

the breast prior to surgery. As shown in Figure 1B, women in the Severe Pain class reported 
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significantly higher average and worst postoperative pain intensity scores than women in the 

Mild and Moderate Pain classes. Women in the Moderate Pain class reported higher worst 

pain intensity scores than women in the Mild Pain class.

Changes over Time in Sensitivity in the Breast Scar Area among the Breast Pain Classes

Figure 2 illustrates changes over time, among the breast pain classes, in the percentage of 

breast scar sites that were reported as less, the same, or more sensitive than the unaffected 

breast. Across the three breast pain classes, a higher percentage of sites on the affected side 

were reported to be much less sensitive than on the unaffected side (between 60% and 80% 

of sites). Fewer than 10% of the breast scar sites were more sensitive than on the unaffected 

side.

In terms of differences among the breast pain classes, in sensitivity in the breast scar area, 

no significant group or interaction effects were observed. However, a significant main effect 

of time was found for the percentage of sites classified as less sensitive (P = .02) and the 

“same” (P = .001) as the unaffected breast. As depicted in Figure 2, regardless of pain class, 

the percentage of breast scar sites classified as less sensitive showed a decrease over time, 

whereas the percentage of breast scar sites classified as the “same” increased over time. For 

the percentage of breast scar sites classified as more sensitive, no main effect of time was 

found.

Changes over Time in Pain Qualities among the Breast Pain Classes

Figure 3 illustrates changes over time among the breast pain classes in the PQAS 

Paroxysmal, Surface, and Deep subscale scores. Significant group effects were found for all 

of the PQAS subscale scores (all P < .001). Post hoc pairwise comparisons with Bonferroni 

correction revealed that for all subscales, women in the Severe Pain class had higher scores 

than women in the Mild and Moderate Pain classes, and women in the Moderate Pain class 

had higher scores than women in the Mild pain class (i.e., Mild < Moderate < Severe; all P 

< .01). In addition, a significant time effect was found for the Surface subscale (P < .001). 

As depicted in Figure 3B, on average, Surface pain qualities showed a quadratic pattern, 

such that scores increased from Month 0 to Month 2, plateaued, and decreased slightly by 

Month 6. No significant Group x Time interactions were found for any of the PQAS 

subscales.

Changes over Time in Pain Interference among the Breast Pain Classes

Figure 4 illustrates changes over time among the breast pain classes in pain interference 

scores. Each of the panels displays an exemplar plot for the pain interference items that 

demonstrated: only a group effect (A); a group effect and a time effect (B); a group effect 

and a Group x Time interaction (C); and a group effect, a time effect, and a Group x Time 

interaction (D).

Pain interference items that demonstrated only a group effect (A) included sleep on the 

affected side, sleep (general), ability to touch the affected site, and normal work (all P < .

001). Post hoc pairwise comparisons with Bonferroni correction revealed that women in the 

Severe Pain class reported higher interference scores than women in the Mild and Moderate 
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Pain classes. Women in the Moderate Pain class reported higher interference scores than 

women in the Mild Pain class (all pairwise comparisons P < .01).

Pain interference items that demonstrated a group (all P < .001) and a time effect (all P < .

05) (B) included enjoyment of life; walking ability; ability to carry things, do handicrafts, 

drive a car, and reach above the head; as well as general activity; relations with others; and 

the total interference score (i.e., the mean of all interference items). For all of these items, 

except ability to drive a car, group effects followed the expected pattern of Severe > 

Moderate > Mild (pairwise comparisons for all items P < .05). For ability to drive a car, 

women in the Severe Pain class had higher interference scores than women in the Mild and 

Moderate Pain classes (P < .05). In general, interference scores for these items demonstrated 

a quadratic pattern over time. Aside from enjoyment of life, walking ability, and relations 

with others, which demonstrated a slight decrease in pain interference scores over time, pain 

interference scores for the other items generally demonstrated an increase in scores from 

Month 0 to Month 2, which plateaued, then decreased slightly over time.

The two pain interference items that demonstrated both a group effect (both P < .01) and a 

Group x Time interaction (both P < .05) (C) were the ability to reach in front and sexual 

activity. For the ability to reach in front, group effects were in the expected direction (Mild 

< Moderate < Severe; all pairwise comparisons P < .05). For sexual activity, women in the 

Moderate and Severe Pain classes reported greater interference than women in the Mild Pain 

classes (P < .05). Interaction effects for both items appeared to demonstrate an increase in 

interference scores over time for the Moderate Pain, but not for the Mild or Severe Pain 

classes.

Finally, pain interference items that demonstrated a group effect (all P < .001), a time effect 

(all P < .01), and a Group x Time interaction (all P < .05) (D) included mood, the ability to 

get up from bed, and the ability to write. Group effects for mood and the ability to get up 

from bed were in the expected direction (Mild < Moderate < Severe; all pairwise 

comparisons P < .05). For the ability to write, women in the Moderate and Severe Pain 

classes reported higher interference scores than women in the Mild Pain class (P < .05). In 

terms of interaction effects, for mood, pain interference scores showed a decrease over time 

for women in the Mild and Severe Pain classes, but showed a slight increase over time for 

women in the Moderate Pain class. For the ability to get up from bed, all classes 

demonstrated a sharp increase in interference scores from month 0 to month 2. However, 

while scores for the Severe Pain class returned to preoperative levels, scores for the Mild 

and Moderate Pain classes remained higher than preoperative levels. For the ability to write, 

pain interference scores were very low across the three pain classes (i.e., < 1.5 for the Mild 

and Moderate classes), which hindered valid interpretation of this interaction effect.

Changes over Time in Grip Strength and Shoulder Mobility among the Breast Pain Classes

Figure 5 illustrates changes over time among the breast pain classes in grip strength and 

shoulder mobility (i.e., flexion, abduction, internal rotation, external rotation). For grip 

strength, only a significant group effect (P = .023) was found. Post hoc pairwise 

comparisons with Bonferroni correction revealed that women in the Severe Pain class had 

weaker grip strength than women in the Mild Pain class (P < .05). For flexion and 
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abduction, significant group (both P < .001) and time (both P < .001) effects were found. 

Women in the Moderate and Severe Pain class had decreased flexion and abduction angles 

compared to women in the Mild Pain class (both P < .05). Only a time effect was observed 

for external rotation (P = .001). As depicted in Figures 5B and 5E, both flexion and external 

rotation appeared to exhibit a quadratic pattern, such that these measures decreased from 

Month 0 to Month 2, then increased slightly from Month 2, yet remained lower than Month 

0. A significant Group x Time interaction was found for abduction (P = .029). Abduction 

appeared to improve from Month 2 to Month 6 for women in the Severe Pain class, but 

stayed relatively consistent for the Mild and Moderate Pain classes (Figure 5C). No 

significant group, time, or Group x Time effects were observed for internal rotation (Figure 

5D).

DISCUSSION

This study extends our previous work that identified subgroups of women with distinct 

breast pain trajectories following breast cancer surgery.21 In this analysis, in order to 

evaluate the impact of pain severity, differences among the Mild, Moderate, and Severe 

breast pain classes in a number of pain characteristics and functional outcomes were 

identified.

In terms of preoperative characteristics, compared to the Mild Pain class, nearly three times 

the number of women in the Severe Pain class reported presurgical swelling and numbness 

in the affected breast. These symptoms may reflect differences in the tumor 

microenvironment. For example, tumor-associated macrophages contribute to breast 

carcinogenesis37 and inflammation1 which can lead to sensory disturbances. Alternatively, 

these symptoms may reflect increased somatic awareness, which is associated with the 

development of a number of persistent pain conditions.8

Consistent with research that demonstrated an association between postoperative pain 

severity and persistent pain,35,38 women in the Severe Pain class reported higher levels of 

average and worst postoperative pain compared to women in the Mild and Moderate Pain 

classes. These findings may reflect inherent inter-individual variability in pain perception9,42 

or analgesic responses.34 In addition, these findings suggest that effective postoperative pain 

management is needed to reduce the occurrence of persistent pain.

In terms of localized changes in sensitivity in the breast scar area, no statistically significant 

differences were found among the latent classes in ratings of increased, similar, or decreased 

sensitivity. Of note, regardless of pain class membership, when compared to the unaffected 

breast, a higher percentage of breast scar sites (i.e., 60% to 80%) were perceived as much 

less sensitive than much more sensitive (i.e., <10%). Postoperative sensory loss17 and 

descriptors such as “numb”36 were reported previously, as well as by over 50% of the 

current sample. This finding of prevalent and persistent sensory loss in the breast scar area 

might be secondary to surgical disruption of primary afferent neurons innervating the 

epithelium at the site of the scar.
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In contrast to the sensory findings, compared to the other latent classes, women in the 

Severe Pain class reported consistently higher scores on all of the PQAS subscales (i.e., 

paroxysmal, deep, surface). The increasing trend in Surface scores from prior to surgery to 2 

to 3 months after surgery may reflect changes in pain qualities in the postoperative period 

while healing occurs. Otherwise, all PQAS subscale scores are relatively stable over time.

Persistent pain following breast cancer surgery is described predominantly as a neuropathic 

pain condition.14 However, other mechanisms, including a persistent inflammatory 

response,41 may contribute to this persistent pain condition. In addition, awareness of the 

complexity of this persistent pain problem is increasing.2 Interestingly, the pattern of PQAS 

subscale scores for the Severe Pain class are more consistent with scores reported by 

patients with non-neuropathic pain conditions.40 For example, patients with low back pain 

and osteoarthritis (non-neuropathic pain) reported similar severity scores for the Paroxysmal 

and Deep subscales, but lower scores for the Surface subscale.40 Taken together, the 

findings from the sensory examination (i.e., majority of sites less sensitive regardless of pain 

class) and the self-report measure of pain qualities (i.e., differences in severity ratings 

among the pain classes and previous patterns observed in several non-neuropathic pain 

conditions) suggest that the mechanisms that underlie persistent breast pain are 

multifactorial. Certainly, the traumatic injury itself, as well as postoperative complications 

(e.g., hematomas, seromas, infections), which were extremely low in this sample,21 could 

contribute to the development of persistent pain. A more detailed evaluation of changes in 

sensations in the breast scar area in patients with persistent pain, using quantitative sensory 

testing,30 may provide insights into the complex mechanisms that underlie this persistent 

pain condition.

In general, pain interference scores differed among the latent classes in the expected 

direction (i.e., Severe > Moderate > Mild Pain). Interference scores were in the mild range 

(i.e., < 4) across all items for the Mild and Moderate Pain classes. However scores were in 

the moderate range (i.e., 4 to 7) for the Severe Pain class for: ability to touch the site; carry 

things; sleep on operative side; reach above the head; mood; enjoyment of life; and sleep 

(general). Of note, several items, primarily concerned with interference with physical 

function, showed an average increase over time (i.e., ability to carry things, do handicrafts, 

drive a car, reach above the head, reach in front, get up from bed, general activity, overall 

interference score). While this increase in pain interference may be due in part to the large 

increase in pain in the initial months after surgery, it is important to note that this increase 

persisted for six months. These findings, which are consistent with a previous report,5 

suggest the need for clinical evaluation and interventions long after the surgical incision has 

healed.

Group by time interactions were observed for five of the pain interference items (i.e., ability 

to reach in front, get up from bed, write, sexual activity, mood). With the exception of the 

ability to write, the remaining four items exhibited the same general pattern. While women 

in the Mild Pain class had low, stable scores over time, women in the Moderate Pain class 

had scores that increased slightly over time. Women in the Severe Pain class had scores that 

decreased over time. Of note, the increases observed for the Moderate Pain class are 

consistent with the trajectory of worst breast pain ratings that increased over time.21 These 
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findings may be partially explained by the higher proportion of women in the Moderate Pain 

class who underwent radiation therapy.21 In contrast, the trajectory of worst breast pain 

ratings for the Severe Pain class was stable across time.21 It is unclear why pain interference 

scores do not mirror the pain intensity trajectory. It is possible that these women underwent 

a response shift that resulted in reevaluation of interference based on changes in internal 

standards29 or that they developed strategies to better manage pain interference over time.

Group effects were less pervasive for grip strength and shoulder mobility. Women in the 

Mild Pain class had higher grip strength than women in the Severe Pain class and greater 

degrees of flexion and abduction than women in the Moderate and Severe Pain classes. 

However, degrees of internal and external rotation did not differ among the latent classes. 

Medium to large effect sizes were found for the differences in grip strength (d=0.44), flexion 

(d=0.87), and abduction (d=0.71) between the Mild and Severe Pain classes. Differences 

among the classes did not meet published standards for clinically meaningful differences in 

grip strength of 6 kg25 and flexion/abduction of 20°.18 However, these “standards” are based 

on cross-sectional studies. Persistent changes of lesser magnitude may be clinically 

meaningful. Moreover, the observed effect sizes, coupled with the significant group effects 

for several pain interference items associated with various aspects of physical function, 

suggest that clinically meaningful differences in functional status exist among the breast 

pain classes.

Grip strength and internal rotation remained stable over time, while flexion, abduction, and 

external rotation showed decreases from preoperative levels to 2 to 3 months after surgery, 

with measurements recovering slightly in the 3 months of the study. Of note, the decreases 

over time in external rotation are not clinically meaningful. The statistically significant 

reductions in flexion and abduction are driven by the differences between measurements 

taken prior to surgery and two months following surgery. However, it is important to note 

that patients did not return to preoperative levels of arm function at the six-month 

assessment. These findings correlate with the patterns of change in several of the pain 

interference items, particularly those items related to physical functioning, and emphasize 

the need for continued clinical evaluation. However, a longer evaluation period (e.g., 12 

months) may be needed to determine if full resolution of shoulder mobility occurs.26

Limitations of this study need to be acknowledged. With a larger sample size, additional 

differences and interaction effects may be identified. In addition, because this cohort of 

women was relatively homogenous (predominantly white, middle-aged women), findings 

may not generalize to other populations. Patients were asked to recall the severity of their 

postoperative pain at the Month 1 assessment. Future studies need to assess postoperative 

pain and its management prospectively. Finally, these findings are specific to persistent 

breast pain. In fact, an independent GMM analysis identified only two latent classes of 

patients with persistent pain in the ipsilateral arm/shoulder over six months following breast 

cancer surgery (i.e., 40% Mild Arm Pain, 60% Moderate Arm Pain).23 In our companion 

paper, we describe how sensations in the upper arm and axilla, pain qualities, interference, 

and hand and arm function differ between these two arm pain latent classes. In addition, we 

compare the findings for persistent arm pain to the current findings for persistent breast pain.
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In conclusion, the three persistent breast pain classes differed primarily with respect to 

severity in terms of pain qualities, interference, and hand and arm function. As such, these 

three breast pain phenotypes may be mechanistically similar, but differ only in the severity 

of the pain problem. Therefore, although higher doses of a specific intervention may be 

warranted for those patients with severe pain, differentially targeted interventions for 

patients with mild, moderate, or severe pain may not be necessary. However, a number of 

different mechanisms may play a role in the development and maintenance of persistent 

breast pain and contribute to variations in pain severity. Therefore, parallel efforts are 

underway to identify molecular markers associated with latent class membership. In 

addition, this persistent breast pain condition is associated with persistent interference with 

function, as well as decrements in shoulder mobility and sustained sensory loss, which 

suggest the need for ongoing assessments and interventions (e.g., physical therapy) beyond 

the healing of the surgical wounds.

Acknowledgments

This study was funded by grants from the National Cancer Institute (NCI; CA107091 and CA118658). Dr. Bradley 
Aouizerat was funded through the National Institutes of Health (NIH) Roadmap for Medical Research Grant (KL2 
RR624130). Dr. Christine Miaskowski is an American Cancer Society Clinical Research Professor and has a K05 
award from the NCI (CA168960). Dr. Langford is supported by a Department of Defense Breast Cancer Research 
Program Postdoctoral Fellowship. This project was supported by NIH/NCRR UCSF-CTSI Grant Number UL1 
RR024131.

References

1. Allavena P, Sica A, Solinas G, Porta C, Mantovani A. The inflammatory micro-environment in 
tumor progression: the role of tumor-associated macrophages. Crit Rev Oncol Hematolo. 2008; 
66:1–9.

2. Andersen KG, Kehlet H. Persistent pain after breast cancer treatment: a critical review of risk 
factors and strategies for prevention. J Pain. 2011; 12:725–746. [PubMed: 21435953] 

3. Brunner F, Bachmann LM, Weber U, Kessels AG, Perez RS, Marinus J, Kissling R. Complex 
regional pain syndrome 1--the Swiss cohort study. BMC Musculoskelet Disord. 2008; 9:92. 
[PubMed: 18573212] 

4. Caffo O, Amichetti M, Ferro A, Lucenti A, Valduga F, Galligioni E. Pain and quality of life after 
surgery for breast cancer. Breast Cancer Res Treat. 2003; 80:39–48. [PubMed: 12889597] 

5. Carpenter JS, Andrykowski MA, Sloan P, Cunningham L, Cordova MJ, Studts JL, McGrath PC, 
Sloan D, Kenady DE. Postmastectomy/postlumpectomy pain in breast cancer survivors. J Clin 
Epidemiol. 1998; 51:1285–1292. [PubMed: 10086821] 

6. Cleeland CS, Gonin R, Baez L, Loehrer P, Pandya KJ. Pain and treatment of pain in minority 
patients with cancer. The Eastern Cooperative Oncology Group Minority Outpatient Pain Study. 
Ann Intern Med. 1997; 127:813–816. [PubMed: 9382402] 

7. Daut RL, Cleeland CS, Flanery RC. Development of the Wisconsin Brief Pain Questionnaire to 
assess pain in cancer and other diseases. Pain. 1983; 17:197–210. [PubMed: 6646795] 

8. Diatchenko L, Fillingim RB, Smith SB, Maixner W. The phenotypic and genetic signatures of 
common musculoskeletal pain conditions. Nat Rev Rheumatol. 2013; 9:340–350. [PubMed: 
23545734] 

9. Edwards RR, Mensing G, Cahalan C, Greenbaum S, Narang S, Belfer I, Schreiber KL, Campbell C, 
Wasan AD, Jamison RN. Alteration in pain modulation in women with persistent pain after 
lumpectomy: influence of catastrophizing. J Pain Symptom Manage. 2013; 46:30–42. [PubMed: 
23102562] 

Langford et al. Page 12

J Pain. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



10. Galer BS, Jensen MP. Development and preliminary validation of a pain measure specific to 
neuropathic pain: the Neuropathic Pain Scale. Neurology. 1997; 48(2):332–338. [PubMed: 
9040716] 

11. Gartner R, Jensen MB, Nielsen J, Ewertz M, Kroman N, Kehlet H. Prevalence of and factors 
associated with persistent pain following breast cancer surgery. JAMA. 2009; 302:1985–1992. 
[PubMed: 19903919] 

12. Jensen MP. The validity and reliability of pain measures in adults with cancer. J Pain. 2003; 4:2–
21. [PubMed: 14622723] 

13. Jensen MP, Gammaitoni AR, Olaleye DO, Oleka N, Nalamachu SR, Galer BS. The pain quality 
assessment scale: assessment of pain quality in carpal tunnel syndrome. J Pain. 2006; 7:823–832. 
[PubMed: 17074624] 

14. Jung BF, Ahrendt GM, Oaklander AL, Dworkin RH. Neuropathic pain following breast cancer 
surgery: proposed classification and research update. Pain. 2003; 104:1–13. [PubMed: 12855309] 

15. Karnofsky, D. Performance Scale. New York, NY: Plenum Press; 1977. 

16. Karnofsky D, Abelmann WH, Craver LV, Burchenal JH. The use of nitrogen mustards in the 
palliative treatment of carcinoma. Cancer. 1948; 1:634–656.

17. Karydas I, Fentiman IS, Habib F, Hayward JL. Sensory changes after treatment of operable breast 
cancer. Breast Cancer Res Treat. 1986; 8:55–59. [PubMed: 3790750] 

18. Kootstra JJ, Dijkstra PU, Rietman H, de Vries J, Baas P, Geertzen JH, Hoekstra HJ, Hoekstra-
Weebers JE. A longitudinal study of shoulder and arm morbidity in breast cancer survivors 7 years 
after sentinel lymph node biopsy or axillary lymph node dissection. Breast Cancer Res Treat. 
2013; 139:125–134. [PubMed: 23588950] 

19. McCann B, Miaskowski C, Koetters T, Baggott C, West C, Levine JD, Elboim C, Abrams G, 
Hamolsky D, Dunn L, Rugo H, Dodd M, Paul SM, Neuhaus J, Cooper B, Schmidt B, Langford D, 
Cataldo J, Aouizerat BE. Associations between pro- and anti-inflammatory cytokine genes and 
breast pain in women prior to breast cancer surgery. J Pain. 2012; 13:425–437. [PubMed: 
22515947] 

20. Mejdahl MK, Andersen KG, Gartner R, Kroman N, Kehlet H. Persistent pain and sensory 
disturbances after treatment for breast cancer: six year nationwide follow-up study. BMJ. 2013; 
346:f1865. [PubMed: 23580693] 

21. Miaskowski C, Cooper B, Paul SM, West C, Langford D, Levine JD, Abrams G, Hamolsky D, 
Dunn L, Dodd M, Neuhaus J, Baggott C, Dhruva A, Schmidt B, Cataldo J, Merriman J, Aouizerat 
BE. Identification of patient subgroups and risk factors for persistent breast pain following breast 
cancer surgery. J Pain. 2012; 13:1172–1187. [PubMed: 23182226] 

22. Miaskowski C, Dodd M, Paul SM, West C, Hamolsky D, Abrams G, Cooper BA, Elboim C, 
Neuhaus J, Schmidt BL, Smoot B, Aouizerat BE. Lymphatic and angiogenic candidate genes 
predict the development of secondary lymphedema following breast cancer surgery. PLoS One. 
2013; 8:e60164. [PubMed: 23613720] 

23. Miaskowski C, Paul SM, Cooper B, West C, Levine JD, Elboim C, Hamolsky D, Abrams G, Luce 
J, Dhruva A, Langford DJ, Merriman JD, Kober K, Baggott C, Aouizerat BE. Identification of 
patient subgroups and risk factors for persistent arm/shoulder pain following breast cancer surgery. 
Eur J Oncol Nurs. 2014; 18:242–253. [PubMed: 24485012] 

24. Muthen, L.; Muthen, B. Mplus User’s Guide. Los Angeles, CA: Muthen & Muthen; 2010. 

25. Nitschke JE, McMeeken JM, Burry HC, Matyas TA. When is a change a genuine change? A 
clinically meaningful interpretation of grip strength measurements in healthy and disabled women. 
J Hand Ther. 1999; 12:25–30. [PubMed: 10192632] 

26. Ozcinar B, Ozmen V, Guler SA, Gulluoglu BM, Kocaman N, Ozkan M, Muslumanoglu M, Igci A, 
Kecer M, Dagoglu T. Complications of local/regional treatment of breast cancer and quality of 
life. J Clin Oncol. 2009; 27:e11597.

27. Ribom EL, Piehl-Aulin K, Ljunghall S, Ljunggren O, Naessen T. Six months of hormone 
replacement therapy does not influence muscle strength in postmenopausal women. Maturitas. 
2002; 42:225–231. [PubMed: 12161047] 

Langford et al. Page 13

J Pain. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



28. Rietman JS, Dijkstra PU, Hoekstra HJ, Eisma WH, Szabo BG, Groothoff JW, Geertzen JH. Late 
morbidity after treatment of breast cancer in relation to daily activities and quality of life: A 
systematic review. Eur J Surg Oncol. 2003; 29:229–238. [PubMed: 12657232] 

29. Ring L, Hofer S, Heuston F, Harris D, O’Boyle CA. Response shift masks the treatment impact on 
patient reported outcomes (PROs): the example of individual quality of life in edentulous patients. 
Health Qual Life Outcomes. 2005; 3:55. [PubMed: 16146573] 

30. Rolke R, Magerl W, Campbell KA, Schalber C, Caspari S, Birklein F, Treede RD. Quantitative 
sensory testing: a comprehensive protocol for clinical trials. Eur J Pain. 2006; 10:77–88. [PubMed: 
16291301] 

31. Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The Self-Administered Comorbidity 
Questionnaire: a new method to assess comorbidity for clinical and health services research. 
Arthritis Rheum. 2003; 49:156–163. [PubMed: 12687505] 

32. Serlin RC, Mendoza TR, Nakamura Y, Edwards KR, Cleeland CS. When is cancer pain mild, 
moderate or severe? Grading pain severity by its interference with function. Pain. 1995; 61:277–
284. [PubMed: 7659438] 

33. Spijkerman DC, Snijders CJ, Stijnen T, Lankhorst GJ. Standardization of grip strength 
measurements. Effects on repeatability and peak force. Scand J Rehabil Med. 1991; 23:203–206. 
[PubMed: 1785029] 

34. Stamer UM, Stuber F. The pharmacogenetics of analgesia. Expert Opin Pharmacother. 2007; 
8:2235–2245. [PubMed: 17927480] 

35. Steegers MA, Wolters B, Evers AW, Strobbe L, Wilder-Smith OH. Effect of axillary lymph node 
dissection on prevalence and intensity of chronic and phantom pain after breast cancer surgery. J 
Pain. 2008; 9:813–822. [PubMed: 18585963] 

36. Stevens PE, Dibble SL, Miaskowski C. Prevalence, characteristics, and impact of postmastectomy 
pain syndrome: an investigation of women’s experiences. Pain. 1995; 61:61–68. [PubMed: 
7644250] 

37. Tang X. Tumor-associated macrophages as potential diagnostic and prognostic biomarkers in 
breast cancer. Cancer Lett. 2013; 332:3–10. [PubMed: 23348699] 

38. Tasmuth T, von Smitten K, Hietanen P, Kataja M, Kalso E. Pain and other symptoms after 
different treatment modalities of breast cancer. Ann Oncol. 1995; 6:453–459. [PubMed: 7669710] 

39. Tasmuth T, von Smitten K, Kalso E. Pain and other symptoms during the first year after radical 
and conservative surgery for breast cancer. Br J Cancer. 1996; 74:2024–2031. [PubMed: 8980408] 

40. Victor TW, Jensen MP, Gammaitoni AR, Gould EM, White RE, Galer BS. The dimensions of pain 
quality: factor analysis of the Pain Quality Assessment Scale. Clin J Pain. 2008; 24:550–555. 
[PubMed: 18574365] 

41. Werner MU, Bischoff JM. Persistent Postsurgical Pain: Evidence from Breast Cancer Surgery, 
Groin Hernia Repair, and Lung Cancer Surgery. Curr Top Behav Neurosci. 2014

42. Werner MU, Mjobo HN, Nielsen PR, Rudin A. Prediction of postoperative pain: a systematic 
review of predictive experimental pain studies. Anesthesiology. 2010; 112:1494–1502. [PubMed: 
20460988] 

Langford et al. Page 14

J Pain. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Perspective

Subgroups of women with persistent postsurgical breast pain differed primarily with 

respect to the severity rather than the nature or underlying mechanisms of breast pain. 

Pervasive sensory loss and the association between persistent breast pain and sustained 

interference with function suggest the need for long term clinical follow-up.
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Figure 1. 
(A) Percentage of women in each of the latent classes who reported swelling or numbness in 

the breast prior to surgery. (B) Average and worst postoperative pain ratings (on 11-point 

numeric rating scale) for 24 to 48 hours following breast cancer surgery for each of the pain 

classes. Values are plotted as means and standard deviations. Note: P < .001 for the 

difference in worst postoperative pain ratings between Mild and Severe Breast Pain classes. 

*P < .05; **P < .01; ***P < .001

Langford et al. Page 16

J Pain. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. 
Plots of the estimated marginal means over time among the breast pain classes for the mixed 

effects model for the percentage of breast scar sites reported as less sensitive (green), the 

same (blue), and more sensitive (red) than the unaffected breast. Statistically significant 

findings: Percentage less sensitive – time effect: P = .02; Percentage the same – time effect: 

P = .001.
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Figure 3. 
Plots of the estimated marginal means over time among the breast pain classes for the mixed 

effects models for the Pain Qualities Assessment Scale (PQAS) Paroxysmal (A); Surface 

(B); and Deep (C) subscale scores among the pain classes. Statistically significant findings: 

Paroxysmal group effect: P < .001; Surface group effect: P < .001 and time effect: P < .001; 

and Deep group effect: P < .001.
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Figure 4. 
Plots of the estimated marginal means over time among the breast pain classes for the mixed 

effects models for pain interference scores. For each pattern of effects, an exemplar plot is 

displayed. Inset italicized items denote items with the same pattern of effects as the 

exemplar. Panels display items with statistically significant: group effects only (A); group 

and time effects (B); group and Group x Time interaction effects (C); and group, time, and 

Group x Time interaction effects (D).
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Figure 5. 
Plots of the estimated marginal means over time among the pain classes for the mixed 

effects model for grip strength (A), flexion (B), abduction (C), internal rotation (D), and 

external rotation (E). Statistically significant findings: Grip strength - group effect: P = .02; 

Flexion - group effect: P < .001; time effect: P < .001; Abduction - group effect: P < .001; 

time effect: P < .001; Group x Time interaction: P = .03; External rotation - time effect: P 

= .001.
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