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ABSTRACT

RASMUSSEN, G. H. F., M. KRISTIANSEN, M. ARROYO-MORALES, M. VOIGT, and P. MADELEINE. The Analgesic Effect of Re-
sistance Training after Breast Cancer (ANTRAC): A Randomized Controlled Trial. Med. Sci. Sports Exerc., Vol. 55, No. 2, pp. 167-176,
2023. Objective: The objective of this blinded parallel-arm randomized controlled trial was to investigate the effect of resistance training
(RT) on pain, maximal strength, and shoulder function in breast cancer survivors (BCS) with persistent pain after treatment. Methods: Twenty
BCS with self-reported pain >1.5 yr after treatment were randomized to an experimental group (EXP, n = 10), who performed a supervised progres-
sive total body heavy RT program 2 times per week for 12 wk, or a control group (CON, n = 10), who was instructed to continue their everyday life.
Perceived pain intensity, pressure pain threshold (PPT) levels, one-repetition maximum (1RM), and active range of motion were collected pre- and
postintervention and at 3 months follow-up. Results: There was a significant 11% decrease in peak pain intensity (P < 0.05) for both groups, a sig-
nificant 48% increase in 1RM (P < 0.05), and a significant 35% increase in PPT levels (P < 0.001) for EXP, but not for CON. For EXP, maximal
strength at follow-up was still significantly greater than at preintervention (P < 0.05), whereas PPT levels had reverted to baseline levels. There
was no change in active range of motion (P < 0.05) and no change in arm circumference (P < 0.05). Conclusions: RT had a significant effect
on 1RM and PPT of BCS with persistent pain after treatment, demonstrating both a functional and analgesic effect of progressive RT in
this population. Strength was largely maintained after detraining, whereas PPT levels were not, indicating that the process of RT rather
than the gain in strength may be associated with analgesia. Key Words: HYPOALGESIA, PAIN SENSITIVITY, BREAST CANCER

SURVIVORS, STRENGTH TRAINING, SHOULDER FUNCTION, PRECISION EXERCISE MEDICINE

ersistent pain after breast cancer treatment is a consider-

able problem, with more than one third of breast cancer

survivors (BCS) reporting pain up to 7 yr after the ini-
tial treatment (1). The pain is commonly reported in and
around the surgical area at both the ventral and dorsal side,
possibly because of damage to the peripheral nerves from
the surgical incisions and/or adjuvant therapy (2), causing con-
siderable physical and psychological distress to the patients
(3). Pain after breast cancer treatment is also associated with
mechanical hyperalgesia (i.e., mechanical pain hypersensitivity)
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(2) and is a primary cause of upper limb impairments (4). These
impairments are reflected in loss of shoulder strength and shoul-
der range of motion (ROM) (5), which thereby limits perfor-
mance in activities of daily living (6). Collectively, these issues
have a profound negative effect on quality of life and long-term
survival in BCS (7,8), and hence, there is a need for novel and
effective strategies to reduce pain and improve physical func-
tion after treatment for breast cancer.

Progressive resistance training (RT) has previously been
shown to improve muscular strength, physical function, and
quality of life in BCS (9,10), and research suggests that pro-
gressive RT may effectively improve ROM (11). However,
as highlighted by Campbell et al. (12), few exercise trials
on cancer survivors have included pain as a primary out-
come, and little is known about the effects of exposure to pro-
gressive RT on BCS experiencing persistent pain. At the time
of this writing (August 2022), only two randomized con-
trolled trials (RCT) have specifically tested the effect of pro-
gressive RT on persistent pain postoperatively (13,14) with
modest effects on pain. Specifically, Cormie et al. (13) re-
ported no significant pain-relieving effect after supervised
RT intervention. By contrast, the results of Ammitzbel et al.
(14) did indicate a favorable effect of a semisupervised RT
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intervention on perceived pain, although most differences were
not statistically significant.

Consequently, our current knowledge of the potential
pain-relieving benefits of progressive RT in BCS experiencing
persistent pain is still lacking. Furthermore, a growing body of
evidence demonstrates a substantial inter individual variability
in the response to a standard dose of exercise, highlighting the
importance of individualized exercise prescription (i.e., preci-
sion exercise medicine) (15). Although previous interventions
did standardize load progression to accommodate individual
rates of adaptation, no other means of individualization (i.e.,
within or between session training adjustments) were used to
adjust and personalize the RT stimuli more appropriately.
Therefore, the purpose of the present RCT, named Analgesic
Effect of Resistance Training after Breast Cancer (ANTRAC),
was to investigate the effects of progressive individualized RT
on measures of pain and shoulder function in BCS experienc-
ing persistent pain. We investigated the clinically meaningful
effect of progressive RT on perceived pain intensity (PI), me-
chanical pain sensitivity, active ROM, and muscular strength
delineating an analgesic effect.

METHODS
Participants

Participants were recruited by means of a recruitment letter
forwarded to BCS appearing in the national database managed
by the Danish Breast Cancer Corporate Group through the of-
ficial Danish e-mail service named e-Boks. Participants were re-
cruited sequentially and prescreened for participation with the
Physical Activity Readiness Questionnaire. Assuming an alpha
level of 0.05, a beta level of 0.20, and a moderate effect size of
0.25, the minimum required sample size to detect a significant
difference in pressure pain threshold (PPT) levels was deter-
mined to be 28. To account for a potential dropout of 20%, 34
participants were invited to participate in the study. See Rasmus-
sen and colleagues (16,17) for inclusion and exclusion criteria.

By means of a computer-generated list stratified by age,
peak pain, and maximum upper body strength, defined as
one-repetition maximum (1RM) in bench press, participants
were randomly assigned to an experimental group (EXP) or
a control group (CON). The random allocation sequence was
generated by a third-party researcher not involved in recruit-
ment, data collection, or statistical analysis. Assessors and re-
searchers were blinded to the group allocation. Because of the
nature of the intervention, participants could not be blinded
but were strongly inculcated not to disclose their allocation
status at the follow-up assessments. Baseline characteristics
of EXP (n = 10) and CON (n = 10) are shown in Table 1.

Study Design

The ANTRAC study was a single-blinded parallel-arm RCT
to investigate the effects of RT on pain and function. The study
complies with the CONSORT guidelines for RCT reporting
and incorporates the TIDieR and CONSERVE extensions for

TABLE 1. Sociodemographic, surgical, and medical profile of the clinical population.
Characteristic EXP CON

Age, mean (95% Cl), yr 58.9 (52.1-65.7) 60.5 (56.3-64.7)
Height, mean (95% Cl), cm 165.8 (160.6-171.1) 168.4 (164.9-171.8)
Living arrangement, 11 (%)

Living with a partner 8 (80) 8 (80)
Education, n (%)
Short 0(0) 2 (20)
Medium 9 (90) 7(30)
Long 1(10) 1(10)
Employment, n (%)
Full time 4 (40) 3(30)
Part time 3(30) 5(50)
Retired 3(30) 2(20
Time since treatment, mean (95% Cl), 80.1 (55.6-104.6)  64.9 (44.1-85.7)
months
Pain duration, mean (95% CI), months  74.3 (49.6-99.0) 64.3 (42.9-85.7)
Pain since treatment, n (%) 8 (80) 9 (90)

Body mass index, mean (95% Cl), kgm? 256 (22.1-29.1)
Body mass index, n (%)

26.7 (23.3-30.1)

<25 kg-m2 6 (60) 5 (50)

>25-<30 kg-m2 (30) 3 (30)

>30 kg-m2 1(10) 2 (20)
Menopausal status, n (%)

Post 10 (100) 9 (90)
Smoking, n (%)

Former smoker 5 (50) 6 (60)

Never smoker 5 (50) 4 (40)
Alcohol consumption

No. units per week, mean (95% ClI) 5.6 (2.5-8.7) 4.3(0.8-7.8)
Histological stage of malignancy, n (%)

| 3(30) 4 (40)

Il 3(30) 4 (40)

1] 4 (40) 2 (20)
Tumor diameter, mean (95% Cl), mm 21.2 (6.5-35.9) 20.1 (12.6-27.6)
Surgical protocol, 1 (%)

Breast conserving surgery 7(70) 8 (80)

Mastectomy 3 (30) 2 (20)
Lymph node protocol, 11 (%)

Sentinel lymph node biopsy 7(70) 7(70)

Axillary dissection 2 (20) 0(0)

Both 1(10) 3(30)
No. of lymph nodes dissected, mean 49 (1.6-8.2) 55(1.7-93)

(95% Cl)
Dominant limb affected, n (%) 5 (50) 4 (40)
Adjuvant treatment, n (%)

Chemotherapy only 0(0) 0(0)

Radiotherapy only 3(30) 2 (20)

Both 7 (70) 8 (80)
Endocrine therapy, n (%)

Yes 6 (60) 8 (80)

No 3(30) 0(0)

Ceased 1(10) 2 (20)
Receptor status, 1 (%)

Estrogen positive 7(70) 10 (10)

HER2 positive 3(30) 1(10)

HER2, human epidermal growth factor receptor 2.

intervention description and trial modifications, respectively
(see Supplemental Digital Content 1, CONSORT checklist,
http:/links.lww.com/MSS/C708; Supplemental Digital Con-
tent 2, CONSERVE checklist, http://links.lww.com/MSS/
C709; and Supplemental Digital Content 3, TIDieR checklist,
http:/links.lww.com/MSS/C710). Participants randomized to
EXP completed a 12-wk supervised progressive RT program,
with two supervised sessions per week. Participants random-
ized to CON were advised not to change habitual activity
levels but received no specific instructions regarding physical
activity or access to equipment during the intervention period.
Both groups continued to receive their medical care as per
usual throughout the study period and were instructed to avoid
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consumption of alcohol, caffeine, nicotine, or analgesics in the
last 24 h before the experimental sessions.

All outcome measures were collected at a familiarization,
PRE, POST, and FOLLOW-UP session. Familiarization and
PRE sessions were respectively conducted 2 and 1 wk before
the intervention, whereas POST and FOLLOW-UP were con-
ducted 1 and 12 wk after (Fig. 1). All testing and exercise train-
ing took place at the Sport Sciences—Performance and Technol-
ogy laboratories (Aalborg University), between August 2020
and March 2021 in agreement with the national COVID-19 re-
strictions at the time, using calibrated weight discs and barbells
(Rogue Fitness, Columbus, OH), competition combo racks (ER
Equipment, Albertslund, Denmark), a prone row bench (Thor
Fitness, Finnerddja, Sweden), and a vertical pulldown (FASSI,
Remanzacco, Italy). The study protocol was approved by the local
Ethics Committee (N-20180090), registered at ClinicalTrials.gov
(NCTO04509284), and conducted according to the Declaration
of Helsinki. After a detailed written and verbal explanation of
the experimental benefits and risks, the participants gave their
written informed consent before participating in the study.

Intervention

The ANTRAC program was separated into three distinct
phases: 1) 2—4 sets of 10—12 repetitions, 2) 2—4 sets of 68 rep-
etitions, and 3) 24 sets of 2—4 repetitions (Fig. 2A). Each
phase lasted 4 wk, creating a progressive decrease in number

of repetitions to accommodate load progression. Load and
number of sets were individually adjusted within and between
sessions. A 3- to 5-min rest period was provided between sets
across all phases. Initial loads were set to 60% of 1RM, and all
further sets were adjusted according to individual performance
to provide precision exercise medicine (15). For within ses-
sions, load was increased by 1-10 kg when an individual
was able to complete the maximum number of repetitions pre-
scribed and decreased by 1-10 kg when an individual failed to
complete the minimum number of prescribed repetitions. For
between sessions, load was increased by 1-10 kg when an in-
dividual was able to complete the maximum number of pre-
scribed repetitions in the final set of the previous session and
otherwise maintained. Total number of sets was adjusted in ac-
cordance with the perceived readiness of an individual. Indi-
viduals with low level of perceived readiness (i.e., low mental
readiness to exertion [MRE] or physical readiness to exertion
[PRE], see outcome measures section, score <5) were only re-
quired to complete the minimum number of prescribed sets,
whereas individuals with high level of readiness (i.e., MRE
or PRE score >6) were encouraged to complete the maximum
number of prescribed sets. In agreement with Smith et al. (18),
movement-evoked pain (MEP) was not discouraged, and ad-
justments were made only in case the participants perceived
it as too severe to continue as planned.

Each session began with a general warm-up, consisting of
5 min of aerobic activity and stretching for the primary muscles

Assessed for eligibility (n= 2865)

Enrollment

A

4

Excluded (n= 2836)

- Did not respond (n =2383)

- Declined to participate (n=233)

- Did not meet inclusion criteria (n = 166)
- Other (n =40)

Included for assessment (n = 34)

—

Baseline

Drop out (n =14)

- Changed their minds due to COVID (n =7)
- Lost contact (n = 3)

- Cancer recurrence (n=1)

- Injury (n =3)

Randomization

L

’ Allocation J

Allocated to intervention (EXP, n = 10)

- Received allocated intervention (n = 10)

L

Follow-Up J

Allocated to intervention (CON, n = 10)

- Received allocated intervention (n = 10)

Lost to follow-up (EXP, n=1)

- lliness (n= 1)

Analysis

Lost to follow-up (CON, n=3)

- lllness (n=1)
- Injury unrelated to the study (n =2)

Completed follow up (EXP, n=9)

- Analysed through intention to treat (n = 1)

Completed follow up (CON, n =7)

- Analysed through intention to treat (n = 3)

FIGURE 1—Enrolment, randomization, and dropout of participants allocated to the experimental group (EXP) or control group (CON). Injury or illness
was defined as a change in physical status, unrelated to the intervention that altered the outcome of the Physical Activity Readiness Questionnaire.
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FIGURE 2—The ANTRAC trial design (A) consisting of 3-month training divided into 4-wk phases preceded by a familiarization (FS) and a
preintervention test (PRE) and followed by a postintervention test (POST) and a 3-month follow-up test (FOLLOW-UP). Body composition, pain profile,
questionnaire, PPT, active ROM, MRE, PRE, 1RM, RPE, and MEP were collected at FS, PRE, POST and FU, respectively. Each training session (B) began
with a general warm-up (1) followed by exercise one through five (1-5) in that order. PRE and MRE were collected before the general warm-up and exer-
cises 1-5, respectively, whereas RPE and MEP were collected immediately after.

involved in the RT exercises. This was followed by five exer-
cises performed according to the ANTRAC program in system-
atic order (Fig. 2B). The training was delivered in a small-group
format with two to four participants exercising concurrently
under supervision from a certified strength and conditioning
specialist educated in the current guidelines for exercise med-
icine in cancer management (19). To monitor fidelity and ad-
herence, each session began with assessment of attendance and
potential changes in group constellation.

Outcomes Measures

Primary outcomes: changes in PPT and Pl. PPT is a
reliable measure of mechanical pain sensitivity in BCS (16).
PPT levels were measured unilaterally across 17 points of
the dorsal and ventral regions on the affected shoulder and at
a single point on the ipsilateral tibialis anterior muscle. All
PPT measurements were collected twice in systematic order
using a handheld pressure algometer (Somedic AB, Farsta,
Sweden) and a third time if the coefficient of variance was
>20% (16). The PPT maps were constructed from the mean
PPT levels of each point by applying inverse distance weighted
interpolation to the inter point distance, thereby enabling a visu-
alization of changes in spatial distribution of mechanical sensi-
tivity (20). For greater detail, see Rasmussen et al. (16,17).

PI and pain frequency during everyday living of the past
3 months was rated for the chest, shoulder, axilla, arm, and
side of body. PI was rated on an 1 1-point numeric rating scale
(NRS), where 0 corresponded to “no pain” and 10 to “worst
pain imaginable” (21). Pain frequency was rated as every day
or almost every day, 1-3 times per week or more rarely (22).

MERP intensity was rated immediately following every set of
each exercise on the same 11-point NRS.

Secondary outcomes: maximal strength, shoulder
ROM, and body composition. In agreement with the rec-
ommendations of the American College of Sports Medicine

(23), participants performed a general warm-up, followed by
a warm-up set of 810 repetitions and 3—-5 repetitions with
approximately 50% and 70% of 1RM. Participants then per-
formed a maximum of five single repetitions with an initial
load of approximately 90% of IRM and increments of
1-20 kg until a true 1RM was achieved. Incremental rest pe-
riods were provided between sets with 1-4 min between
warm-ups and 3—5 min between 1RM attempts to prevent ex-
cessive fatigue.

Active ROM was measured with a universal goniometer for
six movement directions: 1) supine shoulder flexion, 2) supine
horizontal shoulder flexion, 3) horizontal shoulder extension,
4) seated upright shoulder abduction, 5) supine internal shoul-
der rotation, and 6) supine external shoulder rotation. Gonio-
metric measurements of active ROM are reliable in BCS and
were conducted in agreement with Rasmussen et al. (16).

Body mass index (kg'm ?) was calculated from height and
body mass measured at baseline. Body fat mass, skeletal mus-
cle mass (SMM), and body fat percentage of each participant
were computed using direct segmental multifrequency bio-
electrical impedance analysis (InBody 370, Biospace, Seoul,
Korea), which is considered valid and reliable for body com-
position measures (24). In agreement with the manufacturer
guidelines, measurements were collected with similar baseline
conditions (i.e., time of day, >2 h since last meal, visit to the
bathroom before testing, etc.). Failure to keep conditions such
as bowel and bladder content similar between measurements
can influence the results as residue and/or wastes in the body
are interpreted as fat mass by the analysis.

Other outcomes: psychometrics. MRE and PRE were
rated before each exercise in every laboratory session on an
11-point NRS, where 0 corresponded to “no readiness to ex-
ertion” and 10 corresponded to “maximum readiness to exer-
tion” (25). MRE and PRE were obtained before each exercise
to account for the potential influence of readiness on 1RM
performance.
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RPE was rated immediately following every set of each ex-
ercise every laboratory session on a RT-specific 10-point NRS
based on repetitions in reserve (RIR), where RPE 10 =0 — RIR,
RPE 9=1—RIR, and so forth. This scale has been validated as
a subjective measure of intensity in both novice and experi-
enced power lifters (26).

Compliance and Adverse Events

Compliance to the intervention was measured as the per-
centage of supervised RT sessions effectively achieved by
the participants (27). Adverse events caused by RT throughout
the intervention period were reported by the participants and
registered by the trainers, and arm circumference was mea-
sured pre- and postintervention to monitor any development
of lymphedema on the affected arm.

Statistics

Sociodemographic and clinical characteristics of all partici-
pants are presented as frequencies or proportions and group
means with 95% confidence intervals (CI). A linear mixed
model (LMM) incorporating three fixed effect factors was ap-
plied to investigate the effect of RT on PPT levels using an
intention-to-treat analysis to account for missing data and/or
dropouts. PPT was used as the dependent factor with location
(dorsal, ventral, and reference) and time (PRE, POST, and
FOLLOW-UP) as within-subject factors and group (EXP/CON)
as the between-subject factor. Identical procedures were ap-
plied to the remaining outcomes. If no significant interaction
effects were found, main effects were reported. Post hoc anal-
yses were performed as univariate analyses with Bonferroni
correction for multiple comparisons. All statistical procedures
were conducted in IBM SPSS Statistics (26.0 version; IBM
Corp., Armonk, NY). A P value <0.05 was considered statis-
tically significant. Differences are expressed as mean (95% CI).
Effect size estimates are reported as Cohen’s d and interpreted
according to Cohen (28) in which >0.20—<0.50 = small,
>0.50—<0.80 = moderate, and >0.80 = large.

RESULTS

This study was affected by the COVID-19 pandemic mak-
ing recruitment particularly difficult and causing higher drop-
out rate than originally anticipated. Therefore, we were not
able to recruit as many participants as planned. Moreover,
the nationwide restrictions created significant practical chal-
lenges for the execution of the study as the training interven-
tion had to be relocated and additional measures were taken

to ensure the safety of each participant. Accordingly, training
was organized in smaller groups than originally planned, and
additional trainers were hired to account for the greater num-
ber of training groups. These modifications were approved
by the Danish Cancer Society, the head of department and
the project leader, and implemented throughout the interven-
tion period from September to November 2020.

Compliance and adverse events. The mean (95% CI)
number of scheduled sessions completed by the participants
was 89 (83%—-95%). There was no change in interarm difference
in circumference (£, 25063 = 0.267, P =0.768, d = 0.04), and
no other adverse events were reported from the intervention.

Primary outcomes. Mean PPT levels for EXP (n = 10)
and CON (n = 10) are shown in Table 2. The LMM revealed a sig-
nificant interaction between group and time (F3ep476 = 9.253,
P < 0.001, d = 0.47), and univariate analyses demonstrated
that there was a significant effect of time but only for EXP
(F2, sg.920 = 16.748, P < 0.001, d = 0.78). Specifically, PPT
levels for EXP were significantly higher at POST compared
with both PRE and FOLLOW-UP, but not at FOLLOW-UP
compared with PRE (see Table 2 for pairwise comparisons).
This is further illustrated by the alterations in spatial distribu-
tion of mechanical pain sensitivity between groups shown in
Figures 3 and 4.

Mean (95% CI) pain levels on the affected side for EXP
(n = 10) were 7.7 (6.5-8.9), 6.7 (5.1-8.3), and 5.6 (4.3-6.9)
at PRE, POST, and FOLLOW-UP, respectively. For CON
(n = 10), the corresponding values were 8.1 (6.9-9.3), 7.1
(5.4-8.9), and 7.4 (5.9-8.9). The LMM revealed an overall
main effect of time (F3, 27817 = 3.697, P = 0.038, d = 0.53),
demonstrating a significant decrease in PI over time for both
groups. Although there was no statistically significant differ-
ence, 50% of the participants in EXP experienced a reduction
of >2 points from PRE to POST.

Secondary outcomes. One-repetition maximums for
EXP (n = 10) and CON (n = 10) are shown in Figure 5. The
LMM revealed a significant three-way interaction between group,
time, and exercise on 1RM (Fg ¢5.615 =4.798, P <0.001, d = 0.77).
Specifically, 1RM was significantly higher across all exercises
at POST and FOLLOW-UP compared with PRE for EXP, but
not for CON. Further, IRM was significantly higher for EXP
at POST and FOLLOW-UP when compared with CON for
box squat, bench press, and lat pulldown. Similarly, there
was a significant two-way interaction between time and exer-
cise (Fg 74912 = 2,287, P = 0.030, d = 0.40), group and time
(F2.59.440 = 6,349, P = 0.003, d = 0.36), and group and exer-
cise (F4,82.685 = 3,421, P = 0012, d = 029) (fOI' pairwise

TABLE 2. Mean PPT levels of the ventral and dorsal regions of the affected shoulder, and at a distant reference point, collected at PRE, POST, and FOLLOW (3-month follow-up) for experimental

(EXP) and control (CON) group.

EXP CON
PPT (kPa) PRE mean (95% Cl) POST mean (95% Cl) FOLLOW mean (95% Cl) PRE mean (95% Cl) POST mean (95% Cl) FOLLOW mean (95% Cl)
Reference 226.5 (121.8-331.2) 317.4 (214.1-420.7)* 2425 (154.7-330.3)** 302.5 (197.8-407.2) 293.0 (183.6-402.3) 307.0 (211.9-402.2)
Mean dorsal 207.4 (143.2-271.7) 257.9 (188.8-327.1)* 208.9 (147.8-270.0)** 261.4 (197.1-325.6) 247.7 (175.3-320.0) 250.2 (186.9-313.6)

Mean ventral 142.6 (105.1-180.1) 174.1 (132.0-216.3)*

149.2 (106.9-191.5)**

170.7 (133.2-208.2) 165.8 (121.7-209.9) 168.8 (124.9-212.6)

*Significant difference from PRE (P < 0.05).
**Significant difference from POST (P < 0.05).
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FIGURE 3—Topographical maps of the PPT located on the dorsal region of the affected shoulder in EXP (A1-3) and CON (B1-3) collected PRE (A1 + B1)
and POST (A2 + B2) a 12-wk supervised RT intervention and at a 3-month FOLLOW-UP (A3 + B3).

comparisons, see Supplemental Tables A1-A4, Supplemental
Digital Content 4, http://links.lww.com/MSS/C711).

Active shoulder ROM for EXP (n = 10) and CON (n = 10)
are shown in Fig. 6. The LMM revealed a significant two-way
interaction between group and movement (£’ 102765 = 2.364,
P =0.045, d = 0.21). Post hoc analyses demonstrated that
active ROM differed between movement directions for both
groups (see Supplemental Table B1, Supplemental Digital
Content 5, Pairwise comparisons for the simple effect of
Movement at each level of Group, http://links.lww.com/
MSS/C712).

For EXP (n=10) and CON (n = 10), the LLM only revealed
a main effect of time on SMM (F3, 31,065 = 3.487, P = 0.043,
d = 0.37), demonstrating that SMM increased from PRE to
POST and decreased from POST to FOLLOW-UP (for spe-
cific values, see Supplemental Table C1, Supplemental Digital
Content 6, Bioelectrical impedance analysis, http:/links.lww.
com/MSS/C713).

A1 A2

PRE INTERVENTION

POST INTERVENTION

B1 B2

PRE INTERVENTION POST INTERVENTION

DISCUSSION

At the time of this writing, the ANTRAC trial is the first
study specifically designed to investigate the effect of progres-
sive RT on persistent pain in BCS. The RT intervention was
effective and well tolerated with no adverse events, as evi-
denced by the significant increase in IRM for EXP in all exer-
cises, high levels of participant compliance, and absence of
arm lymphedema. We found that RT significantly increased
the PPT levels in EXP, whereas a decrease in peak PI was seen
for both groups. Importantly, the gains in maximal strength oc-
curred only in EXP and were largely maintained at follow-up,
whereas PPT levels had mostly returned to baseline, suggest-
ing that the analgesic effect seen in mechanical pain sensitivity
after RT may not be dependent on gains in maximal strength.

Similar to previous studies in other pain populations (29),
the ANTRAC trial had a substantial effect on mechanical pain
sensitivity. This is evidenced by the statistically and clinically
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FIGURE 4—Topographical maps of the PPT located on the ventral region of the affected shoulder in EXP (A1-3), and CON (B1-3) collected PRE
(A1 + B1) and POST (A2 + B2) a 12-wk supervised RT intervention and at a 3-month FOLLOW-UP (A3 + B3).
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FIGURE 5—One-repetition maximum in kilograms for each of the five strength exercises: 1) box squat, 2) bench press, 3) trap bar deadlift, 4) bench pull,
and 5) lat pulldown. Assessments were performed PRE and POST a 12-wk supervised RT program and at a 3-month FOLLOW-UP. Results for each time
point are further expressed as mean (95% CI). EXP, experimental group; CON, control group. *Significantly different from PRE (P < 0.05). *Significant
difference between groups (P < 0.05).

significant increase in mean PPT levels (i.e., d = 0.78) and fur-
ther illustrated by the spatial alterations in mechanical pain
sensitivity distribution. Importantly, these increases were well
in excess of the minimum detectable change previously re-
ported for this population (16). The mechanisms underlying
this effect are not entirely clear but may include a combina-
tion of short- and long-term physiological responses to exer-
cise. In the short term, the general consensus is that upregula-
tion and release of endogenous opioids, endocannabinoids,
and anti-inflammatory cytokines are the source of a transient
reduction to noxious stimuli following a bout of exercise (30).
In the long-term, however, it becomes more speculative. Pos-
sible mechanisms include neuroplastic changes promoted by

Z
7z 7774

ONE REPETITION MAXIMUM

B Pre nTERVENTION
POST INTERVENTION

Q 3 MONTH FOLLOW UP

)

727

7%

exercise, which have been theorized to alter pain processing
(29). The PPT levels recorded at baseline were similar to those
previously reported as indicative of a central sensitization
mechanism (17), indicative of plasticity in the central nervous
system (31). The systematic increase in PPT levels after RT
may therefore reflect reduction in central sensitization and,
thus, neuroplastic changes to the pain pathways. Assuming
this is the case, the clinically significant increase in PPT levels
indicates that RT is particularly useful for managing central
sensitization pain, which could have important implications
for clinical practice.

The active ROM observed in the present study was in
agreement with previous studies (16,17) and reflected similar

ACTIVE RANGE OF MOTION

L
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FIGURE 6—Active ROM for each of the six different movement patterns: 1) flexion, 2) horizontal flexion, 3) horizontal extension, 4) abduction, 5) internal
rotation, and 6) external rotation. Assessments were performed PRE and POST a 12-wk supervised RT program and at a 3-month FOLLOW-UP. Results
for each time point are further expressed as mean (95% CI). EXP, experimental group; CON, control group.
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movement specific shoulder dysfunction (17). However, there
were no significant amelioration in active ROM after RT, indi-
cating no improvement in shoulder joint mobility. This is in
line with Cormie et al. (13), who found little change in shoul-
der ROM after RT despite a significant increase in strength. A
recent study by Ozden et al. (32) reported an association be-
tween pain and shoulder ROM, suggesting a pain-related inhi-
bition in ROM. Hence, it could be speculated that pain could
have influenced the assessments of active ROM in the present
study, indicating that measured ROM may only reflect pain-free
ROM. Moreover, RT has been suggested to improve ROM by
augmenting fascicle length (11) through a combination of me-
chanical tension and sarcomere lengthening (33). However,
the five strength exercises (i.e., box squat, bench press, trap
bar deadlift, bench pull, and lat pulldown) may not have in-
duced sufficient movement toward the end of ROM for the
shoulder girdle to result in an increase of fascicle length.
Peak PI decreased significantly over time for both groups
with no significant difference between groups, which is partly
in agreement with Cormie et al. (13) and Ammitzbel et al. (14).
Collectively, this may indicate a limited effect of RT on per-
ceived PI of BCS as any potential benefits could not be differ-
entiated from the reference condition, nor between sessions. In
our case, this may be partially explained by pain variability as
PI is known to fluctuate over time (34). Moreover, baseline
pain severity has been demonstrated as an important predictor
of pain variability (34), and hence, the severe baseline inten-
sity in this study (i.e., >7 on a 0—10 scale) (35) may have influ-
enced the observed variability in PI. However, like Ammitzbel
et al. (14), the results appear to favor the intervention despite the
absence of a statistically significant difference, as half of the par-
ticipants in EXP reported a decrease of 2 points or more on the
NRS, which can be considered clinically important (36). Hence,
it could be speculated that the sample size originally planned for
this study might have yielded the necessary power to detect a dif-
ference in PI. A sample size estimated with a two tailed depen-
dent sample #test, an a of 0.05, a § of 0.20, and the mean and
SD values for PI assessed at PRE and POST for EXP yielded a
total of 26 participants. Thus, the original sample size estimate
of 28 would likely have provided the required statistical power.
Maximal strength increased after the ANTRAC trial as evi-
denced by the significant increase in 1RM for all exercises.
This is in agreement with the majority of previous studies in a
recent review (9), and the moderate effect size (i.e., d = 0.77)
demonstrates a robust increase in muscular strength. Moreover,
and similar to previous reports in BCS (37), IRM recorded after
3 months remained mostly unchanged for EXP. This is particu-
larly interesting considering that the increase in PPT levels had
completely reverted during the same period, indicating that the
neural adaptations related to strength may be unrelated to those
modulating pressure pain sensitivity. Indeed, current evidence
suggests that neural adaptations related to RT may include in-
creased cortical and corticospinal excitability (38), whereas the
opposite appears to be true for neurological adaptations related
to analgesia (39). Hence, it could be speculated that the regular
exposure to RT, rather than the gains in strength, provided the

pain-relieving benefits. However, although more research is
warranted to elucidate the pain-relieving benefits of RT in BCS
with persistent pain. The results of the ANTRAC trial showed
that RT is a safe and well-tolerated training modality for im-
proving muscular strength this population.

Limitations

The ANTRACT trial has some limitations. Foremost,
COVID-19 affected our study resulting in substantially larger
dropout rate and statistical power issues. However, when con-
sidering the intention-to-treat analysis, the observed range of
effect sizes (0.29-0.78), the pre- to postincrease in PPT greater
than the previously reported minimum detectable change, and
the pre- to postdecrease of >2 NRS points in peak PI for 50%
of EXP, we assume that a larger sample most likely would
simply confirm the results of this trial. Second, we only in-
cluded active ROM as a measure of shoulder function, and al-
though this is arguably an important clinical outcome, many
functional tasks require less than maximal active ROM (40).
Hence, the inclusion of assessments, such as the Simple Shoul-
der Test, might have revealed improvements in shoulder func-
tion during activities of daily living. Last, the ANTRAC trial
may suffer from a certain level of recruitment bias, which
could have influenced the results. Specifically, most of the
participants were used and still found the time and energy to
participate in the study, which indicate a certain level of re-
sourcefulness that may not be representative for the majority
of BCS with persistent pain. Further, all participants expected
a positive effect of the ANTRAC trial before randomization,
which can introduce a motivational bias. In addition, proxim-
ity to breast cancer treatment was approximately 80 months
for participants in EXP. Thus, the results may not be applica-
ble to BCS in earlier stages of recovery.

CONCLUSIONS

In conclusion, the ANTRAC trial revealed statistically and
clinically significant increases in PPT levels before and after
a progressive individualized RT program. The intervention
yielded a significant increase in maximal strength, which
was largely maintained after a 3-month period of detraining,
without adverse effects. This demonstrates a normal training
response in BCS with persistent pain and further support the
safety of RT as a training modality for this population. Collec-
tively, the results of the ANTRAC trial suggest that progressive
RT can reduce mechanical pain sensitivity but has a limited ef-
fect on perceived pain. Moreover, the discrepancy between
maintenance of strength and PPT levels suggests that neural
adaptations responsible for the increase in strength are not as-
sociated with modulation in pressure pain sensitivity.

This study was conducted in collaboration with The Society of Can-
cer Survivor and Late Effects Group and funded by a grant from the
Danish Cancer Association (grant no. R204-A12469). The grant cov-
ered salary and equipment expenses.
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sis, decision to publish, or preparation of the manuscript. The results
of the study are presented clearly, honestly, and without fabrication,
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