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ABSTRACT
Objective: The aim of this study was to assess the methods to conduct a substantive clinical trial to evaluate the
effects of accessory joint mobilization (AJM) vs neural mobilization (NM) techniques for shoulder motion restriction
after breast cancer surgery.
Methods: This pilot study was a prospective randomized and double-blind clinical trial in which 18 women who
underwent unilateral breast cancer surgery and axillary lymph node dissection participated. The study was conducted
at the Women’s Health Research Group at the Physical Therapy Department of Alcalá University, Madrid, Spain. The
intervention was AJM vs NM, with a 6-month follow-up. Primary outcomes included recruitment, adherence to
treatment and retention rates, assessment procedures, and implementation of the 2 manual therapy techniques.
Secondary outcomes included range of motion, sensory disturbance, pain, and upper limb functionality.
Results: All participants accepted to be randomly assigned to study groups. One hundred percent retention was
attained with all participants attending the 3-month and 6-month assessments. Adherence with treatment attendance
was excellent. At 6-month follow-up, flexion range of motion had a mean change of 38.4° (±28.9) (P = .002) in the
AJM group and a mean change of 36.8° (±21.8) (P = .002) in the NM group. Abduction range of motion had a median
change of 52.4° (±43.6) (P = .004) in AJM group and a median change of 44° (±17.5) (P = .012).
Conclusions: These preliminary results of the effects of AJM and NM techniques in breast cancer survivors indicate
that a full clinical trial will be worthwhile. The research methods tested and the modifications proposed within this
pilot study offer a suitable foundation to conduct a substantive clinical trial. (J Chiropr Med 2017;16:31-40)

Key Indexing Terms: Breast Cancer; Physical Therapy; Accessory Joint Mobilization; Neural Mobilization;
Shoulder; Joint Range of Motion
INTRODUCTION

The incidence of breast cancer (BC) among women has
continued to increase within the last decade in spite of
screening mammography and the reduction of mortality.1 The
annual incidence is 110 in 100 000 women in all age groups in
Europe2; similarly, BC affects 1 in 8 US women in their
lifetime.3 Although 5-year survival rates now approximate
90% of women diagnosed,1 quality of life after treatment is a
key concern and carries a significant burden of disease.2
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Approximately 40% of BC survivors have metastasis of
the axillary lymph nodes,4 indicating that cancer has
possibly spread beyond the breast.5 Axillary lymph node
dissection (ALND) is commonly employed as a procedure
for diagnosing and treating positive lymph nodes. 4

However, several consequences may develop after breast
surgery and ALND, such as axillary web syndrome,6-8

frozen shoulder,9 numbness, shoulder pain and range of
motion (ROM) restriction,5,6,10 lymphostasis,9 and lymph-
edema.8 Shoulder ROM restriction has previously been
recorded in 21% to 30% of survivors11,12 and is a
significant impairment after ALND.12 More recently, a
less aggressive axillary approach termed sentinel lymph
node biopsy can be undertaken where possible, such as for
tumors smaller than 5 cm.3 Despite the fact that sentinel
lymph node biopsy involves less morbidity than ALND10

and the postoperative consequences are less common,6,9,10

postoperative impairments can still be present.7,13 The
subsequent effects of surgical scarring and the radiation-
induced fibrosis may disturb the mechanics of the shoulder
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region through tethering of soft tissue or pain-inhibited
movement, leading to shoulder ROM restriction.14

Besides ROM restriction, pain is one of the most common
and recurrent symptoms after BC surgery with ALND, being
reported by 30% to 40% of BC survivors.11 One common
source of pain is the peripheral nervous system. The
intercostobrachial, medial brachial cutaneous, and third and
fourth intercostal nerves may be injured or become inflamed
during surgery, leading to a sensory disturbance in the medial
aspect of the arm.2,15-17 Thismay contribute to persistent pain
after BC surgery, identified in 20% to 65% of patients.5,18

This condition tends to spread through the breast, axilla, and
upper limb, and neuropathic pain is a commonly type of pain in
BC19 that may lead to increased neural mechanosensitivity20,21

and functional impairment.18 However, according to Nijs
et al,22 cancer treatment may lead not only to neuropathic
pain but also to predominant nociceptive pain or central
sensitization pain. Indeed, the pathophysiology of pain after
BC is multifactorial and may include psychological factors,
such as depression, pain catastrophizing, and psychological
distress,17,18 and treatment factors, such as radiotherapy18

and ALND.17,18

Physical therapy consistently has been reported to be an
effective approach for dealing with postoperative BC
impairments as well as with quality of life in these BC
survivors.5,9,15,23-28 The aims are to address impairments
such as shoulder ROM restriction, pain, and weakness10

and deal with likely lymphatic impairments.8 Physical
therapy treatments to improve shoulder ROM restriction
comprise general physical therapy5,15,28 and exercise
programs, 23 , 26 , 27 , 2 9 - 32 and both have proven
beneficial.5,15,23,26,27,29-32 To date, manual therapy has not
been evaluated for its effects on shoulder ROM restriction
after BC surgery despite the potential to alleviate pain,33

reduce neural tissue sensitivity,34 and improve movement.33

Therefore, we suggest studying the effects of 2 manual
therapy techniques, accessory joint mobilization (AJM) and
neural mobilization (NM). Accessory joint mobilization is
delivered to relieve pain by stimulating peripheral mechano-
receptors and modulating nociceptors and to improve joint
mobility by enabling exchange between synovial fluid and
cartilage matrix.35 Its positive effects on shoulder ROM
restriction were reported within other conditions.35-37

Peripheral nerve damage after BC surgery has been widely
reported,2,15,16,20,21 but no physical treatment for subsequent
impairments has been described yet. Two observational studies
described an increased neural mechanosensitivity using the
upper limb neurodynamic test 1 (ULNT1) in BC
survivors.20,21 This increased neural mechanosensitivity may
arise after nerve damage20,21 and lead to shoulder ROM
restriction as a protective neural response to movement or
traction.38 Neural mobilization is a manual therapy technique
to reduce neural mechanosensitivity and resolve pain and
functional impairment39,40 and has been reported to be
effective in other conditions.34,37,41,42
Our hypotheses is that manual therapy may provide
greater and quicker shoulder ROM improvement than
current BC treatments because of its effects in modulating
neurophysiological mechanisms33,43 that seem to be
disturbed after BC surgery.14

The purpose of this pilot study was to test the feasibility
for a full clinical trial to evaluate the effectiveness of AJM
vs NM techniques for shoulder ROM restriction after BC
surgery. The primary aims were to evaluate the feasibility of
recruitment, randomization, retention, and assessment
procedures and implementation of AJM and NM tech-
niques. The secondary aim was to undertake a preliminary
analysis of the effects of AJM and NM techniques on
shoulder movement among BC survivors and to estimate
the variability of the clinical outcomes (ROM, presence or
absence of sensory disturbance, pain, and upper limb
functionality) to facilitate future sample size calculation.
METHODS

Design and Participants Recruitment
A pilot double-blind randomized study was conducted

by the Women’s Health Research Group of Alcala
University. Twenty-five women who underwent unilateral
breast carcinoma surgery with ALND were recruited from
September 2014 to June 2015 at Príncipe de Asturias
Hospital, Madrid, Spain. The study was approved by the
Local Ethical Committee, C.E.I.C. Hospital Príncipe de
Asturias (Ethics Approval number 12/2009). The sample of
study was made up of 18 women who fulfilled the inclusion
criteria of unilateral BC diagnosis and ALND approach and
provided informed consent. The exclusion criteria were
bilateral BC diagnosis, locoregional recurrence, systemic
disease, had not undergone ALND, or presenting with any
contraindication for physical therapy. The research was
conducted in accordance with the 1975 Helsinki Declara-
tion. Protocols in human research personal data protection
were fulfilled (Organic Law 15/99).

This study was registered on http://clinicaltrials.gov
(NCT): 02366793.
Randomization
Women were randomly assigned to 2 groups by

EPIDAT 3.1 software (Dirección Xeral de Saúde Pública
de la Consellería de Sanidade, Xunta de Galicia, 2004):
AJM was applied to one group, and the other group
received the NM technique. Randomization was conducted
by an independent physical therapist (M.T.L.).
Blinding
The assessor (I.D.L.R.D.) and the statistician (C.G.O.)

remained blinded to treatment arm. Participants were also
blinded to the intervention arm, because of the difficulty of

http://clinicaltrials.gov
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distinguishing between techniques, and were simply
informed that they would receive a manual therapy
intervention.
Follow-up
After baseline assessment (A0), performed 1 or 2 days

before surgery, 4 follow-up assessments were scheduled:
the second assessment (A1) was before the physical therapy
intervention (the day of hospital discharge: 3-6 days after
surgery); the third assessment (A2) was performed after the
physical therapy intervention; and the fourth (A3) and fifth
assessments (A4) were performed at 3 and 6 months after
the physical therapy intervention.
Study Interventions
Each participant received 9 sessions of physical therapy

commencing on the discharge day (the third to sixth day
after surgery) over the course of 3 weeks. Every session
lasted 30 minutes. There were 2 treating physical therapists
with 10 years of experience. One treating physical therapist
(E.C.T.) delivered the AJM technique to one group, and the
other physical therapist (C.D.D.C.G.R.) delivered the NM
technique to the other group. The blinded assessor
(I.D.L.R.D.) was another independent physical therapist
with 9 years of experience.

The AJM technique consisted of 3 kinds of glenohum-
eral glides, described by Kalterborn44: anterior, posterior,
and caudal glides. Participants remained in the supine
position during the whole treatment. The techniques were
delivered in a rhythmic way, with 2 seconds of glide/
distraction and then a 2-second break. Each technique was
carried out for 2 minutes.

Another group received the NM technique. This
consisted of neural tissue longitudinal glide using the
ULNT1, the neurodynamic test sequence for the median
nerve, described by Butler. 40,45,46 With participants in
the supine position, the shoulder was abducted and
externally rotated, the scapula depressed, the forearm
supinated, and the wrist and fingers extended. Mobiliza-
tion was applied by depressing the scapula, flexing the
elbow, and elevating the scapula, extending the elbow,
within a pain-free range (Fig 1). The mobilization was
applied for 2 minutes.

In addition, a lymphedema prevention physiotherapy
protocol8 was delivered to the whole sample. This consisted
of manual lymphatic drainage for postoperative edema
(thorax, breast, axilla, proximal area of the affected upper
limb) using the following techniques: scar massage;
proprioceptive neuromuscular facilitation in diagonal
patterns, progressing from passive movement to active
assisted and subsequently active movement; and therapeu-
tic education.
Outcomes of Study and Measurements
The primary outcomes were feasibility of recruit-

ment, randomization, retention, intervention adherence,
assessment procedures, and implementation of AJM vs
NM.

Secondary outcomes were shoulder ROM, presence or
absence of a sensory disturbance, pain, and upper limb
functionality.Recruitment and Randomization Data Collection. Reasons for
exclusion, such as refusing to participate, not fulfilling
inclusion criteria, and being unwilling to be randomly
assigned to a treatment group, were gathered.Intervention Adherence and Retention Data Collection. Adher-
ence was measured by the number of sessions attended by
participants and retention, by the number of assessments
attained. Any complication within the treatment and
assessment processes were recorded. Within the first
assessment visit (preoperative), the assessor attempted to
encourage participants to fulfill the 9 sessions of physical
therapy and to attain the follow-up visits to confirm the
duration of the intervention effect.Clinical Outcomes Data Collection. The secondary outcomes
were the clinical outcomes. The main clinical outcome was
ROM of flexion, extension, abduction, adduction, and
external and internal rotation shoulder movements, mea-
sured by inclinometry47 using the digital inclinometer
baseline model (Fabrication Enterprises Inc., White Plains,
NY). The presence or absence of a sensory disturbance,
such as hypoesthesia, hyperesthesia, and dysesthesia, was
assessed by subjective assessment. The affected area was
determined using a body map.

Pain was measured using a visual analog scale (VAS)
from 0 cm (no pain) to 10 cm (the most intense pain
imaginable).48 Upper limb functionality was assessed by
the Wingate Daily Life Activities Table,49 as used by other
Spanish studies to measure shoulder impairments in BC,8

because this table measures the upper limb function related
to shoulder impairment specifically.49 The Wingate Daily
Life Activities Table assesses the degree of difficulty in
performing each activity, from 0 points (no difficulty) to 3
points (unable). Glenohumeral joint capsule movement was
assessed by the anterior, posterior, and caudal glenohumeral
glides.44 The manual examination was performed to detect
the presence or absence of glenohumeral joint dysfunction
based on pain provocation.50 Cirtometry has gathered to
identify changes in the ipsilateral upper limb volume, as
measured by Torres et al.8 Diagnosis of lymphedema was
conducted using previously published criteria.8
Statistical Analyses
Recruitment, retention, and adherence rates and

percentage of participants randomly assigned were de-
scribed. The intraparticipant effects were analyzed by
the paired Student t test for parametric data and Wilcoxon



Fig 1. Manual therapy techniques. AJM: anterior glenohumeral slide (A); AJM: posterior glenohumeral slide (B); AJM: caudal
glenohumeral slide (C); NM: longitudinal median neural mobilization (ULNT1) (D). AJM, accessory joint mobilization; NM, neural
mobilization; ULNT, upper limb neural mobilization test.
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test for nonparametric data. Between-group differences
were analyzed using an unpaired Student t test for
parametric data or the Mann-Whitney U test for nonpara-
metric data.
Fig 2. Participants’ flow throughout the study process. AJM
The level of significance was fixed with α = .05. All
statistical analyses were carried out using SPSS software,
version 15.0 for Windows. The sample homogeneity was
studied to determine differences between the groups related
, accessory joint mobilization; NM, neural mobilization.
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to age, body mass index, adjuvant treatment administration
(hormonal treatment, chemotherapy, radiotherapy), and
handedness of the affected upper limb.
RESULTS

Figure 2 shows the flow of the participants throughout
the study. Fifty BC survivors were screened for eligibility,
and 25 of them (50%) were potentially eligible for the
study. After excluding 7 people (14%), 18 participants
(36%) were randomly assigned to AJM group or NM group:
10 in the AJM group and 8 in the NM group. Overall, all
participants attained the 9 physical therapy sessions. Thus,
adherence to interventions was 100%. Retention was 100%
because the 18 participants completed all assessments. No
complications were observed within implementation of
AJM or NM. However, the assessment of pain by VAS
seemed to be insufficient to assess sensory disturbance
changes within the follow-up.

Descriptive statistics are represented in Table 1. Groups
were similar at baseline.
Clinical Outcomes
Between-group differences for each time point are

presented in Tables 2 and 3. Both groups had significant
shoulder ROM restriction after surgery for flexion ROM
(mean change of 33.4° in the AJM group, P = .001; mean
change of 37.9° in the NM group, P b .001) and abduction
ROM (median change of 46.5° in the AJM group, P = .005;
median change of 50.5° in the NM group, P = .012)
compared with baseline. Significant increases were identified
at post-treatment assessment compared with postoperative
assessment in flexion ROM (mean change of 27.5° in the
AJM group, P = .003; mean change of 24.75° in the NM
group,P b .001) and also in abduction ROM (mean change of
42° in the AJM group, P = .001; median change of 35.5° in
the NM group, P = .025). At 6-month follow-up, flexion
ROM had a mean change of 38.4° (±28.9; P = .002) in the
AJM group and a mean change of 36.8° (±21.8; P = .002) in
Table 1. Participant Characteristics

AJM (n = 10) NM (n = 8) P

Age mean (SD) 54.8 (15.6) 45.9 (8.6) .167 a

BMI mean (SD) 27.5 (6.5) 25.6 (6.2) .537 a

Chemotherapy, yes/no 9/1 8/0 1.000 b

Radiotherapy, yes/no 6/4 6/2 .638 b

Hormonal treatment, yes/no 1/9 4/4 .118 b

Affected arm, right/left 4/6 4/4 1.000 b

AJM, accessory joint mobilization; BMI, body mass index; NM, nerve
mobilization.

a Unpaired Student t test.
b Fisher’s exact test.
the NM group. Abduction ROM had a mean change of 52.4°
(±43.6; P = .004) in the AJM group and a median change of
44° (±17.5; P = .012).

Pain relief was statistically significant in both groups
within the follow-up except in the NM group 3-month
assessment. The median change in VAS was 2.5 cm (P =
.034) in the AJM group, and 2.75 cm (P = .034) was the
mean change obtained in the NM group. Significant
improvements were identified for upper limb functionality
in both groups (Table 3).

No between-group differences were identified for any of
these outcomes.

Cirtometry measurements determined that no participant
developed lymphedema because of the lack of difference in
upper limb volume throughout the follow-up assessments.

With regard to sensory disturbance, no within- or
between-group differences were identified. Nevertheless,
the hypoesthesia of the medial aspect of the arm was
determined to be the most common kind of sensory
disturbance presented by these participants. It was reported
by 34% of participants in AJM group and by 50% of
participants in the NM group. The second most common
kind of sensory disturbance was the dysesthesia of the same
area.

Data for glenohumeral glides were not consistently
related to a significant pattern of painful glide. Neverthe-
less, the posterior glide seemed to be the most commonly
altered, with 10 participants having painful movement on
application of the glide (Table 2).
Sample Size Calculation for a Substantive Clinical Trial
The standard deviations of ROM obtained by this pilot

study enabled estimation of the sample size for a
substantive clinical trial.

Sample size estimation to detect a clinically significant
difference of at least 10°15 determined that, in a unilateral
contrast at the 95% level with a power of 80, a sample of 60
participants is enough to determine the effect of AJM (a
standard deviation of ±30.9 was assumed). To determine
the effect of NM technique, 62 participants will be required
(a standard deviation of ±31.6 was assumed). The
replacement percentage that has been foreseen will be 0%.
DISCUSSION

To our knowledge, this is the first pilot randomized trial
on the effect of 2 manual therapy techniques on shoulder
ROM restriction among BC survivors.

The primary aim of this study was to pilot the research
methods, assessment procedures, and implementation of
AJM vs NM mobilization proposed for a full randomized
controlled trial (RCT). Although recruitment was
achieved—that is, 25 participants who were eligible for
the study accepted to be randomly assigned to a



Table 2. Differences Between Preoperative and Postoperative Assessments

Accessory Joint Mobilization (n = 10) Neural Mobilization (n = 8)

A0 A1 A0 – A1 (95% CI) P A0 A1 A0 – A1 (95% CI) P

ROM, degrees
Flexion mean (SD) 167.3 (14.4) 133.9 (27) 33.4 (17.8, 49) .001 a 174.3 (6) 136.4 (21.8) 37.9 (23.5, 52.3) b.001 a

Abduction median (IQR) 171 (155, 177.25) 124.5 (96, 154.75) 31 (9.5, 67.5) .005 b 175 (173, 176.75) 124.5 (110.25, 140.25) 45.5 (33, 61.75) .012 b

Pain, 0-10 cm
VAS median (IQR) 0 (0, 2.25) 5 (0, 6) –2(–6, 0) .033 b 0 (0, 2.25) 4.5 (3.25, 5.75) –4 (–5, –0.75) .034 b

UL Functionality (0-3 points), median (IQR)
To comb 0 (0, 0) 1 (0, 1) –1 (–1, 0) .020 b 0 (0, 0) 1 (0.25, 1) –1 (–1, –0.25) .014 b

To get washed 0 (0, 0) 1 (0, 1) –0.5 (–1, 0) .025 b 0 (0, 0) 1 (0.25, 1) –1 (–1, –0.25) .014 b

To button the bra 0 (0, 0.25) 1 (0, 1) 0 (–1, 0) .046 b 0 (0, 0) 1 (0, 1) –1 (–1, 0) .025 b

To mop the floor 0 (0, 0) 1 (0.75, 1) –1 (–1, 0) .008 b 0 (0, 0) 0.5 (0, 1) –0.5 (–1, 0) .046 b

To clean windows 0 (0, 0) 1 (1, 1) –1 (–1, –1) .003 b 0 (0, 0) 1 (0.25, 1) –1 (–1, 0) .034 b

To hang up 0 (0, 0) 1 (1, 1) –1 (–1, –1) .003 b 0 (0, 0) 1 (1, 1) –1 (–1, –1) NS b

To make the bed 0 (0, 0) 1 (0, 1) –1 (–1, 0) .014 b 0 (0, 0) 1 (0, 1) –1 (–1, 0) .034 b

To carry shopping cart 0 (0, 0) 1 (0, 1) –1 (–1, 0) .014 b 0 (0, 0) 1 (0.25, 1) –1 (–1, –0.25) .020 b

To put on the pullover 0 (0, 0.25) 1 (1, 1.25) –1 (–1, –1) .004 b 0 (0, 0) 1 (1, 1) –1 (–1, –1) .008 b

To take off the pullover 0 (0, 0.25) 1 (1, 1.25) –1 (–1, –1) .004 b 0 (0, 0) 1 (1, 1) –1 (–1, –1) .011 b

Leisure 0 (0, 0) 0 (0, 1) 0 (–1, 0) .046 b 0 (0, 0) 0.5 (0, 1) –0.5 (–1, 0) .046 b

Glenohumeral Glides
PG (±) 2/8 5/5 — NS c 1/7 5/3 — NS c

AG (±) 0/10 1/9 — NS c 0/8 0/8 — —
CAU (±) 1/9 2/8 — NS c 1/7 0/8 — —

Data presented as mean (SD) or median (IQR).
A0, preoperative assessment; A1, postoperative assessment; AG, anterior glenohumeral glide; CAU, caudal glenohumeral glide; CI, confidence interval; Glenohumeral Glides (±), number of participants who
showed painful glide/normal glide; IQR, interquartile range; NS, not significant; PG, posterior glenohumeral glide; ROM, range of motion; SD, standard deviation; UL functionality, upper limb functionality,
from 0 points (no difficulty) to 3 points (unable); VAS, visual analog scale, from 0 cm (no pain) to 10 cm (the most intense pain imaginable).

a Paired Student’s t test.
b Wilcoxon test.
c Fisher’s exact test.
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Table 3. Between-Group Differences for Mean Change (SD) or Median Change (IQR) Scores: Accessory Joint Vs Neural Mobilization

Accessory Joint Mobilization (n = 10) Neural Mobilization (n = 8)

A1 – A2 P A1 – A3 P A1 – A4 P A1 – A2 P A1 – A3 P A1 – A4 P

ROM, degrees
Flexion, mean (SD) –27.5 (21) .003 a –34.6 (27.5) .003 a –38.4 (28.9) .002 a –24.75 (12.8) .001 a –36 (19.4) .001 a –36.8 (21.8) .002 a

Abd, mean (SD)/
median (IQR)

–42 (28.47) .001 a –49.6 (41.2) .004 a –52.4 (43.6) .004 a –35.5 (–50.25, 6.25) .025 b –48 (–59.75, –37.75) .025 b –44 (–55.5, –38) .012 b

Pain Relief, 0-10 cm
VAS, median (IQR)/
mean (SD)

2.5 (0, 4.25) .034 b 1.5 (0, 4.25) .028 b 0.5 (0, 5.25) .041 b 2.75 (2.5) .034 a 1.87 (4.9) .310 a 2.37 (2.67) .043 a

Functionality (0-3 points), median (IQR)
To comb 1 (0, 1) .020 b 1 (0, 1) .020 b 1 (0, 1) .020 b 1 (0.25, 1) .014 b 1 (0.25, 1) .014 b 1 (0.25, 1) .014 b

To get washed 1 (0, 1) .014 b 1 (0, 1) .014 b 1 (0, 1) .014 b 1 (0.25, 1) .014 b 1 (0.25, 1) .014 b 1 (0.25, 1) .014 b

To button the bra 1 (0, 1) 0.020 b 1 (0, 1) 0.020 b 0.5 (0, 1) 0.236 b 1 (0, 1) 0.025 b 1 (0, 1) 0.025 b 1 (0, 1) 0.025 b

To mop the floor 0.5 (0, 1) .025 b 1 (0, 1) .034 b 1 (0.75, 1) .005 b 0 (0, 0.75) .157 b 0.5 (0, 1) .046 b 0.5 (0, 1) .046 b

To clean the windows 0.5 (0, 1) .025 b 1 (0, 1) .008 b 1 (1, 1) .002 b 0 (0, 1) .257 b 0.5 (0, 1) .059 b 1 (0.25, 1) .020 b

To hang up 1 (0.75, 1) .005 b 1 (0.75, 1) .005 b 1 (1, 1) .002 b 0.5 (0, 1) .059 b 1 (0.25, 1) .059 b 1 (1, 1) .011 b

To make the bed 1 (0, 1) .014 b 1 (0, 1) .034 b 1 (0, 1) .008 b 0.5 (0, 1) .059 b 1 (0, 1) .096 b 1 (0, 1) .034 b

To carry shopping cart 1 (0, 1) .008 b 1 (0, 1) .034 b 1 (0, 1) .008 b 1 (0, 1) .034 b 1 (0.25, 1) .020 b 1 (0.25, 1) .020 b

To put on the pullover 1 (0.75, 1.25) .008 b 1 (1, 1.25) .005 b 1 (1, 1.25) .003 b 1 (0.25, 1) .014 b 1 (1, 1) .008 b 1 (1, 1) .008 b

To take off the pullover 1 (0.75, 1.25) .008 b 1 (1, 1.25) .005 b 1 (1, 1.25) .003 b 1 (1, 1) .008 b 1 (1, 1) .011 b 1 (1, 1) .011 b

Leisure 0 (0, 1) .046 b 0 (0, 1) .046 b 0 (0, 1) .460 b 0.5 (0, 1) .046 b 0.5 (0, 1) .046 b 0.5 (0, 1) .046 b

Glenohumeral Glides P c P c P c P c P c P c

PG ± 5/5 – 9/1 NS 5/5 – 8/2 NS 5/5 – 10/0 – 3/5 – 6/2 NS 3/5 – 6/2 NS 3/5 – 6/2 NS
AG ± 9/1 – 10/0 — 9/1 – 10/0 — 9/1 – 10/0 — 8/0 – 8/0 — 8/0 – 8/0 — 8/0 – 8/0 —
CAU ± 8/2 – 9/1 NS 8/2 – 10/0 — 8/2 – 10/0 — 8/0 – 8/0 — 8/0 – 8/0 — 8/0 – 8/0 —

A1, postoperative assessment; A2, post-treatment assessment; A3, 3-month follow-up assessment; A4, 6-month follow-up assessment; Abd median (IQR), median change (interquartile range) of abduction
degrees in neural mobilization group; Abd mean (SD), mean change (standard deviation) of abduction degrees in accessory joint mobilization group; AG, anterior glenohumeral glide; CAU, caudal glenohumeral
glide; flexion mean (SD), mean change (standard deviation) of flexion degrees; functionality median (IQR), median change (interquartile range) of points in upper limb functionality; glenohumeral glides (±),
number of participants who had normal slide/altered glide; NS, not significant; PG, posterior glenohumeral head glide; ROM, range of motion; VAS median (IQR), median change (interquartile range) of
centimeters of pain relief on visual analog scale.

a Paired Student’s t test.
b Wilcoxon test.
c χ2 test.
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group—50% of the possible sample population were
excluded because they did not fulfill the inclusion criteria.
The fact that the 2 groups were interventional possibly
improved willingness of participants to enroll in the study.
Interventions adherence was excellent, and assessment
procedures were adequate, with the exception of the sensory
disturbance assessment. It seemed to be insufficient to
assess the presence or absence of a sensory disturbance.
Retention rates were excellent because all participants
attended all follow-up assessments. High levels of adherence
and retention might be related to flexibility afforded to
scheduling of the visits according to the participants’
preferences.

Shoulder flexion and abduction were the most noticeably
impaired movements after surgery, similar to findings of
previous studies.6,10,15,16,23 Regarding ROM improve-
ments at 6-month follow-up, flexion improved by a mean
change of 38.4° in the AJM group and 36.8° in the NM
group. Shoulder abduction demonstrated a mean change of
52.4° in the AJM group, and 44° of median change was
obtained in the NM group. Both flexion and abduction
improvements were clinically significant—that is, they
increased N10% ROM.23 Compared with previous
studies, 2,15,23,25-28 this study has identified greater
shoulder ROM improvement than that achieved after 20
complex decongestive physical therapy sessions, where
flexion and abduction ROM improvement were, respec-
tively, 34.7° and 36.6°.25 That difference is particularly
significant because our BC participants attained a greater
shoulder ROM improvement within 9 physical therapy
sessions. The same can be observed in the results
published by Rezende et al.23 They achieved 31° and
38° of flexion and abduction ROM improvement after 42
sessions of guided-exercises program.23 Similar findings were
reported by Kilgour et al26 within 11 sessions. However,
certain studies achieved similar shoulder ROM improvement
compared with the current study, though further physical
therapy sessions were needed as well.5,15,28 In addition, all of
these studies5,15,23-28 had certain biases, such as a nondetailed
intervention procedure,5,15,24 short-term follow-up,5,24-26,28

and lack of blinding.23-25 In cases of exercise approach,
difficulties in adherence to the treatment have been noticeably
discouraging.32

Concerning the NM group data, we reported that NM
may enable the recovery of ROM,39,40 agreeing with the
results of other studies.34,37,41,42 Neural mobilization
may improve restricted nerve gliding, reduce scar
formation, increase intraneural blood flow, 39 and
diminish intraneural edema42 and spinal hypersensitiv-
ity.43 These effects may normalize neural mechanosen-
sitivity and increase the nerve membrane threshold under
compressive or traction stimuli, enabling a nonpainful
and larger ROM.38

Regarding upper limb functionality and pain, both
techniques produced significant improvement, which was
likely clinically significant—that is, a decrease of 1.5 cm in
VAS score,51 similar to findings from other conditions.35,37
Considerations and Limitations
The preliminary results of this study are limited by the

small sample size; however, given the pilot nature of this
study, this sample was sufficient to test the feasibility of a
larger RCT. The lack of a control group is also a limitation,
and a control group would be employed in a larger trial.
This absence was acceptable because the main objective
was to pilot the methods proposed, to estimate the
variability of the participants’ reported outcomes, and to
pilot the effects of these manual therapy approaches in BC
survivors to know if a full RCT is worthwhile. Further,
compared with control data from other studies, the
improvements observed in this study were greater than
control groups in other studies,5,15,23,26-28 further justifying
a larger trial. Given the limitations of the sensory
disturbance assessment, future trials should include other
measures of neuropathic sensitization, such as a neuropath-
ic screening questionnaire, or follow the International
Association for the Study of Pain’s neuropathic pain
classification system.52 Additionally, it is suggested to
include the neural mechanosensitivity assessment using the
ULNT1, as previously reported in BC research.20,21
CONCLUSIONS

The effects of AJM and NM techniques on shoulder
ROM restriction among BC participants offered a suitable
foundation to conduct a full RCT to determine whether
manual therapy can achieve greater ROM, reduce BC
rehabilitation times, and improve patient outcomes. More
specifically, by comparing joint mobilization with NM,
further elucidation of the most effective techniques within
this population can be achieved. The research methods,
assessment procedures, and implementation of the manual
therapy approaches proposed in this pilot study, with some
considerations here suggested, may define the full RCT
design.
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Practical Applications
• This pilot study is the first to evaluate the
application of manual therapy to improve
shoulder motion in BC survivors.

• We wished to test if manual therapy would
provide greater and quicker shoulder motion
improvement than current BC treatments
because of its effects in modulating neuro-
physiological mechanisms that seem to be
disturbed after BC surgery.

• This study provided information about feasi-
bility of recruitment, randomization, retention,
assessment procedures, and implementation of
AJM and NM techniques.

• The preliminary results of the effects of AJM
and NM techniques on shoulder motion
restriction among our BC participants offered
a suitable foundation to conduct a full
randomized clinical trial to determine whether
manual therapy can achieve greater ROM and
shorten BC rehabilitation times.
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