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Abstract
Study Design—Descriptive, cross-sectional.

Introduction—Breast cancer (BC) treatments place the nervous system at risk, which may
contribute to upper extremity (UE) mechanosensitivity.

Purpose of the Study—To evaluate elbow extension range of motion (EE-ROM) during upper
limb neurodynamic testing (ULNT) post-BC treatment.

Methods—ULNT EE-ROM was measured for 145 women post-BC treatment. Women were sub-
grouped by presence/absence of pain and lymphedema

Results—Mean EE-ROM during ULNT1 was −22.3° (SD: 11.9°) on the unaffected limb and
−25.99° (SD 13.1°) on the affected limb. The women with pain and lymphedema had the greatest
limitation in EE-ROM during ULNT1 testing, particularly of their affected limb (−33.8°, SD
12.9). Symptoms were reported more frequently in the affected chest, shoulder, arm, elbow, and
hand. The intensity of symptoms was greater at the affected chest (p=0.046), shoulder (p=0.033)
and arm (p=0.039).

Conclusions—Women with lymphedema and pain after BC treatment may present with altered
neural mechanosensitivity.

Introduction
Many of the more than 2 million breast cancer survivors in the U.S.,1-3 have upper extremity
morbidities associated with their breast cancer treatment, including pain and lymphedema.
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While breast surgery alone may result in physical impairments, the addition of axillary
dissection, radiation, and chemotherapy are associated with increased incidence of
morbidity, not only lymphedema, but neuropathy, and reductions in range of motion.4 It is
estimated that between 5 and 42% of breast cancer survivors develop lymphedema,5-10 as
many as 47% report persistent pain,11 and up to 77% report sensory disturbance in the breast
or arm.12 These short and long term consequences have dramatic impact on physical
function and quality of life in this population.8,13,14

For example, women who develop breast cancer-related lymphedema experience greater
pain and limitation in upper extremity (UE) function, and more restrictions in activity than
women without lymphedema.4,13-15 Breast cancer-related lymphedema results from
impaired lymph transport due to surgical removal of or radiation-induced damage to axillary
lymph nodes and lymphatic channels,16,17 which leads to accumulation of lymph in the UE,
chest, or trunk. In addition to pain there are other symptoms associated with lymphedema
that are troublesome, including heaviness, ache, or tiredness of the affected limb, jewelry or
clothes feeling too tight, swelling in the limb, and difficulty writing.8,18 Complaints of
heaviness and ache often associated with lymphedema, and complaints of weakness, sensory
disturbance, and pain following breast cancer treatment, may also be associated with injury
to peripheral nerves.

Injury to the long thoracic, thoracodorsal, and intercostobrachial nerves has been reported
with axillary dissection.19-23 Nerve injury may be a result of positional tractioning, forceful
retraction, direct laceration, or contusion of neural tissue during surgery.19 Nerve injury can
also be due to entrapment or compression related to post-operative or radiation-induced
fibrosis and scarring.19,24 Radiation-induced fibrosis is thought to occur in 3 phases.25 The
prefibrotic phase includes marked chronic inflammation, increased vascular permeability,
edema formation, and fibroblast proliferation. During the second phase the damaged tissue
is composed primarily of activated fibroblasts in a disorganized extracellular matrix with
excessive deposition of extracellular matrix proteins and collagen. During the fibroatrophic
phase, there is loss of parenchymal cells and retraction of the fibrous tissue which is dense
and poorly vascularized.26 Though relatively uncommon, radiation-induced brachial plexus
neuropathy in breast cancer survivors has been described.27,28 Damage is thought to be due
to direct neuronal damage, microvascular injury and resultant ischemia, or to entrapment or
compression from radiation-induced fibrotic changes in surrounding tissues.

Chemotherapy-induced peripheral neuropathy (CIPN) is a common complication of
systemic cancer treatments with chemotherapeutic agents.29 A number of factors have been
implicated in the pathophysiology of CIPN, including disruption of axoplasmic microtubule-
mediated transport, axonal degeneration, and damage to the sensory nerve cell bodies in the
dorsal root ganglia.30

Peripheral nerves may become “sensitized” when subjected to trauma and become less
tolerant to the physical stresses, such as compression and stretch, imposed upon them during
movement. The mechanisms responsible for development of neuropathic pain from cancer
treatment (i.e. radiation-induced neuropathy, CIPN, or surgical injury) may also affect the
tolerance of the nervous system to movement. For example, taxanes, commonly used in the
treatment of breast cancer, are known to lead to impaired axonal transport.31,32 Ellis, et al.33

have demonstrated heightened mechanosensitivity in the sciatic nerve with a rat model of
impaired axonal transport. Additionally, peripheral nerves at risk during surgery or radiation
may be subjected to higher than normal physical stresses during movement due to
compression or restrictions from adhesions and fibrosis.
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Purpose
In light of this shared theoretical etiology and overlapping symptomatic complaints, it is
important to recognize the unique symptoms of altered mechanosensitivity in women
following breast cancer treatment and whether this presentation is altered in the presence of
lymphedema. Our hypotheses are that 1) following breast cancer treatment women will have
impaired mechanosensitivity in the affected UE compared to their unaffected UE and 2) this
impairment will be even greater in the women with lymphedema and pain. The results of
this study will provide valuable information to clinicians who treat women with upper limb
impairments following breast cancer treatment. The aims of this study were to 1) evaluate
the mechanosensitivity of the UE nervous system in women following breast cancer
treatment and 2) to compare mechanosensitivity between subgroups of women after breast
cancer treatment (defined by presence or absence of pain and lymphedema).

Methods
Participants

Participants consisted of 145 women over the age of 18 who had completed active breast
cancer treatment at least 6 months previously. Women were excluded for bilateral breast
cancer, current UE infection, lymphangitis, pre-existing lymphedema, recurrence of breast
cancer, or pre-existing neuromuscular or musculoskeletal conditions that would preclude UE
testing. Women were recruited through the National Lymphedema Network website, San
Francisco Bay area hospitals, San Francisco Bay area breast cancer or lymphedema support
groups, and breast cancer conferences. The women were required to have no history of UE
trauma, cervical radiculopathy, breast cancer, lymphedema, upper quadrant neurovascular
entrapment, or UE peripheral nerve injury. Participants were required to be able to read,
speak, and understand English. The University of California, San Francisco (UCSF)
Committee on Human Research and the Clinical and Translational Science (CTSI) Clinical
Research Center Advisory Committee approved both studies. Written informed consent was
obtained prior to testing and the rights of participants were protected.

Procedures
Participants in this cross-sectional study attended a single evaluation session at the UCSF
CTSI Clinical Research Center. One investigator (BS) completed all testing.

Subjective measures
Participants completed a 28-item Demographic Profile questionnaire. Information was
collected regarding age, income, ethnicity, gender, menopausal status, Karnofsky
Performance Status, and co-morbidities. The women completed the Norman Questionnaire,
a validated self-report measure used to monitor symptoms of UE lymphedema34 and the
Lymphedema and Breast Cancer Questionnaire to collect data regarding sins and symptoms
at the time of testing, during the month prior, and during the year prior.35 Pain was
evaluated using the Breast Symptoms Questionnaire (BSQ) including information on the
occurrence of pain and other symptoms in the breast and UE (swelling, numbness, strange
sensations, hardness). Participants rated 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). Participants were also asked to rate any symptoms in the UE using the
same NRS. The NRS is a valid and reliable measure of pain intensity in adults with
cancer.36
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Objective measures
A 12 inch goniometer was used to measure shoulder and elbow range of motion (ROM),
following standardized procedures reported by Norkin.37 Circumferential measurements
were used to objectively document UE limb volume. A flexible tape measure was used for
segmental measurement of circumference of each UE beginning at the ulnar styloid, and at
10 centimeter intervals proximal to this point up to a maximum of 40 centimeters. Volume
was calculated from the circumference measurements using the following formula for
volume of a truncated cone: V = 1/12Π Σ h (C1

2 + C1C2 + C2
2), where h is the length of

each measured segment and C is the circumference at each end of that segment.38

Neural tolerance to movement was assessed through neurodynamic testing. The upper limb
neurodynamic test 1 (ULNT1)39 was utilized in this study as it has the highest reliability
compared to other variations.40 The ULNT1 consists of motions known to apply increased
strain on the UE neural pathway from the brachial plexus to the distal peripheral nerve
branches.41-43 Measurement of the last motion during ULNT1 sequencing, elbow extension,
represents a measure of the overall tolerance of the neural tissue to movement when under
greater relative loading (elongation). To insure that the limitation of elbow extension during
ULNT1 was truly related to neural tissue sensitization, the findings were compared to elbow
extension range of motion with the shoulder in 0 degrees of flexion, abduction, and rotation
and wrist/hand in 0 degrees of flexion/extension, positions in which the neural tissue is
comparatively under less loading (more slack).

Testing was performed with the participant supine, without a pillow under the head or knees,
legs uncrossed, arms at side, and head in neutral rotation. The ULNT1 consisted of blocking
shoulder girdle elevation with pressure from examiner's hand and forearm. Then, with the
participant's forearm in neutral pronation/supination, the shoulder was taken into 90° of
abduction with the elbow flexed at 90°. The shoulder was then moved into 70-90° of
external rotation, the maximum allowed by the most restricted shoulder. The forearm was
then supinated followed by wrist and finger extension and finally elbow extension. Testing
was stopped at the elbow ROM at which the shoulder girdle attempted to elevate, resistance
to movement prevented further motion, or the participant reported submaximal pain,
previously defined as the maximal discomfort the participant was prepared to tolerate.44

Elbow extension ROM was recorded, as was participant's report of symptom quality,
location, and intensity.

Statistical analysis
Sample size calculations were performed a priori, using an alpha of 0.05 and power of 0.80.
The sample size estimate of 120 was determined prospectively for the parent breast cancer
symptom study, based on correlation coefficient of 0.25 for regression analysis.

Statistical analyses were performed using IBM SPSS Statistics, version 20 (IBM
Corporation, Somer, NY). For participant characteristics, means and standard deviations for
interval data were obtained and analysis of variance was used to test for significance of
differences for normally distributed data. Chi square analysis was used to assess significance
of differences in proportions for nominal and categorical variables. Paired t-tests were
performed for within group comparisons. Within groups effect sizes for differences between
limbs were calculated as the difference in means/standard deviation of the difference.

Analysis of variance (ANOVA) was performed to evaluate within and between groups
differences, followed by post hoc analysis including Bonferroni correction. The participants
were subdivided into those with the following complications: 1) pain in affected limb with
presence of lymphedema (+Pain/+LE), 2) pain in the affected limb without lymphedema
(+Pain/–LE), 3) no pain in the affected limb with presence of lymphedema (–Pain/+LE), and
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4) no pain in the affected limb without lymphedema (–Pain/–LE). Non-parametric statistics
(related samples Wilcoxon Signed Rank test) were used to compare symptom intensity
during ULNT between limbs within the women with BC group due to non-normal
distribution of responses. The frequencies of symptom report in the following upper limb
regions are reported; chest, shoulder, arm, elbow, forearm, wrist, hand, thumb, 2nd digit, 3rd

digit, 4th digit and 5th digit.

Results
Participant characteristics

Of the 145 participants, 74 reported unilateral UE breast cancer-related lymphedema,
previously diagnosed by their health care provider. This was used to categorize the
participants into the lymphedema or non-lymphedema groups. Participant characteristics,
including limb volume calculated from circumference, are presented in Table 1. 90.3% of
the women were right handed, 7.6% were left handed, and 2.1% described themselves as
ambidextrous. The breast cancer was on the side of the dominant limb in 74 women (49%).

Women were grouped by presence or absence of UE pain and lymphedema. Significant
differences were found among the groups for BMI (p = 0.007). Post hoc analysis for BMI
revealed significant differences between the +Pain/+LE group and both the –Pain/–LE group
(p = 0.009) and the –Pain/+LE group (p = 0.030).

Significant differences were found for numbers of women who had sentinel node biopsy (p
= 0.004), numbers of women who had axillary node dissection (p = 0.004), and for the
number of nodes removed (p < 0.001). Women in both lymphedema groups had a
statistically significantly more lymph nodes removed than the women without lymphedema.
(p = < 0.001 and 0.044). Statistically significant differences were also found for interlimb
volume differences in both lymphedema groups (p = < 0.001 and 0.003).

Range of motion
Upper extremity ROM findings are presented in Table 2. Analysis of variance revealed
statistically significant differences among groups for shoulder abduction on the affected side
(p = 0.083), elbow extension on the unaffected side (p = 0.021), and ULNT1 elbow
extension on both sides (p = 0.013 unaffected side, and p = 0.01 affected side). The
statistically significant post-hoc multiple between group comparisons are presented in Table
3.

For the entire group (n = 145), elbow extension during ULNT1 was −22.3° (SD: 11.9°) on
the unaffected limb and −25.99° (SD 13.1°) on the affected limb. Sub-group analysis
revealed statistically significant differences in ULNT1 elbow extension among groups for
both the unaffected and affected limbs (Tables 2 and 3; Figure 1). The women with pain and
lymphedema had the greatest limitation in elbow extension during ULNT1 testing,
compared to the other groups, and the women with no pain or lymphedema had the least
restriction. Within group differences between the unaffected and affected limbs were
statistically significant in the pain groups, both with and without lymphedema. However,
among groups interlimb differences did not reach statistical significance. (Table 2 and
Figure 1)

Symptomatic response
Symptoms were reported more frequently in the affected limb compared to the unaffected
limb in women with BC for the chest, shoulder, arm, elbow, hand, thumb and 2nd digit
(Figure 2). The forearm was the most frequent region for reports of symptoms on both the
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affected and unaffected sides. The intensity of symptoms was greater on the affected limb
compared to the unaffected limb for the chest (p=0.046), shoulder (p=0.033) and arm
(p=0.039). Figure 2 presents frequency and intensity of symptoms in the breast cancer group
(n = 145).

Discussion
The primary aim of this analysis was to evaluate upper limb mechanosensitivity based on
elbow extension ROM during ULNT1 in women after breast cancer treatment. The findings
of this preliminary study provide support for including assessment of mechanosensitivity to
the evaluation of physical impairments following breast cancer treatment, particularly for
those women with pain and lymphedema. Meaningful differences were found for ULNT1 on
the affected side between women with pain and lymphedema and the women without pain
(with or without lymphedema). Interestingly, reductions in elbow extension during ULNT1
were also found on the unaffected side in women with pain and lymphedema.

Signs of increased neural mechanosensitivity during upper limb neurodynamic tests include
subjective sensory responses, resistance to movement, and limitations or asymmetries in
range of motion.45 In this study, within group (interlimb) ULNT1 elbow extension
differences were minimal for the entire sample (n=145). While the interlimb differences
were small, they were larger and statistically significant in both groups of women with pain,
such that women with pain and lymphedema had ~6° interlimb difference and women with
pain but no lymphedema had ~8° interlimb difference in elbow extension during ULNT1,
compared to a 1 to 3° difference in the no-pain groups. In addition, there were more frequent
reports of symptoms provoked in multiple areas on the affected limb during ULNT1 with
higher intensity levels in the chest, shoulder and arm. When elbow extension was tested with
increased preloading of the nervous system (during ULNT1), elbow extension ROM was
clearly reduced. In comparison, none of the subgroups had a significant interlimb difference
in isolated elbow extension range of motion tested prior to ULNT1 assessment. This
reduction in elbow extension during ULNT1 may, in part, be related to an increase in local
muscle activation as a protective muscle guarding response to the loading of the nervous
system during ULNT1 as has been demonstrated in previous studies. 46,47

Reductions were also seen for isolated shoulder abduction range of motion, with the largest
reductions again in the women with both pain and lymphedema. It is important to note that
isolated upper extremity range of motion was assessed prior to ULNT1 procedures and did
not provoke subjective sensory responses in the upper extremity. Since shoulder abduction is
also a component of the ULNT1 procedures, this could have influenced the outcome.
However, even when tested in positions of less shoulder abduction, a position that would
reduce the stress on the nervous system, the women with pain still had the most restricted
ULNT1 elbow extension. These findings lend support to the conclusion that the limitations
in elbow extension during ULNT1 may, at least in part, be due to increased
mechanosensitivity while the restricted isolated shoulder abduction may be due to local
tissue changes but not exclusively neural involvement.

Of equal importance, our study highlights that both upper extremities show reductions in
isolated upper extremity range of motion and ULNT1 elbow extension for the women with
pain and lymphedema, compared to the other groups. This suggests that interlimb
differences in this population may not be a reliable comparison to identify the magnitude of
increased mechanosensitivity. If comparison to an individual's pre-cancer treatment ROM is
not possible, then comparisons to bilateral UE normative data may provide a more useful
comparison, in addition to symptomatic responses during ULNT1. A previous study
involving a group of asymptomatic individuals found 11.7° (SD 13.0°) restrictions of elbow
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extension during ULNT1 when tested to submaximal pain as was done in the present
study.48 In comparison, the women with pain and lymphedema in the present study have on
average almost three times the restriction on their affected limb and over twice the
restriction on their unaffected side.

The magnitude of bilateral reductions in range of motion was an unexpected finding and
warrants further consideration as to the mechanism behind such impairments. Our findings
are consistent with the findings of Kelley and Jull (1998),49 who evaluated
mechanosensitivity of UE neural tissue in 20 women with unilateral BC, before and 6 weeks
after BC surgery. Shoulder abduction ROM during the Upper Limb Tension Test 2 was
significantly reduced on the surgical side. As in our study, bilateral reductions were
observed which the authors suggested might be related to additional central mechanisms.

Lymphedema and neuropathic pain are common sequelae of breast cancer treatment. They
may share etiology and may occur concomitantly. Dominick et al.50 found a strong
association between higher body mass index (BMI), removal of 11 or more nodes, and
surgery plus radiation, and the development of lymphedema. Our findings support this
previous literature. However, while more women in the lymphedema subgroups received
radiation therapy, the difference did not reach statistical significance. Pain following breast
cancer treatment may be a consequence of surgery, radiation, or chemotherapy. More
invasive surgery and subsequent radiation therapy were found to be significantly related to
the development of post-mastectomy pain.51,52 Although the surgical trauma was unilateral
in the present study, the presence of pain in the affected limb seemed to be the biggest factor
associated with bilateral range of motion reductions both in isolated joints and during
ULNT1. Axillary lymph node dissection with chemotherapy and radiation therapy is
associated with significant increased prevalence of chronic pain.53 The role of chemotherapy
in the development of CIPN is well established. There were no between-groups differences
in the numbers of women who received chemotherapy in this study. The average time since
initial cancer diagnosis and treatment was over 4 years thus CIPN symptoms may have
resolved in many of the women by the time of testing. While the present study was cross
sectional and causation cannot be inferred, it is possible that the presence of pain induced a
centrally mediated response to restrict motion bilaterally throughout the upper extremities as
a protective mechanism. This is purely speculation at this time and further investigation is
necessary to evaluate the mechanisms responsible for the documented findings.

The ULNT1 is thought to load the peripheral nerves in the limb as well as other non-neural
structures, such as vasculature, fascia, muscles, and joints. The addition of movement of a
distant joint (e.g. adding movement of the wrist or neck at the end of the ULNT1 test) could
have assisted in identifying if the symptomatic response documented was from a
neurological origin, termed structural differentiation.54 The primary aim of the study was
not to classify participants as positive or negative on the ULNT1, but to describe differences
in ROM and symptomatic responses with the basic test maneuver. The addition of structural
differentiation would have strengthened the current study and should be considered for
future research. Additional differentiation could be achieved with the use of ultrasound or
magnetic resonance imaging and these objective imaging techniques should be considered
for future research.

We provide support for our hypothesis that breast cancer treatment and the presence of
treatment-related pain and lymphedema may be associated with reductions in elbow
extension during ULNT1 testing. However, due to this study's cross sectional design we
cannot infer causation. An additional limitation is that past diagnosis of lymphedema by the
participant's health care provider was used to determine categories of lymphedema. The
reliability and accuracy of those measurement methods and diagnostic criteria used for this
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previous diagnosis were unknown and were likely variable. Similarly, we were not able to
control for variability in post-operative treatment of upper limb impairments among
participants. Despite these limitations, the results of the present study demonstrate the need
to consider testing ULNT1 in this population, particularly in terms of guiding therapeutic
intervention.

To our knowledge, this is only one of two studies that have evaluated neural
mechanosensitivity in women following breast cancer treatment, and the only study
comparing subgroups of women with and without pain and lymphedema. Results of this
study serve as a foundation for future research on neural mechanosensitivity in this
population of women with breast cancer. Future studies should include a closely age-
matched control group as previous work has identified an impact of age on sensory
responses during ULNT155 and structural differentiation at the end of the ULNT1.
Additionally, it would be important to know if the neural sensitivity were secondary to
disruptions in axonal transport related to the chemotherapy, increased extra-neural pressure
from the lymphedema, myofascial compression related to fibrosis, or trauma to the brachial
plexus related to lymph node dissection. It would also be important to determine if early and
ongoing neural gliding exercises as part of the rehabilitation program could decrease the
neural mechanosensitivity.

Conclusion
Mechanosensitivity of the upper extremity peripheral nerves should be assessed in women
following treatment for breast cancer. This assessment of mechanosensitivity should be
bilateral and correlated clinically to symptom presentation. Women with lymphedema and
pain may be more likely to present with altered neural mechanosensitivity and associated
reductions in upper extremity range of motion. Therapists need to integrate findings of
neural mechanosensitivity into the rehabilitation program for patients who present with pain
and lymphedema following treatment for breast cancer.
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Figure 1. Range of motion during ULNT
Elbow extension range of motion in degrees during upper limb neurodynamic testing
(ULNT). Full elbow extension to neutral is defined as 0°. Negative numbers represent a
limitation in attaining full extension (flexed position). The affected limb and unaffected limb
are presented for women with breast cancer (BC) and were subdivided into those with the
following complications: 1) pain in affected limb with presence of lymphedema (+Pain/
+LE), 2) pain in the affected limb without lymphedema (+Pain/−LE), 3) no pain in the
affected limb with presence of edema (−Pain/+LE), and 4) no pain in the affected limb
without lymphedema (−Pain/−LE). Group mean values are presented with standard
deviation error bars. The following identify statistical differences; asterisks (*) indicate
significant within group differences between limbs, cross (†) indicates significant between
group differences for the affected limb, double cross (††) indicates significant between
group differences for the unaffected limb.
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Figure 2. Symptomatic response in women with breast cancer during ULNT1
The percent of women reporting symptoms in the final test position for the ULNT1 are
presented (bolded) for each of the following regions: chest, shoulder, arm, elbow, forearm,
wrist, hand, and each of the digits. The intensity of symptoms reported on a 0 to 10 point
numeric rating scale are reported in mean (SD). Significant between limb differences are
notated with an asterisk (*) based upon the related samples Wilcoxon Signed Rank test.
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