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ABSTRACT
Background: Breast cancer survivors may be at risk of experiencing rotator cuff disease after
treatment. Biomechanical alterations following surgery potentially predispose survivors to
develop this disorder.
Objective: To examine scapular kinematics in breast cancer survivors with and without impinge-
ment pain during an overhead reach task.
Design: A cross-sectional study.
Methods: Three surgery groups were included: non-cancer controls, mastectomy-only survivors
and post-reconstruction survivors. Breast cancer survivor groups were also categorized by the
presence of impingement pain. Scapular motion was tracked during an overhead reach task,
performed separately by both arms. Maximum scapular internal rotation, upward rotation and
tilt were calculated. Two-way analyses of variance with interactions (p < .05) were used to test
the effects of group (control, mastectomy-only, reconstruction) and impingement pain (pain, no
pain) on each variable within a (left/right) side.
Results: Scapular kinematics varied with the group by pain interaction. On the right side, the
mastectomy-pain group had reduced upward rotation, while the reconstruction-pain group had
higher upward rotation (mastectomy-only: 22.9� vs. reconstruction: 31.2�). On the left side, the
mastectomy-pain group had higher internal rotation, while the reconstruction-pain group had
reduced internal rotation (mastectomy-only: 45.1� vs. reconstruction: 39.3�). However, time since
surgery was longer in the mastectomy-pain group than reconstruction-pain group, suggesting
there may be a temporal component to kinematic compensations.
Conclusions: There are kinematic alterations in breast cancer survivors that may promote future
development of rotator cuff disease. Compensations may begin as protective and progress to
more harmful alterations with time.

KEY MESSAGES

� Scapular kinematics varied with surgery and pain interaction: upward rotation was lower and
internal rotation higher in mastectomy-pain group, while upward rotation was higher and
internal rotation lower in reconstruction-pain group.

� Kinematics alterations may also be associated with time since surgery, as the mastectomy-
pain group had longer time since surgery than the reconstruction-pain group.

� Kinematic alterations may transition from protective to harmful over time.
� In-depth analyses by reconstruction type are needed to determine surgery-specific effects on
kinematics and their potential impact on the development of rotator cuff disease.
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Introduction

Upper limb morbidities are common after breast can-
cer treatment. Limitations such as reduced range of
motion, reduced strength, swelling or loss of sensation

are commonly reported for several years after treat-
ment [1,2]. Additionally, breast cancer survivors may
be more likely to have secondary upper limb condi-
tions [3–5], possibly as a result of the side effects of
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treatment or secondary to the above-mentioned limi-
tations. One secondary morbidity that breast cancer
survivors may experience is rotator cuff disease [3,6].
Rotator cuff disease, which for the purpose of this
paper will encompass all tendinitis, tendinopathy and
tears of the rotator cuff, is associated with upper limb
disability [7]. For breast cancer survivors who may
already experience physical limitations after cancer
treatment, pain and reduced range of motion associ-
ated with rotator cuff disease [8] could lead to add-
itional limitations that interfere with activities of daily
living and occupational tasks if left untreated.
Although this relationship is posited, there is actually
very little research specifically on rotator cuff path-
ology among breast cancer survivors.

Rotator cuff disease is most often a repetitive strain
injury, with onset due to overuse and cumulative
damage to the rotator cuff tendons [9]. Shoulder bio-
mechanics are considered to play an important role in
the development rotator cuff disease, with the injury
often initially appearing as supraspinatus impingement
[10]. Both humeral and scapular kinematics may con-
tribute to impingement, with the accepted notion that
altered kinematics may reduce the subacromial space,
causing repeated damage to the bursal side of the
tendon [9]. Humeral kinematic changes are often a
result of fatigue and lack of endurance of the rotator
cuff muscles causing the humeral head to migrate
upwards [11], while scapular kinematic changes, often
termed “dyskinesis”, can manifest in altered scapular
motion in all scapular angles. Reduced upward rota-
tion and increased scapular internal rotation are the
common alterations observed in persons with rotator
cuff disease [12,13]. However, results are inconsistent
[12,14,15] and it is not clear if the scapular kinematic
alterations are the cause or result of the injury
and pain.

Post-treatment kinematic compensations may con-
tribute to rotator cuff disease in breast cancer survi-
vors. Recent investigations of scapular kinematics in
breast cancer survivors are sparse, and there is study
heterogeneity in terms of motions evaluated, treat-
ment types and timing of measurements. However, in
aggregate, the results suggest that the observed kine-
matic alterations are harmful and are consistent with
those associated with rotator cuff disease [16–19]. In
particular, a recent study by our research group
showed upper limb kinematics in mastectomy-only
breast cancer survivors were markedly influenced by
the presence of impingement-related pain: scapular
upward rotation in overhead movements was reduced
only in the pain group [17]. It was hypothesized that

the reduced upward rotation contributed to the pain
and may lead to further injury and disability, but with
a small, cross-sectional sample including only one sur-
gery type, the applications of results are limited.

While the combination of mastectomy and
impingement pain appears to be associated with
potentially harmful kinematics, there are few investiga-
tions of breast cancer survivor biomechanics after
mastectomy plus reconstruction (termed
“reconstruction” in this paper) [18,20,21]. Findings
from our research group suggest that reconstruction
breast cancer survivors have reduced humeral internal
rotation and anterior tilt during functional tasks [20],
but that study did not consider impingement-related
pain. Therefore, the purpose of this study was to
measure scapular kinematics of reconstruction breast
cancer survivors, with and without impingement pain,
during an overhead reaching task and compare them
to mastectomy-only survivors, with and without
impingement pain and non-cancer controls. It was
hypothesized that the breast cancer survivors with
pain would have decreased upward rotation [17].

Methods

This study is a continuation of a previously published
report on shoulder kinematics in mastectomy-only
breast cancer survivors [17]. In the current manuscript,
the same mastectomy-only breast cancer survivors,
divided by impingement pain and controls are com-
pared to a newly assessed group: reconstruction
breast cancer survivors, divided by impingement pain.
Findings regarding reconstruction kinematics, without
consideration of impingement pain, have been
reported in another publication [20].

Participants

Breast cancer survivors and non-cancer controls were
recruited from the community via posters in medical
and community centres, advertisements on social
media and word of mouth from clinicians and support
groups. All breast cancer survivors were required to
have undergone mastectomy, and women with one of
the three types of post-mastectomy reconstructions
were also included (subpectoral implants (implants),
deep inferior epigastric perforator (DIEP) and latissi-
mus dorsi flap (LD)). Breast cancer survivors were at
least sixmonths post their latest surgery. Members of
the control group were free from any upper limb pain
and all participants were women between the ages of
35 and 65. Exclusion criteria included breast
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conserving therapy, inability to raise arms overhead
and allergies to adhesives. Our goal was to recruit 25
participants for each group (control, mastectomy,
implants, DIEP and latissimus dorsi); however, as data
collection had to be suspended indefinitely due to the
COVID-19 pandemic, the 45 breast cancer survivors
with reconstructions were grouped together. The sam-
ple size was originally derived from our previous study
[17] that focussed on mastectomy-only breast cancer
survivors. The study protocol was approved by the
university ethics board.

Procedures

Upon arrival, participants provided informed consent
and completed a disability questionnaire (QuickDASH).
Participants also provided written consent for inclusion
of anonymized photos in research materials.
Treatment information was provided from participant
recall. Each participant was then evaluated with three
impingement provocation tests: Neer’s sign, Hawkins-
Kennedy and empty can [22,23]. A positive result
(meaning presence of pain) on any test warranted
exclusion from the control group or placement in the
pain group for the breast cancer survivors. Motion of
the torso, scapulae and humeri were tracked via
reflective markers affixed to the skin, where possible,
or to fitted clothing (torso cluster) based on ISB stand-
ards [24], with 8MX 20 and 2 Vantage Vicon cameras
(Vicon Motion Systems, Oxford, UK) that were placed
around the collection space to maximize tracking of
movement in all planes of motion. The scapulae were
tracked with acromial marker clusters using a double
calibration; the accuracy of this method has been
found to be in the accepted error range (4 to 10�

depending on the scapular angle and level of humeral
elevation) [25].

Participants then performed an overhead reaching
task. This required participants to reach to a shelf set
to 1.5m above the ground, centred in front of their
body, while seated [17,26]. The reach was performed
separately by the right and left arms, both unloaded
(Figure 1) and with a 1 kg load. Each combination
(right/left, loaded/unloaded) was performed three
times, for a total of 12 reaches per participant.

Analysis

Kinematic data were processed with a custom
MATLABVR code. All raw kinematic data were filtered
with a low pass zero-lag fourth order Butterworth filter
with a 6Hz cut-off [27]. Scapular rotations were

calculated with the joint coordinate system method
using a Y-X’-Z” rotation sequence to acquire clinically
relevant angles: internal/external rotation, upward/
downward rotation and anterior/posterior tilt, again
conforming to International Society of Biomechanics
standards [24]. Upward rotation of the right scapula
and internal rotation of the left scapula were adjusted
to be positive values. Each repetition of the overhead
reach was one cycle. Maximum scapular angles were
calculated for each cycle and all repetitions were aver-
aged within participants.

All breast cancer survivors with any type of recon-
struction were grouped into one reconstruction group
(n¼ 45: 19 implant, 16 DIEP and 10 LD). Affected
shoulders were coded per side, and breast cancer sur-
vivor shoulders that did not have any type of surgery
were excluded from the analysis. For example, if a par-
ticipant had a reconstruction on the right side but no
surgery on the left side, data from their right side
were included in the reconstruction group and com-
pared to right sides of other groups. Data from their
left side were not included in any comparisons. Forty-
three survivors (33 reconstruction, 10 mastectomy-
only) had bilateral procedures. If a participant had
bilateral procedures, data from both sides were
included and compared to respective sides of other
groups, but not within a person. Sides were analysed
separately based on results of a previous mastectomy-

Figure 1. Participant performing an unloaded overhead reach
with the left hand.
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only comparison showing that only right-side scapular
kinematics were affected by presence of impingement
pain [17] and to circumvent within-person dominance
effects. All but two participants were right-hand dom-
inant (one control participant and one mastectomy-
only participant). The mastectomy-only and recon-
struction groups were then divided by the presence of
impingement pain (positive pain result on at least one
test) to create five groups: control, mastectomy-no
pain, mastectomy-pain, reconstruction-no pain and
reconstruction-pain. There were no differences in kine-
matics between loaded and unloaded conditions, so
all right reaches were grouped together and all left
reaches were grouped together.

Statistical analysis was performed with SPSS
Statistics for Windows, version 27 (SPSS Inc, IMB,
Chicago, IL, USA). Two-way analyses of variance
(ANOVAs) (group� pain) were used to determine main
and interaction effects on each variable for each side.
Post hoc Tukey honestly significant differences were
used to identify differences between groups after a
significant result from the ANOVAs. Effect sizes were
calculated for significantly different groups using
Cohen’s d: where 0.2 is considered a small effect size,
0.5 considered medium and 0.8 or above is considered
large and clinically meaningful [28].

Results

Impingement pain and breast cancer treatment group
interacted to influence scapular kinematics in the over-
head reach, but differentially bilaterally. On the right side,
scapular upward rotation was affected: the mastectomy-
pain group had significantly lower peak upward rotation
(max difference ¼ 8.3�, F¼ 13.1, p <.001, d¼ 1.3) com-
pared to controls, the mastectomy-no pain, and the
reconstruction-pain (Table 1). On the left side, internal

rotation was affected: the reconstruction-pain group had
lower peak scapular internal rotation (max difference ¼
5.8�, F¼ 13.4, p ¼ .010, d¼ 0.9) compared to the recon-
struction-no pain and mastectomy-pain groups (Table 1).
Overall, the survivors with impingement pain in the mast-
ectomy group had lower upward rotation and higher
internal rotation than those without pain, while the
opposite pattern characterized the reconstruction group
(Figure 2). While these left scapular internal rotation
results demonstrated p values below .05, the homogen-
eity of variance and normality assumptions were violated
for the ANOVAs. These findings were included, still using
this analysis, due to the exploratory nature of this study
and the pattern of differences that corresponded with
the right upward rotation results. Further explanation of
the statistical assumptions and violations is included in
Supplementary material. There were no significant inter-
action or main effects for scapular anterior/posterior tilt
on either side. Although the three different types of
reconstructions were grouped for statistical analysis, right
upward rotation and left internal rotation results are also
presented with the three types separated to demonstrate
the trends across reconstruction types (Figure 3).

Time since surgery was also different for the different
surgery and pain combinations (Table 1). The mastec-
tomy-pain group had the longest time since surgery,
while the reconstruction-pain group had the shortest.
Finally, there was also an interaction effect of impinge-
ment pain and breast cancer surgery on self-reported dis-
ability (QuickDASH) (F¼ 24.6, p < .001, d¼ 1.4), which
was highest in the survivors with impingement pain in
both the mastectomy and reconstruction groups (Table 1).

Discussion

This study of impingement pain in breast cancer survi-
vors provides unprecedented insight into treatment

Table 1. Participant characteristics [mean (95% CI)] for all five combinations of breast cancer treatment and presence of pain.

Control

Mastectomy Reconstruction

No pain Pain No pain Pain

N 25 12 13 27 18
Age (yrs) 51.6 (49.7, 53.6) 52.9 (50.4,55.4) 55.9 (52.6, 59.1) 52.2 (50.5, 54.0) 47.6 (45.0, 50.2)b

QuickDASH (/100) 4.7 (2.9, 6.4) 16.9 (12.9,20.9)a 17.7 (12.5,22.8)a 14.4 (11.5,17.2)a 30.0 (25.8,34.1)ab

Months since last surgery – 50 (39.5,60.5) 67.3 (53.8,80.8)c 45.1 (37.7,52.5) 30.9 (20.1,31.3)
Type of reconstruction (I/D/L) – – – 13 I/9 D/5 L 6 I/7 D/5 L
Immediate or delayed (Im/De) – – – 14 Im/13 De 9 Im/9 De
Average length of delay – – – 42.8 (20.0,65.6) 21.8 (11.9,31.6)
Lymph node removal (#/n) – 8 9 25 17
Radiation (#/n) – 5 5 13 16
Right Upward rotation (�) 29.1 (26.6, 31.5) 30.7 (26.4, 35.0) 22.9 (19.8, 26.2)ab 27.4 (25.1, 29.6) 31.2 (28.9, 33.6)
Left Internal Rotation (�) 44.1 (41.5, 46.7) 41.5 (40.3, 42.7) 45.1 (41.3, 48.9) 44.9 (42.6, 47.2) 39.3 (36.5, 42.1)d

Upward rotation values are for right-side affected shoulders, while internal rotation values are for left-side affected shoulders. Different superscript letters
within a row denotes values that are significantly different (p<.05) between groups: a¼ significantly different from controls; b¼ significantly different
from the other breast cancer groups within the same row; c¼ significantly different from the reconstruction pain group; d¼ significantly different from
the reconstruction-no pain group.
I: implant; D: DIEP; L: LD; Im: immediate; De: delayed; CI: confidence interval.
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Figure 2. Interaction plot of scapular kinematics for the pain and no pain groups. Upward rotation values are from the right side,
while internal rotation values are from the left side. For the mastectomy group, those with pain had lower upward rotation and
higher internal rotation. The opposite pattern was found in the reconstruction group.

Figure 3. Peak right upward rotation (top) and left internal rotation (bottom) presented with reconstruction groups split by sur-
gery types and pain status. Reconstruction types were grouped together for analysis due to small sample sizes for each type.
Error bars represent standard deviation. Mastectomy: mastectomy-only; implant: subpectoral implant; DIEP: deep inferior epigastric
perforator; LD: latissimus dorsi flap.
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and biomechanical factors that may be related to
injury development. The mastectomy-only and recon-
struction groups exhibited opposing kinematic com-
pensations, with the mastectomy group
demonstrating lower scapular upward rotation and
higher internal rotation on the right and left side,
respectively, and reconstruction group displaying the
opposite pattern. Along with surgery type, there is a
possibility that time since surgery plays an important
role in shoulder kinematic changes in breast can-
cer survivors.

Breast reconstruction, while invasive and intensive
procedures that can cause significant shoulder impair-
ment [20,21,29], may help to prevent rotator cuff dis-
ease. Findings from our recent work looking at
survivors after reconstruction suggest that, when not
divided by impingement pain, kinematic alterations
after breast reconstruction might reduce risk of rotator
cuff disease. Specifically, humeral internal rotation and
scapular anterior tilt are both consistently reduced in
the reconstruction group [20]. The hypothesis is that
the detrimental effects to the humeral internal rotators
(pectoralis major and latissimus dorsi) and strength
deficits after surgery could contribute to the kinematic
compensations favourable for rotator cuff disease pre-
vention. As a result, it is possible that the protective
kinematics present in the reconstruction-pain group
occur partially as a result of the reconstruction sur-
geries. When considering the descriptive results of
pain by reconstruction type, findings suggest that
implants may result in the more harmful kinematic
strategies (less upward rotation and more internal
rotation), regardless of pain status, while DIEP and LD
groups are skewed to the more protective strategies.
However, a higher proportion of both DIEP and LD
reconstruction survivors displayed impingement-
related pain: the removal of the pectoralis major ster-
nocostal muscle fibres during implant surgery could
reduce superior translation of the humerus during arm
elevation, reducing compression of the supraspinatus
tendon in the implant reconstructions. Taken together,
the findings further highlight need for kinematic eval-
uations with homogenous breast reconstruc-
tion groups.

Time since surgery was notably different between
the groups and may contribute to observed differen-
ces. The mastectomy-pain group had their surgery
approximately three years earlier than the reconstruc-
tion-pain group. The difference between these groups
could be a result of 2 main factors in this sample: first,
the reconstruction-pain group was, on average, eight -
years younger than the mastectomy-pain group, and

second, some reconstruction procedures were delayed
as opposed to immediate (the average delay was just
under three years). Time since last surgery may medi-
ate rotator cuff disease related compensations. For
both sides, the mastectomy-pain group demonstrated
kinematics considered “high risk” or harmful, with
respect to rotator cuff disease development [9,12,13],
while the reconstruction-pain group exhibited kine-
matics that may be protective against rotator cuff dis-
ease. Higher upward rotation and lower internal
rotation of the scapula, as occurred in the reconstruc-
tion-pain group, generally increase the size of the sub-
acromial space [9,30], which would prevent or reduce
impingement of the rotator cuff tendons. Because the
reconstruction-pain group were evaluated at shorter
time since surgery, their movement and muscle pat-
terns may still be attempting to prevent further pain
and damage, while the mastectomy-pain group may
be beyond this point. It is possible that recruitment of
a future reconstruction group with a higher average
age and evaluated at a greater point in time post sur-
gery might yield kinematics approximating those of
the current mastectomy-pain group.

The differing results by side suggest that dominant
(right) and non-dominant (left) arms are influenced
differently by impingement pain. Scapular kinematics
differ between sides in healthy individuals [31–33], so
dominance may also affect how motion is affected by
disorder. However, the breast cancer survivors with
pain on the right side may also have more severe
rotator cuff disease development; the number of posi-
tive results per participant on impingement tests was
greater on the right side than the left side (1.8 posi-
tives on the right, 1.4 on the left).

Based on these results and findings from previous
literature, we hypothesise that rotator cuff disease in
breast cancer survivors could be influenced by aberra-
tions in shoulder kinematics. It is well established that
pectoralis tightness commonly occurs after all types of
breast cancer treatment [5]. This tightness may then
lead to, or at least be associated with, thoracic
kyphosis and/or increased scapular internal rotation in
the early phase of recovery [16,34]. After prolonged
time in kyphotic position, the anterior muscles may
tighten further, the posterior muscles may lengthen,
and most importantly, the serratus anterior may
shorten and weaken [35,36]. As a result, the upper tra-
pezius muscle may attempt to compensate by increas-
ing activity to maintain upward rotation and external
rotation of the scapula [37,38], a kinematic alteration
displayed in the reconstruction-pain group of this
study. Prolonged upper trapezius over-activation and
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tightness could lead to a muscular imbalance of the
upper trapezius-serratus anterior couple [37,39]. This
imbalance would result in decreased upward rotation
[17], and a possible return to internal rotation, as
exhibited by the mastectomy-pain group of the cur-
rent study, contributing to the development of rotator
cuff disease. This hypothesis suggests that different
compensations of the mastectomy-pain and recon-
struction-pain groups could be mediated by the time
since surgery as well as surgery type. The reconstruc-
tion-pain group may still be implementing protective
compensations. Regardless, taken together, the find-
ings from this study and previous literature suggest
that kinematic changes are related to rotator cuff dis-
ease and may cause further alterations that lead to
more severe rotator cuff injury. However, there are
other biomechanical phenomena, including joint sta-
bility and tissue response, and individual or pre-opera-
tive factors that are not included here that may play
an important role in secondary dysfunction after
breast cancer treatment.

While these findings indicate an interesting possibil-
ity, at this time we are unable to conclusively state
that shoulder kinematic alterations after breast cancer
surgery lead to rotator cuff disease: work remains to
test this relationship comprehensively. The current evi-
dence suggests that mastectomy-only, time since sur-
gery and participant age, might influence kinematic
changes indicative of provoking rotator cuff disease in
breast cancer survivors. The influence of reconstruc-
tion type on impingement pain, rotator cuff disease
and related kinematic alterations remains elusive.
Similarly, radiation and lymph treatments varied in the
study cohort; neither factor related significantly to
kinematics, but an analysis focussed on these treat-
ment factors could elucidate their importance. An in-
depth analysis by reconstruction type, and including
delayed versus immediate reconstruction as a factor, is
clearly needed to fully understand the influence of
surgery and time on rotator cuff disease related kine-
matic alterations.

Study limitations

While this novel research provides some insight into a
potential connection of biomechanics to rotator cuff
disease in breast cancer survivors, limitations to this
work exist. Namely, while the differences in kinematics
and treatment factors combine to provide insight into
a potential timeline of pain and injury, this is still a
case-control study. Only preliminary inferences can be
made based on these data, and the cause-and-effect

of pain and kinematic injuries remains unclear.
Somewhat small differences between groups, espe-
cially on the left side, may complicate interpretation.
Further, more deliberate sampling based on surgery
type, radiation, lymph node treatment and impinge-
ment pain would allow for more specific conclusions.
Inclusion of a non-cancer rotator cuff disease group
would also delineate any additional morbidity caused
by breast cancer surgery, which is a goal for future
research for the authors. An analysis using the same
procedures as this paper, but including this non-can-
cer rotator cuff disease group would also address any
potential statistical bias present in the current analysis
due to unbalanced data. Due to the COVID-19 pan-
demic, participant recruitment ended early, causing
the three types of breast reconstructions to be
grouped together in the current analysis despite dif-
ferences in surgical procedures. Other potential sour-
ces of the kinematics differences, such as thoracic
postural variation, were not considered, which could
modulate interpretations of the findings. Also, in some
cases, the torso marker cluster was affixed to the par-
ticipant’s clothing. While the clothing was fitted to the
body to limit movement of the cluster, this placement
may have limited the accuracy of marker tracking and
subsequent results. Finally, these results are specific to
the forward reaching movement. While this is a func-
tional movement that may be performed repetitively,
other types of movement may not show compensa-
tory kinematics that coincide with potential rotator
cuff disorder development.

Future research

This initial exploration of post-mastectomy and post-
reconstruction biomechanical decrements gives rise to
a number of related recommendations for future
study: in-depth analysis and comparison of upper limb
kinematics by reconstruction type; deliberate study of
delayed versus immediate breast reconstruction;
effects of adjuvant treatment (radiation, chemother-
apy, lymph node removal) on function and kinematics;
comparison to a non-cancer rotator cuff injury group;
and finally, a controlled trial to assess kinematic
changes over time in breast cancer survivors.

Conclusions

This study aimed to define kinematic compensations
present in breast cancer survivors that may relate to
the development of rotator cuff disorders. The find-
ings outline preliminary kinematic alteration outcomes
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in two groups of breast cancer survivors that differed
by surgery type (mastectomy-only versus breast recon-
struction) and presence of pain. Kinematic alterations
in reconstruction survivors may be protective, while
mastectomy-only alterations may be harmful (reduced
upward rotation and increased internal rotation).
Differences in time since surgery in groups suggest a
temporal component to biomechanical changes but
more research is needed to confirm these differences.
Finally, further investigation of homogenous sub-
groups of breast cancer survivors with different recon-
struction types is required.
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