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Abstract

Purpose—To determine the extent and time course of upper limb impairment and dysfunction in
women being treated for breast cancer, and followed prospectively, using a novel physical therapy
surveillance model post-treatment.

Patients and Methods—Subjects included adult women with newly diagnosed, untreated,
unilateral, Stage I to 111 BC and normal physiological and biomechanical shoulder function. Subjects
were excluded if they had a previous history of BC, or prior injury or surgery of the affected upper
limb. Measurements included body weight, shoulder ranges of motion (ROM), manual muscle tests,
pain levels, upper limb volume, and an upper limb disability questionnaire (ULDQ). Measurements
were taken at baseline (pre surgery), and one, three-six, and 12 months post surgery. All subjects
received pre-operative education and exercise instruction and specific physical therapy (PT) protocol
after surgery including ROM and strengthening exercises.

Results—All measures of function were significantly reduced one month post surgery, but most
recovered to baseline levels by one year post surgery. Some subjects developed signs of lymphedema
3-12 months post surgery, but this did not compromise function. Shoulder abduction, flexion, and
external rotation, but not internal rotation ROM, were associated with the ULDQ.

Conclusion—Most women in this cohort undergoing surgery for BC who receive PT intervention
may expect a return to baseline ROM and strength by three months. Those who do not reach baseline,
often continue to improve and reach their pre-operative levels by one year post surgery. Lymphedema
develops independently of shoulder function three to 12 months post surgery, necessitating continued
monitoring. A prospective physical therapy model of surveillance allows for detection of early and
later onset of impairment following surgery for BC in this specific cohort of patients.
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INTRODUCTION

Upper limb (UL) dysfunction and decreased quality of life (QOL) are frequently reported
sequelae of early stage breast cancer treatment (BC) [1-10]. Surgical trauma and/or radiation
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therapy may lead to UL impairments, functional limitations and disabilities including pain,
stiffness, lymphedema, seroma, cording, decreased strength and range of motion (ROM) and
decreased activity tolerance [1,11-14]. Preventative exercise and education are recommended
to reduce the incidence of BC-related UL dysfunction and to enhance QOL [15-18]. Although
long term benefits of these treatments have been reported in a few longitudinal studies, [19-
21] we found no studies that tracked specific shoulder impairments and associated functional
limitations.

Many reliable and valid outcome instruments used to measure UL and shoulder dysfunction
[22-32] are generic scales not designed to specifically assess BC sequelae and therefore are
likely not sensitive enough to detect early BC treatment related changes in UL function. Few
studies assess rate and predictors of UL functional recovery in this population because no
instrument exists that incorporates all domains of UL physical disabilities such as symptom
distress, shoulder impairment, and general functional limitations [33-34].

The main purpose of this study was to determine the extent and time course of UL dysfunction
in subjects seen pre-operatively and followed prospectively using a novel physical therapy
(PT) surveillance model post BC and treatment. Secondary purposes were to determine if pain
was a factor in recovery and to assess self report of functional task difficulty 12 months post
surgery using the Upper Limb Disability Questionnaire (ULDQ).

PATIENTS AND METHODS
Subject Selection and Study Design

A large prospective, observational IRB approved study, (NIH 02-CC-0044; NNMC B01-052)
was conducted at the National Naval Medical Center Breast Care Center (NNMC-BCC), in
conjunction with NIH from 2001-2006. Women newly diagnosed with unilateral, Stage | to
I11 BC, and eligible for care in a military facility were screened pre-operatively to determine
appropriateness for this prospective trial. Subjects were excluded if less than 18 years of age,
male, or with a history of BC, bilateral BC, injury or surgery of the affected UL. Informed
consent in accordance with NIH and NNMC IRBs was obtained.

Analyses were based on repeated measures for subjects who attended all four visits on the
following schedule: a pre-operative visit (month 0) and three post-surgical visits (1, 3-6, and
12+ months).

Over the five year recruitment period for this study, close to 200 women met eligibility criteria.
However, because of the nature of repeated measures analysis, women who deviated from our
required follow up schedule could not be included in our analysis. 94 subjects completed all
of the required visits on schedule and were included. Demographics and outcomes of the
general population were similar to those of this subgroup. Subject demographics are shown in
Table 1.

Data Collection

All subjects were recruited from NNMC-BCC. Subjects were interviewed and evaluated by a
physical therapist for their initial (baseline) examination and for all follow-up appointments.
The physical therapist conducted an UL screening examination. The physical therapist
recorded employment status, physical activity, pain, and fatigue followed by an UL
examination including visual inspection and palpation for postural asymmetries, cording,
swelling, and seromas; and tested bilateral shoulder ROM and strength. If an active ROM
deficit was identified, the subject was positioned supine and measurement of the ROM deficit
recorded using a standard goniometer. Shoulder muscle strength was determined by performing
break testing of the ULs [35].
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Volume and girth measurements for both ULs were taken in a standard position as described
by Stout Gergich et al [36] using an optoelectronic volumeter containing a framed infrared
scanning system, the Perometer®!. The Perometer® was designed specifically to measure girth
(cm) and volume (mL) of the upper or lower extremities and has been validated for clinical
use [37-39].

The ULDQ (Appendix A) was administered to the subjects at 12+ months post-surgery.
Specifically, the ULDQ is a tool developed by our research team to measure UL function and
disability and includes items from several existing published tools such as the Quick Dash
[26-28]. Validation of the ULDQ was not completed at the time of the study. To assess shoulder
functional limitations, three physical therapists collectively chose all items related to shoulder
function from the ULDQ (n = 27 items), then independently categorized and rank-ordered the
shoulder function tasks into four degree of difficulty ratings as described previously (2005)
[40]: (1) Hard (eg. overhead height task), (2) Medium (eg. sliding a box), (3) Easy (eg. reaching
for salt shaker), and (4) Routine (eg. shoulder height task).

Early PT Intervention

During the pre-operative examination, subjects were instructed in a postoperative UL ROM
exercise program and were educated regarding UL lymphedema precautions and physical
exercise initiation and progression. At the one-month post-operative visit, the exercise program
was reviewed and additional individualized home program instructions were provided as
needed. Subjects exhibiting shoulder girdle strength deficits were provided a program of
resistance band exercises. When moderate-severe shoulder impairment was diagnosed,
subjects received additional skilled PT intervention. Subjects were seen for continued
surveillance at the scheduled intervals as described above regardless of the presence or absence
of impairment (Figure 1).

If subjects were diagnosed with UL lymphedema, treatment was initiated according to a
protocol described by Stout Gergich et al [36]. Subjects with lymphedema were not placed on
activity restrictions.

Measurements and Statistical Analyses

Range of motion (ROM) was recorded for shoulder flexion (FLEX), abduction (ABD), internal
rotation (IR), and external rotation (ER). A single composite score (SUmROM) was defined as
the total of these four motions. A composite score for manual muscle test (SUmMMT) was
defined as the sum of six individual shoulder strength tests (scored individually 1 - 10,
composite SUmMMMT scored 6 — 60) [41-43]. The six shoulder MMTs included shoulder flexors
(FLEX), internal rotators (IR), external rotators (ER), abductors (ABD), and individual muscle
tests for pectoralis major (PEC) and serratus anterior (SA). Cording (axillary web syndrome)
was rated by the physical therapist at each visit as none = 0, mild (present, but asymptomatic)
=1, moderate (mild ROM restriction) = 2, or severe (major ROM restriction) = 3. Pain severity
and frequency of pain for chest and shoulder were reported by numerical ratings at each session
with 0 = no pain and 10 = extreme pain. For the purposes of analysis, pain scales were blocked
into four categories: 0 = none; 1, 2, 3 = Mild; 4, 5, 6 = Moderate; and 7, 8, 9, 10 = Severe.
Cording (an ordinal variable) and pain were analyzed with Chi-Square.

At each visit UL volume and girths were measured using the Perometer® and body weight
was taken at each visit with a standard scale2. UL volumes were compared between affected
and unaffected upper extremities with protected t-tests, and were correlated with body weight.

lPero-System Messgerate, Am Tescher Busch 9 D-42327, Wuppertal, Germany
2Detecto Model CN20, Wehb City, MO
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ROM in each shoulder plane (FLEX, ABD, IR and ER), the sumROM, sumMMT, and UL
Volume were analyzed with One-way Repeated ANOVA protected by Greenhouse-Geisser
correction for non-normal data. Post hoc testing was done using Within-Subjects Contrasts.
Analyses were with SPSS software3. The individual shoulder ROMs were also compared to
normal ranges as defined by the American Academy of Orthopedic Surgeons (AAOS) [44].
Level of shoulder impairment was expressed as deficit from full ROM using the American
Medical Association (AMA) scale for regional impairment. The percent of subjects at each
level of shoulder impairment were then determined for each time interval [45-46].

The total score as well as the four task subcategories of shoulder function from the ULDQ
(Hard, Medium, Easy, and Routine) were each correlated with the shoulder ROM results to
determine if affected UL function was related to one or another plane of movement, or if tasks
of different effort levels had discriminative value.

RESULTS

Subject demographics and clinical-surgical characteristics are shown in Table 1.
Approximately half the subjects had normal body mass index (BMI) <25 kg/m? (20% were
classified as obese>30 kg/m?2). The majority of subjects (53.2%) underwent a modified radical
mastectomy (MRM) or simple mastectomy (3.2%), the remaining group (43.6%) had breast
conserving surgery. Approximately half (57%) of the subjects who had an MRM also had
reconstruction. This includes both immediate and late reconstruction. The majority of subjects
(70%) had axillary lymph node dissection. Treatments included radiation (68%), hormonal
therapy (71%), and chemotherapy (61%).

Repeated ANOVA results are summarized in Figure 2. Shoulder ABD, ER, FLEX, and sum
ROM decreased from the 0 visit (baseline) to 1 month (p < 0.0001), improved from one month
to three-six months (p <0.0001), and further improved from three-six month to 12+ month
visits (p < 0.0001). Analysis of IR ROM vyielded a significant decrease from 0 visit to one
month (p<.04), however no significant difference was noted in the change from one month to
three-six months, and a significant improvement from one and three-six to 12+ months (p <
0.03). Results for shoulder sumMMT followed the same pattern as the shoulder ROM data
with significant decrement in shoulder strength at one month (p<.001) and general recovery
for most subjects by three-six and 12+. This pattern is illustrated in Figure 2. Over 80% of pain
responses by subjects at baseline, three-six, and 12 months were at the 0 (no pain) level (on a
scale of 0-10), over 60% at one month were at 0. Most of the remaining responses were less
than 4 reporting mild pain. Distributions for severity of pain are shown in Table 2. Incidence
of pain distributions and tests and severity results were similar. In both cases, distributions
showed greater pain at one month as identified by Chi-squared analysis (p<.001). However,
nearly all of the subjects with pain at 12 months had no pain at the previous three month visit.

The majority of subjects demonstrated normal shoulder ROMs for all movements at all four
visits except at the one month assessment. Relative impairments are shown in Figure 3. While
few cases of shoulder ER impairment were noted at 12+ months, these cases were not apparent
until between three and 12 months.

At 12 months, 92% of the subjects reported no or slight limitation performing hard functional
tasks of the UL (none =42%, slight = 50%) and 89% reported no or slight limitation with
medium UL tasks (hone =42%, slight = 47%). Easy and Routine UL tasks were reported to be
performed with no or slight limitation by 96% and 98% respectively. Correlations among the
four ROM variables, SUmROM, sumMMT, and the four ULDQ subcategories are shown in

3version 15.0; SPSS Inc., Chicago, IL
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Table 3. ABD, FLEX, ER, and sumROM significantly correlated with all subcategories of the
ULDQ (p<.02), but IR did not. The Quick Dash, as embedded in the ULDQ, correlated with
shoulder ER (p < .05) and no other shoulder ROM. These results contribute to the validation
of the ULDQ for studying this population.

Cording with associated movement restrictions was present in 29% (minor restriction = 219%,
major restriction = 7%) at one month and in 5% (all minor) at three-six months. At one month,
additional asymptomatic cording (total 40%) was noted.

Overall limb volume increased over the course of follow-up, with the affected UL volume
increasing slightly more than the unaffected limb volume. However, statistical significance for
change over time in UL volume was only noted at 12+ months. These differences were
significant both for the affected and the unaffected UL, but the differences between the ULs
were not significant suggesting an overall weight gain for the cohort over time.

Subjects in this cohort who were diagnosed with sub-clinical lymphedema were identified for
comparison to subjects without lymphedema. A significant difference in limb volume was
found between these two groups at 12+ months (p<.045). Volume comparisons can be seen in
Figure 4. Mean body weight was relatively unchanged (0.68 Kg increase) for these subjects
from baseline to 12+ months, and correlations among body weight, and limb volume were not
significant. There was no difference in pain report between the lymphedema subset and the
rest of the cohort, but subjects in the non-lymphedema group reported higher levels of physical
activity at 12+ months (82% vs 60%, p<.05).

DISCUSSION

In general, subjects exhibited shoulder impairments in ROM and MMT at one month following
BC surgery, but experienced full recovery of shoulder function by 12 months post surgery. All
subjects received a pre-operative PT assessment with education for post-operative ROM
exercises and lymphedema identification and were followed prospectively to identify
impairments and to provide further intervention as needed. Pre-operative and post-operative
PT intervention has been reported to augment movement recovery after BC treatment [20,21,
47]. We believe this prospective PT management enhanced the recovery of our subjects, but
we are unable to definitively conclude this in absence of a control group.

Consistent with other studies, shoulder FLEX and ABD ROM showed the greatest change from
baseline measures at one month. Functional impairment in the month following surgery should
not be surprising. Damaged tissue must heal, and reduced activity levels subsequent to surgery
would be expected to result in deficits. Studies by Box et al [20-21] and Gutman et al [47]
demonstrated good shoulder motion outcome from three up to 24 months post surgery. These
studies also incorporated PT management of their subjects. However, Hladiuk et al [48]
reported that 12% of their subjects did not regain full shoulder ROM by 12 months. Therapeutic
intervention was not described in this 1992 study. Because of this apparent range in time frame
for recovery, periodic PT assessment is advised to detect any developing functional
impairments.

Individual shoulder MMT are ordinal scaled as 1-5, or 1-10 (as in this study). By adding the
MMT scores of six different muscle groups, we were able to establish an acceptable distribution
for testing via ANOVA. This was supported by Greenhouse-Geisser correction for non-normal
data. This composite representation of shoulder muscle strength followed the same pattern as
shoulder ROM scores: a significant drop at one month post surgery followed by ascent to
baseline values by 12 months after surgery.
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Higher scores on the sub-components of the ULDQ were related to increased shoulder ROM.
Although the correlations were slightly higher for the more difficult UL tasks, task difficulty
did not seem to demonstrate discriminative value. SUmMROM correlations were very similar to
values for shoulder ABD, FLEX and ER, individually, but IR did not correlate significantly
with any of the sub-components of ULDQ. These findings suggest that shoulder ABD, FLEX
and ER closely correlated with self report of UL function, were well represented by the sub-
components of the ULDQ, and this relationship was not dependent on task difficulty. Clinicians
should monitor all levels of UL functional tasks because conclusions cannot be made about
overall UL function by only assessing patient’s ability to complete “hard” tasks. More patients
reported deficits with medium tasks, such as pushing a vacuum, than with hard tasks, such as
reaching overhead. Altered scapulothoracic motion as well as reduced shoulder complex
muscle activity after treatment for breast cancer as noted by Shamley [9] may contribute to
greater difficulty in performance of these functional tasks.

Chest and shoulder pain did not seem to be a problem for these subjects at one year. Only 30%
of the sample reported levels higher than 0 at one month post surgery, and most were lower
than 6 on a 10 point scale. We postulate perceived pain might be explained as a post-surgical
effect. Subjects continued to recover, and by three-six months, less than 10% of these subjects
reported any pain greater than mild. At 12 months, chest pain was nearly resolved with only
three subjects reporting any pain. However, some subjects (13.6%) began to report shoulder
pain at 12 months. This was not associated with changes in shoulder ROM. There is evidence
that after completion of BC treatment that includes chemotherapy and radiation therapy,
biomechanical changes/impairments may occur from 12 months to 3 years later [9,19].

Patients receiving chemotherapy and radiation usually complete these treatments
approximately 8-9 months after surgery. At 12 months after baseline, we may be observing
increasing pain as an effect of these treatments. In this cohort, 92% of subjects with onset of
pain at 12 months had received radiation therapy. The protracted time-to-onset of late effects
suggests continued follow-up of patients beyond one year is necessary for periodic screening
for UL impairments and functional limitations. The UL volumes for these subjects did not
change for several months post surgery. Only late in the first year did we detect measurable
changes. While the UL impairments detected late in the year were at a greater volume than
those noted in the unaffected arm, these differences were not significant. We suspect this non-
significance may be due to large variability in the sample.

As not all subjects appear to develop lymphedema, we identified a subgroup as having
subclinical lymphedema at 12 months based on our previously reported criterion: difference
of 3% or more from baseline in upper extremity volume [36]. The resulting significant
difference in limb volume represents a validation of our criterion. However, a factor to
discriminate these groups earlier in their progression would be of value. Weight seemed to be
a reasonable supposition, but we found no significant relationships between weight or weight
gain and limb volume with our grouped statistics. This was similar to the findings of Stout
Gergich et al [36]. We also examined basic physical activity levels. Subjects without
lymphedema were more likely to report regular physical activity. Whether physical activity
prevented exacerbation of existing lymphedema (as suggested by Schmitz 2009 [49]),
prevented lymphedema (as suggested by Swenson 2009 [50]), or absence of lymphedema
allows more activity, cannot be established by these data. However, a recent analysis of
lymphedema risk factors demonstrated an inverse correlation between exercise and the
development of lymphedema in a breast cancer cohort [50].

Historically, many health care providers believed that lymphedema was directly related to UL
functional impairment. When our subjects began to manifest lymphedema, it was identified in
the latter half of the year post surgery. By that time their UL function, as determined by shoulder
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ROM and MMT, was significantly improved from those levels observed one month post
surgery. There is a possibility that UL function may deteriorate between one and two years
post surgery if not monitored on a periodic basis due to intermediate and late effects of radiation
therapy. Two studies from the early 1990s [51-52] found impaired shoulder function up to two
years post surgery, and a recent three year study [53]reported that shoulder disability seems to
be a frequent late complication after treatment of early breast cancer. These studies suggest
that normal shoulder ROM, MMT and absence of UL lymphedema is not assured, and those
recovering from primary medical treatment should continue to be monitored for possible UL
impairments and dysfunction beyond their initial medical treatment.

We suggest that appropriate intervention and treatment including UL ROM and strengthening
exercises should be introduced to patients pre-operatively with instruction to begin shortly after
surgery for BC. The current study was not controlled to test intervention, but our subjects did
receive pre-operative examination and education for exercise and prospective surveillance with
PT intervention, and demonstrated excellent return to UL function beginning about three-six
months after their surgeries. This is a remarkable finding when considered in the context of
previous literature. Reports of UL impairments have been documented in as many as 76% of
subjects following breast cancer treatment interventions [54]. Most reports range from 28% to
50% [53,55-58]. A prospective surveillance plan of care, in this cohort, may have prompted
higher rates of recovery at the one year mark.

Limitations of this study relate to the fact that our subjects were all drawn from a cohort with
a military background or association. Many subjects were active or retired military members
or their family members. Although we included a wide range of ages in our sample, the mean
age of the cohort was younger than most similar studies, possibly due to earlier diagnosis due
to periodic monitoring as is often required in military facilities. Because subjects resided a
distance from our medical center, they often sought after-care closer to their homes. This
resulted in loss of follow-up numbers and less control related to their specific therapies. We
also recognize that UL functional activity involves components in addition to Shoulder ROM
and strength, such as fatigue and coordination. Finally, the ULDQ while using previously
published items has not yet been studied psychometrically. This study represents one of its
first applications to a post-surgical cohort and these results contribute to the validation of the
ULDQ for studying this population. This data cannot be accepted as standard of care until this
paradigm of screening/surveillance is tested in a prospective, randomized controlled design
with a large sample size that includes an age distribution that would be more representative of
the breast cancer population.

CONCLUSIONS

Subjects treated for BC and followed prospectively by a physical therapist providing pre-
operative examination and post-operative surveillance recovered shoulder function in a
consistent and timely pattern. Deficits in UL function exist one month after BC surgery, but
recovery of objective function occurs in most subjects by three months with the majority of
subjects achieving full recovery one year post surgery. Upper limb lymphedema and other late
effects of treatment impacting the shoulder complex and UL function may still develop in
patients anywhere from three months to more than one year post-surgery so periodic screening
is recommended as their UL functional recovery progresses. Absence of pain is not sufficient
indication of UL functional recovery because further pain may develop several months after
cessation of medical treatment. A new UL functional assessment instrument, the ULDQ),
appears to correlate well with improvement noted in shoulder ABD, FLEX and ER.
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Table 1

Subject Demographics and Characteristics

Demographics and Characteristics

Number of subjects = 94 N (%)

Age at Diagnosis, years

Mean+SD: 53.39+11.8
Minimum: 30
Maximum: 82

<45 24 (25.53)
45 - 54 27 (28.72)
55 — 64 25 (26.59)
65+ 18 (19.15)

Ethnicity
Caucasian 75 (79.78)
African American 16 (17.02)
Asian /Pacific Islander 2(213)
Hispanic 1(1.06)

Side Involved
Right 52 (55.32)
Left 42 (44.68)

Hand Dominance
Right 85 (90.42)
Left 9(9.57)

Involved Side to Hand Dominance
Ipsilateral side 55 (58.51)
Contralateral side 39 (41.49)

Body Mass Index, Baseline, kg/m? Mean+SD: 27.16+6.54

Minimum: 19.1

Maximum: 55.6
Normal 18.5-24.9 43 (45.74)
Overweight 25-29.9 32 (34.04)
Obese >30 19 (20.21)

Type of Breast Cancer
Ductal carcinoma-in-situ (DCIS) 11 (11.70)
Invasive Ductal Carcinoma (IDC) 44 (46.81)
DCIS & IDC 31(32.98)
Other 8(8.51)

Stage of Breast Cancer
0 11 (11.70)
I 40 (42.55)
I 30 (31.91)
n 13 (13.83)

Lymph Node Dissection
None 8(8.51)
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Demographics and Characteristics

Number of subjects = 94 N (%)

ALND 66 (70.21)
SLNB 20 (21.28)
Number of Lymph Nodes Sampled Mean+SD:12.6049.78
Minimum: 0
Maximum: 48
0 8 (8.51)
1-3 15 (15.96)
4-20 56 (59.57)
>20 15 (15.96)
Number of Positive Lymph Nodes Mean+SD: 1.40+3.53
Minimum: 0
Maximum: 28
0 60 (63.83)
1-3 23 (24.47)
>3 11 (11.70)
Surgery
Breast Conservation Therapy (BCT) 41 (43.62)
Modified Radical Mastectomy (MRM) 50" (53.19)
Simple Mastectomy 37 (3.19)

Reconstruction (N=53)*

Tnote: N = sum of MRM + Simple mastectomy

No 23 (43.40)
Yes 30 (56.60)
ChemotherapyTherapy
No 37 (39.36)
Yes 57 (60.64)
Hormone Therapy
No 27 (28.72)
Yes 67 (71.28)
Al 15
SERM 51
Other 1
Immunotherapy
No 28 (29.79)
Yes 66 (70.21)
Radiation Therapy
No 30 (31.91)
Yes 64 (68.09)

Page 16

Abbreviations: ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; Al, aromatase inhibitor; SERM, selective estrogen receptor

modulator
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Table 2

Chest and Shoulder Pain Severity

Time Point (Months)

0 1 36 12+

Chest Pain'

None 83 62 81 85
Mild 4 18 5 2
Moderate 1 7 2 1
Severe 0 1 0 0

Shoulder Pain®

None
Mild
Moderate

Severe

83 60 80 76
4 15 6 6

*
p<.001, Chi Sq

TPain scale 0-10, as follows:

None =0

Mild pain=1,2,3

Moderate pain = 4, 5, 6

Severe pain =7, 8,9, 10
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