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Context: The body of knowledge concerning shoulder
kinematics in patients with rotator cuff tears is increasing.
However, the level of understanding regarding how pain and
tear size affect these kinematic patterns is minimal.

Objective: To identify relationships between pain associated
with a full-thickness rotator cuff tear, tear size, and scapulohu-
meral rhythm (SHR) and to determine whether pain and tear
size serve as predictors of SHR.

Design: A test-retest design was used to quantify pain and
SHR before and after a subacromial lidocaine injection.
Correlation and multivariate analyses were used to identify
relationships among pain, tear size, and SHR.

Setting: Orthopaedic biomechanics research laboratory.

Patients or Other Participants: Fifteen patients (age range,
40-75 years) with diagnosed full-thickness rotator cuff tears
participated. They were experiencing pain at the time of testing.

Intervention(s): Shoulder kinematic data were collected with
an electromagnetic tracking system before and after the patient
received a lidocaine injection.

Main Outcome Measure(s): Pain was rated using a visual
analog scale. Three-dimensional scapular kinematics and
glenohumeral elevation were assessed. Scapular kinematics
included anterior-posterior tilt, medial-lateral tilt, and upward-
downward rotation. A regression model was used to calculate
SHR (scapular kinematics to glenohumeral elevation) for
phases of humeral elevation and lowering.

Results: Linear relationships were identified between initial
pain scores and SHR and between tear size and SHR,
representing an increased reliance on scapular motion with
increasing pain and tear size. Pain was identified as an
independent predictor of SHR, whereas significant findings for
the effect of tear size on SHR and the interaction between pain
and tear size were limited.

Conclusions: We noted an increased reliance on scapular
contributions to overall humeral elevation with increasing levels
of pain and rotator cuff tear size. Pain associated with a rotator
cuff tear serves as a primary contributor to the kinematic
patterns exhibited in patients with rotator cuff tears.
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movement patterns of the shoulder.

thickness rotator cuff tears.
e Scapulohumeral rhythm increased as tear size increased.

to but were not predictors of SHR.

Key Points
» Pain levels associated with a full-thickness rotator cuff tear, independent of cuff tear size, contributed to the observed

» Increased levels of pain were directly related to increased values of scapulohumeral rhythm (SHR) in patients with full-

« Pain was an independent predictor of SHR; however, tear size and the interaction between pain and tear size contributed

Itered shoulder kinematic patterns have been well

documented in patients with shoulder patholo-

gies.-9 An increased reliance on scapular contri-
bution to overall shoulder motion has been identified in
patients with rotator cuff tears (RCTs).6.7.9 It has been
speculated that the elevated scapular contribution could
serve to improve the length-tension relationships of the
deltoid and unaffected cuff muscles in order to generate the
forces necessary for shoulder motion; to enhance clearance
of the acromion, limiting compression of the cuff and the
resultant pain; or to compensate for weakness and pain
associated with the tear.6.7.9

Portions of the Introduction and Methods sections are reprinted from
the Journal of Shoulder and Elbow Surgery, 17(1), Scibek JS, Mell AG,
Downie BK, Carpenter JE, Hughes RE, Shoulder kinematics in patients
with full-thickness rotator cuff tears following a subacromial injection,
172-181, 2008, with permission from Elsevier.

The level of awareness of shoulder kinematics in patients
with full-thickness RCTs is increasing, but the understand-
ing of how pain and tear size affect these kinematic
patterns is minimal.l.7.9.10 There is some evidence that
would suggest that there is a difference in the shoulder
kinematic patterns exhibited by shoulder impingement
patients.6 However, it is unclear if the amount of pain or
even the degree of change in pain levels affects scapulo-
thoracic and glenohumeral (GH) joint function. Similarly,
clinicians have a limited understanding of the impact that
the RCT, and specifically the size of the tear itself, has on
shoulder kinematic function.

The overall goal of our study was to develop a better
understanding of the coordinated movement of the scapula
and humerus during humeral elevation and lowering
activities in patients with full-thickness RCTs. The data
regarding changes in scapulohumeral rhythm (SHR) after a
reduction in pain have been presented in a previous
article,10 but the purpose of this segment of our study
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was to address 4 different hypotheses. First, we hypothe-
sized that a positive relationship exists between pain and
SHR and results in an increase in scapular contributions to
humeral elevation. Second, we hypothesized that a direct
relationship also exists between the changes in pain (from
preinjection to postinjection of medication) and the change
in SHR. Third, we hypothesized that a relationship exists
between tear size and SHR. Fourth, we hypothesized that
pain and tear size serve both independently and collectively
as predictors of SHR. We believed that the extent of the
cuff tear and pain associated with it would affect
movement of the scapula and humerus and that altering
those pain levels would result in a decreased reliance on
scapulothoracic contributions to overall humeral elevation.

METHODS

A sample of 15 patients (mean age, 60.2 £ 8.9 years
[range, 40-75 years]; mean height, 1.72 = 0.10 m; mean
mass, 85.43 = 18.32 kg; 9 men and 6 women) who were
diagnosed with a chronic (>3 months) full-thickness RCT,
measuring at least 1 cm2, confirmed by sonographic or
magnetic resonance imaging, was studied. Patients were
identified through a search of the patient records. The
sample included 8 individuals with moderate tears (1 to
<3 cm), 3 with large tears (=3 to 5 cm), and 4 with massive
tears (>5 cm).11 Of the patients, 9 had supraspinatus tears
only, 1 had a subscapularis tear only, 4 had supraspinatus
and infraspinatus tears, and 1 had supraspinatus, infraspi-
natus, and subscapularis tears. The sample size was
determined through a power analysis conducted on data
from a previous study.¢ The study was powered to 80%
with an effect size of 50%. Inclusion criteria were full-
thickness RCT patients having typical signs and symptoms
associated with shoulder impingement and rotator cuff
tendinopathy for 3 months or more. Patients were excluded
if they exhibited any neurologic condition resulting in
muscle weakness or decreased range of motion, had any
additional shoulder pathology thought to alter their
shoulder kinematics, had a history of prior shoulder
surgery, were diagnosed with rheumatoid arthritis, were
currently pregnant, or exhibited any contraindications
associated with the use of lidocaine.

All subjects completed the informed consent document
approved by the University of Michigan Institutional
Review Board for Human Subject Research (Ann Arbor,
MI). They also completed the patient portion of the
American Shoulder and Elbow Surgeons shoulder assess-
ment questionnaire.!2 Patients rated their current shoulder
pain on a visual analog scale (range from 0 to 10) and their
symptoms and level of function by use of the American
Shoulder and Elbow Surgeons questionnaire. They rated
their pain before the testing protocol and again after the
subacromial lidocaine injection.

Before data collection, we also measured range of motion
in the shoulder and strength. Range of motion was assessed
both actively and passively for shoulder flexion, abduction,
internal rotation, and external rotation (Table 1). Manual
muscle testing was also performed for all strength measures.
The patients demonstrated weakness (5/5) in each of the
ranges. Sixty percent exhibited weakness with flexion; 73%,
with abduction; 86%, with external rotation; and 73%, with
internal rotation.

Table 1. Descriptive Range-of-Motion Measures for the Involved
Shoulder Before and After a Lidocaine Injection (Mean = SD)

Preinjection Postinjection
Range of Motion, °©  Active Passive Active Passive
Flexion 111 =36 127 £23 118 226 129 * 22
Abduction 86 =23 101 = 21 94 =27 103 = 23
Internal rotation 39 = 38 39 = 39 40 = 46 38 + 48
External rotation 30 = 59 27 = 52 20 =54 39 * 48

To acquire shoulder kinematic data, sensors from the
MotionStar electromagnetic tracking system (Ascension
Technology, Burlington, VT) were attached to the sternum,
scapula, humerus, and wrist on the involved side. The
sternum and wrist sensors were attached with double-sided
tape. A humeral cuff was used to measure the movements
of the humerus,!3 whereas a scapula tracker followed the
motion of the scapula.!4 The system transmitter was rigidly
fixed to a wooden chair (devoid of all metal), and a
digitizing probe was used to digitize reference landmarks.15
Raw kinematic data were collected at 100 Hz by use of the
MotionStar electromagnetic tracking system (a multiple-
sensor implementation of the Flock of Birds technology
[Ascension Technology]) and the MotionMonitor software
package (Innovative Sports Technology, Chicago, IL). A
short-range transmitter was used to minimize measurement
error, and the sensors were kept within 75 cm of the
transmitter. Metal mapping was performed before each
data collection session to compensate for any potential
interference caused by existing metal within the testing
area. Corrections from the mapping session were account-
ed for during the data collection sessions by the Motion-
Monitor software. To aid in the data collection and
postprocessing, triggers were attached to the targets, one
on the bottom target and one on the top target. The
triggers used were pressure-sensitive electric switches that,
when depressed through an analog signal, interrupted data
collection via the MotionMonitor data system. When the
subject’s hand was removed from the trigger, the Motion-
Monitor system would immediately resume humeral
elevation and lowering data collection. With the inclusion
of the triggers on the targets, it was possible to determine
when the subject initiated the motion, reached the desired
point of humeral elevation, initiated the return, and
returned to the starting position. By using the triggers,
we were certain that the desired data had been captured in
its entirety through the complete arc of motion that we
were assessing.

By use of the digitizing probe, 15 anatomic landmarks
were digitized to construct the local 3-dimensional ana-
tomic coordinate system necessary to compute the Euler
angles of the individual bony segments. With the use of
these landmarks and the local anatomic coordinate systems
of each bony segment, the position, orientation, and
displacement of the individual coordinate systems, with
respect to one another, can be calculated. The digitization
process, the specific landmarks, and the rotation matrices
used to calculate these angles were based on the
recommendation of the International Society of Biome-
chanics and the specifications of the humeral cuff.13.16 To
complete the patient setup, targets were set at arm’s length
and positioned so that subjects, during the humeral
elevation tasks, would be performing sagittal-, scapular-,
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Figure 1. Patient testing setup. Each patient performed the
humeral elevation and lowering tasks between the anthropomet-
rically assigned hand triggers. We attached electromagnetic
tracking sensors to the sternum, upper arm, forearm, and scapula
(not shown in photograph) of each patient while he or she sat in a
wooden chair. Adapted from the Journal of Shoulder and Elbow
Surgery, 17(1), Scibek JS, Mell AG, Downie BK, Carpenter JE,
Hughes RE, Shoulder kinematics in patients with full-thickness
rotator cuff tears following a subacromial injection, 172-181, 2008,
with permission from Elsevier.10

and frontal-plane elevation. The scapular plane was
defined as the plane 30° anterior to the frontal plane. The
height of the targets was set relative to subject anthropom-
etry, with the top target set at the height of the subject’s chin,
while standing, and the bottom target set to the height of the
superior pole of the patella, while the subject was seated
(Figure 1). A lap belt was also used to limit the movement
of the hips and upper torso during setup and testing.
Shoulder kinematic data were collected before and after
a subacromial lidocaine injection. For the preinjection
kinematic data acquisition, the initial plane of motion was
systematically randomized for each subject. The pressure-
sensitive triggers on each target were designed to accom-
modate the palmar and dorsal surfaces of the hand when
they came into contact. The use of the triggers in the study
setup did not require the subjects to stray from the desired
plane or arc of elevation and lowering. They began each
humeral elevation task with their fingers depressing the
trigger on the bottom target and, when instructed,
proceeded to move at a self-selected, comfortable pace to
the top target. On reaching the top target, they activated
the trigger on the target and then returned their hand to the
starting position. The triggers were designed to turn off and
on as the hand left and came into contact with the trigger,
respectively. Both target triggers were electrically inter-
faced with the data collection system to determine when the
hand left or reached the target. Using the triggers, we were
certain that the desired data had been captured in their
entirety through the complete arc of motion being assessed.
Each subject practiced the elevation task for each plane 3
times, allowing them to gain comfort and familiarity with
the various motions. After the practice trials, they
performed shoulder elevation and lowering in each of the

corresponding planes 3 times, with 10 seconds’ rest
between repetitions and 3 minutes’ rest between planes.

The subjects received a subacromial injection in the
involved shoulder after the initial kinematic data acquisi-
tion. To prevent potential adverse reactions to the
injection, they were carefully questioned about medication
allergies and reactions to lidocaine and other commonly
used local anesthetics before study enrollment and again
before the time of injection. A clinician performed the
injections using a standard sterile technique. No additional
modalities were used to ensure needle placement. However,
a posterior approach was used to assist in the identification
of appropriate placement of the injection within the
subacromial space. The subject’s subacromial space was
identified by palpating the spine of the scapula and
following it laterally until the posterior angle of the
acromion and lateral border of the acromion were
palpable. After identifying the posterior angle of the
acromion, the clinician palpated the sulcus just inferior to
the posterior angle of the acromion (approximately 1 to
1.5 cm directly caudal to the acromion) and prepared the
skin 3 times with povidone-iodine solution. The clinician
applied gentle caudal traction to the humerus at the elbow
with the shoulder in neutral rotation. A 10-mL syringe with
a 1.5-in (3.81-cm) 22-gauge needle was used to deliver
10 mL of 1% lidocaine into the subacromial space. The
lidocaine was injected toward the position of the coracoid
on the anterior aspect of the shoulder. Patients undergoing
this procedure are expected to experience a decrease in pain
within 5 minutes of having received the injection, with the
effects lasting from 1 to 3 hours.17

After the injection, the subjects were provided with a 10-
minute rest period to adapt to the decrease in pain
associated with the injection. During this rest period, they
moved the involved arm, gradually increasing the ampli-
tude to circulate the medication and to acclimate to the
decreased sensation of pain. After the rest period, they
were allotted 5 minutes to rerate their pain level using the
aforementioned visual analog scale. At the conclusion of
the standardized rest period and pain level rating, the
shoulder elevation protocol was repeated.

Data Processing

The independent variables for the study included pain
(preinjection [initial pain level] and postinjection [final pain
level]), which was measured with the visual analog scale,
and tear size. The change in pain was calculated as the
difference between preinjection and postinjection. The
dependent measure was SHR. Included in the SHR
measures were SHR for anterior-posterior tilt (SHRsp
Ti1), medial-lateral tilt (SHR 1, 1411), and scapular upward-
downward rotation (SHR rotation). Scapulohumeral rhythm
for humeral elevation was defined by the ratio of the
specified scapular motion observed during humeral eleva-
tion (posterior tilt, medial tilt, or upward rotation) to GH
elevation, and SHR for humeral lowering was defined by
the ratio of scapular motion observed for humeral lowering
(anterior tilt, lateral tilt, or downward rotation) to GH
lowering.

To calculate scapular and humeral kinematics, Euler
angles were computed from the MotionStar sensor data,
after capture via the MotionMonitor system and reduction
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Figure 2. Arc of motion divided into phases for humeral elevation and lowering. Humeral motion was plotted against time, and the maximum
point of elevation was determined for each trial. Total arc of motion achieved during the humeral elevation was calculated by subtracting the
point at which humeral elevation was initiated (baseline) from the maximum point of elevation. The arc of motion was divided into 3 equal
segments and labeled as phases |, ll, and lll for humeral elevation and phases IV, V, and VI for humeral lowering. Adapted from the Journal of
Shoulder and Elbow Surgery, 17(1), Scibek JS, Mell AG, Downie BK, Carpenter JE, Hughes RE, Shoulder kinematics in patients with full-

thickness rotator cuff tears following a subacromial injection, 172-181, 2008, with permission from Elsevier.10

through custom MATLAB processing code (The Math-
Works, Natick, MA). Data were smoothed by use of a 2-
way, low-pass, fourth-order Butterworth filter with an 8-
Hz cutoff frequency.6.18 The digitized landmarks, segmen-
tal anatomic coordinate systems, and Euler angles used
were those proposed and adopted by the International
Society of Biomechanics.19 For the purposes of our study,
humeral elevation and scapular motion were assessed with
respect to the sternum. Scapular anterior-posterior tilt was
defined as scapular motion with respect to the sternum
about an axis directed horizontally relative to the scapular
plane, whereas scapular medial tilt and scapular lateral tilt
occurred about an axis directed vertically relative to the
plane of the scapula. Scapular upward rotation and
downward rotation were defined as scapular motion with
respect to the sternum about an axis directed anteriorly
relative to the plane of the scapula. GH joint elevation was

defined by motion of the humerus with respect to the
scapula.

Because of the anthropometric variability, although the
subjects performed similar arcs of humeral elevation and
lowering, the data were divided into 3 equal phases for
both elevation and lowering to compare the data between
subjects (Figure 2). Ultimately, 6 phases were defined. The
humeral elevation arc was divided into 3 equal phases, and
3 equal phases were defined for the humeral lowering arc.
For each phase of eclevation and lowering, scapular
rotation and GH elevation were plotted against each other,
and SHR was calculated for each trial (Figure 3).
Delineation of the phases of motion within each arc of
humeral motion was performed to allow for comparisons
while minimizing anthropometric variability and has been
cited as a method by which to assess SHR more
accurately.20 Furthermore, this data processing technique

Phase |

Scapula With Respect to
Thorax for Upward Rotation

Humerus With Respect to Scapula for Elevation

Figure 3. Diagram for scapulohumeral rhythm calculation with respect to the slope of the regression. The slope obtained during the
simple linear regression analyses corresponded to scapulohumeral rhythm. These calculations represent scapular upward-downward
rotation phase |. The solid line represents real motion for the humerus (elevation) and scapula (scapular rotation); the dashed line
represents the line based on the slope for the linear regression. The same calculations also were performed for scapulohumeral rhythm for
anterior-posterior tilt and scapulohumeral rhythm for medial-lateral tilt for each phase of elevation and lowering.
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Table 2. Mean Values of Scapulohumeral Rhythm for Planes of Humeral Elevation by Scapular Motiona

Plane of Anterior-Posterior Tilte Medial-Lateral Tiltc Rotatione
Elevationb Phase Preinjection Postinjection Preinjection Postinjection Preinjection Postinjection
Frontal | —0.008 0.169 0.017 -0.178 0.240 0.672

Il 0.141 0.220 —0.208 -0.173 0.417 0.437
1] 0.357 0.277 —0.258 —0.208 0.583 0.359
\% 0.426 0.376 -0.137 —-0.131 0.696 0.522
\' 0.106 0.151 —0.208 -0.179 0.639 0.389
VI 0.213 0.180 -0.192 -0.189 0.580 0.419
Scapular | 0.158 0.169 —0.223 —0.206 0.719 0.625
1] 0.225 0.152 —0.220 —-0.171 0.471 0.392
] 0.309 0.315 —0.166 -0.183 0.499 0.367
\% 0.408 0.341 -0.100 -0.134 0.675 0.545
\ 0.143 0.113 —0.209 —0.185 0.559 0.440
VI 0.282 0.216 -0.187 -0.211 0.492 0.402
Sagittal | —0.059 -0.223 —0.022 0.122 0.689 0.726
1] —-0.214 —0.191 0.226 0.186 0.726 0.513
] —-0.180 -0.112 0.206 0.156 0.352 0.266
\Y) -0.167 -0.124 0.361 0.316 0.716 0.656
\ -0.151 -0.197 0.093 0.047 0.614 0.486
VI -0.138 -0.137 0.109 0.120 0.371 0.368

@ Adapted from the Journal of Shoulder and Elbow Surgery, 17(1), Scibek JS, Mell AG, Downie BK, Carpenter JE, Hughes RE, Shoulder kinematics
in patients with full-thickness rotator cuff tears following a subacromial injection, 172—181, 2008, with permission from Elsevier. All values
presented in this table are provided for descriptive purposes. Values provided in this table for scapular upward-downward rotation are part of a

larger data set that has been published.10

® Plane of elevation refers to the plane in which humeral elevation and lowering was performed.
¢ All scapulohumeral rhythm values were calculated using a simple linear regression analysis in which scapulohumeral rhythm represents the ratio of
scapular (anterior-posterior, medial-lateral, or rotation) to glenohumeral elevation for each phase of humeral elevation and lowering.

was used in a previous study to compare shoulder
kinematics associated with humeral elevation between
groups of both healthy and impaired subjects.6 Simple
linear regression analyses were used to compute SHR
relative to triplanar scapular tilt with the slope corre-
sponding to SHR. The regression analyses were performed
for each of the 3 individual phases associated with both
elevation and lowering.

Data Analysis

Means and SDs were calculated for preinjection pain,
change in pain, SHR g otations SHR Ap i1, and SHR 1 ¢ for
each plane of elevation. Three sets of Spearman correlation
analyses were conducted to determine if any relationship
existed between (1) preinjection pain and preinjection SHR,
(2) change in pain and change in SHR (preinjection to
postinjection), and (3) tear size and SHR. Spearman
correlation analyses were used because both pain scores
and tear sizes were tabbed as ordinal data. The criteria used
for evaluating the strength of correlation coefficients were as
follows: 0.00 to 0.25 equaled no or little relationship; 0.25 to
0.50, fair relationship; 0.50 to 0.75, moderate to good
relationship; and >0.75, good to excellent relationship.2!

To perform the multivariate analysis of pain and tear
size as predictors of SHR, the following model was used:

Yi= By + BiXu + BXio + B3XuXn + &,

where Y, is SHR for the ith patient, X;; is the pain score for
the ith patient, X, is the tear size for the ith patient, B is
the y intercept, B is the regression coefficient for pain, 3, is
the regression coefficient for tear size, B3 is the interaction
term for pain and tear size, and ¢; is the error for the ith
patient.

For SHRgotations, SHRAp Tii, and SHRnp i, we
conducted a multivariate analysis for each plane of
elevation across each phase of humeral clevation and
lowering. Through this analysis, we were able to observe
whether pain and tear size contributed to the model
independently and/or collectively. Additionally, a Spear-
man correlation analysis was used to identify any
relationship between pain and tear size.

For all of the statistical analyses, the o level was set a
priori at .05. All statistical analyses were performed using
SPSS (version 13.0; SPSS, Inc, Chicago, IL).

RESULTS

Pain Versus SHR

As Scibek et all0 reported, changes were observed in
SHR during humeral elevation and lowering after a decline
in pain (Table 2). Positive relationships were identified
between initial pain and SHR for each scapular motion
across both phases and planes of elevation (Table 3). These
direct linear relationships indicated that patients experi-
encing higher levels of pain also exhibited higher values for
SHR, corresponding to an increased reliance on scapular
contributions to overall humeral motion. The data
presented in Figure 4 indicate the positive linear relation-
ships observed between preinjection pain and SHR for the
phase that was identified as statistically significant with
respect to scapular motion and plane of elevation.

Linear relationships also were identified between the
change in pain levels and changes in SHR (Table 4). The
correlation analyses revealed moderate-to-good positive
linear relationships for SHRyq 1y in phase IV of frontal-
plane elevation and in phases IV of sagittal-plane elevation.
Unlike the relationships observed between preinjection
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Table 3. Spearman Correlation Analysis Between Preinjection
Pain and Scapulohumeral Rhythm Measures

Table 4. Spearman Correlation Analysis Between the Change in
Pain and the Change in Scapulohumeral Rhythm Measures

Analysis Analysis

Plane of Anterior- Medial- Plane of Anterior- Medial-

Elevation Phase Posterior Tilt Lateral Tilt Rotation Elevation Phase Posterior Tilt Lateral Tilt Rotation

Frontal | —0.304 (0.135) —0.110 (0.348) —0.509 (0.026)a  Frontal | —0.573 (0.013)a —0.458 (0.043)a 0.026 (0.464)
1] 0.560 (0.015)a —0.583 (0.011)a  0.686 (0.003)a 1] 0.168 (0.275) —0.084 (0.383) 0.414 (0.063)
1] 0.536 (0.020)a —0.319 (0.124) 0.254 (0.181) 1 0.102 (0.359) —0.075 (0.396) —0.089 (0.375)
\Y, 0.614 (0.008)a —0.445 (0.049)a  0.466 (0.040)a \% 0.314 (0.127) —0.564 (0.015)a —0.124 (0.330)
\Y 0.293 (0.144) —0.580 (0.012)a  0.257 (0.177) \% —0.325 (0.119) —0.451 (0.046)a —0.053 (0.426)
VI 0.473 (0.038)a —0.509 (0.026)a  0.479 (0.036)a VI  —-0.387 (0.077) —0.051 (0.428) —0.126 (0.328)

Scapular | 0.477 (0.036)2 —0.434 (0.053) —0.032 (0.454) Scapular | —0.069 (0.403) 0.075 (0.396) —0.416 (0.067)
1] 0.878 (0.001)a —0.697 (0.002)a  0.628 (0.006)a 1] 0.177 (0.264) —0.009 (0.487) 0.026 (0.464)
] 0.599 (0.009)2a —0.621 (0.007)a  0.308 (0.132) Il —0.124 (0.329) —0.069 (0.403) 0.002 (0.498)
\Y, 0.535 (0.020)a —0.364 (0.092) 0.349 (0.101) \% 0.062 (0.413) —0.120 (0.335) 0.345 (0.104)
\Y 0.715 (0.002)a —0.533 (0.021)a  0.182 (0.259) \Y —0.518 (0.024)a  0.507 (0.027)a —0.378 (0.083)
VI 0.493 (0.031)a —0.419 (0.060) 0.270 (0.165) VI —0.252 (0.183) 0.234 (0.201) 0.016 (0.477)

Sagittal | —0.253 (0.172) —0.122 (0.333) —0.328 (0.117) Sagittal | —0.215 (0.221) —0.172 (0.271) —0.223 (0.213)
1] 0.355 (0.089) —0.729 (0.001)a  0.259 (0.176) I 0.021 (0.441) —0.171 (0.272) —0.405 (0.067)
1] 0.617 (0.006)2a —0.625 (0.007)a  0.389 (0.076) 1 0.334 (0.112) —0.447 (0.048)a —0.027 (0.462)
\Y, 0.417 (0.054) —0.522 (0.023)a 0.319 (0.124) \% 0.409 (0.065) —0.652 (0.004)a 0.221 (0.215)
\Y 0.182 (0.250) —0.603 (0.009)a  0.058 (0.419) \% 0.058 (0.418) 0.504 (0.028)a  0.084 (0.383)
VI 0.076 (0.391) —0.533 (0.021)a  0.054 (0.424) VI 0.119 (0.337) —0.177 (0.264) 0.235 (0.199)

(

& Statistically significant result for the analysis ([oz = .05]rg).™

pain and SHR, no positive correlations were identified
between change in pain and changes in SHRRgation and
SHR sp Ty for sagittal-, scapular-, or frontal-plane humeral
elevation and lowering.

Tear Size Versus SHR

Upon review and analysis of the SHR data with respect
to the tear size, it was evident that SHR tended to be higher
in patients with larger RCTs (Table 5). These positive
correlations indicated that, as tear size increased, SHR
increased. These results further indicated that, because of
the increase in full-thickness RCTs, the reliance on
scapular contributions to overall shoulder motion in-

& Statistically significant result for the analysis ([0 = .05]rg).™

creased to compensate for the structural deficit. The data
presented in Figure 5 represent what we observed for the
positive relationships that were identified for the respective
phases in each plane of elevation.

Pain and Tear Size Versus SHR

Multivariate analysis showed that pain was an indepen-
dent predictor of SHRRsation, SHR AP Ti1, and SHR vy i
for each plane of shoulder elevation (Table 6). Tear size
was identified as a contributor for SHRRrywion only for
frontal-plane elevation. Additionally, remarkable interac-
tions were identified between pain and tear size for frontal-,
scapular-, and sagittal-plane elevation with respect to

o o o
IS > o
1 | 1

Anterior-Posterior Tilt
[ ]
[
|

Scapulochumeral Rhythm for

P =.001

4

5

Initial Pain Level

Figure 4. Positive linear relationship between preinjection pain and scapulohumeral rhythm for anterior-posterior tilt for phase Il of

scapular plane humeral motion.
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Table 5. Spearman Correlation Analysis Between Tear Size and
Scapulohumeral Rhythm Measures

1] 0.472 (0.076
1\ 0.482 (0.069

)

—0.490 (0.064)  0.037 (0.895)
—0.543 (0.037)a  0.206 (0.460)
V  0.132(0.640) —0.674 (0.006)a 0.271 (0.328)
VI —0.322 (0.241) —0.362 (0.185)  0.065 (0.818)

@ Statistically significant result for the analysis ([oz = .05]rg).™

Analysis
Plane of Anterior- Medial-
Elevation Phase Posterior Tilt Lateral Tilt Rotation
Frontal | —0.191 (0.496) —0.336 (0.221) —0.047 (0.867)
1l 0.289 (0.296) —0.529 (0.043)a  0.448 (0.094)
1 0.332 (0.226) —0.124 (0.660) 0.102 (0.717)
\% 0.568 (0.027)a —0.265 (0.339) 0.560 (0.030)a
\% 0.399 (0.141) —0.499 (0.058) 0.199 (0.478)
\ 0.165 (0.556) —0.460 (0.084) 0.425 (0.115)
Scapular | 0.077 (0.786) —0.625 (0.013) 0.348 (0.204)
1l 0.659 (0.008)a —0.668 (0.006)a  0.562 (0.029)a
1l 0.360 (0.188) —0.299 (0.279) 0.275 (0.321)
\% 0.446 (0.095) —0.061 (0.829) 0.537 (0.039)a
\% 0.637 (0.011)a —0.377 (0.165) 0.220 (0.430)
\Y/| 0.181 (0.519) —0.476 (0.073) 0.521 (0.046)a
Sagittal | —0.584 (0.022)a —0.362 (0.185) —0.049 (0.862)
1l 0.134 (0.635) —0.761 (0.001)a  0.358 (0.190)
) (
) (
) (
)

SHRy1 T1ii- Unlike the results observed for pain, the
results observed for tear size alone and the interaction
between pain and tear size exhibited limited instances of
statistical significance, with other results only approaching
significance (Table 6). Further examination of the multi-
variate analysis and the adjusted R2 values revealed that,
when pain, tear size, or the interaction of pain and tear size
were significant or approaching statistical significance, the
proposed model accounted for 80% to 98% of the variance.
Additionally, results of the correlation analysis for pain
and tear size revealed a positive relationship approaching
statistical significance ([o, = .05]rg)" = 0.507, P = .054).

Interparticipant Variability

Average SDs for preinjection and postinjection SHR were
calculated by plane, scapular motion, and phase (Table 7).
A wide distribution of interparticipant variability was
identified, with average SDs ranging from 0.040 to 0.471.

DISCUSSION

The purpose of this investigation was to identify the
relationships between pain associated with RCTs, the size of
the RCT, and SHR. We also attempted to identify whether
pain and tear size, both independently and collectively, serve
as predictors of SHR. We identified numerous positive
relationships between initial levels of pain and SHR and
between tear size and SHR. These results confirmed our
belief that the extent of the RCT and pain associated with it
affect movement of the scapula and humerus. However, our
results did not overwhelmingly support a relationship
between changes in pain level and changes in scapulotho-
racic contributions to overall shoulder motion. Our findings
also indicated that pain levels associated with an RCT,
independent of RCT size, contribute to the observed
movement patterns of the shoulder.

Our data were consistent with our hypotheses that
increased levels of pain are directly related to increased

values of SHR in patients with RCTs and that pain is an
independent predictor of SHR. We not only found an
overwhelming amount of evidence when looking at the
relationship between pain and SHR op 1y and SHR v i1,
but we also identified positive linear relationships for all 3
SHR ratios over each plane of humeral elevation. The
relationships ranged from fair to excellent, with most
falling within the moderate-to-good and good-to-excellent
categories. However, we did not observe these positive
relationships to the same extent when looking at the
relationship between pain and SHRRgaion- Based on the
results of the multivariate analysis, we noted that pain
served as a factor in the prediction of SHR in patients with
RCTs for each plane of humeral elevation. Although the
role of SHRRtation 1N shoulder kinematics continues to be
emphasized, an ever-increasing body of knowledge sup-
ports the important contributions of both the anterior-
posterior and medial-lateral tilting of the scapula to overall
shoulder function and supports their possible implications
with respect to shoulder injury and disability.2.3.22.23 The
reason behind our limited number of significant findings
with respect to SHRgyoion 1S unclear; however, these
results do coincide with what investigators have observed
when looking at changes in SHR after a reduction in
pain.10

Authors of some studies have indicated that patients
experiencing shoulder impingement exhibit reduced scap-
ular motion, which results in limited acromion clearance
and added compression of subacromial structures.!.2
However, little evidence is available to support whether
these changes in shoulder kinematics are causing the pain
and dysfunction associated with the condition or whether
these changes are the cumulative effect of the impingement
and pain. Although investigators have observed altered
kinematic patterns in patients with RCTs, the association
between pain and altered kinematic patterns has not been
established.6.7-9 The positive relationships that we identi-
fied show that, as pain levels associated with an RCT
increase, SHR also increases, indicating that changes in
SHR may be, in part, a compensatory reaction to overall
pain associated with an RCT.

We also identified positive linear relationships between
changes in pain and changes in SHR. However, these
relationships were not observed to the anticipated extent,
based on the relationships identified between initial pain
levels and SHR. Significant relationships were categorized
as moderate-to-good positive linear relationships. However,
these results were sporadic, were not present for all 3 planes
of humeral elevation, and did not extend throughout the
measures of triplanar SHR. These relationships were only
identified for SHRy 1y for phase IV of frontal-plane
elevation and phase IV of sagittal-plane elevation. As a
result, clinicians must remain cautious in supporting our
hypothesis regarding the relationship between changes in
pain and SHR after a lidocaine injection.

Drawing further conclusions on the selective relation-
ships observed between changes in RCT pain and changes
in SHR is difficult. The chronic nature of the injury and the
long-term pain associated with it could affect the relation-
ship. Chronic pain likely led to certain adaptations in the
movement pattern and muscle activity.24

Although the literature2.3.4.6.7.9.25 supports the idea that
patients with shoulder disorders rely on compensatory
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Figure 5. Positive linear relationships between tear size and scapulohumeral rhythm for scapular-plane humeral elevation. A, Tear size
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Table 6. Results of Multivariate Analysis for Pain, for Tear Size, and for the Interaction of Pain and Tear Size

Scapulohumeral Rhythm Plane of Elevation Phase Pain, Fg3 (P) Tear Size, Fi5 (P) Pain X Tear Size, Fy 3 (P)
Rotation Frontal I 63.94 (0.003)a 11.70 (0.042)a NS
Il 25.79 (0.011)a NS NS
1% 12.92 (0.030)a NS NS
\Y 31.69 (0.008)a 5.63 (0.098)b NS
Vi 43.23 (0.005)a 7.66 (0.070)b NS
Scapular ] 9.54 (0.045)a NS NS
Vi 7.14 (0.067) NS NS
Sagittal Il 28.89 (0.009)a NS NS
Medial-lateral tilt Frontal | 21.13 (0.015)a NS NS
\ 6.63 (0.074)p NS 13.17 (0.036)a
Scapular \ NS NS 6.674 (0.082)b
Sagittal | 17.25 (0.020)2 NS NS
I 10.78 (0.038)a NS NS
I 31.19 (0.008)a NS 6.09 (0.090)b
Anterior-posterior tilt Frontal | 111.34 (0.001)a NS NS
% 22.51 (0.013)a NS NS
Scapular Il 11.57 (0.034)a NS NS
Vi 7.06 (0.068) NS NS

Abbreviation: NS, not significant.

@ Finding was statistically significant.
® Finding approached significance.

mechanisms to cope with pain and damage associated with
RCTs and shoulder impingement, investigators26-31 have
shown that modifications in stimuli and exposure to practice
and teaching elements foster reorganization in movement
patterns and adaptations associated with brain functioning,
both immediately and over time. Although some of the SHR
changes correlated with the immediate changes in pain, it is
unrealistic to believe that all of these formerly acquired
kinematic patterns could be eliminated upon the immediate
reduction in pain, especially because many of these patients
had been experiencing pain for a long time.

The positive linear relationships identified for tear size
indicate that, as RCT size increases, SHR increases, which
translates to a greater reliance on scapular contributions to
overall shoulder motion in patients with larger RCTs. Our
findings again were consistent with our hypothesis and
provided additional support to the idea that compensatory

Table 7. Average of SDs for Scapulohumeral Rhythm Measuresa

scapular kinematic patterns are adopted to compensate for
alterations in the ability of the rotator cuff to function.
Participants in the moderate, large, and massive RCT
groups could generate the necessary muscle activity and
force to perform humeral elevation and to move between
the anthropometrically aligned triggers used in the study.
However, compared with their counterparts, patients with
large and massive RCTs relied to a greater extent on
scapular motion to achieve the same degree of overall
humeral motion, translating into a relative shift in
contributions of the scapula and humerus to compensate
for the disruption in the rotator cuff. The results obtained
regarding tear size and SHR corroborate similar findings
by Mell et al,5 who assessed differences in SHR among
healthy controls, patients with small or moderate RCTs,
and patients with large or massive tears. We both noted
that, as the size of the RCT increased, the reliance on

Anterior-Posterior Tilt

Medial-Lateral Tilt Scapular Rotation

Plane of

Elevation Phase Preinjection Postinjection Preinjection Postinjection Preinjection Postinjection

Frontal | 0.081 0.068 0.151 0.079 0.167 0.110
1] 0.067 0.073 0.087 0.037 0.151 0.121
1 0.130 0.096 0.107 0.083 0.142 0.081
\Y 0.092 0.093 0.068 0.053 0.123 0.105
\ 0.083 0.043 0.070 0.048 0.246 0.077
\ 0.061 0.071 0.074 0.084 0.169 0.104

Scapular | 0.076 0.043 0.093 0.053 0.129 0.123
I 0.074 0.049 0.064 0.040 0.096 0.054
I 0.077 0.122 0.070 0.092 0.083 0.121
v 0.094 0.072 0.075 0.050 0.192 0.074
Vv 0.093 0.053 0.075 0.044 0.134 0.062
\ 0.205 0.085 0.205 0.072 0.208 0.085

Sagittal | 0.124 0.070 0.142 0.058 0.203 0.078
1] 0.217 0.047 0.262 0.049 0.471 0.078
I} 0.071 0.066 0.075 0.065 0.103 0.065
v 0.084 0.097 0.089 0.102 0.157 0.109
Vv 0.079 0.093 0.067 0.056 0.105 0.085
\ 0.089 0.065 0.113 0.066 0.152 0.074

@ The average was calculated for each patient by plane, scapular motion, and humeral movement phase.
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scapular contributions to humeral elevation also increased.
Although we both identified similar variations in SHR as
the extent of the injury changes, the exact reason behind
these adaptations is unclear. The lack of significant
findings throughout each phase for scapular motion,
however, also remains puzzling. The absence of research
findings in this area makes it difficult to further explain our
findings. Additional investigation may be necessary to
determine whether an interaction exists between tear size
location and both plane and phase of humeral elevation.

Unlike our findings for the linear relationship between
tear size and SHR, our results indicated that tear size is a
contributor to, but not an independent predictor of, SHR.
One instance of statistical significance was identified for
frontal-plane SHRRgwiion, With only 2 other instances
approaching significance. Again, clinicians must cautiously
consider our hypothesis concerning tear size as an
independent factor in the prediction of SHR, and the
mechanisms behind these significant relationships between
tear size and SHR need to be further studied. Although a
relationship does appear to exist between tear size and
SHR, the true involvement of the RCT and the compen-
satory mechanisms around the shoulder for rotator cuff
insufficiency are not as well understood.

Although pain and tear size collectively could contribute
to the scapulohumeral kinematic patterns observed in our
patients with RCTs, our results provide little evidence to
support this hypothesis. We identified only 1 statistically
significant interaction between pain and tear size, with 2
other interactions approaching the level of significance.
When statistical significance was achieved or approached
by 1 or more factors, the model accounted for a large
percentage of the variability. However, much of that could
be attributed to the independent involvement of pain,
followed by tear size and then by the limited interaction of
both factors. Although a positive relationship may exist
between tear size and pain, the extent to which they interact
and, thus, collectively affect SHR, is still unknown. In
kinematic studies of patients with symptomatic RCTs,
researchers6.7.2 have observed increased scapulothoracic
contributions during humeral elevation and have speculat-
ed on the involvement of pain and tear size. Furthermore,
they have tabbed the resultant increase in scapulothoracic
contributions as an attempt to limit pain associated with
the tear and to facilitate the adjustment of length-tension
relationships of the existing rotator cuff muscles.6.7.9
Although our results are not overwhelmingly favorable
regarding the interaction between pain and tear size and
their effect on SHR, we are the first to have specifically
examined the involvement of pain and tear size collectively
on shoulder kinematics in patients with symptomatic full-
thickness RCTs.

Limitations and Future Research Considerations

With the design of our study, we were unable to
determine by what mechanism pain is causing these
shoulder kinematic patterns. However, because of the
observed influence of pain on SHR, further investigation is
required. Similar to previous studies involving lifting
mechanics32 and gait patterns,33 our results provide
evidence to support the effect of pain on body mechanics.
The mechanisms by which pain alters kinematics may

include changes in muscle activity,34 muscle inhibition,35.36
decreases in proprioception and kinesthetic awareness,37-38
and alterations in neuromuscular control.3® Although the
use of a lidocaine injection may have affected any one of
these mechanisms, the lidocaine may have decreased pain
and muscle inhibition, resulting in the relationships that we
observed between pain and SHR. Modifications in study
design would be necessary to truly ascertain this informa-
tion. Furthermore, researchers investigating the involve-
ment of chronic pain and muscle inhibition specifically
should attempt to address both the documented physical24
and psychosocial factors33.36 involved.

Continued investigation into the mechanical modifica-
tions due to rotator cuff deficiency also is required.
Relationships between tear size and SHR have been
identified in this and another study3; yet the biomechanical
explanation for this phenomenon is still only speculative.
Our results and the ability of each patient to perform the
required tasks indicate that compensatory shifts in SHR
enhance the length-tension relationships of the rotator cuff
in an effort to combat limitations caused by structural
deficiency. Additionally, little is known about the effect of
tear location and configuration on shoulder kinematics and
function. Future investigation into these areas could
provide additional insight into the effects of rotator cuff
injury on SHR.

When considering the relationships observed between
tear size and SHR, note the large intersubjects variability
with respect to SHR and the potential outliers associated
with the correlation analyses. Based upon the current body
of knowledge regarding shoulder kinematics, the reason
that some of our patients experienced a negative SHR that
was equal in magnitude to others in the same tear size
group is unclear. Consideration must be given to the
movement environment and the potential need for an
increased level of control to reduce potential sources of
between-subjects variability. However, we also must
consider the findings of other investigators2.6.10.40 who
identified shoulder kinematic patterns in injured shoulders
that stray from what is normal in magnitude, direction, and
presentation and must consider that the patterns that we
observed, in fact, may be the clinical presentation of SHR
in a subset of patients with RCTs. Additionally, some
readers may question the limited number of participants
and the inclusion of data points on the scatter plot that
could present as outliers in other data sets. Future
researchers should include both a larger sample size and
even distribution of those patients over the respective tear-
size groups. However, because of the limited amount of
research addressing RCTs and shoulder kinematics, clearly
identifying whether some of the data points from our data
set are indeed outliers or are consistent for this patient
population is difficult. The current literature might suggest
that the inconsistencies being observed in the data are, in
fact, consistent for this patient population and require
further investigation.

When quantifying shoulder kinematics in patients with
full-thickness RCTs, future investigators may need to
consider additional clinical elements, including capsular
patterns, 4042  muscle length,43 muscle fatigue and
strength,23.44-46 and rehabilitative efforts+47 because they
may have had an effect on our findings. Patients included
in our study had no other shoulder disorders; however,
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evidence presented on patients with adhesive capsulitis,41.42
multidirectional instability,40 and shortened pectoralis
minor length43 suggests that careful evaluation of capsular
patterns and muscle length is warranted because of
observed differences in, and their abilities to contribute
to, shoulder kinematic patterns. The role of rotator cuff
and scapula-stabilizing muscle strength in shoulder kine-
matics also has been examined.20.23.45.47 Muscle fatigue and
movement of the shoulder against external resistance or
loading in some cases has been shown to affect SHR.20.23.45
A small amount of evidence suggests that shoulder
strengthening and stretching exercises influence shoulder
kinematic patterns.4? However, limited quantitative data
are available to compare the strength of specific muscles
with selected scapulohumeral movement patterns.4 We
manually measured shoulder ranges of motion and
strength before testing, but employing an isokinetic or
handheld dynamometer both before and after the injection
may be useful in confirming the effect that pain reduction
has on muscle strength and the potential role that specific
muscle strength may have on scapular kinematic patterns.
Additionally, although some patients were engaged in a
rehabilitation program at the time of testing and others had
been involved before testing, the specifics of those
rehabilitation efforts (ie, rotator cuff and scapula-stabiliz-
ing muscle strengthening) were unknown. Certainly, the
areas of emphasis within each program could have
implications for the shoulder kinematic patterns observed
in patients with shoulder disorders; however, we are
uncertain to what degree the programs themselves and
the variability among them would have on observed
shoulder kinematic patterns.447

Clinical Relevance

Based on our findings, the ability of the clinician to
properly manage pain associated with an RCT has major
implications for shoulder motion. Before repair of an RCT,
restoration of “normal” shoulder function will remain a
challenge because of the chronic nature of this injury, the
pain associated with it, and the amount of structural
damage involved. However, the compensatory kinematic
adaptations both to pain and to the RCT will enable the
patient to maintain shoulder function, so our attention to
pain control and scapulothoracic function, which is a
cornerstone in shoulder rehabilitation,48:4% is even more
critical. Although our results do not provide insight into
long-term pain control, it is plausible that, with added pain
relief and rehabilitation, an additional effect on these
kinematic patterns may be observed. The acquisition of
movement patterns developing over some period as the
body adapts to new and repeated stimuli is well docu-
mented.26-28.30.31 As we sporadically observed, certain
aspects are assimilated rapidly; however, others require
additional time to materialize. Typically, the goal of both
the patient and the clinician is to make progress during
individual rehabilitation sessions and over time. Multiple
factors (ie, pain, tissue healing, and improvements in
motion and strength) could influence those developments
during the recovery process, with each factor contributing
to the restoration of optimal function. Scapulohumeral
rhythm may continue to be challenged if the structural
deficiency is not corrected, but, to facilitate their outcomes-

based rehabilitative efforts, clinicians must continue to
monitor and quantify adaptations in kinematic patterns as
pain levels change and progression in the rehabilitation
process occurs.
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