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Chapter 11

Abstract

Rotator cuff (RC) tears have a high prevalence, and RC repair surgery is frequently
performed. Evaluation of Deltoid activation has been reported as an easy to measure
proxy for RC functionality. Our goal was to test the success of RC repair in restoring
muscle function, by assessing Deltoid activation with varyingarm abduction moment
loading tasks in controls and in RC tear patients before and 1 year after RC repair.
Averaged rectified electromyography recordings (rEMG) of the Deltoid during
2-second isometric arm abduction tasks were assessed in 22 controls and 33 patients
before and after RC repair. Changes in Deltoid activation as a response to increased
arm abduction moment loading (large vs. small moment), without changing task
force magnitude, were expressed in: R=(rEMGLarge-rEMGSma")/(rEMGLarge+rEMG ),
where R>0 indicates an increase in muscle activation with larger moment loading.
In controls, a significant increase in Deltoid activation was observed with large
abduction moment loading: R=0.11 (95%-Cl: 0.06-0.16). In patients, R was larger:
0.20 (95%-Cl: 0.13-0.27) preoperatively and 0.16 (95%-Cl: 0.09-0.22) postoperatively.
Increased compensatory Deltoid activation was found in pre-operative RC tear

Small

patients. The post-operative decrease in compensatory Deltoid activation, although
notsignificant, could indicate (partially) restored RCfunctionin at least some patients.

Keywords: Electromyography; Rotator Cuff; Surgery; Rotator Cuff tear; Deltoid
Muscle
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Deltoid activation before & after cuff repair

1. Introduction

Rotator cuff (RC) tears have a high prevalence and are often diagnosed in patients
with shoulder symptoms.”? RC repair surgery is a frequently performed surgical
procedure for the treatment of symptomatic RC tears.> However, there are many
uncertaintieswithrespecttoRCtearsandtheirtreatment: 54% ofthe populationover
60 years have asymptomatic RC tears,* only around 50% progress to symptomatic
tears within 2-3 years,> ¢ treatment results are highly variable * and the functional
status and recovery of the RC and other shoulder muscles after RC repair surgery
has been scarcely investigated.’

Insight into shoulder muscle function is crucial to gain understanding of these
heterogeneities and to assess whether RC repair restores shoulder muscle function.
It is, however, hard to quantify the effect of cuff repair surgery on the abduction
function of the RC. Assessing the activation of the Supraspinatus muscle and the
superior portions of the Infraspinatus and the Subscapularis muscles requires
invasive fine-wire electromyography (EMG). This hampers clinically applicable
measurements and requires additional assumptions about the contributions of the
active muscles to the abduction and adduction forces on the humerus. The latter is
specifically complex in case of RC tears and (incomplete) surgical repair.

In a study assessing muscle functions in RC tear patients and healthy controls,
Steenbrink and colleagues demonstrated a larger increase in Deltoid (DE) activation
as a response to increased arm abduction moment loading in RC tear patients
compared to controls.® They suggested that in patients, the Deltoid compensates
for lost RC function, as has been reported by others as well.*'* As a compensator
for lost RC function, assessing Deltoid activity is a potential proxy for easy indirect
assessment of the functional status of the deeply positioned RC muscles. In the
current study, we applied this previously introduced non-invasive experimental
method to indirectly test RC function by assessing the activation of the Deltoid
muscles.?

Our study goal was to quantify the contribution of the RC to arm abduction in
controls and cuff tear patients before and after surgical cuff repair, by assessment
of changes in Deltoid activation in response to variations in arm abduction moment
loading. Our hypotheses were that 1) an increase in arm abduction moment loading
leadsto arelativeincreasein Deltoid activationin all subjects; 2) this relative increase
will be larger in RC tear patients before surgery (compensatory Deltoid activation)
compared to controls; 3) RC repair leads to a decrease in compensatory Deltoid
activation compared to pre-operative measurements; and 4) RC repair leads to a
decrease in compensatory Deltoid activation, more in the range of control subjects’
measurements.
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Chapter 11

2. Materials and methods

2.1 Subjects

From March 2010 until April 2011, RC tear patients who were planned for surgical RC
repair by one of two experienced shoulder surgeons of two participating hospitals
(Medical CenterHaaglanden, the Hague, the Netherlands; Leiden University Medical
Center, Leiden, the Netherlands) were contacted for inclusion in the current study.
Inclusion criteria were as follows: full-thickness Supraspinatus tear proven with
magnetic resonance imaging (MRl arthrography) and one or more of the following
criteria present, aside from a positive Neer impingement test, a positive Hawkins
test and diffuse unilateral anterosuperior shoulder pain for >3 months: pain with
arm abduction, retroflexion and/or internal rotation (e.g., closing the door, putting
on jacket); pain with overhead activities; pain at night or incapable of lying on the
shoulder; classic painful arc; positive Yocum test; positive full or empty can test.
Patients were included for post-operative evaluation unless any other causes for
shoulder symptoms than RC tears were identified during surgery. Additionally, RC
status was evaluated 1 year after surgery using ultrasound. Inclusion criteria for
healthy subjects (controls) were: between 20 and 50 years old (in order to limit
the chance of including subjects with asymptomatic RC tears), no present shoulder
complaints, and no history of medically treated shoulder complaints.

Exclusion criteria for all subjects were: insufficient Dutch language skills or no
informed consent, presence of physical problems influencing muscle activation and
arm mobility (other than RC tear in the patient group), any form of inflammatory
arthritis of the shoulder, glenohumeral (GH) or symptomatic acromioclavicular
osteoarthritis, a history of surgical interventions of the shoulder, clinical signs of
cervical radiculopathy, GH instability, or frozen shoulder syndrome (<90° of passive
abductionand external rotation). After usual careradiographs and MRl arthrography
evaluation, patients were excluded in case of Subscapularis or Teres Minor tendon
pathologies, calcific tendinitis, intra-articular or bony lesions (Hill Sachs, (old)
fractures, tumors), labrum abnormalities, capsular or ligamentous tears/avulsions,
superior labral tear from anterior to posterior (SLAP lesion), pulley lesion, Biceps
tendinitis or tear, os acromiale, or cartilage lesions.

The patient group was clinically evaluated before surgery and 1 year after surgery,
using the Western Ontario Rotator Cuff index (WORC)™"” and the Constant Score
(CS).'® RC status (re-tear yes/no) 1 year after surgery was assessed with ultrasound.
All stages of this study are in compliance with the declaration of Helsinki, written
informed consent was obtained from all participants, and the local medical ethics
review board (METC, Leiden University Medical Center) approved the study.

214



Deltoid activation before & after cuff repair

2.2 Surgical procedure

RC repair surgery was performed by either one of two participating experienced
orthopaedic shoulder surgeons using an all-arthroscopic (AA) or mini-open (MO)
technique according to the surgeon’s preference. There is no difference in clinical
outcome and complication rate between the AA and MO procedures.” All patients
were operated under general anesthesia in lateral decubitus position with the arm
held in a 3-point shoulder distraction device. In both procedures, the edges of the
tear are debrided, and the insertion site for the suture anchors on the major tubercle
is prepared using a shaver. A suture bridge repair construct is applied, using 2-4
anchors depending on the size of the tear, to secure the tendons with a 5.5mm
CorkScrew (Arthrex, Naples, Florida) in the medial row and a knotless 3.5mm Bio-
PushLockanchor (Arthrex, Naples, Florida) in the lateral row. In case of a longitudinal
extension of the tear, the margin convergence technique was applied first. After
wound closure, a standard dressing is applied, and the arm is placed in a sling for
6 weeks.

There was a standard postoperative rehabilitation protocol for all patients, under
supervision of a local physical therapist. Active exercises of the elbow, wrist, and
hand were encouraged from the first day after surgery. The rehabilitation protocol
consisted of active assisted abduction in the scapular plane limited to 70° and 0° of
external rotation in the first 4-6 weeks, as tolerated. After this, active range of motion
exercises were started. When the patient was pain free, isotonic strengthening
exercises were initiated.

2.3 Experimental set-up

In order to compare EMG over muscles, subjects, and time, normalization with
maximalactivationincreasesthereliabilityofthemeasurement.*? However,assessing
maximum voluntary contraction (MVC) in pre- and post-intervention patients may
not bereliable. An alternative is to normalize EMG over two isometric but antagonist
tasks, resulting in an Activation Ratio (AR).*' This concept, applied for normalizing
EMG of the Deltoid muscle under two contrasting arm loading conditions, stratified
for force magnitude and force direction but at different locations at the humerus
(i.e., different moment loading conditions), previously resulted in a Deltoid moment
loading response which was shown to be sensitive for patients with RC lesions:
patients with a proven RC lesion had a larger increase in Deltoid activation in
response to increased arm abduction moment loading compared to healthy
subjects.2We applied the same method to qualify the contribution of Supraspinatus
during abduction for each subject, based on changes in the activation of the Deltoid
(DE) as a response to increasing the external force moment arm of an abduction
task force of constant magnitude. The applied set-up has also been applied and
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validated in various other shoulder EMG studies.?’* Controls were evaluated once
and RC patients were evaluated in two sessions: in the month before a planned RC
repair procedure and in the second year after RC repair.

Subjects were seated with the affected (patients) or dominant (controls) arm fully
suspended in a splint that was attached to a force sensor (AMTI-300, Advanced
Mechanical Technology Inc., Wavertown, MA, USA). The two translational degrees of
freedom perpendicular to the humerus were fixed, and the longitudinal translation
and three rotational degrees of freedom were released.(Figure 1) The splint allowed
for variation in point of force application (force sensor) alongside the humerus. In
this way, external moment loading can be varied, without changing task force
magnitude. Subjects were instructed to maintain the arm in a standardized position
during the experiment: arm elevation of 60°, 30° of horizontal abduction and with
the humerus 45° internally rotated, as applied in previous studies with this set-up.®
2125 Arm position was visually controlled for by markings on the experimental set-
up. The arm was fully supported for gravity in this specific condition, so subjects
were able to maintain the arm this way without any effort.

Subjects performed isometric abduction tasks perpendicular to the longitudinal
axis of the humerus. By applying forces onto the force sensor, subjects could control
a visually displayed cursor (red dot) that had to be moved to randomly appearing
targets on a computer screen. Each target represented a force vector of constant
magnitude in one of seven equidistant abduction directions (15° apart), away from
the midline or sagittal plane of the body and in the scapular plane, ranging from
0° (push arm straight up) to 90° (push arm sideward).(Figure 1) Subjects held the
cursor within each target area for two seconds. Force magnitude was determined
individually during each session and set at 10 N below the maximum level at which
subjects could perform the 2-second tasks, as recommended previously, with a
minimum of 10 N to secure sufficient signal over noise ratio.?® After practice rounds,
two task trials were performed: one trial with the point of force application at about
10 cm distally from the GH joint, i.e. the ‘small moment arm’ condition, and one
trial with the point of force application approximately 25 cm distally from the GH
joint, i.e. the‘large moment arm’ condition. Note that within each session, the force
magnitude was constant for the two trials. In order to prevent fatigue and other
carry over effects, there was a minimum rest period of 15 seconds between the tasks
and a period of 5 minutes between the two trials.

Activity of the main Deltoid muscle parts (anterior: DA; medial: DM; posterior: DP)
were recorded with a bi-polar surface EMG system (DelSys Bagnoli-16, Boston,
MA, USA; DE-2.1 single differential electrodes, inter-electrode distance 10mm,
bandwidth 20-450 Hz). EMG electrodes were applied after palpation of the muscle
bellies, while the subjects were positioned in the experimental set-up. The skin
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was shaved where needed, scrubbed with skin preparation gel (SkinPure, Nihon
Kohden, Tokyo, Japan) and cleansed using alcohol pads.

Chapter

Figure 1. Set-up for isometric tasks with a small or large moment arm of an
external task force. In the current study we applied abduction tasks.

Subjects had to move a cursor (red dot) to a target (blue dot) randomly representing
each of 7 respectively applied equidistant abduction directions, 15 degrees apart,
ranging from pressing arm straight up (0° degrees, Figure 1a), to pushing the arm
sideward (90 degrees, Figure 1b).

The point of force application, i.e. where the force sensor is attached to the splint,
can be varied in on order to realize large moments (Figure 1a) or small moments
tasks (Figure 1b), while keeping the exerted task force constant.
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2.4 Data processing

The simultaneously recorded 2-second force and EMG signals for each force task
were analog-to-digitally converted (2000 Hz). After subtracting EMG rest activity,
the EMG recordings were rectified and averaged for each force task resulting in 7
aEMG observations for each muscle during each trial. From these 7 observations,
we obtained a single activation measure for each muscle part by averaging aEMGs,
but because the different Deltoid muscle(part)s are not equally responsive for all
seven force directions we averaged the aEMGs over only a selection of the force
directions, depending on the involved Deltoid muscle part. In order to determine
the most prominent activation directions of the muscle parts, we applied the
previously reported Principal Action (PA) method.?>2*# This PA is the experimentally
determined task direction in which the (EMG of the) muscle is most active. We
selected the force task directions within +/- 45° around the PA of each individual
muscle part and averaged the related aEMGs accordingly. The resultant rEMGs were
normalized for each subject and muscle using a Muscle Ratio (Ryuscer
Activation Ratio®), where muscle activation changes between the small and large
moment trials (rEMGnge —-rEMG__ ) are divided by the sum of rEMGs of both trials

based on the

Small

(rEMGLarge+rEMGSma”) (Eq.1):
R rEMG Large rEMG Small 1<R <1
s = = [ - 1
e rEMG Large +rEMG Small e ( )
This R, . enables easy interpretation and inter- and intra-subject comparisons

of EMG-recordings: R values greater than 0 indicate a relative increase in
the activation of the assessed muscle with larger abduction moment loading.
Additionally, by assessing normalized relative Deltoid EMG in response to increased
moment loading instead of e.g. raw EMG recordings or rEMG, inter individual
variability from volume conductor effects, EMG equipment settings, subcutaneous
fat tissue, and skin preparation are prevented. For the statistical analysis, it should
be noted that the statistical distribution of R,  around 0 (representing the zero-
hypothesis (H): no difference between rema,,,. and rEMG,,_ ) is symmetrically
distributed [-1, 1], but conservatively biased toward 0. This is in contrast to
more general normalizations relative to either rEmG,,,, or reMG, ., which are
asymmetrically distributed around H =0: [0,inf], respectively and biased toward
greater values than 0, which is more prone finding false-positive differences
between rEMG ,  and rEMG

Muscle

Small®
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2.5 Statistical analysis

Mean Muscle Ratios (RMusde), corresponding standard deviations (SD) and
95%-confidence intervals (95%-Cl) for Ry RDMand R, were calculated. Additionally,
R, Was calculated for each subject and trial, by averaging the R, ‘s of all three
Deltoid muscle parts. Muscle Ratios greater than zero (R, >0) indicate an increase
inmuscle activation with large momentarmloading.R,, ‘s with 95%-Cl's excluding
0 can be regarded as significant changes in muscle activation in response the
changes in arm moment loading.

TheaverageR,, . outcomeswere compared between a) controlsand pre-operative
RC tear patients using unpaired t-tests, b) paired t-test for pre- and post-operative
RC tear patients without a re-tear and ¢) unpaired t-tests comparing post-operative
RC tear patients and controls. Additionally, mean patients’ pre-operative and post-
operative WORC and CS were assessed and compared using paired t-tests.

In order to take into account interactions between Muscle Ratios and to assess
all recorded data in a single analysis, we performed a mixed model analysis with
Muscle Ratio as dependent variable and as independent variables: disease status,
pre-/post-surgery, muscle (DA, DP, DM) and the interaction term between muscle
and disease status. A random effect per subject was included to take into account
repeated measures in the patients.

IBM SPSS Statistics 20.0 for windows (IBM, Armonk, NY, USA) was used for all
statistical analyses.

Muscle

3. Results

3.1 Patients

Twenty-one controls and 33 patients with symptomatic RC tears were included in
the study. Average age of the controls was 26 years (range, 20 to 43) and 10 (45.5%)
were male. All were able to fulfill the experimental tasks without any shoulder
symptoms. For patients, mean age was 61 years (range, 46 to 75) and 18 (54.5%)
were male. Mean pre-op WORC was 51.9 points (SD=21.8) and mean pre-op CS was
56.8 (SD=15.5).

With regard to the pre-operative measurements in patients, 5 were unable to
perform the experimental tasks due to pain and/or coordinative problems and in
3 patients there were technical problems. For the post-operative measurements,
4 patients had a re-tear, 3 patients did not want to participate, 2 could not be
contacted anymore, 2 patients ultimately did not undergo surgery because of
decreased symptoms and 1 patient could not perform the experimental tasks due
to pain.
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Of the 25 patients completing all tasks before surgery, 18 completed all tasks after
successful surgery (no re-tear) with an average follow-up of 1.2 years (range: 1.0
- 1.6) and were available for paired pre-operative vs. post-operative analyses. In
these patients, mean post-operative WORC improved with 25.5 points (95%-Cl: 15.6
- 35.3) to 76.1 and mean CS with 29.2 points (95%-Cl: 18.9 - 39.5) to 83.1.

3.2 rEMG during small and large abduction moment tasks in controls and cuff tear
patients
The Deltoid muscle(part)s are not equally responsive for all seven force directions,
and we averaged the aEMGs of each muscle part over only a selection of the force
directions, depending on the muscle involved, based on the Principal Action (PA)
of the Deltoid muscle(part)s. The average PA directions were PA,,=-10° (SEM=1.6),
PA,,;: 44° (SEM=2.6) and PA: 83° (SEM=3.2). There were no significant differences
between patient and control PA’s (data not shown). Consequently, the selection of
force directions for DA ranged between -55° and 35° (i.e. 0°, 15° and 30° force tasks
(3 force tasks/force directions)), for DM between -1° and 88° (i.e. 0°, 15, 30°, 45°, 60°
and 75° force tasks (6 tasks)) and between 38° and 128° (i.e. 45°, 60°, 75°, 90° force
tasks (4 tasks)) for DP. Resulting weighting factors for the average DELT calculation
were 3 for DA, 6 for DM and 4 for DP.
In controls, there was an average relative increase in Deltoid muscle activation for
large abduction moment loading, depictedinR,, >0 for all separate muscle parts
resulting in an average Deltoid (DELT) increase of R, =0.11 (95%-Cl: 0.06-0.16).
This increase was significant for DA, DM and DELT, with corresponding 95%-Cl’s
excluding 0.(Table 1) In pre-operative patients, there was a significant increase for
DA, DM and DP with an average DELT increase of R, = 0.17 (95%-Cl: 0.10-0.23) for
DELT. On average, patient Deltoid Ratios were larger than the Deltoid Ratios in the
control group for all individual muscle parts in our data, where larger Ratios indicate
a larger (compensatory) increase in Deltoid activation in a response to the increase
in abduction moment loading.(Table 1, Fig. 2) When comparing data of controls
and patients with both successful pre- and post-operative measurements available
(n=18), pre-operative DA, DP and DELT Ratios were significantly larger in patients
compared to controls.(Figure 2)
After surgery, the average Deltoid Ratios in patients decreased for DA, DM and
DELT, but paired analyses indicated no statistically significant differences with
pre-operative measurements.(Table 2, Fig. 2) Comparing the Deltoid Ratios of the
post-operative group to controls now resulted in smaller mean differences between
these two groups for DA, DM and DELT: 0.027 for DA (p=0.64), -0.03 for DM (p=0.55)
and 0.04 (p=0.23) for DELT.(Figure 2) For DP, a significant difference between the two
groups remained: 0.128 (p=0.04).
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In mixed model analyses, effect size of disease status was -0.10 (95%-Cl: 0.00 - 0.20,
p=0.06). Estimated effect size of surgery on Muscle Ratio was negative (average
decrease of R to healthy values) but not significant: -0.03 (95%-Cl: -0.08 - 0.03,
p=0.29). Effects of muscle [DA, DM, DP] and interaction terms were statistically not
significant, although the effect of surgery on specifically the Muscle Ratio of the
medial Deltoid appeared relevant: -0.09 (95%-Cl: -0.21 - 0.03, p=0.13).

O controls
O RC# patients: pre-operative
RC# patients: post-operative
0.30 T
@ 0.207]
=}
7]
=]
=
o A
0.10
0.00 AL

T T T
DA DM DP DELT
Deltoid Muscle Parts

Figure 2. Relative increase in each of the Deltoid muscle parts with increased arm abduction moment
loading, displayed in mean R, _ ‘s with 95%-Cl’s, for controls and rotator cuff (RC) tear patients
before and one year after surglcafRC repair.

Before surgery, RC tear patients have on average a larger increase in Deltoid activation with increased
arm abduction loading compared to controls (statistically significant for DA, DP and DELT).

One year after RC repair, relative DA and DM activations in response to increased arm abduction were
lower and no longer statistically significantly higher than control values. This could be due to a decrease
in the need for DA and DM to compensate for lost RC function during abduction tasks as performed in
a set-up with an abduction-anteflexion arm position.

Controls Pts. pre-op Difference
(n=21) (n=25)
Muscle Mean (SD) 95%-Cl Mean (SD) 95%-Cl Mean p-value 95%-Cl
Deltoid
DA 0.13 0.10 0.08-0.18 0.20 0.16 0.14-0.27 0.07 0.08 -0.01-0.16
DM 013 0.14 0.06-0.19 0.15 0.19 0.07-0.22 0.02 0.68 -0.08-0.12
DP 0.08 0.17 -0.01-0.15 0.15 0.22 0.10-0.23 0.08 0.20 -0.04-0.20
DELT 0.11 0.10 0.06-0.16 0.16 0.16 0.10-0.23 0.05 0.21 -0.03-0.13

Table 1. Relative increase in Deltoid muscle parts with increased arm abduction moment loading,
expressed in R, ‘s for healthy controls and rotator cuff tear patients planned for surgical cuff
repair.
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Pts. pre-op Pts. post-op Paired diff.
(n=18) (n=18) (n=18)
Muscle Mean (SD) 95%-Cl Mean (SD)  95%-Cl Mean p-value  95%-Cl
Deltoid
DA 0.22 0.16 0.14-0.30 0.16 0.24 0.04-0.28 -0.06 0.25 -0.17-0.05
DM 0.18 0.18 0.09-0.27 0.12 0.12 0.06-0.18 -0.06 0.18 -0.15-0.03
DP 020 020 0.11-0.31 0.21 0.22 0.11-0.32 0.01 0.88 -0.13-0.15
DELT 020 0.14 0.13-0.27 0.16 0.13 0.09-0.22 -0.04 033 -0.12-0.04

Table 2. Relative increase in Deltoid muscle parts with increased arm abduction moment loading,
expressed in R, ‘s for rotator cuff tear patients before and one year after surgical rotator cuff
repair.

Muscle

4, Discussion and conclusions

With the increasing debate on RC tears and its (surgical) treatment, we need
objective outcome measures and more insight in the (biomechanical) principles
of RC disease. In this study we aimed at discriminating pre- and postoperative RC
tear patients from controls and illustrate the potential biomechanical effect and
functional restoration of RC repair by quantifying the compensating activation of
the Deltoid muscle partsinresponse toachangingarmabductionloadingmoments.
The results show firstly, that an increase in arm abduction moment loading, with a
constant task force magnitude, is accompanied by a significant increase in Deltoid
muscle activation in both controls and RC tear patients. With respect to our first
hypothesis, we may conclude that the Deltoid muscle parts are responsive for
the experimental design of glenohumeral moment increase, as has been shown
previously. Secondly, the increase in Deltoid activation was largest in pre-operative
RC tear patients in our data, as depicted in significantly larger average Muscle Ratios
compared to controls.(Figure 2) In mixed model analysis, there was a large and
relevant effect of disease statuson Muscle Ratio. This suggeststhat the Deltoid muscle
compensates for lost RC function in RC tear patients with shoulder symptoms, as has
been previously reported.®'*Thirdly, the main question of our study was whether RC
repair surgery would indeed result in a partly or full normalization of cuff function,
which would be observed in a normalization of the Deltoid moment response. For
this question our experiment was not conclusive. One year after RC repair surgery,
average Muscle Ratios of the Deltoid muscle parts in patients appeared to decrease
toward the controls’ values, which would suggest that RC repair surgery restores
(at least part of) the function of the RC. However, the average decreases in Deltoid
activation were relatively small and not statistically significant compared to pre-
operative measurements. On the other hand, the post-operative Muscle Ratios of
the Deltoid muscle parts did not significantly differ from the control group, where
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pre-operative Muscle Ratios did significantly differ from the control group.(Figure
2) This could indicate that surgery did result in a normalization in some patients, at
least for the anterior and medial Deltoid parts. Lastly, with regard to clinical results,
the patient group significantly improved 1 year post surgery on both the WORC
and Constant Score.

Symptoms of RC tears, most often Supraspinatus tears, are generally most apparent
with active arm abduction. Nevertheless, specifically the Deltoid is regarded as
an abduction moment generator.”’** Hence, increasing arm abduction moment
loading (while keeping exerted force magnitude constant) predominantly leads to
anincreasein Deltoid activity.8 This is supported by the results of our study. In case of
RC tears, lost Supraspinatus function can be partially compensated by the Deltoid,
specifically with regard to its function in generating arm abduction moments.®'™
3% Confirmatory to the latter is that previous studies have shown that knock-out of
the Supraspinatus, e.g. by a tear or nerve-block, coincided with increased Deltoid
activation.® 0131439 |n support of this, we found larger Deltoid Muscle Ratios in RC
tear patients compared to controls.(Figure 2)

The posterior Deltoid differed most between patients and controls and did not
seem to respond to surgery. The posterior Deltoid may potentially reflect the
Infraspinatus abduction portion more than the Supraspinatus muscle. The quality
of repair, differentiated over the Supraspinatus and the Infraspinatus may differ in
e.g. improvement of Supraspinatus function, and may thus reflect in our results.
Furthermore, it is plausible that the stabilizer function of the RC is sub-optimal in
pre-operative and post-operative patients, requiring more activity of other muscles
(including DP) for glenohumeral stabilization.

Hence, we found a significant increase in Deltoid activation for controls and pre-
operative patients with increased abduction moment loading, significantly more
Deltoid activation in pre-operative patients vs. controls, large effects of disease
statusand surgeryonR,, . andan average increase in Deltoid activation with large
moments that was substantially larger for all muscle parts in pre-operative patients
and lower for post-operative patients. However, we were unable to find significant
differences with most t-tests. The interpretation of these tests should take into

account the relatively high value of R for DP in patients (see above) and the

Muscle
large measurement SD’s. Patient SD's couijcled have been larger due to e.g. variations
in the severity of symptoms and cuff tear size. Furthermore, two patients showed
low pre-operative R, .'s and high post-operative R, 's, contrary to the other
subjects. There were no clinical or recording abnormalities for these patients, but
when removing these outliers from the analyses, there was a significant decrease

in DA activation after surgery (data not shown).
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There are some limitations that need to be taken into account when interpreting our
results. Firstly, Deltoid activation might be simply more increased in pre-operative
patients due to pain. Pain was less 1 year after surgery and this could explain
the decrease of the post-operative Deltoid (compensatory) activation. However,
Suprascapular knock-out studies in healthy subjects and model simulation studies
have also found increased Deltoid compensatory activation as a response to
decreased RC functioning (e.g. nerve blocks), i.e. without pain playing a role.®™
4 Secondly, there was a significant age difference between the controls and the
patients, as we wanted to include controls with a low chance of asymptomatic cuff
tears. Although age can influence EMG recordings, it is plausible that age has no
influence on the relative increase in Deltoid activation with larger moment arms,
such as expressed in Muscle Ratios. In linear regression analyses (data not shown)
for pre-operative and control R, of each muscle and the combined DELT as
dependent variables and with disease status and age as independent variables,
we found no statistically significant or relevant age effects for DA, DM, DP and
DELT. However, it is recommendable to further assess age effects in a single group
(either with or without pathology) with a broader age range. Lastly, as stated in
the introduction, RC tear patients form a heterogeneous population. We used strict
eligibility inclusion criteria and extensive investigations, including MRl arthrograms,
and patients were selected by 2 experienced orthopaedic surgeons specialized in
shoulders in order to include a homogeneous patient group in whom it is highly
likelythe shoulder symptoms are caused by the observed RCtear.Currently, thereare
no better methods to select these patients or organize themin potential subgroups.
Biomechanical testing of repair in these groups seems to be even more difficult.
Concluding, where the Deltoid seems to compensate for lost RC function in cuff
tear patients, this increased (compensatory) Deltoid activation appears partially
reduced 1 year after surgical RC cuff repair, which would suggest restoration of RC
function. However, where we had sufficient power to discriminate pre-operative
patients and controls and with the on average smaller and statistically insignificant
differences between post-operative patients and controls, pre- vs. post-operative
differences were relatively small and associated statistics were not conclusive. This
might be due to e.g. limited accuracy or precision of the applied experimental
set-up, variability in subjects, or it is the result of actually only limited or variable
restoration of RC function after surgical repair. Further research is needed to
investigate whether applying an alternative experimental set-up, e.g. with the
arm alongside the body and abduction tasks in a single direction, leads to more
accuracy, better responsiveness and similar results.
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