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Humeral Head Translation After a Suprascapular Nerve Block
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Subacromial impingement syndrome is the most common shoulder disorder. Abnormal superior translation 
of the humeral head is believed to be a major cause of this pathology. The first purpose of the study was to 
examine the effects of suprascapular nerve block on superior translation of the humeral head and scapular 
upward rotation during dynamic shoulder elevation. The secondary purpose was to assess muscle activation 
patterns during these motions. Twenty healthy subjects participated in the study. Using fluoroscopy and elec-
tromyography, humeral head translation and muscle activation were measured before and after a suprascapular 
nerve block. The humeral head was superiorly located at 60 degrees of humeral elevation, and the scapula 
was more upwardly rotated from 30 to 90 degrees of humeral elevation after the block. The differences were 
observed during midrange of motion. In addition, the deltoid muscle group demonstrated increased muscle 
activation after the nerve block. The study’s results showed a compensatory increase in humeral head transla-
tion, scapular upward rotation, and deltoid muscle activation due to the nerve block. These outcomes suggest 
that increasing muscular strength and endurance of the supraspinatus and infraspinatus muscles could prevent 
any increased superior humeral head translation. This may be beneficial in reducing shoulder impingement 
or rotator cuff tears over time.
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Shoulder impingement and rotator cuff tears are 
among the most common chronic shoulder injuries in the 
general population and in athletes involved in overhead 
throwing sports.1,11,14,21,37,48,49 Weak or dysfunctional rota-
tor cuff musculature may change both glenohumeral and 
scapular kinematics.27 These changes include increased 
superior humeral head translation4,38,41,43 and greater 
scapular upward rotation.10,20,45 Over time, if these altera-
tions are left untreated, they may lead to more debilitating 
shoulder pathologies, such as rotator cuff tears.

Although there clearly are underlying biological 
factors involved, many clinicians feel that abnormal 
mechanical forces may lead to a progression from 
impingement syndrome, or tendonitis, to rotator cuff 
tears. Since patient data are rarely available before 
the development of cuff tears, it is not known whether 
increased superior translation of the humeral head is 
causal or compensatory in nature.

Scapular upward rotation is the predominant motion 
of the scapula.27 It allows the acromion to elevate during 
glenohumeral elevation and appears to prevent impinge-
ment under the acromion.11 Studies have shown that 

altered scapular upward rotation has been associated with 
individuals suffering from shoulder impingement.20,23 
In addition, differences in upward rotation have been 
observed with in vivo models that attempted to mimic 
shoulder muscle dysfunction.9,24

Changes in humeral head translation have been 
observed in patients with rotator cuff tears and shoulder 
impingement.3,8,28,29,50 When compared with asymp-
tomatic controls, patients with rotator cuff tears 
demonstrated greater humeral head translation during 
shoulder elevation, especially during the midranges 
of motion.8,50 The geometric center of the humeral head 
was more superiorly located with respect to the center 
of the glenoid fossa.

Suprascapular nerve blocks are commonly per-
formed clinically for relief of shoulder pain that is due 
to conditions such as adhesive capsulitis and nerve 
entrapment.15,35,40 However, several investigators have 
taken advantage of this nerve’s innervation to perform 
nerve block studies for biomechanical evaluations of 
strength5,12,18 and kinematics.13 Due to the compressive 
functions of both the supraspinatus and infraspinatus 
muscles, interventions that result in dysfunction of these 
muscles are candidate models for rotator cuff pathol-
ogy. Since the suprascapular nerve innervates both the 
supraspinatus and infraspinatus, a suprascapular nerve 
block was used to achieve dysfunction of these muscles.

There were two goals of the current study. The first 
was to examine the effects of a suprascapular nerve block 
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on superior translation of the humeral head and scapular 
upward rotation during dynamic shoulder elevation, 
and the second was to assess muscle activation patterns 
during these motions. The authors hypothesized that a 
suprascapular nerve block would result in a compen-
satory increase in superior translation of the humeral 
head and greater scapular upward rotation. In addition, 
the authors hypothesized a compensatory increase in 
deltoid and latissimus dorsi muscle activation after  
the block.

Methods

Subjects

Twenty healthy subjects volunteered for the study, 10 
males and 10 females (age 25 ± 5 y, height 171.4 ± 6.7 
cm, weight 66.9 ± 10.1 kg). A sample size calculation 
based on data from Sharkey and Marder,36 revealed that 
17 subjects can detect a minimum power of 0.8. Subject 
exclusion criteria for the study were as follows: (1) less 
than 135° of active humeral elevation in the scapular 
plane; (2) prior shoulder surgery; (3) shoulder injury 
in the past six months; (4) presence of shoulder pain 
preventing the correct execution of tests; (5) any aller-
gies to lidocaine; (6) history of cervical or shoulder pain 
or pathology; (7) women who were currently pregnant; 
(8) BMI greater than 30 kg/m2 (threshold for obesity as 
defined by the CDC); and (9) height greater than 183 
cm. The last restriction was due to a limitation with the 
fluoroscope. Approval for the study was obtained from 
University’s Office for Protection of Human Subjects. 
Each subject signed a consent form.

Testing Protocol

All testing was completed in a single session and per-
formed on the dominant upper extremity. Subjects per-
formed a standardized shoulder warm-up procedure.39 
Following the warm-up procedure, subjects were fitted 
with a lead apron skirt to protect them from radiation. The 
testing protocol was thoroughly explained to the subject. 
Before data collection, practice trials were performed by 
the subjects. A calibration marker with a known length 
was positioned on the scapular spine to scale the digital 
images (Figure 1).

Subjects were asked to stand while performing 
normal shoulder elevation in the scapular plane before 
and following a suprascapular nerve block. Scapular 
plane orientation was defined as approximately 30–35° 
anterior to the coronal plane. Before each collection, 
with the help of real-time fluoroscopy, the investiga-
tor adjusted the subject’s position so that the scapula 
was perpendicularly aligned to the field of view of the 
fluoroscope to avoid distortion of the glenoid cavity. In 
addition, the distance between the shoulder and the fluo-
roscopy machine remained constant for a given subject to 
minimize magnification errors. Shoulder elevation trials 
were collected using fluoroscopy with subjects standing 

at a marked position, eyes facing forward, elbow in full 
extension, and slight forearm pronation. Using a custom-
ized shoulder elevation guide, each subject was asked to 
elevate their arm as close as possible to this semicircular 
guide (Figure 2). The foot position was marked on the 
platform to maintain consistency within trials. The 
range of motion was subject dependent, but all trials 
began with the arm at the subject’s side. Two shoulder 
elevation trials were collected before a suprascapular 
nerve block, and the best digital image quality between 
the two trials was used for analysis (NB0). The Space 
edge detection software (http://lcni.uoregon.edu/~dow/
Space_program.html) (Lewis Center for Neuroimag-
ing, University of Oregon, Eugene) was used to digitize 
the humeral head and glenoid face. If the software 
could detect the edges of both the humeral head and 
glenoid face of the elevation trial, it was considered to 
be of best quality. After the nerve block, nine shoulder 
elevation trials were collected. Nine elevation trials 
were collected because we wanted to see the effects of 
increasing function of the supraspinatus and infraspina-
tus after the nerve block on humeral head translation. 
However, for the purpose of this current research, only 
first (NB1) and last (NB2) trials were analyzed because 
only the 9th trial showed significant increase in external 
rotation torque production compare with the 1st trial after 
nerve block. The mean time between NB1 and NB2 was 
56 minutes. To control the velocity of motion, audible 
counts of 4 s (8 s total) were used during both shoulder 
elevation and depression in the scapular plane. Each trial 

Figure 1 — Surface and fine-wire EMG setup.
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consisted of two shoulder elevations and one shoulder 
depression in the scapular plane. It took an average of  
14 s of live fluoroscopic image acquisition for each trial. 
The average total range of motion during shoulder eleva-
tion was 0–160 degrees. Immediately following each 
shoulder motion trial, external rotation force measure-
ments were collected. The time from the start of a trial 
to the start of the succeeding trial was 7 minutes. The 
actual elevation trial plus force measurement lasted for 
about 3 minutes.

Kinematic Measurements

Humeral head translation and scapular upward rotation 
were measured with the arm at the side (0°) and at 30°, 
60°, 90°, and 120° of humeral elevation. A GE (OEC) 
9800 fluoroscopy unit was used for collecting two-
dimensional in vivo kinematics of the glenohumeral 
joint. The sampling rate was set at 8 Hz, which is the 
highest rate for this system. The fluoroscopy was set at 
a normal standard mode (59–72 kVp and 0.52–1.5 mA). 
The total amount of radiation that each subject received 
during the experiment was approximately equal to two 
dental x-rays. A standardized protocol was used when 
taking fluoroscopic images to regulate each data col-
lection across subject and condition. The protocol was 
able to control focal point, magnification, and elevation 
velocity of the arm. During data collection, the subjects 
were asked to stand between the X-ray source and image 
intensifier of the C-arm.

Monitoring Muscle Activation  
and Force Measurements
Electromyography (EMG) data were collected to verify 
minimal muscle activation after suprascapular nerve 
block. In addition, muscle activation patterns before and 
after nerve block were analyzed. Kinematic measure-
ments were synchronized with the EMG activity using 
an external trigger. The Myopac Jr. (Run Technologies, 
Mission Viejo, CA) was used to collect raw surface and 
fine-wire EMG data. This unit provided signal amplifica-
tion, band pass filtering (10–1000 Hz), and a common 
mode rejection ratio of 110 dB. Output from the Myopac 
was linked to an analog-to-digital board in a laptop com-
puter and data were collected at a frequency of 1200 Hz. 
Disposable Blue Sensor surface electrodes (Ambu Inc, 
Linthicum, MD) were placed over the anterior deltoid, 
middle deltoid, posterior deltoid, and latissimus dorsi 
muscles along their primary muscle fiber directions. 
Sterilized fine-wire electrodes (Chalgren Enterprise, 
Inc, Gilroy, CA) were inserted intramuscularly in the 
supraspinatus and infraspinatus muscles. To allow for 
normalization of EMG measures, EMG data were col-
lected during a standard maximum voluntary contraction 
(MVC) for each muscle.

External rotation forces were measured with a 
Microfet 2 Manual Muscle Test (MMT) device (Hoggan 
Health, Ind, West Jordan, UT). The Microfet 2 MMT is 
a hand-held device used to objectively measure muscle 
strength. Schaubert and Bohannon34 reported an ICC of 
0.93 when using this device to measure muscle strength. 
Subjects were seated in a chair during force measure-
ment. Since force measurement was performed before 
and after the nerve block, markers were placed on the 
area where the MMT was applied during data collection. 
This ensured consistency of the resistant moment arm. 
During force measurement, subjects were instructed to 
push as hard as they could against the MMT for 5 s while 
verbal encouragement was provided by the investigator. 
Raw data were collected at 60 Hz from the MMT device 
using a customized Microsoft Visual Basic (Microsoft, 
Redmond, WA) program connected to a laptop computer 
through a USB port. The data from 3 to 4 s were averaged 
and used for subsequent analysis. The MMT was posi-
tioned and held by the investigator on the designated part 
of the forearm. The testing positions was elbow flexed at 
90°, thumb pointing up and shoulder externally rotated 
5° with the arm at the side. This position of the arm was 
chosen because it has been reported to best isolate the 
infraspinatus muscle.16,17

Suprascapular Nerve Block
The suprascapular nerve block was performed by a board-
certified anesthesiologist (PK). Subjects were asked 
to sit, with their head flexed forward, throughout the 
nerve blocking procedure. One inch above the junction 
of the middle and outer third of the scapular spine, the 
suprascapular nerve was targeted at the scapular notch 
through a skin wheel of 0.2 mL of 1% lidocaine. A total 

Figure 2 — Subject setup during the elevation trial.



374  San Juan, Kosek, and Karduna

of 40–100 mg of lidocaine was injected to the subject’s 
nerve (Figure 3). Moreover, the first eight subjects had 
epinephrine (1:400,000) combined with the lidocaine 
to prolong the effects of the nerve block to more than 
2 hours. However, since the average testing time after 
NB1 to NB2 was 56 minutes, the physician decided 
that adding the epinephrine to the nerve block was not 
warranted and the remaining 12 subjects had only the 
lidocaine injected. A time stamp was recorded, and 
a countdown timer was initiated, at the moment the 
needle was withdrawn. After 10 minutes following 
initial injection, external rotation (ER) force, and supra-
spinatus and infraspinatus EMG activity were measured. 
A reduction of 50% ER force and supraspinatus and 
infraspinatus MVC was the threshold needed to proceed 
to the post-block trials. We did not have any subject who 
failed these criteria.

Data Reduction and Analysis

Humeral head translation was measured using a 2-D 
registration technique developed by Crisco et al.7 In addi-
tion, Figure 4 depicts the points that were digitized on 
the glenoid face, the humeral head, and the humeral shaft 
using Space edge detection software. Using the digitized 
points, the humeral head coordinates were then used to 
calculate the geometric center of the humeral head by 
using a curve-fitting, nonlinear regression analysis to fit 
a circle to the humeral head coordinate data, and then 
calculating the center point using a customized Lab-
VIEW (National Instruments Corporation, Austin, TX) 
program. Humeral translation was defined as net transla-
tion of the humeral head, using both x and y components. 
Using the geometric center of the humeral head and the 
transformation matrix that was generated based on the 
contour registration between images, the net translation 
of the humerus and scapular rotation was calculated. The 
measured humeral head translation and scapular upward 
rotation were calculated by comparing the pre- and post-
nerve-block trial in each humeral elevation angle with 
respect to the corresponding elevation angle during the 
pre–nerve block trial (ie, 30° humeral elevation pre–nerve 
block to 30° humeral elevation post–nerve block). This 
method of measuring humeral head translation was previ-
ously validated by the investigator with a measured error 
of less than 0.5 mm.33 Using a customized LabVIEW 
(National Instruments Corporation, Austin, TX) program, 
humeral elevation angles were calculated with respect 
to the vertical axis and a straight line on the shaft of the 
humerus. The actual humeral elevation angles used for 
data analysis were off by an average of 3° from the target 
elevation angles.

A one-sample t test compared with zero was per-
formed to test statistical significance between conditions. 
The two conditions were pre–nerve block (NB0) and 
post–nerve block (NB1 and NB2). Measured humeral 
head translation and scapular upward rotation with the 
arm at the side (0°) and at 30°, 60°, 90°, and 120° of 
humeral elevation served as the dependent variables. 
For the EMG activity, a one-way repeated-measures 

Figure 3 — An illustration of the suprascapular nerve block 
procedure.

Figure 4 — Actual x-ray images with digitization of an arc at the humeral head and an illustration of the geometric center of the 
humeral head (A) and digitized glenoid used for contour registration (B).
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ANOVA was used to compare differences between 
humeral elevation angles before and after the nerve 
block. All data were plotted as mean values ± standard 
error of the mean. The alpha level for all tests was set  
at .05.

Results
At 60° of humeral elevation, the humeral head was 
significantly more superiorly located for both NB1 and 
NB2 (Figure 5A, B). There was a significant increase in 
scapular upward rotation, at NB1 for humeral elevation 
angles of 30°, 60°, and 90° (Figure 5C). In contrast, 
NB2 did not show any significant differences across all 
humeral elevation angles (Figure 5D).

Only 19 subjects were included in the analysis of 
EMG activity due to synchronization problems with 
one of the subjects. The supraspinatus, infraspinatus, 
and middle deltoid demonstrated statistically signifi-
cant differences from 30° to 120° of humeral elevation 
angles (Figure 6A, B, and D). The supraspinatus and 
infraspinatus had decreased muscle activation after the 
nerve block, whereas the anterior deltoid, middle deltoid, 
and posterior deltoid showed significant increases at 
higher humeral elevation angles. In addition, the deltoid 
muscle group had increased muscle activation during 

higher humeral elevation (Figure 6C, D, and E). The 
posterior deltoid (for NB2) was the only one that showed 
statistically significant differences when the arm was at 
the side (Figure 6E). The latissimus dorsi did not show 
any significant differences across all humeral elevation 
angles (Figure 6F).

Discussion
The current study supports our hypothesis that a supra-
scapular nerve block results in a compensatory increase 
in superior translation of the humeral head and greater 
scapular upward rotation at certain humeral elevation 
angles. For the current study, the authors chose to com-
pare the before and after nerve block conditions at each 
corresponding humeral elevation angle with respect to 
the pre–nerve block (ie, 60° humeral elevation Pre-NB 
to 60° humeral elevation Post-NB). This was because 
the emphasis of the current study was to examine differ-
ences in measured humeral head translation and scapular 
upward rotation between conditions at specific humeral 
elevation angles. Previous studies that measured transla-
tion used the humeral head neutral position during the 
control condition as the reference point.8,28,29,47 However, 
that approach would introduce additional errors with our 
2-D registration technique.7,33

Figure 5 — Difference in measured humeral head translation. Positive numbers represent superior location of the humeral head 
after the nerve block and negative represents inferiorly located humeral head after the nerve block (A & B). C & D represents the 
scapular upward rotation. A positive number represents greater scapular upward rotation.



376  San Juan, Kosek, and Karduna

The observed superior translations at 60° of humeral 
elevation in the current study are similar to the findings in 
patients with impingement and rotator cuff tears.3,8,28,29,50 
This provided evidence that there is a compensatory 
increase in humeral head translation during the midrange 
of motion after paralysis of supraspinatus and infraspina-
tus. In addition, in a more recent study by Teyhen et al,42 
the authors observed that the humeral head was superiorly 
located on the glenoid fossa during dynamic arm eleva-
tion. This result is in agreement with the current study. 
However, in a similar study performed by Werner et al,47 
they did not find any significant differences in measured 
humeral head translation after suprascapular nerve block. 
There are two possible reasons for the differences seen 
in measured translation. First, the reference point used 
by the current study was different. The current study 
used the corresponding humeral elevation angle of the 

pre–nerve block condition to compare translation of the 
humeral head whereas the latter study used the humeral 
head location in the neutral position as the reference. 
Second, the subjects were seated during arm elevation 
trials compared with the current study in which the sub-
jects were standing. This difference in subject positioning 
could have influenced both glenohumeral and scapular 
kinematics during arm elevation.30 Lastly, they tested 10 
subjects whereas the current study collected and analyzed 
20 subjects. The statistical analysis showed that to get a 
minimum power of 0.8, 17 subjects were needed.

The current study was designed to mimic rotator cuff 
dysfunction and not rotator cuff tears. The authors used 
suprascapular nerve block to paralyze the supraspinatus 
and infraspinatus. The result of the current study showed 
a more superiorly located humeral head after nerve block 
at 60° of humeral elevation with a mean value of 1.3 

Figure 6 — EMG muscle activation of different shoulder muscles during humeral elevation. All three deltoid muscles showed 
significant increases in activation at 90 degrees of elevation at both time points after the nerve block.
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mm. This value is comparable to studies that measured 
humeral head translation and found significant differ-
ences. Chen et al,4 using a muscle fatigue model, observed 
increased superior humeral head translation of 2.5 mm 
after the deltoid and rotator cuff were fatigued. Deutsch 
et al8 reported superior translation of the humeral head 
equivalent to 1.2 mm with rotator cuff patients during 
humeral elevation. In a more recent study, Bey et al2 
reported observing superior translation of approximately 
2.6 mm during shoulder elevation in subjects that had a 
surgically repaired supraspinatus tendon tear.

The current study had similar results seen in a 
related research design that was previously completed in 
our laboratory. That study also found a more upwardly 
rotated scapula at midranges of motion after the block.24 
Additionally, our results are similar to other studies that 
have examined scapular kinematics in rotator cuff patients 
compared with healthy individuals.26,28,50 It is interest-
ing to see increases in scapular upward rotation after 
paralysis of the supraspinatus and infraspinatus because 
contraction of these muscles is not responsible for any 
scapular motion. The is result may be due to the fact that 
the subjects experienced difficulty elevating their arm 
after suprascapular nerve block because the supraspinatus 
also functions to initiate humeral elevation.46 Therefore, 
the subjects may have compensated by increasing the 
activation of the upper trapezius to help during humeral 
elevation, which induced greater upward rotation of the 
scapula. Studies have shown increases in upper trapezius 
activity during humeral elevation with shoulder impinge-
ment population.6,19

In addition, an increase in muscle activation was 
observed in all the deltoid muscles after 90° of humeral 
elevation. The middle deltoid showed increased muscle 
activation starting at 30° of elevation. This result is in 
accordance with Thompson et al,44 who showed a sig-
nificant increase in the middle deltoid force required to 
initiate abduction force after paralysis of supraspinatus 
in a cadaver. This might be due to the fact that it is com-
pensating for the loss of abductor effect of the supra-
spinatus during the early stages of elevation. One of the 
main actions of the supraspinatus is to aid the deltoid in 
elevating the glenohumeral joint.31 Moreover, McCully 
et al25 showed increases in the deltoid muscle group after 
suprascapular nerve block.

It is important that the current study address the 
limitation of the 2-D imaging technique used to mea-
sure kinematics. Using a 2-D imaging technique to 
measure glenohumeral and scapular kinematics, which 
is a 3-dimensional motion, presents inherent projection 
error due to out-of-plane motions. To avoid out-of-plane 
motion, before each collection, with the help of real-time 
fluoroscopy, the investigator adjusted the subject’s posi-
tion so that the scapula was perpendicularly aligned to 
the field of view of the fluoroscope to avoid distortion 
of the glenoid cavity. In addition, the distance between 
the shoulder and the fluoroscopy machine remained 
constant for a given subject to minimize magnification 
errors. Shoulder elevation trials were collected using 

fluoroscopy with subjects standing at a marked position, 
eyes facing forward, elbow in full extension, and slight 
forearm pronation. Using a customized shoulder elevation 
guide, each subject was asked to elevate his or her arm 
as close as possible to this semicircular guide (Figure 2). 
The foot position was marked on the platform to maintain 
consistency within trials.

The result of the current study may have implications 
in designing rehabilitation and strengthening protocol for 
individuals with shoulder impingement, and individuals 
with weak or dysfunctional rotator cuff musculature. 
The current study showed that a dysfunctional supraspi-
natus and infraspinatus increased humeral head superior 
translation and scapular upward rotation during humeral 
elevation. Such changes in the glenohumeral and scapular 
kinematics have been associated with shoulder impinge-
ment.20–22,32 Shoulder rehabilitation programs should 
focus on strengthening the supraspinatus and infraspi-
natus, which would be beneficial in reducing weak and 
dysfunctional rotator cuff muscles. In addition, this could 
help alleviate symptoms of shoulder impingement.
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