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Abstract: Evidence has shown that muscle strength and function become altered due to motion
restrictions. Strengthening muscles with traditional therapeutic exercise will not be completely
successful unless inhibition is removed by restoring normal joint mechanics. This study investi-
gated the effect of Grade-IV thoracic spine mobilizations on lower trapezius strength testing in
normal subjects. The mobilization for the treatment group (n=20) consisted of posterior-anterior
(P-A) oscillations performed from T6-T12 at each segment’s end range (Grade-IV). This technique
is aimed at restoring normal joint play. The control group (n=20) received a Grade-I mobilization
consisting of P-A oscillations performed at the beginning of the joint’s range, which is not ex-
pected to have articular reflexogenic effects. Before and after the mobilizations, isometric muscle
strength of the lower trapezius was measured using a Nicholas Manual Muscle Tester. An indepen-
dent group t-test comparing the groups demonstrated a statistically significant effect of thoracic
spine mobilization on lower trapezius strength testing (P<.05).
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kypholordotic posture is a common finding among

the general population, presenting clinically in subjects
who have forward head posture, restricted thoracic spine
extension, and increased lumbar lordosis'®. A joint must
have normal mobility in order for its corresponding muscles
to work efficiently; according to Hurley?, a muscle can-
not attain its full function unless inhibition is removed.
Previous studies have addressed the effects of mobiliza-
tion on muscle function, but they have neglected to explain
the joint’s reflexogenic effects on muscle. The arthrokinetic
reflex (AKR) is responsible for these effects as it links
the central nervous system to skeletal muscles'. The
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regulators of this reflex are the articular mechanorecep-
tors located within synovial joint capsules®.

The joint capsule receptors, Types I -1V, exert a re-
flexive effect on muscle tone®. Afferent nerve fibers of
these receptors project to motor neurons within the CNS,
thereby contributing to the continuous modulation of
activity flowing to the muscle spindle. When a stretch

on a joint capsule is initiated, the mechanoreceptors exert
reciprocally coordinated reflexogenic influences on muscle
tone and on the excitability of stretch reflexes in striated
muscles®. This reflex inhibits muscles from recruiting
the maximal number of motor units and protects the body
from overstressing restricted joint structures*®.

Weakness of the lower trapezius is a common clinical
finding. This is associated with the upper cross syndrome
commonly seen with poor posture’, As described by Janda,
this pattern is associated with a flattened cervical spine,
forward head, protracted and elevated shoulders, and an
increased thoracic kyphosis’. Limitations in thoracic
extension, secondary to localized prolonged flexion,
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leads to muscle tightness and adaptive shortening of
the anterior longitudinal ligament and facet capsules’.

The anterior-facing superior articular facets assume a superior
and anterior position relative to the posterior-facing infe-
rior facets. Tightened capsular and ligamentous tissues
restrict spinal motion, limiting full extension. Active thoracic
extension causes the superior facets to slide in an inferior
direction'’., Maximal closing of the restricted facet joints
stretches the surrounding tissues, prematurely activating
the AKR mechanoreceptors; this neural response will inhibit
agonistic muscles of this movement, including the lower
trapezius, which is profoundly affected®. Asa consequence
of restricted thoracic extension from T6-T12, lower trape-
zius strength is theoretically under neural inhibition; there-
fore, it would be expected to demonstrate some degree of
weakness upon testing.

Joint mobilization has been known to return physi-
ologic and accessory motions to hypomobile structures!' 2,
As with typical diarthrodial joints, dense, irregular con-
nective tissue comprises the outermost layer of facet cap-
sules®, This layer becomes thickened and immobile in joints
that have a capsular pattern of hypomobility. Grade-III
and -1V mobilizations will cause plastic deformation of collagen
in the outermost capsular layer, thereby restoring its normal
length!. The Grade-IV mobilization used on the experi-
mental group consisted of P-A oscillations performed into
the tissue resistance'. The Grade-I P-A mobilization used
on the control group was performed at the beginning of
the range and therefore met no tissue resistance.

Review of the Literature

Understanding of the AKR requires a brief review of
articular neurology. Embedded within capsule fibers are
mechanoreceptors that relay messages for direct reflexive
actions on muscles'. There are four types of receptors, as
described by Freeman and Wyke®. Type-I receptors are firmly
established in the outer layer of the joint capsule, function-
ing continuously during static and dynamic movements.
Type-I1 receptors are located deeper within the capsule and
fire only during joint movement. Type-III receptors are found
on the surfaces of ligaments, as well as joint capsules, and
respond to the application of tensile forces'™ ', Type-IV receptors
are interwoven throughout the entire thickness of the cap-
sule, responsible for evoking joint pain. Though all four
receptors mediate reflex effects on muscle activity, the AKR
is affected primarily by Type-I and -II receptors.

All synovial joints have predetermined patterns of
mechanoreceptors that play a role in reflexes, kinesthesia,
proprioception, and nociception'”. The concentration of
mechanoreceptors appears in higher densities in areas that
undergo extremes of movement'® rather than midranges of
joint motion' ., The receptors, through reflexive action,
maintain the first line of defense in sensing these extremes,
alerting the CNS of impending injury*.

Histological studies on the connective tissues throughout
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the spinal column have concluded that specific patterns of
receptors exist?*, The facet joints are well innervated by
the medial branches of two dorsal consecutive rami*. The
Type-1 and -II receptors found in the outer capsule layer
have been shown to play a role in reflexogenic effects on
muscle tone® #,

Herzog et al* demonstrated a consistent reflex response
on the tone of muscles associated with spinal manipulative
treatments. Weakness of a muscle, as depicted by Janda, is
due to altered motor regulation from the afferent impulses
relayed from tissues surrounding a dysfunctional joint’. This
“pseudoparesis” is a decrease in strength, which occurs when
the CNS regulation limits full firing of a muscle®. Improve-
ments in strength may be regained through mobilization
of restricted joints, thus removing inhibitory reflexes®.

Studies® ** have examined the effects of joint pathol-
ogy on muscle strength. Mobilizations on restricted sacro-
iliac joints (SI) were performed, returning them to proper
alignment. As a result of the treatment, both studies found
an immediate increase in the strength of muscles respon-
sible for SI joint movement****. Removal of the inhibition
caused by the AKR in these cases may have resulted in the
increases seen.

The purpose of the present study was to assess lower
trapezius muscle strength in normal subjects before and
after the application of P-A mobilization on thoracic spine
levels T6-T12. We hypothesized that a “normal” degree of
hypomobility of thoracic vertebrae 6 through 12 is respon-
sible for the neuromuscular inhibition exerted on the lower
trapezius. Increasing thoracic extension is expected to remove
this inhibition, thereby increasing lower trapezius strength.

Methods
Subjects

A convenience sample of 40 asymptomatic students
from New York Institute of Technology between 20 and
45 years of age volunteered to take part in this study. All
volunteers were accepted unless they met one of two-
exclusion criteria governing selection. The first exclu-
sion criterion eliminated subjects who presented with a
flattened thoracic spine as observed by the clinicians; this
was determined by the examining clinicians using a postural
grid (Figure 1)*. The second exclusion criterion elimi-
nated subjects who currently had shoulder pathology,
causing pain and/or limited movement.

Approval for this research was granted by the Insti-
tutional Review Board at the New York Institute of Tech-
nology in Old Westbury, New York. Informed consent
was obtained.

Procedure

Subjects underwent a standardized interview, a
musculoskeletal assessment of the upper quarter, and a
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Fig. 1: Postural grid

baseline strength measurement of the lower trapezius
bilaterally. This study used double-blind techniques for
all measurement procedures™. The strength of the lower
trapezius was measured by testing the subject’s ability
to depress/adduct the scapulae in a position of bilateral
shoulder elevation. With the subject in supine, the shoulders
were guided to a position of 150° of abduction, bilater-
ally (Figure 2). This setup placed the lower trapezius
muscle fibers in line with the test movement: this en-
sured that thoracic spine extension was maintained at
all times. Isometric torque in shoulder elevation, pro-
ducing scapular depression/adduction, was measured at
a position close to the end range of both upper extremi-
ties for three trials. The highest value of the three con-
tractions was accepted as the peak torque measurement.

The baseline strength and subsequent final strength
were measured using a handheld Nicholas Manual Muscle
Tester (Lafayette Instrument Company, Lafayette, IN). It
was stabilized to an inanimate fixed support structure
with an adjustable base. Intrarater reliability for this muscle

test was established during pre-testing procedures, as-
sessing the reproducibility of the technique. Relative to
the support table, the device’s distance from the subject
was recorded for use again during the final testing of each
individual. This ensured replication of proper body and
upper extremity position during the final strength test.

The Nicholas Manual Muscle Tester, reported to have
+/- 0.5% of full scale by the manufacturer, was used for
its high accuracy. Magnusson et al” have shown that
the Nicholas dynamometer has excellent interday and
intraday reliability. This dynamometer has also shown
valid and highly reliable results between trials and days.*

The start position used for muscle testing involved
the subject lying supine on a plinth with arms adducted,
with hips and knees supported and flexed to 90°. This
precise position of the subject’s spine was necessary for
accurate results, as we needed to measure the strength
of the lower trapezius following similar arm motion as
standard tests require®, while ensuring thoracic exten-
sion. Flexing and supporting the lower extremities re-
duced any contributions from the lower body, neutraliz-
ing the pelvis and minimizing lumbar lordosis. The operator
passively moved the subject’s arms into full flexion and
150° of abduction while keeping the elbows straight. The
dynamometer was placed just proximal to the wrist joint
line for all subjects, while the forearm was in pronation
with the palm facing the ceiling. Adjustments of the support
structure were done accordingly, and the subject was
returned to the start position as described above. The
subject was then instructed to reach overhead and push
solidly into the manual muscle tester (Figure 2).

After an individual’s baseline measurement was com-
pleted, the subject was randomly placed into the experi-
mental or control group using a table of random num-
bers™, All subjects were placed prone on a plinth pro-
moting thoracic extension. Mobilizations were performed
on the thoracic spinous processes of vertebrae T6-T12

Fig. 2: Test position for MMT
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(Figure 3). The experimental group received a Grade-IV
P-A mobilization. The control group underwent a Grade-
I mobilization, as this does not promote tissue deforma-
tion but rather only decreases pain in acute stages of
inflammation' ', Two different operators performed
the mobilizations, one for the Grade-I and one for the
Grade-IV. The area just distal to the pisiform bone was
used to direct the spinous process in a P-A direction* '?,
Each of the seven segments was mobilized for 30 sec-
onds totaling 3.5 minutes. Immediately after the mobi-
lization, all subjects were repositioned for muscle test-
ing. Final testing followed the same previously described
procedure for baseline measurements. These final mea-
sures of strength were recorded and analyzed. Care was
taken to ensure blinding of the subjects and of the op-
erator performing muscle testing.

Data and Statistical Analysis

The independent variable was the Grade-IV P-A
mobilization; the dependent variable was lower trapezius
strength. Parametric interval data were recorded and
used throughout the analysis. Strength measurements
were recorded as the peak of the three trials taken bilat-
erally. Arandomized, placebo-control, double-blind study
design was used to compare differences in strength be-
tween the experimental and control groups®.

An independent group t-test compared the mean
change between the pretest and posttest scores between

Fig. 3: Mobilization on thoracic spinous processes
of T6-T12

groups. The analysis of the data was tested at the P<.05
level for an increase in lower trapezius strength in the
experimental group.

Results

Pretest and posttest measurements of muscle strength
testing were assessed for both the control and the ex-
perimental groups. The peak strength for pretest and
posttest measurements is shown in Table 1.

To compare the experimental and control group, the

Table 1. Peak strength for pretest and posttest measurements.

_ EXPERIMENTAL _
| Subject Pretest MMT = Posttest MMT
(kg) (kg)
5 17.3 17.8
6 13.2 14.7
7 15.7 16.4
9 [ 10.7 127
10 | 7.8 7.2

12 14.4 | 14.2

13 82 | 10.6
14 ! 7.2 A
15 136 338
20 | 6.1 . 5.8
21 _ 10.8 | 9.2
22 | 14.9 | 17.4
23 ‘ 3.8 | 3.7
25 | 7.5 | 7.8
30 _ 10.1 11.7
31 | 14.2 . 14.6
32 _ 6.5 _ 7.2
33 ‘ 19.2 19.5

34 | 9.3 1.6
35 8.0 8.0
Mean 10.93 Mean 11.58
S.D. 4.18 S.D. 4.43
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CONTROL -
Subject Pretest MMT Posttest MMT
(kg)

1 10.2 11.5
2 B I i ¥ ¢ , 9.0
3 9.8 ! 9.5
4 12.0 12.7
8 17.4 20.6
11 11.3 11.1
16 8.5 9.2
17 11.0 11.0
18 12.0 11.9
19 , 14.1 _ 14.9
24 8.9 | 8.7
26 | 7.4 [ 7
27 | 153 | 15.4
28 , 9.5 | 9.4
29 [ 73 7
36 _ 9.2 | 9.9
37 12.8 14.1
38 | 116 ~10.1
39 , 7.7 | 6.8
40 12.0 10.1
Mean 10.99 Mean 11.01

S.D. 264 S.D. 3.31
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Fig. 4: Average strength change following mobilization

mean difference between the two groups was analyzed.
The results demonstrated statistical significance between
the experimental and control groups (t=-1.71, P=0.047).
Clinically, these results yielded a 6.0% increase in strength
testing scores for the experimental group while the con-
trol group showed an increase of 0.2% (Figure 4).

Discussion

These results indicate that the lower trapezius muscle
tests stronger after applying Grade-IV mobilizations to
the lower thoracic spine. According to the results, im-
mediate increases in strength can be achieved by stretching
restricted joint capsules. This finding is significant because
clinicians can reverse muscle inhibition through joint
mobilizations when weakness is secondary to hypomobility*.
A 6.0% overall change was observed after only 3.5 min-
utes of spinal mobilization.

The increase in strength was likely the result of increases
in the extensibility of the connective tissues stretched
during the experiment, with all other variables controlled
to the best of the examiners’ ability. However, certain
variables were difficult to control, thereby affecting the
results. The subject may have learned during the exam
to position his/her extremity for a more efficient effort.
Human error may have contributed to variability in the
data during the pretest and posttest procedures.

Another factor to be accounted for is arm height. This
was our most controlled factor, always kept on a station-
ary platform four inches vertical from the resting sur-
face of the supine subject (Figure 2). However, as ex-
plained earlier, the best results were found at the end

range of the subjects’ movement to ensure lower tho-
racic extension. Therefore, it is critical to measure, record,
and test at the end range of shoulder elevation at 150° of
abduction. The support structure could be improved with
a variable height adjustment.

Some subjects may have lacked motivation and may
not have pushed to the maximum during the three strength
trials, as this study required. A larger sample size might
eliminate this problem in a future study. Future studies
could also attempt to validate the time frame of this effect
and to what degree the time frame is clinically signifi-
cant. Final strength testing in this study was performed
immediately after the mobilization.

The authors performed their testing on the lower
trapezius because the lower thoracic spine is often stiff in
much of the population. As opposed to other muscles,
this muscle is difficult to test for strength because it does
not function directly on a major joint. In the future, testers
may look at the hip, knee, elbow, or ankle since these joints
can easily be stabilized and muscle-tested with conven-
tional devices. In addition, these joints can be mobilized
without affecting surrounding muscle tissue.

Lastly, it must be appreciated that the subjects in
this study were selected from a normal, asymptomatic
population. Future studies may include actual patients
with back pain and/or impairment in order to assess the
usefulness of this approach in a clinical setting.

Conclusion

This study demonstrated a significant increase in lower
trapezius strength testing in response to Grade-IV mo-
bilizations performed on asymptomatic thoracic verte-
brae T6-T12. It is theorized that increasing the exten-
sibility of the joint tissues in this region causes an im-
mediate decrease in mechanoreceptor-associated inhibi-
tion of the lower trapezius muscles. These findings warrant
further research and testing, specifically where mobili-
zation can be used to increase muscle strength about a
restricted joint. Clinically, these findings indicate the
need for therapists to assess patients’ weaknesses and
correlate them with possible joint restrictions. Clinicians
can use these findings in everyday practice to improve
treatment plans by incorporating mobilization with thera-
peutic exercise.
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