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Pectoralis minor tightness, when directly increased, can have an effect on the
anterior tipping and an internal rotation of the scapular motion which not only reduces
subcoracoid space but also increases nerve tension and compression. This condition is
commonly found in individuals who have a rounded shoulder posture. This tightening of the
muscles can be measured from the distance between the posterior aspect of the acromion
to the level of the table of treatment (acromion distance or AD), and with a normal value of
2.54 cm. or 25.4 mm. If the value exceeds this, then muscle tightness is indicated.However,
only the tightness of the pectoral muscles which affects the median nerve tension has
previously been studied. The purpose of this cross-sectional studyis to examine the
association between acromion distance and ulnar nerve tension and to make a comparison
between ulnar nerve tension responses between participants with and without pectoralis
minor tightness. The seventy-six participants recruited for this study using convenience
sampling. the assessor first measures acromion distance for group distributes. Secondly,
the assessor assessed ULNT llb and lll. As for the data analysis, an unequal variance
independent t-test was employed to compare the acromion distances between participants
in two groups, whereas the final position was compared in terms of sensitivity of radial and
ulnar nerves between both groups. The results showed the association between AD1 and
ulnar nerve tension was 0.355 (p = 0.002). The tightness had a significant difference
between with and without pectoralis minor tightness group (p = 0.022); 0.3(95% CI 0.2,
0.3)mm. and0.4(95% CI 0.3, 0.5)mm.respectively. Of the pectoralis minor tightness group
(57.9%) were recorded at to have a Level Two sensitivity of ulnar nerve, which was a higher
percentage than the without pectoralis minor tightness group (42.8% ). The chance of
participants having ulnar nerve tension in Level Two sensitivity was 13. 33 times. The
findings in this study conditionally suggest that reducing pectoralis minor muscle tightness
in individualswith rounded shoulders is useful for reducing risks associated with developing

ulnar nerve tension and compression.
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Acromion distance in supine position with retraction scapular
Acromion distance in supine position- Acromion distancein supine
position with retraction scapular (AD1-AD2)
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CHAPTER |
INTRODUCTION

1.1 Background
Forward shoulder posture can occur due to a forward shift of the scapula with

. . . . . 1
internal rotation movement, downward rotation, and anterior tilt,

This is caused by
shortening of the pectoralis minor. The potential results regarding the of tightness of
pectoralis minor including an increase in internal scapular rotation during arm elevation and
a decrease in scapular posterior tilting during arm elevation at 90 and 120 degrees.m
Abnormal scapular movements can be a cause of shoulder impingement.(w

Forward shoulder posture, in relation to internal shoulder rotation, results in a
decrease of pectoralis minor muscle flexibility. Furthermore, in this position, the ulnar nerve
is lengthened to a maximum degree in consequence of over-tension of the ulnar nerve. A
previous study found a correlation between pectoralis minor muscle tension and median
nerve tension.”’ Pectoralis minor muscle tension, which is shown by the length of the
pectoralis minor, can be measured in a supine position. The brachial plexus is composed of
nerve root at the 5" cervical to the 1% thoracic. The brachial plexus is subdivided into roots,
trunks, divisions, cords, and branches. It supplies all of the cutaneous innervation of the
upper limb. It lies inferiorly to clavicle and pectoralis minor muscle. The compression of
brachial plexus results in pain, paresthesia and weakness in hand, forearm, upper arm,
elbow, shoulder and/or over trapezius muscle.”

The upper limb neural tissue tension test (or neurodynamic test) is a technique that
evaluates nerve tension of the median nerve, radial nerve and ulnar nerve. In a previous
study, it was found that tension force occurred between testing in other nerves too, such as
with an upper limb neural tissue tension test, the ULNT llb strain force applied to radial,
median and ulnar nerves respectively.(e) Suwanasri et al found a correlation between
pectoral muscle tightness and median nerve tension.” No previous studies have looked at
the relationship between pectoralis minor muscles and ulnar or radial nerve tension. So, this

research is interested in studying the relationship between pectoralis minor muscle

tightness and ulnar nerve tension.



The ULNT llb (radial nerve) had a strain force applied to radial, median and ulnar
nerve at 2.20 N (95%CI 1.84, 2.57), 1.51 N (95%CI 1.29, 1.73) and 0.64 N (95%CI 0.39,
0.89) respectively.(a)

The ULNT Il (ulnar nerve) had a tension force applied to ulnar nerve, radial nerve
and median nerve at 8.7+ 3.12 N (95%Cl 7.25, 10.17), 3.48 + 2.26 N (95%Cl 2.42, 4.53) and
0.40 = 1.01 N (95%CI -0.07, 0.87) respectively.m In accordance, radial and ulnar nerve
tension should be assessed by ULNT Ilb and ULNT 1.%” 1n a previous study, the response
of ULNT test was reported in term of degree of movement, sensation and area of response..
However, there is only one single study that has reported on the responses when different
postures (components) were included in the test.®

Pectoralis minor tightness affects scapular alignment by increasing downward
rotation, internal rotation and anterior tipping of the scapular.(” Consequently, it decreases
subcoracoid space. The narrowing of this space increases compression force on the
brachial plexus. So, subjects with pectoralis minor tightness may show positive signs during
upper limb neural tissue tension. Other factors, such as thoracic kyphosis, posterior
shoulder tightness ® and scoliosis " also cause an indirect effect on the acromion
distance.

The knowledge of the relationship between pectoralis minor tightness and ulnar
nerve tension will be useful as a recommendation or future guideline for correcting forward

shoulder posture in patients. Thus, this is a rationale of this study.

1.2 Research question

Did acromion distance associate with the ulnar nerve tension?

1.3 Research objective
1. To study the association between acromion distance and the ulnar nerve tension
2. To compare the ulnar nerve tension response between persons with and without

pectoralis minor tightness



1.4 Research hypothesis
1. Acromion distance associated with the ulnar nerve tension.
2. There are difference in the ulnar nerve tension response between person with

and without pectoralis minor tightness.

1.5 Benefit of the study

Consequently, increase the acromion distance correlates to pectoralis minor
tightness and rounded shoulder posture. Repetitive arm function in patients with this kind of
posture causes mechanosensitivity to brachial plexus, specifically to the ulnar nerve. This
study will provide useful information regarding the sensitization of ulnar nerve conditions
due to postural factors. Monitoring or evaluating clinical symptoms by reducing pectoralis

muscle tightness and acromion distance may reduce mechanosensitivity to the ulnar nerve.

1.6 Definition of terms
Acromion distance (AD)

The distance is measured from posterior aspects of the acromion to bed in

supine position.

Upper limb neural tissue tension test (ULNT)
The upper limb neural tissue tension test or neurodynamic tests is a technique

for evaluation of nerve tension in upper limb.

ULNT lIb (Butler 2000)

Upper limb neural tissue tension test for radial nerve

ULNT Il (Butler 2000)

Upper limb neural tissue tension test for ulnar nerve

Pectoralis minor tightness

The AD1 and AD2 was exceed or equal 25.4 mm.



1.7 Conceptual framework

Abnormal alignment of scapular
Other factor : .
(Increase internal rotation,
Scoliosi <—>
-Scoliosis . L
downward rotation, and anterior tilt)
Pectoralis minor tightness
Change acromion distance
\ 4
Change neural tissue tension:
Increase in compression to brachial plexus
Other factors

-Cervical radiculopathy (cervical stenosis, disc herniated, and
spondylosis)

-Cubital tunnel syndrome

-Lateral epicondylitis




CHAPTER Il
REVIEW OF THE LITERATURE

Topic of review in this study
Pectoralis minor
2.1 Anatomy of pectoralis minor muscle
2.2 Prevalence of pectorlalis minor tightness
2.3 Factor of pectoralis minor tightness
2.4 Effect of pectoralis minor tightness on nerve
2.5 Effect of pectoralis minor tightness on forward shoulder and acromion
distance
2.6 Measurement of pectoralis minor length
Upper limb neural tissue tension test
2.7 Anatomy of peripheral nerve
2.8 Prevalence of ulnar nerve tension
2.9 The factors effecting to ulnar nerve tension
2.10 Biomechanics of neural tissue tension
2.11 The neurovascular bundle pressed on the part of the upper limb
2.12 Movement of arm affecting to ulnar nerve
2.13 Measurement of upper limb neural tissue tension
2.14 Response during upper limb neural tissue testing

2.15 Reliability of upper limb tension test

2.1 Anatomy of pectoralis minor muscle

Pectoralis minor is one of the pectoral region muscles attached from the coracoid
process of the scapula and inserts on the 3" - 5" ribs near the costosternal junction. The
medial pectoral nerve from C8-T1 supplies this muscle. This muscle places over the
brachial plexus sifting through the clavicle. Shortening of the muscle will compress on

. 4 . . .
brachial plexus.( 'Contraction of this muscle also causes a compressional force of the

plexus. Pectoralis minor syndrome was defined for symptoms including pain, paresthesia



and weakness in this condition. Characteristics of such pain include discomfort or burning
or shooting sensations. Distribution of paresthesia, numbness and tingling occurs in all
fingers. The common area is specific to all fingers. Weakness of hands, dropping things and
poor grip are other problems presented. The affected pain area may spread to a patient’s

. 5
hand, forearm, upper arm, elbow, shoulder and/or over trapezius muscle.”

2.2 Prevalence of pectoralis minor tightness
The prevalence of pectoralis minor tightness in healthy subjects aged between 18-

25 years-old was 94.5% (189/200). The cutoff point for tightness was 2.6 centimeters."™

2.3 Factor associated with pectoralis minor tightness

2.3.1 The thoracic kyphosis, slouched posture or forward shoulder

The thoracic kyphosis or slouched posture related to a lower value of pectoralis
minor index (percentage of pectoralis minor length/height). In this type of posture, the
scapular's position was significantly internally rotated.”” Additionally, scapular kinematics in
resting positions significantly increased in terms of upward rotation but posterior tilt was
reduced (p = 0.000), compared between slouched posture and upright sitting.m) The
forward shoulder posture also related to pectoralis minor tightness. Thus, the scapular
kinematics of forward shoulder posture resulted in protraction and anterior tilt. The
correlations (r) between forward shoulder postures and the thoracic kyphosis was 0.72 (p =
0.001) and the pectoralis minor index was -0.89 (p = 0.000) 9 The pectoralis minor
tightness presented the same scapular kinematics in thoracic kyphosis, slouched posture
and forward shoulder posture.

2.3.2 Scoliosis

In participants with scoliosis, there were abnormalities of the scapular kinematics
between arm elevations compared with subjects without scoliosis (p < 0.05). Abnormality of

internal scapular rotation and anterior tipping in convex side (p < 0.05).“0)



2.4 Effect of pectoralis minor tightness on nerve

Affected by pectoralis minor tightness, scapular was aligned in internal rotation
between 30 to 90 degrees of abduction.” Therefore, subcoracoid or subpectoral space,
under the pectoralis minor tendon, will be narrowed. In consequence, brachial plexus may
be predisposed to a compressional force. A case report of a patient who had chest pain in
the left-hand side, heaviness and numbness in the left upper arm from axilla to fingers
between running. His cardiac stress test was normal. In palpation, the cardiologist found
tenderness across the belly muscle and tendinous attachment at coracoid process. The
sustained pressure over these areas also reproduced the same symptoms. The symptoms
were reduced by a distraction force that stretched the pectoralis minor muscle." Another
condition related to pectoralis minor is pectoralis minor syndrome. Pectoralis minor
syndrome is a type of the thoracic outlet syndrome. The result is a compression or irritation
to neurovascular bundles at the subcoracoid or subpectoral space.@ These cases are
evidence that supports the fact that pectoralis minor tension has an effect on the nerve in

the subcoracoid.

2.5 Effect of pectoralis minor tightness on forward shoulder and acromion
distance

Forward shoulder posture is a manifestation of a forward shift in acromion process
with protraction, downward rotation and anterior tilt of the scapular.<1> The association
between forward shoulder posture and pectoralis minor muscle length can be presented by
using the pectoralis minor index at (PMI) r = -0.89 (p = 0.000). The combination of forward
shoulder and pectoralis minor muscle shortening showed a decrease in the distance
between the inferomedial aspect of the coracoid process and the sternal end of the fourth
rib.

Pectoralis minor tightness is also caused acromion distance change.<1> In patients
with habitual forward shoulder posture, the adaptive length of the pectoralis minor can be
caused to decrease. Thus, this condition may subsequently contribute to movement
alterations and/or shoulder pain.“s) Repetitive use of the upper extremity by protraction and

downward rotation of the scapula may also contribute to adaptive shortening of the



pectoralis minor."” As a consequence of a decrease in the resting length of the muscle,
tension has to be increased and limited to the normal scapular’s upward rotation, posterior
tipping and external rotation during arm elevation. As a result, internal rotation of the
scapular increased. However, scapular posterior tilting was inversed move by decreasing
tilting between 90°and 120°."

In contrast, exercising shoulder abductor muscles and external rotator muscles had
a repositioning effect that was caused by pectoralis minor tightness. These exercises
included flexibility exercises, strengthening exercises, scapular stabilization exercises, and
postural exercises. The exercises had an increasing effect on the range of shoulder
abduction and external rotation. They also decreased forward head posture, forward

shoulder posture and increased pectoralis minor flexibility.“g)

2.6 Measurement of pectoralis minor length

2.6.1 Position of testing

The normal pectoralis minor muscle length, measured in subjects in a supine
position with arms by their side, should not be more than 2.54 centimeters (or1 inch). If this
distance exceeds 2.54 centimeters (1 inch), it can be an indication of tightness of the

@ There are two measurements that can be used for determining

pectoralis minor.
pectoralis minor length; direct and indirect measurement.

2.6.2 Direct measurement

Direct measurement is a measurement of the distance between the inferomedial
aspect of the coracoid process and the end of the fourth rib at the sternum. Inter-rater
reliability of measurement in dominant and nondominant arm in healthy, overhead throwing
athletes was excellent with an intraclass correlation coefficient of (ICC 2, 1) 0.98 and 0.99
respeotively.(m The inter-rater reliability of measurement of pectoralis minor muscle length in
subjects with and without shoulder impingement symptoms was good to excellent with an

" The intrarater

intraclass correlation coefficient (ICC2,1) ranging from 0.87 to 0.93.”
reliability of measurement in vivo was good with an intraclass correlation coefficient of (ICC
3, 1) ranging from 0.82 to 0.87.”” However, this method is limited due to the mass breast

tissue in females.



2.6.3 Indirect measurement
For indirect measurement, the pectoralis minor was measured by the distance
between the posterior aspects of the acromion to the level of the treatment table when the

202 The participant in a supine position on the table

participant was in a supine position.<
without a pillow and with their arms resting on their stomach. The inter-rater reliability of
measurement of pectoralis minor muscle length in subjects with and without arm pain was
excellent with an intraclass correlation coefficient of (ICC2, 1) ranging from 0.90 to 0.93.%
In addition, this method is considered to be reliable and more practical in use for all

genders.

2.7 Anatomy of peripheral nerve

The peripheral nervous system is a part of the nervous system that is outside of the
brain and spinal cord. It includes the cranial nerve, spinal nerve (roots and branches),
peripheral nerve and neuromuscular junctions. This system is a continuous tissue tract.
Therefore, body or arm movements can affect the other side as well.”” The peripheral nerve
consists of axon, blood vessels, endoneurium, perineurium and epineurium.

The axon is either myelinated or unmyelinated and grouped together into bundles
or fascicles. Axons are referred to nerve fibers. Endoneurium is membrane's inner layer of
peripheral nerve. Endoneurial space and fluid pressure was maintenance of this layer. It is
important to protect the nerve fibers. Perineurium is a thin layer around nerve fibers. It
protects contents of endoneurial tubes and acts as a mechanical barrier to external forces.
Epineurium is outer layer of peripheral nerve. This layer consists of internal and external
epineurium. Internal epineurium facilitates gliding between fascicles and it is necessary
adaptation to movement. External epineurium forms a definite sheath around the

. 26
fascicles.”

2.8 Prevalence of nerve tension
Up until now, there has been no study that has looked at the prevalence of ulnar

nerve tension. However, there has been one study on the incidence rate of ulnar neuropathy



10

at the elbow. This found the incident rate was 9.8 (95% CI 8.7 —11.2) cases per 100,000

(27)
person —years.

2.9 The factors effecting to ulnar nerve tension

2.9.1 Cervical radiculopathy or CR

Cervical radiculopathy (CR) is a common cause of nerve root compression.(zg) A
previous study reported ULNT | sensitivity and in cervical radiculopathy was 0.97 and
specificity was 0.22.*” When compared with reference standards in patients diagnosed with
carpal tunnel syndrome, disk herniation, supraspinatus tendinitis and degeneration of spine,
the ULNT | sensitivity was 0.83 and sensitivity was 0.75. The ULNT llb sensitivity was 0.43
and specificity was 0.75. The ULNT Ill sensitivity was 0.71 and specificity was 0.87.°Y Test-
retest reliability of ULNT | was excellent. The intraclass correlation coefficients ICC 3, 1 of P1
and P2 were 0.925 and 0.942 respectively.m) Nerve mobilization combined with other
techniques can reduce the response of nerve tension.** This means that in patients with
cervical radiculopathy, nerve roots were compressed and this can lead to an increase in
tension to nerves and give a ULNT positive result.

2.9.2 Pathology at the elbow

Other factors such as lateral epicondylitis<34) and cubital tunnel syndrome 9 may

contribute to a ULNT test positive result.

2.10 Biomechanics of nerve tension

In terms of the mechanism of nerve tension when forces are applied to the nerve,
the ischemia is the first to respond because the intraneural circulation and axoplasmic flow
are blocked by compressive tensile and shear force. In acute and subacute phases, there
can be an increase in nerve conduction block intraneural edema, mechanical sensitization
and sodium channel density. This process can affect the inflammation of the nerve and
nerve root adhesion. Impairments in nerve gliding can occur between body movement.””
The extraneural pressure has been found to inhibit intraneural microvascular blood flow,

axon transport and nerve function with an increase in intrafascicular pressure. The
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compression causes sensory and motor dysfunction. Pain is typically generated when

. . . (36)
microvascular inflammation alters.

2.11 The neurovascular bundle was compressed on the part of the upper limb.
The neurovascular bundle of the upper limb was compressed along its pathway
from the above area to the below area of the clavicle. In thoracic outlet syndrome (TOS), the
lesions of compression are above the area of the clavicle or scalene triangle. In the triangle,
roots and trunks of brachial plexus and subclavian artery run downward to the clavicle and
are superior to the 1* rib and then under the pectoralis minor muscle. Pectoralis minor
syndrome is a condition whereby the brachial plexus inferior to the clavicle part is
compressed. Compression of brachial plexus caused by pectoralis minor syndrome and

5
1% 1n a

thoracic outlet syndrome (TOS) was defined as a double crush syndrome mode
study of 76 patients, 52 patients showed neurogenic pectoralis minor syndrome
(NPMS),while 48 of the less showed neurogenic pectoralis minor syndrome (NPMS) with
neurogenic thoracic outlet syndrome (NTOS). Various symptoms of NPMS commonly
included paresthesia (88%). Pain was also presented as a trapezius pain (87%), arm pain
(71%), shoulder pain (69%), pectoralis minor pain (69%), axilla pain (52%), neck pain (50%)
and supraclavicular pain (44%). Other symptoms included weakness (58%) and occipital
headache (31%). The area of paresthesia was commonly found around all 5 fingers (54%).
Additionally, the paresthesia area at the 4" and 5" fingers (29%) and 1* to 3" fingers (6%)
was found. Symptoms of NPMS with NTOS frequently included paresthesia (98%). Pain was
presented as neck pain (96%), trapezius pain (96%), pectoralis minor pain (92%), shoulder
pain (90%), arm pain (88%), supraclavicular (79%) and axilla pain (78%). Occipital
headache (81%) and weakness (88%) were both usually found. The frequency of
paresthesia area in all fingers (48%) and the 4" and 5" fingers (42%) were close together

but this showed less in the 1%to 3“ fingers (8%).””
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2.12 Movement of arm affecting to ulnar nerve

An angle change in the movement of a wrist, elbow or shoulder can affect the ulnar
nerve’s bed length or diameter. Elbow flexion at 135° makes the ulnar nerve elongate at an
average rate of 18% (p < 0.05). In addition, cubital tunnel retinaculum is stretched by 45%
compared to the elbows in a straight position (p < 0.05).(38) In a different position, the bed
length can shorten or lengthen such as when shoulder abduction at 40° and elbow
extension to elbow flexion at 40°the bed length was shortened. As compared with shoulder
abduction at 90° and elbow flexion to elbow flexion at 40°, the bed length was
lengthened.®When the elbow flexion was 120° the ulnar nerve moved medially more so
than elbow flexion at 90° (p < 0.001). Working in elbow flexion postures caused ulnar nerve
entrapment, especially when elbow flexion was at 120°. Thus the ulnar nerve medially
shifted (p < 0.001).(35) The elbow flexion at 90°has a flattening ratio of (F =a - b/ a, where a
is the long-axis radius and b is the short-axis radius) more so than elbow flexion at 30° and
60”.°%

In conclusion, the movement of an arm causes strain to the ulnar nerve. From the
anatomic factor, the ulnar nerve passes anteriorly to the glenoid, continues straight towards
the posterior aspect of the medial epicondyle, then enters the cubital tunnel. A combination
of internal shoulder rotation with elbow flexion puts strain on the ulnar nerve around the
elbow more so than elbow flexion only. Additional in abduction at 90°, a combination of
internal shoulder rotation with elbow flexion increased the strain on the ulnar nerve at the

41-42
humerus.( )

2.13 Measurement of upper limb neural tissue tension

The upper limb neural tissue tension test or neurodynamic test evaluates nerve
tension, including the median nerve, radial nerve and ulnar nerve. The testing method
involves moving the upper limb and detecting the response of the nerve as movement
occurs. The test increases tension on the structure around the nerve as much as the nerves
are able to adapt and extend.” The adaption and extension of the nerves relate to the
volume and size of the structure around the nerves that may compress or restrict the nerves

during the process of movement. Parameters representing nerve tension include range of
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motion, sensory response, and the area of sensory response, onset of pain (P1), pain limit

(P2), first resistance (R1) and second resistance (R2).(8’ 4349

Indication of upper limb neural tissue testing(46>

- Neurogenic pain in the upper limb.

- Disorder in the pathways and resounding tissue of nerve.

- Pain provocatively pattern which is the same as any positive sign of ULNT test

- Nerve conduction test associated with nerve injury

2.14 Response during upper limb neural tissue testing

The upper limb neural tissue tension test (ULNT) is specific to each nerve. ULNT | is
specific to the median nerve, ULNT lla is specific to the musculocutaneous nerve, ULNT lIb
is specific to the radial nerve, and ULNT Il is specific to the ulnar nerve.“” Thus, strain
forces occur differently for each nerve. The ULNT Il (ulnar nerve) caused a dominant
tension force of 8.7 newtons (N) (95%CI 7.25, 10.17) to the ulnar nerve and 3.48 N (95%ClI
2.42, 4.53) to the radial nerve. However, less tension force of 0.40 N (95%CI -0.07, 0.87)
was found on the median nerve. The tension force occurring between tests for each nerve
showed a statistically significant difference (p < 0.05).(7) The ULNT llb (radial nerve) caused
a strain of 2.20 N (95%Cl 1.84, 2.57) to the radial nerve and 1.51 N (95%CIl 1.29, 1.73) to the
median nerve.® For the ulnar nerve, the strain force was 0.64 N (95%Cl 0.39, 0.89). The
strain force showed a statistically significant difference between each of the nerves (p <
0.01), as shown in Table 1. So, the radial nerve tension and the ulnar nerve tension can be
differentiated by ULNT Ilb and ULNT IIl.*”Summary of tests, ULNT Ilb had tension to radial

median and ulnar nerve. ULNT lll had great tension to ulnar and may radial nerve occurred.
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Table 1 The tension force occurring between ULNT llb and ULNT |l

. Significant
Authors Testing Tension force (newton) between
i
posttion Radial nerve Ulnar nerve Median nerve nerve
Butler
v
2000
Manvell ULNT llib
2.20 0.64 1.51
et al. p <0.01
(95%Cl 1.84, 2.57) (95%CI1 0.39, 0.89)  (95%ClI 1.29, 1.73)
2015b
Butler
v
2000
Manvell ULNT Il
3.48 8.7 0.40
et al. p <0.05
(95%Cl 2.42, 4.53) (95%CI 7.25,10.17)  (95%CI -0.07, 0.87)
2015a

Definition of positive signs during ULNT test modified from Butler1991 7

Between testing the upper limb neural tissue tension will have a positive response
which is as follows

1. Reproduce symptoms (including stretching, tingling, pain, pricking, numbness,
burning, sharp pain and etc.)

2. Neck ipsilateral flexion can reduce symptoms

Sensitivity and specificity of ULNT

For pathology of cervical radiculopathy and all of the ULNT the results were shown
to be positive responses, the sensitivity of the ULNT was 0.97 (95% CI 0.90, 1.00) and the
specificity of test was 0.22 (95% CI 0.12, 0.33). In patients with carpal tunnel syndrome, the
sensitivity and specificity percentages of the ULNT median nerve were 0.92% and 0.15%

. (33)
respectively.
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2.15 Reliability of upper limb neural tissue tension test Ilb and IlI
By measuring tension force in embalmed human cadavers, intrarater reliability and
inter-rater reliability of ULNT llb (radial nerve) were rated as being moderate and poor. The
intraclass correlation coefficient (ICC 3, 1) was 0.64 (95%Cl 0.51, 0.75).” The intrarater
reliability of the ULNT Il (ulnar nerve) was excellent. The intraclass correlation coefficient
(ICC 3, 1) was 0.92 (95%Cl 0.88, 0.95)."”
For interpretation of the ICC'’s reliability, coefficients of less than 0.50 indicated poor
reliability; reliability coefficients ranging from 0.50 to 0.75 indicated moderate reliability; and
reliability coefficients of greater than 0.75 indicated good reliability, with values greater than

0.90 ensuring excellent reliability.(48)
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Calculation of sample size
Ethics
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Statistical analyses

3.1 Research Design

Cross sectional design

3.2 Location of this study

Saint Louis College, Bangkok. Thailand

3.3 Expected duration of the study

March 2017- August 2017

3.4 Outcomes of this study

Primary outcome: ULNT Ill symptom response

Second outcome: ULNT llb symptom response



17

3.5 Participants
Participants were included in this study by convenience sampling. The inclusion
and exclusion criteria were as following
3.5.1 Inclusion criteria
1. Male or female
2. Age range 18-40 years
3. Active full range of motion of upper limb and neck in all directions and all
joints without pain.

3.5.2 Exclusion criteria

1. Fever

2. Headache

3. Take pain relief medicine within 24 hours

4. Body mass index 2 30 Kg/m*"“*”

5. Positive cervical spurling test

6. Scoliosis

7. Lateral epicondylitis and cubital tunnel syndrome

3.6 Calculation of sample size
The sample size of this study was calculated by using formula of correlation and
proportion comparison.
The correlation sample size formula was calculated by using equation of Hulley SB
etal
N =[(Za+Zp/C)°+3
N = Number of subjects
Za = 1.960
= The standard normal deviate for Ol = 0.05
ZB = 0.842
= The standard normal deviate for B =0.02

r = expected correlation coefficient 0.350

C = 0.5*In((1+r)(1-r))
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= 0.365
According to above formula, the result of calculation was62 participants of this

study.

The comparison of proportions sample size formula was calculated by using the

Stata program.
N = [(Zay, + ZB)" (1-p)]

(p - p0)
Alpha =0.05 Zo/2 =1.96
Zp =0.84 Power = 0.8

The proportion of without pectoralis minor tightness was p0 = 0.1

The proportion of pectoralis minor tightness was p = 0.9.1%

According to the above formula, the sample size was at least 7 participants without
pectoralis minor tightness and at least 63participants with pectoralis minor tightness, so total

sample size at least 70 participants were recruited in this study.

3.7 Ethics

1. This study was approved from Ethic Committee for Human research of
Srinakharinwirot University, Thailand. PTPT2017-007

2. This study was approved from Ethic Committee for Human research of Saint

Louis College, Thailand.

3.8 Instruments
1. Bed
2. Chair
3. Standard L-square ruler with water level
4. Body chart
5. Postural chart
6. Pen

7. Stopwatch



8. Pressure gauge with velcro wrap

9. Record form (Appendix)

19
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3.9 Procedure

Participants received information about this study and they were asked to sign in
informed consent. Then they were screened according to the inclusion criteria and exclusion
criteria and were assessed under the following protocols.

Preparing the subject

1. The researcher explained about the procedures of acromion distance and ULNT
in dominant arm measurement.

2. The researcher explained about symptoms and area of symptoms that may occur
between tests for the ULNT. During the test, participants had to inform the researcher
immediately if he or she felt any symptoms occur.

Data in this study were measured by two assessors.

The first assessor measured acromion distance in supine positions. The second
assessor performed ULNT llb and ULNT Il and the first assessor recorded symptom
responses during the tests. Before starting this study, both assessors had been trained by an
experienced physical therapist for measuring AD and performing ULNT. The intra-rater
reliability for AD measurement was analyzed by the intra-class correlation coefficient (ICC 3,
1).

3.9.1 Procedures of acromion distance measurement

The acromion distances was measured in supine position for AD1 and AD2. AD1 was
measured from posterior aspect of acromion process to bed during inhaled position (Figure
1). ®” AD2 was measured as in AD1 during inhaled and holding scapular retraction (Figure
2). The AD was measured in lied on their back position on the bed without a pillow.
Participants placed both forearms and hands on the tummy to decrease the tension of short
head of bicep brachii.”* *” The first assessor palpated and marked the posterior aspect of
the acromion process with a pen and measured by standard L-square ruler with water level.

Both AD1 and AD2 were measured twice for each position.
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Figure 1 Acromion distance in supine position Figure 2 Acromion distance in supine position
with scapular retract

Data recording

The AD recording form is shown in the appendix: Table 8.

3.9.2 Procedures of upper limb neural tissue tension test

The participants lied on their back on the bed without a pillow and with arms by
their sides. Two ULNT following Butler 2000“? were assessed in sequence: the ULNT IIb for
the radial nerve and ULNT III for the ulnar nerve.

Sequences of ULNT IIb and I

1. ULNT llb was assessed by 4 steps (Figure 3).

Initially second assessor applied shoulder depression, elbow extension, whole arm
internal rotation (shoulder internal rotation and forearm pronation), and wrist flexion. Scapular
depression started at 20 mmHg and was maintained at 404 mmHg by pressure gauge
through the ULNT lIb.**”

The participant had to inform the assessor immediately if the following symptoms
started (P1): stretching, pain, tingling, pricking, numbness, burning, or sharp pain. Then
second assessor stopped the test and desensitized the symptoms by stepping the ULNT llb
backward. Desensitization was started by neck ipsilateral flexion. The participants with
completed condition was interpreted as negative ULNT Illb by first assessor. And the
uncompleted condition was interpreted as positive ULNT Ilb.

Before performing ULNT I, the participants rested two minutes for relief of any

symptoms or until sensation returned to normal.
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2. ULNT Il were assessed by 6 steps (Figure 4).

The second assessor moved the upper limbs in sequence, starting by wrist
extension, forearm pronation, elbow flexion, shoulder external rotation, scapular depression,
and shoulder abduction. Shoulder depression was started at 20 mmHg and maintained at
40+4 mmHg by pressure gauge through the ULNT IlI.

The participants had to inform the assessor immediately if the following symptoms
started: stretching, pain, tingling, pricking, numbness, burning, or sharp pain. Then second
assessor stopped the test and desensitized the symptoms by stepping the ULNT I
backward. Desensitization was started by neck ipsilateral flexion. The participants with
completed condition was interpreted as negative ULNT Il by first assessor. And the
uncompleted condition was interpreted as positive ULNT ||

The response of nerve tension was recording form is shown in the appendix: Table



3. Elbow extension 4. Whole arm internal rotation

5. Wrist flexion

Figure 3 The steps of Upper limb neural tissue tension llb (Radial nerve)
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1. Starting position

it
LU
.

s

3. Forearm pronation

7. Shoulder abduction

Wrist extension

Elbow flexion

Figure 4 The steps of Upper limb neural tissue tension Il (Ulnar nerve)
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Participants were screened by the 2" assessor

v v

Included following the inclusion criteria Excluded following the exclusion criteria

v

Signed inform consent

v

The 1% assessor measured acromion distance (AD1 and AD2)

v

Acromion distance was blinded to the 2™ assessor

ULNT llb, ULNT Il were assessed by the 2" assessor.

The symptoms of ULNT were recorded by the 1% assessor.

v

Data analysis

Figure 5 Flow chart of this study

3.10 Statistical analyses

1. Intra-tester reliability of AD1 and AD2 measurements was analyzed by intra-class
correlation (ICC 3, 1).

2. Standard error of measurement (SEM) = SD\/(1 - r) was analyzed for the error of
measurement of AD1 and AD2.

3. AD difference was calculated by AD1 - AD2. AD difference represented to the
tightness of pectoralis minor muscle.

4. Standardized AD was calculated by the ratio of [(AD1 - AD2)/AD1]. Standardized
AD represented to the tightness of pectoralis minor muscle after baseline position adjustment.

5. Classifying tightness of pectoralis minor used a cutoff point of AD1 > 25.4 mm.®”
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6. All characteristics of participants were presented by mean and 95% confidence
interval. All variables were compared between with and without tightness pectoralis minor by
unequal variance t-test.

7. AD1, AD2, difference between AD1- AD2, and standardized AD were presented
by mean and 95% confidence interval. Comparisons of differences between with and without
tightness pectoralis minor of these variables were analyzed by unequal variance t-test.

8. The association between AD1 and ulnar nerve tension was analyzed by spearman
rho correlation.

9. Sensitivity of ULNT 1l (ulnar nerve) was grouped into four levels. The level
represented to the steps of symptom response and desensitize as flow chart following.

Level 0 was negative response

| Satng f 2Wistedensin )| 3 Foeamponaton )| 4 Ebowfedon 3 5 Srouderedermalwiion )| 6. Scapuardepression. ) (- S0 20cueton

1. 5ting 3 Foreamsupinaton | 4. Boow exersion {5 Shoyjgerneral [\ 6 Scapulrundepressin 7. Shauicer adduction

2 Wrist neutra

Figure 6 Level Owas negative response of ULNT Ill. The upper limbs were moved
in sequence, wrist extension, forearm pronation, elbow flexion, shoulder external
rotation, scapular depression, and shoulder abduction respectively. Then the

participants were passive from the last position to the first position (starting position).

1. 2. 3. > 4 > 5. B. -
1. < 2 3 4 < 5. . K 7

Figure 7 Level 1 was symptom response at the final step of ULNT Il (shoulder abduction)

and the symptom was completely desensitized by neck ipsilateral flexion.
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Level 2 was subcategorized into two subgroups.

o T

Figure 8 The first subgroup of level 2 (level 2.1) was symptom response at the final step of

=~

ULNT Il (shoulder abduction) and the symptom was completely desensitized by
shoulder adduction.

11 >< 22><33><44> > > <77

Figure 9 The second subgroup of level 2 (level 2.2) was symptom response at the step of

before the final step of ULNT Il (scapular depression) and the symptom was completely

desensitized by neck ipsilateral flexion.

DD
e e G e

Figure 10 Level 3 was symptom response at any steps before level 2

=l

(before scapular depression).

1. Each level of sensitivity of ULNT Il (ulnar nerve) was presented by frequency.
Comparisons of sensitivity of ULNT Il for each level between with and without tightness
pectoralis minor were analyzed by odds and 95% confidence interval.

2. Sensitivity of ULNT Ilb (radial nerve) was grouped into two levels. The level

represented to the steps of symptom response and desensitize.
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l 1.Stamng>{ 2. Scapuardepfessmn> 3. Elbow exten3|or{> Awholearmlr“ternalrctalon>‘ 5. Wrist flexion
[ sone <25camwm;.m <3 —— m—

Figure 11 Level 0 was no response during all steps of ULNT llb.

Figure 12 Level 1 was symptom response at any steps of ULNT IlIb

3. Each level of sensitivity of ULNT Ilb (radial nerve) was presented by frequency.
Comparisons of sensitivity of ULNT Ilb for each level between with and without tightness

pectoralis minor were analyzed by odds and 95% confidence interval.



CHAPTER IV
RESULTS

4.1 Characteristics of participants

Seventy-six participants were recruited from Saint Louis College, Bangkok,
Thailand. The baseline characteristics of the participants showed in Table 2. Sixty-nine
participants with pectoralis minor tightness and seven participants without pectoralis minor

tightness. The characteristics of participants in this study included age, height, and body

mass index were not statistically significant different between groups, except the weight.

Table 2 Characteristics of participants

AD = 25.4 mm. 95% Confidence Interval
Variables (n) Mean p value
Lower Bound Upper Bound

Age (year) No (7) 21.9 18.1 25.6 0.171
Yes (69) 24.4 23.0 25.8

Weight (Kg.) No (7) 48.9 42.7 55.0 0.048*
Yes (69) 552 53.1 57.2

Height (Cm.) No (7) 159.9 155.0 164.7 0.958
Yes (69) 160.0 158.6 161.4

Body mass index No (7) 19.1 16.7 21.6 0.058

(Kg./m2)
Yes (69) 21.5 20.9 221

*Significant at p < 0.05, unequal variance t-test.
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4.2 Intraclass correlation coefficient (ICC 3, 1) of AD measurement

Intra-rater reliability of all AD measurement presented excellent reliability.(48> The
ICC ranged between 0.997 and 0.999 (Table 3). The mean of the ICC of AD1 measurements
in the supine position was 0.997 (95%CI 0.991- 0.999), and of AD2 measurements in the

supine position with scapular retraction it was 0.999 (95%CI 0.996- 1.000).

Table 3 Intraclass correlation coefficient (ICC 3, 1), standard error of measurement (SEM)
and minimal detectable of change (MDC95) of the acromion distance in supine and

supine with scapular retraction

Acromion distance 95% Confidence Interval SEM MDC 95

(mm.) ICC 3,1 (mm.) (mm.)
Lower Bound Upper Bound

Supine (AD1) 0.997 0.991 0.999 0.5-0.8 0.7-2.2

Supine with 0.999 0.996 1.000 0.01-0.5 0.03-1.2
scapular retraction

(AD2)




4.3 Acromion distance and pectoralis minor tightness
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The classification of pectoralis minor tightness by a cutoff point of AD1 > 25.4 mm

are shown in Table 4. The AD difference compared between groups was not statistically

significant (p = 0.082). Standardized AD had a statistically significant difference between

groups (p = 0.022). The standardized AD means (95%CI) of without and with tightness

pectoralis minor participants were 0.4 (0.3, 0.5) mm and 0.3 (0.2, 0.3) mm.

Table 4 Comparison of acromion distance (AD) in participants with and without

pectoralis minor tightness

Average 95% Confidence Interval
acromion AD > 25.4 mm. (n) Mean p value
distance (mm.) Lower Bound Upper Bound
AD1 No (7) 23.8 221 255 <0.001*
Yes (69) 42.2 39.8 447
AD2 No (7) 12.8 9.9 15.6 <0.001~*
Yes (69) 28.7 26.5 30.8
AD difference No (7) 11.0 8.2 13.8 0.0821
Yes (69) 13.6 12.2 14.9
No (7) 04 0.3 0.5 0.022*
Standardized AD
Yes (69) 0.3 0.2 0.3

AD difference (AD 1-AD2) and standardized AD [(AD 1-AD2)/AD1]

Significant at p < 0.05, unequal variance t-test.



4.4 Association between acromion distance in supine and ulnar nerve tension
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The significant association between AD1 and ulnar nerve tension was 0.355 (p =

0.002)
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Significant at p < 0.05, spearman’s correlation

Figure 13 Sculttle plot of association between AD1 and ulnar nerve tension

1
Sensitivity of ulnar nerve tension (level)

4.5 Sensitivity of ulnar nerve tension (ULNT Ill) in participants with and without

pectoralis minor tightness

The severity of ULNT Il of both groups was shown in Table 5. The pectoralis minor

tightness group had higher odds for each severity of ULNT IIl than the without pectoralis

minor tightness group. The odds of level 1 was 2.0 (95%Cl 0.4, 10.9), level 2 was 13.3

(95%CI 4.1, 43.1) and level 3 was 11.5 (95%CI| 2.7, 48.8). Total odds amounted to 9.6

(95%Cl 4.4, 20.8).

Level 0 was ULNT IIl negative, Level 1 was symptom response at the final step of

ULNT Il and completely desensitized symptoms by neck ipsilateral flexion. Level 2 was

symptom response at the final step of ULNT Il or at the step of shoulder depression. Level 3

was symptom response at any step before level 2.
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Table 5 Sensitivity of ulnar nerve tension (ULNT Ill) in participants with and without

pectoralis minor tightness

Sensitivity of AD 2 25.4 mm. (n) 95% Confidence Interval
ulnar nerve odds
tensi level
ension (level) Yes No Lower Upper
Bound Bound
0 (n=2) 2 0 - - .
1 (n=6) 4 2 2.0 0.4 10.9
2 (n=43) 40 3 13.3 4.1 43.1
3 (n=25) 23 2 11.5 2.7 48.8
Total 69 7 9.6 4.4 20.8

Level 0 was negative response. Level 1 was symptom response at the final step of ULNT Ill and the symptom was
completely desensitized by neck ipsilateral flexion. Level 2 was subcategorized into two subgroups. The first subgroup of
level 2 (level 2.1) was symptom response at the final step of ULNT Ill and the symptom was completely desensitized by
shoulder adduction. The second subgroup of level 2 (level 2.2) was symptom response at the step of before the final step
of ULNT Il and the symptom was completely desensitized by neck ipsilateral flexion. Level 3 was symptom response at

any steps before level 2
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4.6 Sensitivity of radial nerve tension (ULNT IIb) in participants with and without

pectoralis minor tightness

Sensitivity of ULNT llb was presented in two levels. Forty-one participants had no

symptom response or were negative, and thirty-five participants had positive signs as

shown in Table 6. Negatives were found in both groups and positive signs were seen in

pectoralis minor tightness rather than without pectoralis minor tightness (Table 6). The odds

between pectoralis minor tightness and without pectoralis minor tightness in negative group

was 7.2 (95%Cl 2.8, 13.5) and 16.5 (95%CI 3.7, 68.8) in positive group.

Table 6 Sensitivity of radial nerve tension (ULNT llb) in participants with and without

pectoralis minor tightness

Sensitivity of

AD >25.4 mm. (n)

95% Confidence Interval

radial nerve odds
) Yes No Lower Upper
tension
Bound Bound
Negative (n=41) 36 5 7.2 2.8 13.5
Positive (n=35) 33 2 16.5 3.7 68.8
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4.7 Sensitivity of ulnar nerve tension positive without radial nerve tension in
participants with and without pectoralis minor tightness

Sensitivity of ULNT Il without ULNT llb positive were presented into negative and
positive response. Only one participant had no symptom response or negative. From the
forty participants who had positive signs of ULNT IIl without ULNT llb positive (Table 7), 35 of
them were from the pectoralis minor tightness group and 5 of them were without pectoralis
minor tightness (Table 7). The odds between pectoralis minor tightness and without

pectoralis minor tightness in the positive group was 7 (95%Cl 2.7, 17.9).

Table 7 Sensitivity of ulnar nerve tension positive without radial nerve tension positive in

participants with and without pectoralis minor tightness

Sensitivity of ulnar nerve AD =254 95% Confidence Interval
tension without radial mm.(n) odds
nerve tension positive
Yes No Lower Bound Upper Bound
Negative (n = 1) 1 0 - - -

Positive (n = 40) 35 5 7.0 2.7 17.9




CHAPTER V
DISCUSSION

5.1 Characteristic of participants

There were 76 participants. 69 participants with pectoralis minor tightness and 7
participants without pectoralis minor tightness. The characteristics of participants showed no
statistically significant difference between groups, except the weight. The average weights
of participants with pectoralis minor tightness are more than participants without pectoralis

minor tightness. However, the body mass index in both groups was in the normal range.

5.2 Intraclass correlation coefficient (ICC 3, 1)

The intra-rater reliability of acromion distance in this study demonstrated excellent
reliability in AD1 and AD2.*? This study was able to control the error of measurement at an
excellent level. The highest value of Minimal detectable change at 95% in AD2 1.2 mm was
while in AD1 was 2.2 mm. Two assessors had been trained in the measurement of acromion

distance by a specialist before measuring the participants.

5.3 Association between acromion distance and pectoralis minor tightness

The pectoralis minor muscle length was measured by the distance between the
posterior aspect of the acromion process and the table of treatment in the supine position
that defined as AD1. Sharman’s study showed that AD1 of normal pectoralis minor length
should not exceed 25.4 mm.”” But AD1 of pectoralis minor muscle tightness is equal or
exceeded 25.4 mm.?” For this study, we also clarified pectoralis minor tightness by AD
difference (AD1 - AD2). Less AD difference represented less the muscle flexibility. However,
the AD difference may be confounded by several factors including the baseline AD,
tightness of muscles attach to the scapular, or dimension of thoracic cage, etc. Therefore,
this study controlled these confounding factors by using the standardize AD. The effect of
confounding factors on AD difference shows no statistical significant difference between
groups in Table 4. Adjusted confounding factors, the standardized AD showed statistical

significant difference between with and without pectoralis minor tightness, at 0.3 (95%CI



37

0.2, 0.3) mm and 0.4 (95%CI 0.3, 0.5) mm respectively. The smaller value of standardized
AD indicated more muscle tightness.

The indication of pectoralis minor tightness of this study differed from previous
studies which used the pectoralis minor index (pectoralis minor muscle length/ height) that
is the direct measurement teohnique.m) The direct measurement technique is limited for
women because the technique have to be applied over the pectoral region. The difference
of this area between men and women affect the measurement accuracy. Therefore, this
study used the indirect measurement of pectoralis minor length which is more practical for

20 . .
®0 For pectoralis minor

clinical assessment and has a standard cut off point (25.4 mm).
tightness determination, the standardized AD was more relevant to the stretch performance

of pectoralis minor. Thus the standardized AD was used in this study.

They tested the ULNT llb and ULNT Il for radial and ulnar nerves

The test will determine the minimal tension that will cause ulnar tension to reduce
the elongation of the ulnar nerve during the ULNT lIb test. We have chosen to conduct the
tension check ULNT llb before ULNT lll. The AD was blinded between testing. In this study,
we selected ULNT Il in the dominant arm because of different response frequencies

. 8
compared to the non-dominant arm.”

5.4 Upper limb neural tissue tension and sensitivity of nerve tension in
participants with and without pectoralis minor tightness

We hypothesized that pectoral muscle tightness, especially pectoralis minor, may
affect all brachial plexus. Accordingly, the correlation between pectoralis minor tightness
and the ulnar nerve was confirmed. As shown by the symptom response of ULNT lll, the
significance of odds and 95%CI were greater than 1. Tightness of this muscle also affected
the radial nerve as shown by the significance of odds and 95%CI greater than 1; this was
shown in the symptom response of ULNTIIb. The ULNT llb and Il positive occurred in
participants with pectoralis minor tightness rather than without pectoralis minor tightness

because pectoralis minor tightness pull the scapula anteriorly. As a consequence of
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scapular anterior tilting, decrease of subcoracoid space increase brachial plexus tension.
This was corresponding to positive signs when testing ULNT llb and ULNT III.

5.4.1 The upper limb neural tissue tension test lll (ulnar nerve tension) in
participants without and with pectoralis minor tightness

The numbers of participants with ulnar nerve tension who had pectoralis minor
tightness and without pectoralis minor tightness were 67 and 7 participants respectively.
They were categorized into four levels of ULNT Ill. Level 0 ULNT Il symptom response was
negative. Levels 1-3 ULNT Ill symptom responses were positive signs between testing.
Level 1 was symptom response at the final step of ULNT Il and completely desensitized
symptoms by neck ipsilateral flexion. Level 2 was defined by two subgroups. The first
subgroup was symptom response at the final step of ULNT Il and completely desensitized
symptoms by shoulder adduction. The second subgroup was symptom response at the step
of shoulder depression (before the final step of ULNT IIl) and completely desensitized
symptoms by neck ipsilateral flexion. Level 3 was symptom response at any step before
level 2. Comparing the response of ULNT Il to pectoralis minor tightness, we found the
tightness group had more participants with ulnar nerve tension positive signs than the
without tightness group. The odds in level 1 was 2, level 2 was 13.33 and level 3 was 11.5.
These is a greater chance of ulnar nerve tension in the pectoralis minor tightness group
there was more chance of ulnar nerve tension in pectoralis minor tightness than others
group. This study also found higher ULNT Il symptom responses in level 2 than level 3. This
is because the position of shoulder abduction in level 2 may increase the strain force to the
ulnar nerve.*” In addition, the scapula was also depressed in level 2. Then the ulnar nerve
was stretched as the distance between neck and shoulder was increased.

Mechanical effect on ulnar nerve tension may be involved from the direction of
muscle fibers and muscle tightness. In the direction of muscle fibers, ulnar nerve tension
may be affected at the step of shoulder abduction 110°. The fibers of this muscle will be fully
stretched at shoulder abduction approximately1100—1200. When pectoralis minor muscle
tightness, the scapular will be in anterior tilt and downward rotation position. This results in

limitation of shoulder abduction and external rotation. This result in limitation of shoulder
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abduction and external rotation. Thus participants were unable to comply with full step of
ULNT 1.

The symptom response in participants without pectoralis minor tightness were also
found in healthy subjects of Martinez et al. 2014." Martinez et al. reported that over 50% of
healthy participants had symptom response in step of wrist and fingers extension (the first
step of ULNT IIl). Comparing to our result, almost participants in both groups had symptom
response in step of scapular depression or shoulder abduction. Therefore, musculoskeletal
properties of the upper limb may be an underling factors affect nerve tension.

5.4.2 The upper limb neural tissue tension test llb (radial nerve tension) of
without and with pectoralis minor tightness

The numbers of participants with radial nerve tension who had pectoralis minor
tightness and without pectoralis minor tightness were 33 and 2 participants respectively. For
participants who had radial nerve tension negative with pectoralis minor tightness and
without pectoralis minor tightness there were 36 and 5 participants respectively. They were
categorized into positive and negative responses group. The negative ones were no
symptom response to ULNT llb, while the positive ones were symptom response to ULNT Ilb
and asymptom by desensitization. There was a statistically significant difference of ULNT llb
between the pectoralis minor tightness group and without pectoralis minor tightness group.
The odds of the pectoralis minor tightness group shows a greater chance of radial nerve
tension than without pectoralis minor tightness, because the pectoralis minor tightness
group had less muscle length and muscle flexibility than the without pectoralis minor
tightness group that be considered from standardized AD. The response in the without
pectoralis minor tightness group in this study may be supported by the positive response in
healthy subjects that found in the study of Petersen et al. (2009).(5” Pertersen et al reported
asymptomatic participants (no symptoms when exanimated active or passive movement of
cervical or upper extremity, overpressures to the cervical spine and neurologic test) had

symptom response during ULNT llb.
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5.4.3 Sensitivity of ulnar nerve tension positive without radial nerve tension in
persons with and without pectoralis minor tightness

The sensitivity of ulnar nerve tension positive without radial nerve tension may
represent the effect of pectoralis minor tightness specific to the ulnar nerve. Brachial plexus
can be linked to pectoralis minor tightness because of the alignment in the same
subcoracoid or pectoral space. Thus, specific correlation between pectoralis minor
tightness and ulnar nerve tension was shown by the positive ULNT Il symptom response.
The result supported the inference that pectoralis minor tightness had more chance to
provoke ULNT Il signs as the odds was 7.0 (95%Cl 2.7, 17.9).

5.4.4 The categorized of sensitivity of nerve tension response

The positive response of ULNT was clarified into 3 characteristics. First is
sensory response. Second is resistance to movement and third is range of motion. The most
practical was sensory response.(53) Range of motion cannot explore the difference in
response while testing the ULNT in normal subjects. Because of the wide range of degrees,
no study has been conducted to determine the normal values in normal subjects.(4’ 83149

In this study, the sensory response was selected for reporting the outcome. The

final position that provoked the symptoms was used to indicate the sensitivity of ULNT llb
and ULNT lll. The desensitization process, neck ipsilateral flexion and step backward of the
ULNT, were safety methods to validate the sensory response. Contralateral flexion was
avoided to prevent ischemia by compressive tensile and shear force. ULNT sensitivity of
response was categorized for comparison between the tightness and without pectoralis

minor tightness groups. Statistical significance was shown by odds and 95%CI greater than

1.

In summary

Factors affecting ULNT Il through pectoralis minor tightness may be explained by
the mechanism of nerve tension. If there are forces affecting the nerve, ischemia is the first
response because the intraneural circulation and axoplasmic flow are blocked by
compressive tensile and shear force. Impaired nerve gliding can occur between body

35 . T .
movements.” The extraneural pressure can inhibit intraneural microvascular blood flow,
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axon transport, and nerve function with increased intrafascicular pressure.(%) Tension from
pectoralis minor tightness may be an example of this situation. It can reduce subcoracoid or
subpectoral space. Both internal and external factors may cause an adverse effect by
increasing nerve tension. Serious compression can cause sensory and motor dysfunction
and pain is typically generated when changing microvascular inflammation. This study
supported the hypothesis that pectoralis minor tightness has a statistically significant

correlation to ulnar nerve tension.

5.5 Limitation of this study

This study tested the response of radial nerves and ulnar nerves between testing
the ULNT llb and ULNT Il respectively. Measurement of nerve tension was performed by
using a cutoff at the final position, which might be not as exact as using the range of motion.
Because of the convenience sampling technique, the proportions of the sample for each
group will be reflected by the higher prevalence of pectoralis minor tightness than without
pectoralis minor tightness. As a result, the small sample size in the without pectoralis minor
tightness group occurred. For further study, purposive sampling may recruit an appropriate
sample size for each group. Too small a sample may limit the application of the results in
general practice.

The thoracic outlet syndrome was not excludes in this criteria. Cervical disc
herniation was not interviewed in the previous history screening for cervical problem
exclusion. Therefore the further study, thoracic outlet syndrome and cervical disc herniation

should be added in the exclusion criteria.

5.6 CONCLUSION

This study found the correlation between the acromion distance and ulnar nerve (r
= 0.355) and higher responses of ulnar nerve in pectoralis minor tightness group more than
without pectoralis minor tightness group. Acromion distance had reference to tightness of
pectoralis minor. This study found more acromion distance in the supine position and supine
with retract scapular and less standardization of AD in the pectoralis minor tightness group

as compared to the without pectoralis minor tightness group. This study also found
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statistically significant differences in the sensitivity response of ULNT llb and ULNT IlI
between with and without pectoralis minor tightness group. In summary, acromion distance
had a statistically significant correlation to pectoralis minor tightness and ulnar nerve

tension.

5.7 Benefit of this study

The results of this study showed pectoralis minor tightness affecting radial and
ulnar nerves. There is more chance of nerve tension than in the case of no pectoralis minor.
In clinically, if found the ulnar nerve tension should be careful pectoralis minor tightness and
an alignment of scapula due to these factors was associated. In particular this affects the
ulnar nerve, and therefore it is suggested to improve the muscle length of pectoralis minor

or correct the posture to reduce the chance of nerve tension in the arm.
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DATA COLLECTION
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A13797 9 TuNNNNMAgeL Upper limb neural tissue tension llb (Radial nerve)

Sequence of | Stretching Pain Tingling Pricking Numbness | Burning | Sharp pain | Etc.

testing GD) (Wan) | (@em) | (PANELTN (11) (WAL (udaw)
fin) Fau)

1.Starting

position

2. Scapular

depression

3. Elbow

extension

4. Whole arm
internal

rotation
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A13799 10 TuAnN1InA&au Upper limb neural tissue tension Iib (Radial nerve) $24#19149n13

711 desensitization

Sequence of testing

Stretching

(514)

Pain

(Uam)

Tingling
(1@e97)

Pricking
(A&

'
a

i)

Numbness

(17)

Burning
(aw

%
781)

Sharp
pain

(wiav)

Etc.

Neck ipsilateral

flexion

5. Wrist neutral

position

4. Whole arm

neutral position

3. Elbow flexion

2. Scapular

undepression

1. Starting postion

Time of recovery

minute
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Sequence of testing

Stretching

(#19)

Pain

(Uam)

Tingling
(@&

Pricking
(AR

a

REEY)

Numbness

(17)

Burning
(5

%
781)

Sharp
pain

(wiay)

Etc.

1. Starting position

2. Wrist extension

3. Forearm pronation

g TR
[

4. Elbow flexion
NTWMWWS '

Ll

5. Shoulder external

rotation

6. Scapular

depression

il

7. Shoulder

abduction
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A13797 12 TuAnN1IMA&au Upper limb neural tissue tension IIl (ulnar nerve) $21419n13911

desensitization

Sequence of

testing

Stretching

(519)

Pain

(Uam)

Tingling
(1@e97)

Pricking
GLIR Y

'
a

i)

Numbness

(1)

Burning
(uav

%
Fa1U)

Sharp
pain

(wiay)

Etc.

Neck ipsilateral

flexion

1. Shoulder

adduction

2. Scapular

undepression

3. Shoulder internal

rotation

4. Elbow extension

5. Forearm

supination

6. Wrist neutral

7. Starting position

Time of recovery

minute
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APPENDIX C
PARTICIPATION INFORMATION SHEET
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APPENDIX D
CONSENT FORM
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