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Abstract

Background: Survivors of moderate and severe traumatic brain injury typically present with spasticity, an upper
motor neuron lesion associated with hyperexcitability of the stretch reflex due to disinhibition of cortical influences
on spinal cord circuits and structural and functional changes in skeletal muscle. There is growing evidence supporting
the effectiveness of dry needling in abating spasticity.

Case presentation: The present case aims to quantify the effects of dry needling on upper limb spastic muscles in a
survivor of severe traumatic brain injury in a 27-year-old Iranian man. The treated muscles were biceps brachii, brachi-
alis, flexor digitorum superficialis and profundus, flexor carpi radialis, flexor carpi ulnaris, opponens pollicis, and adduc-
tor pollicis. Outcome measures were evaluated before and 1 hour after the intervention. Our results showed that the
patient’s upper limb recovery stage and hand function improved one grade according to Brunnstrom recovery stages.

Spasticity assessed using the Modified Modified Ashworth Scale in all movements showed one-grade abatement,
except in the forearm pronator. Passive resistance force decreased in all movements except in forearm supination.
Active range of motion and passive range of motion increased in all movements except in active and passive forearm
supination. Hand dexterity improved in both affected and unaffected hands.

Conclusions: Results shown that dry needling could be a favorable option for reducing spasticity.
Keywords: Case report, Traumatic brain injury, Muscle spasticity, Dry needling

Introduction

Spasticity as one of the symptoms of upper motor neu-
ron syndrome is characterized by a speed-dependent
increase in muscle tone caused by excessive excitability of
the stretching reflex [1]. Spasticity is mostly considered a
neural lesion because the primary lesion leading to spas-
ticity is located in the central nervous system. Recently,
attention has been drawn to the structural and functional
changes in skeletal muscle that occur secondary to spas-
ticity. Studies have reported decreased mitochondrial
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volume fraction, appearance of intracellular amorphous
material, reduction in muscle fiber length, and decrease
in the number of serial sarcomeres within fibers of spas-
tic muscles [2, 3]. Multiple therapeutic interventions
including stretching, casting, splinting, pharmacologic
treatment, botulinum toxin injection, and electrical
stimulation of the muscles have been tried for abating
spasticity that mostly involves the peripheral nerves and
muscles [4—6]. Dry needling (DN) is a relatively new
promising intervention that has been shown to control
spasticity following stroke [7, 8]. It is assumed that DN
not only decreases the spasticity by affecting contractile
properties of spastic muscles [9] but also has modula-
tory effects on neural activity of the spinal circuit [10],
supraspinal, and higher centers [11, 12].
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Spasticity is a common condition among survivors of
traumatic brain injury (TBI), and occurs in up to 20% of
patients with moderate-to-severe TBI [13]. Up to 20% of
patients with TBI develop an acute subdural hematoma
[14], a condition that may be associated with contralat-
eral spastic hemiplegia, a lesion whose physiopathology
is similar to that of brain lesions of vascular origin [15].
When a lesion of the brainstem is involved, spasticity
becomes more pronounced [16]. Spasticity occurs more
commonly in upper limbs than lower limbs [17]. Upper
limb function is severely compromised by spasticity
owing to decreased range of motion, decreased voluntary
strength, and increased joint stiffness [18, 19]. The aim of
this case presentation is to evaluate the immediate effect
of a DN session on a patient with left hemiplegia after
TBI, who suffered from spasticity of the upper limb.

Case presentation

The patient was a 27-year-old Iranian man surviving
from severe TBI following a motor vehicle accident,
with left hemiplegia and spasticity of the upper and
lower limbs (lower limb spasticity less severe than upper
limb), especially in the wrist flexors, pronator, and thumb
adductor and flexor muscles. The patient had no history
of any comorbid conditions such as cardiovascular dis-
ease, diabetes, or high blood pressure. He had started to
walk independently and without support 8 months after
injury. He had received several other treatments, includ-
ing physiotherapy, exercise therapy, medication, and bot-
ulinum toxin injections to relieve spasticity of the upper
limb, but still complained of spasticity and dysfunction
in the left upper limb. We aimed to evaluate the immedi-
ate effect of a single session of DN on this patient with
left hemiplegia after TBI, who suffered from spasticity of
the upper limb. The study was approved by the research
ethics committee of Shiraz School of Rehabilitation
Sciences.

Table 1 Brunnstrom recovery stages.
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Assessment
Outcome measures were evaluated before and 1 hour
after the DN intervention.

a) The upper limb recovery stage and hand function

The upper limb recovery stage and hand function were
determined using a criterion defined by Brunnstrom [20]
(Table 1), which has been introduced as a valid test for
the assessment of patients with post-stroke hemiplegia
[21].

b) Spasticity

Spasticity was assessed by the Persian Modified
Modified Ashworth Scale (MMAS) in the elbow,
wrist, and finger flexors, forearm pronator, and the-
nar muscles. The MMAS grades the intensity of
muscle spasticity on a 0—4 scale [22, 23] (Table 2).
The patient was supine and the head was midline to
prevent an asymmetric tonic reflex that may increase
spasticity.
¢) Passive resistance force

Passive resistance force (PRF) was determined bio-
mechanically by a handheld dynamometer (HHD)
using the clinical method to assess spasticity with
MMAS. The amount of Newtonian force (N) applied

Table 2 Modified Modified Ashworth scale (MMAS)

0 No increase in muscle spasticity

1 Slight increase in muscle tone, manifested by a catch and release
or by minimal resistance at the end of the ROM when the
affected part(s) is moved in flexion or extension

2 Marked increase in muscle tone, manifested by a catch in the
middle range and resistance throughout the remainder of the
ROM, but affected part(s) easily moved

Considerable increase in muscle tone, passive movement difficult
Affected part(s) rigid in flexion or extension

Stages Description

Stage 1 Flaccidity; no movements of the limbs can be initiated

Stage 2 Spasticity begins to develop; the basic limb synergies or some of their components may be present
Little or no active finger flexion can be performed.

Stage 3 Spasticity is marked; the basic limb synergies are performed voluntarily
Mass grasp; hook grasp with no release; no voluntary finger extension

Stage 4 Spasticity begins to decrease; some movement combinations that deviated the synergies become available
Small-range semi-voluntary finger extension

Stage 5 Spasticity is diminishing. More difficult movement combinations can be performed
Voluntary mass extension of fingers

Stage 6 No spasticity; isolated joint movements can be performed normally

Voluntary extension of fingers.
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to the dynamometer sensitive pad by the evaluator
against spasticity of the elbow, wrist, and finger flex-
ors, forearm pronator, and thenar muscles to move
them from flexion to extension and from prona-
tion to supination at the end of the existing range of
motion (ROM) and by gravity was measured. HHD is
a reliable and valid tool for muscle evaluation in clini-
cal settings [24].

d) Range of motion

A standard goniometer was used to measure the active
ROM (AROM) and passive ROM (PROM).

— Elbow extension The patient was supine with the
hand supinated. The axis of the goniometer was
placed at the lateral epicondyle of the elbow, the sta-
tionary arm was parallel with the humerus, and the
movement arm was parallel with the radius. Then,
the assessor extended the patient’s elbow passively
and recorded the end position of elbow extension
as PROM. The same procedure was followed for the
measurement of elbow extension AROM unless the
patient was asked to extend voluntarily the elbow.

— Wrist extension The patient was in a sitting position
next to the table, elbow flexed to 90°, and forearm in
mid-position rested on the supporting surface. The
axis of the goniometer was placed at the snuff box,
the stationary arm was along the lateral radius, and
the movement arm was aligned with the second
metacarpal. Then, the assessor extended the patient’s
wrist passively and recorded the end position of
wrist extension as PROM. The same procedure was
followed for the measurement of wrist extension
AROM unless the patients were asked to extend vol-
untarily the wrist.

— Forearm supination The patient was seated with
the shoulder adducted by their side, elbow flexed to
90°, and forearm in the neutral position to start. The
axis of the goniometer was placed over the tip of the
third digit. The stationary arm was parallel with the
humerus, and the movement arm was aligned with
the volar forearm surface. The assessor supinated
the patient’s forearm passively and recorded the end
position forearm supination as PROM. The same
procedure was followed for the measurement of
forearm supination AROM unless the patients were
asked to supinate voluntarily the forearm.

— Carpometacarpal (thumb) extension The patient was
in a sitting position next to the table, elbow flexed
to 90°, and forearm in mid-position rested on the
supporting surface. The axis of the goniometer was
placed at the palmar aspect of the first carpometa-
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carpal (CMC) joint, the stationary arm was along the
ventral midline of the radius using the ventral sur-
face of radial head and styloid for reference, and the
movement arm was along the ventral midline of the
first metacarpal. The assessor extended the patient’s
thumb passively and recorded the end position of the
thumb extension as PROM. The same procedure was
followed for the measurement of thumb extension
AROM unless the patients were asked to extend vol-
untarily the thumb.

— Carpometacarpal (thumb) abduction The patient
was in sitting position next to the table, elbow flexed
to 90°, and forearm in mid-position rested on the
supporting surface. The axis of the goniometer was
placed at the lateral aspect of the radial styloid pro-
cess. The stationary arm was along the lateral mid-
line of the second metacarpal. Reference center of
the second MCP joint, and the movement arm was
lateral midline of the first metacarpal. Reference
center of first MCP joint. The assessor abducted the
patient’s thumb passively and recorded the end posi-
tion of thumb abduction as PROM. The same pro-
cedure was followed for the measurement of thumb
abduction AROM unless the patients were asked to
abduct voluntarily the thumb.

— Box and Block Test Reliable and valid Box and Block
Test (BBT) was used to measure hand dexterity [25].
A test box, divided by a partition into two compart-
ments of equal size consisting of 150 blocks, was
placed in front of the patient on a standard-height
table. The patient, sitting in a chair with a stand-
ard height, was instructed to remove the blocks
one by one with the healthy hand and then with the
injured hand, moving them from one compartment
to another. The patient was encouraged to perform
the test as quickly as possible. The number of blocks
transferred to another test box chamber within
1 minute was recorded as BBT score.

DN intervention

The patient received a DN session using disposable
stainless steel needles (0.25 mm x 50 mm), which were
inserted into the muscle through the skin. Treatment
steps included hand washing, wearing disposable exami-
nation gloves, and cleansing the skin. The patient’s skin
was prepared with an alcohol swab before intervention.
Muscle positioning for DN was performed according to
Dommerholt Second Edition [26]. The patient was lying
down, arm away from the trunk, and forearm in the mid-
dle position. The target muscles received a DN using
the fast-in and fast-out technique described by Hong
[27]. Visual or tactile identification of the local twitch
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response (LTR) was considered a clinical sign of DN
function because the patient’s main complaint was spas-
ticity. Muscles treated were the elbow flexors (biceps bra-
chii and brachialis), the wrist flexors (flexor carpi radialis,
flexor carpi ulnaris, flexors digitorum superficialis, and
profundus), and the thenar muscles (opponens pollicis,
adductor pollicis).

— Biceps brachii The patient lay down supine with the
arm slightly flexed. The muscle was grasped between
the thumb and index and long fingers. Taut bands
were identified. The muscle was needled from a lat-
eral approach [26].

— Brachialis The patient lay down supine with the
elbow relaxed and slightly flexed. The muscle was
needled via flat palpation in the lateral aspect of the
arm, distal two-thirds of the humerus. The needle
was directed medially between the biceps and triceps
brachii [26].

— Flexors digitorum superficialis and profundus The
patient lay down in supine position with the forearm
almost supinated. The muscles were needled with flat
palpation; the needle was inserted perpendicular to
the skin and directed toward the interosseous mem-
brane [26].

— Flexor carpi radialis (FCR) The patient lay down in
supine position with the forearm almost supinated.
A point at the medial forearm, 4 cm below the point
1 cm medial to the midpoint of elbow crease, was
needled for FCR.

— Flexor carpi ulnaris (FCU) The patient lay down in
supine position with the forearm almost supinated. A
point at the midpoint of the proximal third segment
of a line from the medial epicondyle to the ulnar sty-
loid process was needled for FCU.

— Pronator teres (PT) Pronator teres was needled at the
proximal and medial forearm, 1 cm below the mid-
point of elbow crease between the medial epicondyle
and biceps brachii tendon.

— Thenar muscles (opponens pollicis) The needle was
inserted at a point on the dorsum of the hand at the
site of the proximal angle formed between the first
and second metacarpal bones.

— Thenar muscles (adductor pollicis) The needle was
inserted via the radial aspect of the first metacarpal
(to avoid palmar fascia) toward the thenar eminence.

Results

After a single session of DN, the patient’s upper limb
recovery stage and hand function improved from 4 to
5 according to Brunnstrom recovery stages. Spastic-
ity was assessed using MMAS in the elbow flexor, wrist,
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and finger flexors, and thumb flexor/adductor showed
one-grade abatement in all except forearm pronator. PRF
decreased in all movements that were measured except in
forearm supination. Both AROM and PROM increased
in all movements that were measured except in active
and passive forearm supination. Also, hand dexterity,
which was measured by BBT, improved in both affected
and unaffected hands. Table 3 presents the pre- and post-
intervention results.

Discussion

Spasticity is an uncompromising sequela of some neu-
rologic diseases, including TBI, that is quite difficult
to manage. Not only is this nettlesome for patients and
negatively affects their function, especially upper limb
function, but it is also a challenging problem for thera-
pists working with these patients because spasticity can
blunt the rehabilitation process. Therefore, control-
ling and mitigating spasticity is a therapeutic priority.
Spasticity, a motor disorder associated with lesions of
the central nervous system, is characterized by hyper-
excitability of the stretch reflex due to disinhibition of
cortical influences on spinal cord circuits resulting in
a velocity-dependent increase in tonic stretch reflexes
[28]. Spasticity is a neurological impairment resulting in
structural changes and contractures in the muscles [29,
30] and, thus, increased stiffness of spastic muscle cells
and tissue [2]. Dry needling is a common technique used
by manual therapists to treat musculoskeletal disorders
[31]. Recently, DN has emerged as a new option to treat
muscle spasticity in neurological disorders such as post-
stroke spasticity [32]. Some recent studies have provided
evidence regarding the effectiveness of dry needles on
abating spasticity [7, 8]. This case study aimed to evaluate
the effects of DN in a patient suffering from upper limb
spasticity post-TBI. Before DN intervention, the patient
was able to combine some gross movement and deviate
the synergies, and he had a small range of semi-voluntary
finger extension, except thumb extension and abduction.
After DN, he was able to combine more difficult move-
ments as well as extend and abduct the thumb somewhat,
in addition to voluntary extension of his fingers. This
finding is similar to those reported in a previous study
by Ansari et al. [8]. Significant improvement in hand
functional outcomes after DN in patients with spasticity
after stroke also has been proved neurophysiologically
using H-reflex for a motor neuron excitability assessment
[7]. In this case, spasticity after TBI showed one-grade
abatement in almost all spastic muscles following DN,
and consequently PRF against spastic muscles dimin-
ished. Our results are consistent with those of previous
studies reported by Salom-Moreno et al. (2014) [33],
Sanchez-Mila et al. (2018) [34] and Tavakol et al. (2019)
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Table 3 Pre- and post-treatment outcomes
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Post-intervention

Variables Pre-intervention
Upper limb BRS 4
Hand function BRS 4
MMAS (elbow flexor) 1
MMAS (forearm prona- 3
tor)

MMAS (wrist flexor) 2
MMAS (thumb flexor) 3
MMAS (thumb adduc- 4
tor)

PRF(elbow flexor) 10
PRF (forearm pronator) 30
PRF(wrist flexor) 20
PRF(thumb flexor) 10
PRF (thumb adductor) 10
AROM elbow exten- —30
sion

AROM wrist extension 25
AROM supination 15
AROM thumb exten- 0
sion

AROM thumb abduc- 0
tion

PROM elbow exten- 0
sion

PROM wrist extension 30
PROM supination 20
PROM thumb exten- 30
sion

PROM thumb abduc- 20
tion

Box and block test Affected side Unaffected side

(boxes in 1 minute)
3 32

w O U1

50
20
70

20

Affected side Unaffected side

9 40

BSR brunnstrom recovery stages, MMAS modified modified ashworth scale, PRF passive resistance force, AROM active range of motion, PROM passive range of motion

[35], who also found a decrease in spasticity in the upper
and lower extremities after a single session of deep dry
needling. In contrast, Mendigutia-Gémez et al. (2016)
found no change in spasticity in the shoulder muscles
after dry needling [36]. In this patient, neither AROM
nor PROM of supination changed after DN, which is in
contrast with the results of Ansari et al. [8]. The lack of
change in AROM and PROM may have been due to a
contracture of pronators. However, the patient was able
to cope with daily activities. The BBT as an indicator of
manual dexterity improved after DN on the affected side,
but also on the unaffected side. This may be explained as
post-trial learning to some extent, as well as neural facili-
tation induced by DN [7], but this outcome needs further
investigation. The main mechanism of DN-induced spas-
ticity reduction is not fully understood, although there

are several potential explanations. Since dry needles can
reduce the stiffness of stretched bands [11], it can be
assumed that dry needles can cause changes in spasticity
by creating local tension release in the structure of short-
ened muscle fibers, as was shown in a patient with post-
stroke spastic muscles [9]. Another potential explanation
is related to the modulatory effects of DN on afferent
and efferent neuron activity of the spinal circuit [10]. It
seems that the local twitch responses elicited by DN can
alter sensory spinal processing, then modulate a motor
neuron excitability by modifying synaptic transmission
and, therefore, decrease the excitability of spinal reflexes
associated with muscle spasticity [37]. Furthermore, it
is hypothesized that DN might also activate the noxious
inhibitory control system by activating Ap-fibres and A8
fibres fibers sending afferent signals to the dorsolateral
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tracts of the spinal cord that could also activate the
supraspinal and higher centers involved in pain pro-
cessing [11, 12]. The activation of the noxious inhibitory
control system following DN could have relaxing effects
on the spastic muscles. The results of our study seem
promising, though some potential limitations should be
acknowledged. First, we collected short-term outcomes
of a patient, while for accurate interpretation and gener-
alization of the findings, it is necessary to evaluate larger
samples of patients with spasticity, have a control group,
and evaluate the outcomes with follow-up after treat-
ment with DN. Second, it would be better to determine
the effects of dry needling in combination with routine
or other treatment options, as Cai et al. suggested that
combining electroacupuncture with conventional treat-
ment might be worthwhile in terms of muscle spasticity
reduction, improvement of motor function, and return to
activities of daily living [38]. Therefore, further research
with a sufficient sample size, additional treatment ses-
sions of DN, and combination with other treatment
choices is suggested.

Conclusions

The results of this case report suggest that application of
a single session of dry needling on the upper limb spastic
muscle was effective at decreasing muscle spasticity and
improving passive resistance force, upper limb recovery
stage, and hand function and ROM in individuals who
had experienced traumatic brain injury. Future stud-
ies with larger sample sizes, more treatment sessions,
long-term follow-ups, and inclusion of other treatment
options are needed.

Abbreviations
TBI: Traumatic brain injury; LTR: Local twitch response; CMC: Carpometacarpal;
HHD: Handheld dynamometer; DN: Dry needling.
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