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Immediate electromyographic 
changes of the upper limb muscles 
following cervical manipulation in 
a patient with essential tremor: a 
case report
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superiores após manipulação cervical em uma paciente com tremor 
essencial: estudo de caso
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Abstract

Introduction and Objective: The purpose of this case report is to evaluate 
upper limb muscle electric behavior by surface electromyography before and 
after cervical manipulation in a patient with essential tremor. Methods: In 
2009, essential tremor was diagnosed by a neurologist in a 25-year-old woman. 
Previous treatment included Paroxetine for a number of months, without altera-
tion of her symptoms. The patient was assessed by surface electromyography of 
the upper limb muscles (flexor and extensor of the wrist, long heads of biceps 
and triceps) before and after being subjected to high-velocity, low-amplitude 
spinal manipulation to her mid cervical spine (C3-C4 level, 1 manipulation/side). 
Results: There was an increase of the median frequency rate and a decrease of 
the electrical activity of these muscles. Conclusion: This case study showed the 
cervical manipulation technique acutely modifying the electromyographic activ-
ity, increasing the median frequency, and decreasing the muscle recruitment of 
the upper limb. It suggests improved motor control during the tasks.

Key words Electromyography; Muscles; Spinal manipulation; Tremor. 

Resumo

Introdução e Objetivo: O objetivo neste estudo de caso foi avaliar o compor-
tamento elétrico dos músculos do membro superior, por eletromiografia, antes 
e após manipulação cervical em paciente com tremor essencial. Métodos: Uma 
mulher (25 anos) apresentou-se com tremor essencial, diagnosticado em 2009 
por neurologista. Foi empregado tratamento prévio com Paroxetina por meses, 
sem diminuição dos sintomas. A paciente foi avaliada por eletromiografia dos 
músculos dos membros superiores (flexores e extensores do punho, cabeça 
longa do bíceps e do tríceps) antes e após manipulação de alta velocidade e 
baixa amplitude na cervical média (nível C3-C4, 1 manipulação para cada lado). 
Resultados: Observou-se aumento na frequência mediana e diminuição na 
atividade elétrica dos músculos avaliados. Conclusão: A técnica de manipulação 
cervical modificou de forma imediata a atividade eletromiográfica, aumentando 
a frequência mediana e diminuindo o recrutamento dos músculos do membro 
superior para a paciente estudada, sugerindo melhor controle motor durante a 
atividade proposta.

Descritores: Eletromiografia; Manipulação da coluna; Músculos; Tremor.
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Introduction

Essential tremor (ET), the most prevalent 
idiopathic neurologic movement disorder, af-
fects people throughout their life span1. ET is 
an involuntary, rhythmic oscillation of a body 
part. It results from contractions of agonist and 
antagonist muscles entrained by a signal pat-
tern originating from an oscillator in the central 
nervous system (CNS)2. ET often has a familial 
history of similar tremors, and its prevalence 
rate is 3% to 6% in patients over 40 years. In 
addition, the upper limb is affected most often, 
with a prevalence of 90-95%3. There is no clear 
diagnostic test for ET, so it must be diagnosed 
in descriptive clinical terms4. Tremors are com-
monly suppressed with medication, which may 
provide partial relief, but this often causes un-
desirable side effects5.

A biomechanical alteration between ver-
tebral segments hypothetically produces a 
biomechanical change, which may alter the 
signaling properties of sensitive neurons in 
paraspinal tissues. These changes in sensory 
input seem to modify neural integration, di-
rectly affecting reflex activity as well as central 
neural integration within motor, nociceptive, 
and possibly autonomic neuronal pools. These 
changes in sensory input may elicit changes 
in efferent somatomotor and visceromotor ac-
tivity6. Joint manipulation has been studied 
to stimulate the sensory receptors and to af-
fect the CNS at the spinal segmental level and 
cortical level7. Studies demonstrate that spinal 
manipulation (SM) modifies the discharge of 
Group I and II afferents, the Golgi tendon or-
gan, and muscle spindles8,9. The studies cited 
above make it reasonable to think that SM may 
add a novel sensory input or remove a source 
of aberrant input6. Furthermore, a recent study 
shows that manual therapies contribute to the 
management of nonspecific neck pain with a 
moderate level of evidence on the short-term 
effects10.

At the time of writing this report, only 
three articles on SM and ET have been pub-

lished. The purpose of the current study is to 
evaluate upper limb muscle electric behav-
ior by sEMG before and after cervical SM in a 
patient with ET. The clinical relevance of this 
study is to provide an initial basis for better 
prescription of SM and its effects on upper limb 
movement control in patients with ET, assum-
ing this procedure may benefit neuromuscular 
coordination.

Methods

Participant
A 25-year-old female patient, and coauthor 

of this report, presented herself for care. She 
had been previously diagnosed in 2009 with ET 
by her neurologist. The patient had undergone 
magnetic resonance imaging in the same year as 
well as neurological evaluation to rule out oth-
er disorders with similar symptoms. Previous 
treatment included Paroxetine for four months. 
She could not recall dosage amounts, but re-
ported not having experienced a reduction in 
the frequency or duration of her tremor activity. 
The tremors were constant, bilateral in the up-
per extremities, and more severe in the left limb. 
She reported that the tremors increase with 
anxiety and physical activity. Physical examina-
tion showed normal function in orthopedic and 
neurologic tests. Cranial nerve tests were found 
to be normal. There was a decrease in the seg-
mental passive range of motion from C1 through 
C3 bilaterally.

Data recording
A biological signal acquisition module 

with eight analog channels was used (Miotec™ 
Biomedical Equipments, Porto Alegre, RS, 
Brazil). The conversion of analog to digital 
signals was performed by an A/D board with 
a 14-bit resolution input range, sampling fre-
quency of 2000 Hz, common rejection mode 
greater than 100 dB, signal/noise ratio of less 
than 03 µV RMS (root mean square), and im-
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pedance of 109 ohms. sEMG signals were 
recorded by RMS in µV and the average fre-
quency in Hz with surface electrodes (20-mm 
diameter and a center-to-center distance of 20 
mm). A reference electrode was placed on the 
left lateral epicondyle. Prior to the fixation of 
the electrodes, the skin was cleaned with 70% 
alcohol to eliminate residual oil, followed by 
exfoliation using a specific sandpaper for skin 
and a second cleaning with alcohol. The mus-
cles analyzed by sEMG were as follows (both 
upper limbs): (1) radial flexor of the wrist 
(FW); (2) ulnar extensor of the wrist (EW); (3) 
long head of biceps (BB); and (4) long head of 
triceps (TB). Auto-adhesive surface electrodes 
(Meditrace™Ag/Ag Cl) were attached to the 
muscle bellies and positioned parallel to the 
muscle fibers using techniques described ac-
cording to the sEMG for the Non-Invasive 
Assessment of Muscles (SENIAM) recommen-
dations. sEMG signals were amplified and fil-
tered (10–500 Hz).

Procedures
The patient performed maximum isomet-

ric voluntary contraction (MVIC) for the flex-
ion and extension of the wrist (standing posi-
tion with knee extended, shoulder flexed 90o 
with forearms extended – Figure 1), each last-
ing 12 seconds with a three-minute interval 
between contractions to allow for resting and 
metabolic recovery. The data were obtained 
from the average of two MVICs. Five minutes 
after this procedure, the patient performed 
another isometric voluntary contraction of up-
per limbs in the previously described position 
lasting three minutes. A high-velocity low-
amplitude manipulative thrust was applied to 
the cervical spine (C3–C4 level, one manipula-
tion in each side) with the contact hand on a 
specific area of the vertebra and the patient’s 
head (Figure 2), and the evaluation procedures 
were repeated. sEMG data were not normal-
ized, and mean muscle activity was calculated 
and compared at two moments: before (A1) 

and immediately after the cervical manipula-
tion (A2). The values obtained in the median 
frequency (MF) analysis from A1 and A2 were 
used for comparisons. The delta percentage 
(∆%=[A2-A1/A1]×100) was also analyzed, com-
paring the results between pre- (A1) and post-
assessment (A2) to estimate variations in the 
intra- and inter-variables.

Results

Figure 3 shows the sEMG means during 
the wrist flexion MVIC and Figure 4 during the 
wrist extension MVIC. We noted a decrease in 

Figure 1: Standing position with knee 
extended, shoulder flexed 90o flexed with 
forearms extended

Figure 2: Cervical manipulation procedures
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all muscle activity after cervical manipulation, 
except FW-R during the flexion task.

Table 1 shows the median frequency re-
sults and their variation by ∆%. Despite the re-
sults being obtained from the sEMG means, all 
muscles showed an increase in ∆%, indicating 
an increase in motor unit (MU) recruitment.

Discussion

It has been well established that 
the voluntary motor system possesses 
the capacity to control the direction, 
distance, speed and accuracy of move-
ment11,12. A theory of motor control, 
based on optimal feedback control, 
posits that voluntary motor behavior 
involves the manipulation of sensory 
feedback13,14, emphasizing the impor-
tance of using and manipulating this 
sensory feedback to guide voluntary 
motor behavior. The implication is that 
the two systems (feedback mechanisms 
and voluntary motor behavior) are in-
herently linked as part of the same con-
trol process15.

Neurophysiological stimuli, in-
cluding SM, deform articular struc-
tures rich in sensory inputs, leading to 
changes in the axoplasmic afferent in-
flow. These changes might bring aware-
ness to the CNS, modifying motor pat-
terns and suggesting that the CNS is 
able to contribute to reducing the clini-
cal symptoms and patterns of MU re-
cruitment16. The expected result is a 
link between sensory feedback signals 
and motor outputs that changes as a 
function of the task being performed12.

In the current study, after cervi-
cal SM had proceeded, the upper limb 
muscles decreased their activity and the 
median frequency increased. Another 
study showed that manipulations ap-
plied peripherally to the cervical spine 
can cause changes in cortical plasticity, 
altering somatosensory processing and 

sensorimotor integration and leading to pain re-
duction and functional restructuring by manipu-
lative treatment17. Some hypotheses have been 
formulated to explain the mechanisms behind the 
effectiveness of SM techniques. Most of these are 
based on neurophysiological reflexes triggered 
by sensory receptors mechanically stimulated by 

Figure 3: sEMG results (wrist flexion). A1: pre-
assessment; A2: post-assessment; FW: radial flexor of 
the wrist; EW: ulnar extensor of the wrist; B: long head 
of biceps; T: long head of triceps; R: right upper limb; 
L: left upper limb 

Figure 4: sEMG results (wrist extension). A1: pre-
assessment; A2: post-assessment; FW: radial flexor of 
the wrist; EW: ulnar extensor of the wrist; B: long head 
of biceps; T: long head of triceps; R: right upper limb; 
L: left upper limb
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SM18,19. Experimental studies in humans and ani-
mals have supported these ideas9,20-26 and, recently, 
a study highlighted that control group sEMG val-
ues did not change after manipulation and muscle 
activity, whereas those obtained from the experi-
mental group, submitted to SM, decreased signifi-
cantly after the manipulation, which supports the 
idea that observed changes are related to the ma-
nipulation procedure27. A recent review concluded 
that SM appears to be associated with short-term 
changes in the amplitude of the sEMG signal and 
that extremity muscles at a distance from the tar-
geted spinal level of the manipulation respond 
with changes in their myoelectric amplitude after 
SM, most of all with a decrease in activity28. The 
response of the upper limb muscles to SM in a 
patient with ET suggests the possibility of includ-
ing the procedure to facilitate the management of 
the tremor once the magnitude of recruitment in-
creases. This may lead to the better control of the 
movement and, based on the current hypothesis 

of motor control, may generate changes in sen-
sorial feedback by the peripheral modulation of 
the mechanoreceptors. Obviously, this procedure 
would be able to change the sEMG pattern only in 
our patient, leading to the need for more extensive 
studies to confirm this process and to prescribe 
SM to other ET patients.

Additionally, it has been suggested that the 
spectral characteristics of sEMG are the result of 
the altered recruitment patterns between differ-
ent MUs15,29 and that differential patterns of re-
cruitment between faster and slower MUs can be 
detected from their spectral patterns in sEMG29,30. 
The MF analysis might thus be useful for detect-
ing changes in MU recruitment. This case report 
showed a positive variation and considered the 
increased MF after SM, which suggests possible 
changes in MU recruitment without increasing 
the total magnitude of the contraction in the pa-
tient studied. Despite the difficulties finding pa-
tients with an ET diagnosis, more studies must 
confirm these results by using a larger sample.

Conclusion

The results reported allow us to conclude 
that, for the patient studied, a high-velocity SM 
technique modifies the sEMG activity, increas-
ing the median frequency rate and decreasing 
the activity in her upper limb muscles. 

Acknowledgments

We are grateful to the Foundation for 
Support for Research of Minas Gerais (FAPEMIG) 
for their financial support.

References
1.	 Lundervold DA, Belwood MF, Craney JL, Poppen 

R. Reduction of tremor severity and disability 

following behavioral relaxation training. J Behav 

Ther Exp Psychiatry. 1999;30:119-35.

Table 1: Median frequency (Hz) and Delta 
percentage (∆%) results between A1: pre-
assessment and A2: post-assessment; FW: 
radial flexor of the wrist; EW: ulnar extensor 
of the wrist; B: long head of biceps; T: long 
head of triceps; R: right upper limb; L: left 
upper limb 

Movement Muscle A1 (Hz) A2 (Hz) ∆%

Flexion

FW-R 141.36 156.13 10.45

EW-R 147.89 149.41 1.03

B-R 85.51 87.22 2.00

T-R 138.67 139.83 0.84

FW-L 139.28 161.01 15.60

EW-L 126.34 140.14 10.92

B-L 64.94 93.26 43.61

T-L 145.14 156.98 8.16

Extension

FW-R 133.24 152.71 14.61

EW-R 135.07 148.99 10.31

B-R 91.06 92.77 1.88

T-R 103.52 130.62 26.18

FW-L 147.03 161.99 10.17

EW-L 133.73 145.81 9.03

B-L 91.92 106.02 15.34

T-L 157.35 160.16 1.79



ConScientiae Saúde, 2015;14(1):141-146.146

Immediate electromyographic changes of the upper limb muscles following cervical manipulation in a patient with essential tremor: a case report

2.	 Maneski LP, Jorgovanovic N, Ilic V, Dosen S, Keller 
T, Popovic MB, Popovic DB. Electrical stimulation 
for the suppression of pathological tremor. Med Biol 
Eng Comput. 2011;49:1187-93.

3.	 Hubbard TA, Kane JD. Chiropractic management 
of essential tremor and migraine: a case report. J 
Chiropr Med. 2012;11:121-6.

4.	 Deuschl G, Elble R. Essential tremor—
neurodegenerative or nondegenerative disease 
towards a working definition of ET. Mov Disord. 
2009;24(14):2033-41.

5.	 Grimaldi G, Manto M (2008) Tremor: from 
pathogenesis to treatment. Synth Lect Biomed Eng. 
3(1):1-212.

6.	 Pickar JG. Neurophysiological effects of spinal 
manipulation. Spine J. 2002;2:357-71.

7.	 Grindstaff TL, Hertel J, Beazell JR, Magrum 
EM, Ingersoll CD. Effects of lumbopelvic joint 
manipulation on quadriceps activation and strength 
in healthy individuals. Man Ther. 2009;14:415-20.

8.	 Pickar JG, Wheeler JD. Response of muscle 
proprioceptors to spinal manipulative-like loads in 
the anesthetized cat. J Manipulative Physiol Ther. 
2001;24:2-11.

9.	 Colloca CJ, Keller TS, Gunzburg R, Vandeputte 
K, Fuhr AW. Neurophysiologic response to 
intraoperative lumbosacral spinal manipulation. J 
Manipulative Physiol Ther. 2000;23:447-56.

10.	 Vincent K, Maigne JY, Fischhoff C, Lanlo O, 
Dagenais S. Systematic review of manual therapies 
for nonspecific neck pain. Joint Bone Spine. 2012;doi: 
10.1016/j.jbspin.2012.10.006.

11.	 Shadmehr R, Wise SP. The computational 
neurobiology of reaching and pointing. Cambridge: 
MIT Press; 2005.

12.	 Pruszynski JA, Scott SH. Optimal feedback control 
and the long-latency stretch response. Exp Brain 
Res. 2012;218:341-59.

13.	 Todorov E. Optimality principles in sensorimotor 
control. Nat Neurosci. 2004;7:907-15.

14.	 Todorov E, Jordan MI. Optimal feedback control 
as a theory of motor coordination. Nat Neurosci. 
2002;5:1226-35.

15.	 Wakeling JM. Patterns of motor recruitment can 
be determined using surface EMG. J Electromyogr 
Kinesiol. 2009;19:199-207.

16.	 Zusman M. Forebrain-mediated sensitization of 
central pain pathways: ‘non-specific’ pain and a new 
image for manual therapy. Man Ther. 2002;7:80-8.

17.	 Haavik-Taylor H, Murphy B. Cervical spine 
manipulation alters sensorimotor integration: 
a somatosensory evoked potential study. Clin 
Neurophysiol. 2007;118:391-402.

18.	 Triano J. Biomechanics of spinal manipulative 
therapy. Spine J. 2001;1:121-30.

19.	 Pickar J. Neurophysiological effects of spinal 
manipulation. Spine J. 2002;2:357-71.

20.	 Colloca CJ, Keller TS, Gunzburg R. 
Neuromechanical characterization of in vivo lumbar 
spinal manipulationPart II. Neurophysiological 
Response. J Manipulative Physiol Ther. 
2003;26(9):579-91.

21.	 Keller TS, Colloca CJ, Gunzburg R. 
Neuromechanical characterization of in vivo lumbar 
spinal manipulation. Part I. Vertebral motion. J 
Manipulative Physiol Ther. 2003;26(9):567-78.

22.	 Colloca CJ, Keller TS, Gunzburg R. Biomechanical 
and neurophysiological responses to spinal 
manipulation in patients with lumbar radiculopathy. 
J Manipulative Physiol Ther. 2004;27(1):1-15.

23.	 Ritvanen T, Zaproudina N, Nissen M, Leinoven V, 
Hannine O. Dynamic surface electromyographic 
responses in chronic low back pain treated by 
traditional bone setting and conventional physical 
therapy. J Manipulative Physiol Ther. 2007;30(1):31-7.

24.	 Sung PS, Kang Y, Pickar JG. Effect of spinal 
manipulation duration on low threshold 
mechanoreceptors in lumbar paraspinal muscles: a 
preliminary report. Spine. 2004;30(1):115-22.

25.	 Ge W, Long CR, Pickar JG. Vertebral position alters 
paraspinal muscle spindle responsiveness in the 
feline spine: effect of positioning duration. J Physiol. 
2005;569(2):655-65.

26.	 Pickar JG, Kang Y. Paraspinal muscle spindle 
responses to the duration of a spinal manipulation 
under force control. J Manipulative Physiol Ther. 
2006;29(1):22-31.

27.	 Bicalho E, Setti JA, Macagnan J, Cano JL, Manffra 
EF. Immediate effects of a high-velocity spine 
manipulation in paraspinal muscles activity of 
nonspecific chronic low-back pain subjects. Man 
Ther. 2010;15(5):469-75.

28.	 Lehman G. Kinesiological research: the use of 
surface electromyography for assessing the effects 
of spinal manipulation. J Electromyogr Kinesiol. 
2012;22:692-6.

29.	 von Tscharner V, Goepfert B, Nigg BM. Changes in 
EMG signals for the muscle tibialis anterior while 
running barefoot or with shoes resolved by non-
linearly scaled wavelets. J Biomech. 2003;36:1169-76.

30.	 De Luca CJ and Hostage EC. Relationship 
between firing rate and recruitment threshold of 
motoneurons in voluntary isometric contractions. J 
Neurophysiol. 2010;104:1034-46.


