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Summary
Objectives.  —  To  investigate  and  compare  split-hand  phenomenon  quantified  by  motor  unit  num-
ber index  (MUNIX)  between  patients  with  cervical  spondylotic  amyotrophy  (CSA)  and  those  with
amyotrophic  lateral  sclerosis  (ALS).
Methods.  —  MUNIX  was  performed  on  abductor  pollicis  brevis  (APB),  abductor  digiti  minimi  (ADM)
and first  dorsal  interosseous  (FDI)  in  46  CSA  patients,  39  ALS  patients  and  41  healthy  subjects.
Split-hand measurements  including  split-hand  index  (SHI  =  ABP  ×  FDI/ADM),  ratio  of  APB  to  ADM
(AA), ratio  of  FDI  to  ADM  (FA)  were  measured  by  compound  muscle  action  potential  (CMAP)  and
MUNIX.
Results. —  There  was  a  significant  difference  in  both  AA  and  SHI  measured  by  two  different
methods  between  ALS  and  CSA  patients  (P  <  0.05).  Receiver  operating  characteristic  (ROC)  curve
and logistic  regression  analysis  demonstrated  good  differential  diagnostic  accuracy  for  AA,  SHI
and their  combination  between  ALS  and  CSA.  A  larger  area  under  the  curve  (AUC)  was  observed

in these  measurements  calculated  by  MUNIX  than  those  measured  by  CMAP  (AA:  0.885  vs.  0.700,
SHI: 0.865  vs.  0.703,  Combination:  0.925  vs.  0.750;  P  <  0.05).  Sub-group  analysis  of  ROC  curves
revealed an  AUC  of  0.893  for  AAMUNIX,  0.801  for  SHIMUNIX and  0.896  for  their  combination  in
differentiating  ‘‘clinically  possible’’  ALS  (Awaji-Shima  criteria)  from  CSA  (P  <  0.05).
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Conclusions.  —  Both  AA  and  SHI  measured  by  two  different  methods  are  useful  in  distinguishing
ALS from  CSA,  and  those  quantified  by  MUNIX  may  be  a  better  differential  diagnostic  marker
to provide  an  accurate  and  noninvasive  additional  test  for  distinguishing  CSA  from  ALS,  even  in
their early  stages.
©  2019  Elsevier  Masson  SAS.  All  rights  reserved.
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ervical  spondylotic  amyotrophy  (CSA)  is  usually  charac-
erized  by  unilateral  or  asymmetric/symmetric  bilateral
uscle  weakness  and  amyotrophy  in  the  upper  limbs  without

ignificant  sensory  abnormalities  [19,23]. According  to  the
redominantly  involved  muscles,  CSA  is  generally  divided
nto  proximal  (impairment  of  scapular,  deltoid,  and  biceps
uscles)  and  distal  (impairment  of  forearms  and  hand  mus-

les)  types  [19,22,23].
CSA  is  thought  to  involve  selective  damage  of  ante-

ior  horn  cells  or/and  ventral  nerve  roots  by  bony  spur
ompression  or  an  indirect  insufficient  blood  supply  resul-
ing  from  cervical  canal  stenosis,  or  by  compression  or
tretching  of  the  intra-  and  extramedullary  vessels  upon
ovement  of  the  cervical  spine  [19,22,23].  Because  of  simi-

ar  major  lesion  site,  the  clinical  features  of  CSA,  especially
istal-type  CSA,  are  similar  to  Hirayama  disease  (HD).  Pre-
ominantly  affecting  male  adolescents,  HD  features  are
bviously  regional  [12,14].  Most  HD  patients  have  char-
cteristic  ‘‘loss  of  attachment’’  in  neck-flexion  magnetic
esonance  imaging  (MRI)  without  standard  neck  MRI  abnor-
alities  [14].  Unlike  the  compressive  injury  in  CSA,  ischemic

njury  of  the  cervical  anterior  horn  and/or  nerve  root  caused
y  the  excessive  forward  displacement  of  the  posterior  dura
uring  neck  flexion  is  the  main  pathogenic  mechanism  of  HD
14,32],  and  restricting  neck  flexion  (e.g.,  neck  collar  sup-
ort  and  cervical  fusion)  has  become  the  main  method  of
reating  HD  [11,18,34].

Although  many  previous  studies  have  reported  good  sur-
ical  prognosis  in  CSA  [8,15,17,35],  relatively  few  CSA
atients  undergo  surgical  intervention  since  it  is  difficult
o  distinguish  amyotrophic  lateral  sclerosis  (ALS)  from  CSA,
specially  in  their  early  stages  [20,33].  Unlike  CSA,  ALS  is

 progressive,  fatal  neurodegenerative  disease  that  may  be
xacerbated  by  surgery  [29].  Therefore,  accurate  and  early
ifferential  diagnosis  of  these  two  diseases  is  critical  for  the
reatment  of  CSA.

Dissociated  wasting  of  the  lateral  hand  muscles  with
elative  preservation  of  the  medial  hand  muscles,  the  split-
and  syndrome,  is  an  early  and  specific  clinical  feature
f  ALS  [5].  Many  researchers  have  tried  to  quantify  this
linical  feature  by  various  electrophysiological  methods  to
acilitate  the  differential  diagnosis  of  ALS  [20,21,25,27,30].
uwabara  et  al.  compared  both  the  ratio  of  the  abductor
ollicis  brevis  (APB)  to  the  abductor  digiti  minimi  (ADM)
AA)  and  the  ratio  of  the  first  dorsal  interosseous  (FDI)  to
he  ADM  (FA)  measured  by  compound  muscle  action  poten-
ial  (CMAP)  between  ALS  and  other  conditions  that  mimic

LS,  to  identify  specific  pattern  of  hand  amyotrophy  in  ALS
nd  its  possible  mechanisms  [25].  In  our  previous  study,
e  confirmed  different  patterns  of  hand  amyotrophy  among

•

•

LS,  CSA  and  Hirayama  disease  by  the  ADM/APB  CMAP  ratio
20]. A  recently  published  study  suggested  that  the  split-
and  index  (SHI)  measured  by  CMAP  may  be  used  to  roughly
ifferentiate  ALS  from  disorders  that  mimic  it  [21,27].
nfortunately,  there  is  no  definitive  report  regarding  the
ifferential  diagnostic  value  of  these  split-hand  measure-
ents  for  CSA  and  ALS,  although  it  may  be  important  to  the

reatment  of  CSA.
The  motor  unit  number  index  (MUNIX)  is  a  novel  quan-

itative  method  that  provides  an  estimated  index  of  the
unctional  motor  unit  number  in  the  tested  muscle  [7,28].
ompared  with  CMAP  amplitude,  MUNIX  has  been  demon-
trated  as  a  more  sensitive  index  in  detecting  motor  unit
oss  [9]. Therefore,  this  quantitative  method  has  been
idely  used  in  the  assessment  of  many  different  neuro-
uscular  diseases,  such  as  adult  spinal  muscular  atrophy,

nti-myelin-associated  glycoprotein  (anti-MAG)  neuropathy,
harcot-Marie-Tooth  disease  and  ALS  [2,6,10,28].  A  recently
ublished  study  further  demonstrated  that  the  SHI  measured
y  MUNIX  may  be  a  better  electrophysiological  marker  than
hat  measured  by  CMAP  amplitude  for  the  split-hand  phe-
omenon  of  ALS  [24].

The  aim  of  this  study  was  to  investigate  the  split-hand
henomenon  quantified  by  CMAP  or  MUNIX  in  CSA  compared
ith  ALS  and  to  identify  the  utility  of  these  split-hand  mea-

urements  for  distinguishing  between  these  two  disorders.

ethods

ubjects

orty-six  patients  with  CSA  (distal-type  vs.  proximal-type:
7  vs.  19),  39  patients  with  ALS  and  41  healthy  subjects  were
ncluded  in  this  study  (Table  1; Fig.  1).  All  patients  were
ecruited  in  Huashan  Hospital  from  October  2016  to  May
018.  The  study  was  approved  by  Human  Ethics  Committees
Huashan  hospital,  Fudan  University,  China).  All  subjects
ave  informed  consent.

The  subjects  in  the  control  and  patient  groups  were
elected  according  to  the  inclusion  and  exclusion  criteria
hat  have  been  described  previously  [33,35].  The  criteria
or  CSA  diagnosis  were  [20,33]:

 the  presence  of  cervical  spondylosis  supported  by  radio-
logical  evidence;

 unilateral  or  bilateral  severe  muscle  atrophy  of  the  upper
extremities;

 mild  or  no  sensory  deficit  in  the  upper  extremities;

 normal  sensation  and  motor  function  of  the  lower  extrem-

ities,  without  gait  disturbance;
 minimal  or  no  radiative  pain  of  the  upper  limbs.
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Table  1  Demographic  characteristics  of  the  patients  with  CSA  or  ALS.

Patients  with  CSA  Patients  with  ALS

Number  of  patients  46  39
Age range  (years)  55.4  ±  8.5  59.1  ±  12.8
Height range  (cm)  170.6  ±  5.7  168.6  ±  7.3
Duration (months)  24.2  ±  18.5  16.0  ±  5.8
Male:female 41:5  25:14
Symptomatic  upper  side  (Right:  Left)  25:21  15:24
Symptoms and  signs  (n/total  patient  (%))

Muscle  Wasting  and/or  weakness 46/46  (100.0%) 39/39  (100.0%)
Fasciculation  5/46  (10.9%) 28/39  (71.8%)
Cold paralysis /  3/39  (7.7%)
Sensory abnormality  11/46  (23.9%)  4/39  (10.3%)
Hyperreflexia  of  deep  tendon  reflex  16/46  (34.8%)  39/39  (100.0%)
Positive Hoffmann  sign  12/46  (26.1%)  31/39  (79.5%)
Positive Babinski  sign  8/46  (19.6%)  17/39  (43.6%)
Positive Chaddock  sign  7/46  (15.2%)  13/39  (33.3%)

The presentation  of  MRI  (n/total  patient  (%))
Cervical  canal  stenosis  43/46  (93.5%)  6/19  (31.6%)
Ossification  of  posterior  longitudinal  ligament  12/46  (26.1%)  2/19  (10.5%)
Intramedullary  high-signal  lesion  10/46  (21.7%)  2/19  (10.5%)

‘‘/’’: no subject; CSA: Cervical spondylotic amyotrophy; ALS: Atrophic lateral sclerosis; MRI: Magnetic resonance imaging; a/b: where
a is the number of patients who had abnormal clinical and MRI findings, and b is the number of patients who underwent clinical and
imaging evaluation.

Figure  1  Clinical  features  of  a  patient  with  ALS  and  a  patient  with  CSA.  A.  Significant  wasting  of  the  FDI  and  APB  (black  arrows)
with relative  preservation  of  the  ADM  in  the  patient  with  ALS.  B.  Clear  wasting  of  the  ADM  and  FDI  (black  arrows)  but  sparing  of
the APB  in  the  patient  with  CSA.  CSA:  cervical  spondylotic  amyotrophy;  ALS:  amyotrophic  lateral  sclerosis;  APB:  abductor  pollicis
brevis; ADM:  abductor  digiti  minimi;  FDI:  first  dorsal  interosseous.
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Table  2  Nerve  conduction  studies  and  needle  EMG  detection  in  healthy  subjects  and  the  patient  subjects.

The  patients  with  CSA  The  patients  with  ALS  Healthy  subjects

Number  of  cases  46  39  41
Age range  (years)  55.4  ±  8.5  59.1  ±  12.8  49.3  ±  9.3
Height range  (cm)  170.6  ±  5.7  168.6  ±  7.3  169.9  ±  5.9
Duration (months)  24.1  ±  18.5  16.0  ±  5.8  /
Motor nerve  conduction  studies

Median  nerve
Latency  (ms) 3.7  ±  0.7  4.0  ±  0.7a 3.4  ±  0.6
CMAP Amplitude  (mV) 7.3  ±  2.7a 4.9  ±  2.2a 9.8  ±  2.2
CV (m/s) 55.7  ±  3.9 54.1  ±  5.9a 57.5  ±  3.7

Ulnar nerve
Latency  (ms)  2.8  ±  0.5a 2.9  ±  0.6a 2.3  ±  0.4
CMAP Amplitude  (mV)  7.2  ±  2.7a 5.6  ±  2.5a 9.7  ±  2.0
CV-below elbow  (m/s)  56.7  ±  6.6  56.6  ±  5.2  58.2  ±  6.5
CV-above elbow  (m/s)  58.4  ±  9.5  57.5  ±  9.8  61.5  ±  7.6

Sensory nerve  conduction  studies
Median  nerve

Latency  (ms)  3.0  ±  0.6  3.0  ±  0.6  2.9  ±  0.5
SNAP Amplitude  (�V)  36.5  ±  14.5  37.5  ±  16.0  37.8  ±  17.0
CV (m/s)  58.6  ±  8.2  58.1  ±  8.8  60.7  ±  5.9

Ulnar nerve
Latency  (ms)  2.5  ±  0.4  2.4  ±  0.5  2.3  ±  0.4
SNAP Amplitude  (�V)  37.9  ±  15.7  36.7  ±  14.5  36.2  ±  14.9
CV (m/s)  57.0  ±  7.2  57.5  ±  7.0  58.6  ±  6.3

Needle EMG
Spontaneous  activities  44/46  39/39
Changes in  MUAPs  46/46  39/39
Involved myotomes

C4  3/46  18/46
C5 27/46  28/46
C6 28/46  28/46
C7 29/46  35/46
C8 31/46  36/46
T1 31/46  36/46

CSA: Cervical spondylotic amyotrophy; ALS: Amyotrophic lateral sclerosis; CMAP: Compound muscle action potential; SNAP: Sensory
nerve action potential; CV: Conduction velocities; EMG: electromyogram; MUAP: Motor unit action potential; a/b: Where a is the
number of HD patients who had abnormal needle EMG and b is the number of patients who underwent needle EMG tests.
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Significant statistical differences between the patients and no

ALS  patients  in  this  study  were  diagnosed  clinically  and
y  sequential  electrophysiological  studies  according  to  the
waji-Shima  criteria  [4].  The  diagnostic  categories  of  the
atients  with  ALS  in  this  study  were  as  follows:  11  clini-
ally  definite,  19  clinically  probable  and  9  clinically  possible
atients.

The  exclusion  criteria  for  both  patient  groups  were:

 history  of  syringomyelia  or  spinal  cord  tumour;
 other  focal  or  multifocal  neuropathy;
 brachial  plexus  injury;
 congenital  muscular  dystrophy;
 Hirayama  disease;
 primary  or  concomitant  neuromuscular  junction  diseases;

 concomitant  trauma,  inflammation  or  infection.

Both  CSA  patients  and  ALS  patients  in  the  lowest  category
i.e.,  clinically  possible)  were  followed  up  for  at  least  six

f
i

u

controls.

onths  after  the  MUNIX  tests  to  identify  the  diagnosis,  and
atients  in  whom  an  alternative  diagnosis  was  suspected  at
ollow-up  were  excluded  from  this  study.

otor  unit  number  index

UNIX  as  described  by  Nandedkar  et  al.  and  Zhou  et  al.  were
pplied  in  all  normal  controls  (bilaterally)  and  patient  sub-
ects  (more  symptomatic  side)  [28,36]. The  maximal  CMAP
as  recorded  from  the  ADM,  APB  and  FDI  in  a  belly-tendon
ontage  (filters:  3  Hz—10  kHz).  Subsequently,  two  series  of

urface  electromyography  (EMG)  interference  patterns  (SIP)
ere  recorded  with  isometric  contraction  at  five  different
orce  levels  (10%  or  slight,  25%,  50%,  submaximal,  and  max-
mal  contraction)  (filters:  10  Hz—1  kHz).

According  to  the  SIP  and  CMAP,  both  MUNIX  and  motor
nit  size  index  (MUSIX)  values  were  measured  by  Excel  table
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Table  3  Measurements  of  both  neurophysiological  and  clinical  evaluation  in  normal  controls  and  patient  subjects.

Patients  with  CSA  Patients  with  ALS  Controls

Number  of  cases  46  39  41
Age range  (years)  55.4  ±  8.5  59.1  ±  12.8  49.3  ±  9.3
Height range  (cm)  170.6  ±  5.7  168.6  ±  7.3  169.9  ±  5.9
Duration (months)  24.2  ±  18.5  16.0  ±  5.8  /
CMAP amplitudes

APB  7.3  ±  2.7  (9)  4.9  ±  2.2  (24)  9.8  ±  2.2
ADM 7.2  ±  2.7  (16)  5.6  ±  2.5  (19)  9.7  ±  2.0
FDI 6.3  ±  3.7  (20) 5.1  ±  2.5  (21)  11.2  ±  3.2

Motor unit  number  index
APB  124.0  ±  58.3  (13) 55.9  ±  28.7  (31) 175.0  ±  45.7
ADM 93.8  ±  56.9  (26)  78.9  ±  46.2  (22)  166.3  ±  40.2
FDI 99.9  ±  73.5  (26)  67.9  ±  52.3  (23)  206.2  ±  72.6

Motor unit  size  index
APB  65.0  ±  20.3  92.7  ±  12.5  57.5  ±  9.6
ADM 88.1  ±  23.5  81.1  ±  22.2  59.2  ±  8.7
FDI 75.1  ±  19.7  91.8  ±  25.3  57.3  ±  12.2

The measurements  of  split-hand  syndrome
FACMAP 0.86  ±  0.32  0.86  ±  0.27  1.20  ±  0.37
FAMUNIX 1.07  ±  0.47  0.83  ±  0.39  1.31  ±  0.58
AACMAP 1.12  ±  0.47  0.84  ±  0.32  1.04  ±  0.25
AAMUNIX 1.62  ±  0.88  0.72  ±  0.34  1.10  ±  0.38
SHICMAP 6.58  ±  3.62  4.19  ±  2.21  11.40  ±  3.18
SHIMUNIX 141.64  ±  101.81  44.98  ±  31.81  221.91  ±  98.29

Clinical functional  evaluation
HGS  34.1  ±  7.0  30.1  ±  11.4  42.5  ±  5.4
DASH 16.2  ±  10.5  /  /
ALSFRS-R /  38.6  ±  4.0  /

CSA: Cervical spondylotic amyotrophy; ALS: Amyotrophic lateral sclerosis; CMAP: Compound muscle action potential; MUNIX: Motor
unit number index; MUSIX: Motor unit size index APB: abductor pollicis brevis; ADM: abductor digiti minimi; FDI: first dorsal interosseus;
FA: FDI/ADM ratio; AA: APB/ADM ratio; SHI: split-hand index; HGS: Handgrip strength; DASH: Disabilities of the arm, shoulder and
hand; ALSFRS-R: ALS Functional Rating Scale-Revised scores; (a): a is the number of the patients who had abnormal CMAP amplitude
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analysis.  To  avoid  the  influence  of  volume  conduction  from
other  muscles,  MUNIX  was  not  be  calculated  when  one  of
the  following  conditions  occurred:  SIP  area  <  20  mV  ms,  ideal
case  motor  unit  count  (ICMUC)  >  100,  SIP  area/CMAP  area  <  1,
or  CMAP  amplitude  <  0.5  mV.

Split-hand  measurements  were  calculated  by  CMAP
amplitudes  or  MUNIX  values  using  the  following  formulas:

•  AACMAP =  maximal  CMAPAPB/maximal  CMAPADM;
•  AAMUNIX =  MUNIXAPB/MUNIXADM;
•  FACMAP =  maximal  CMAPFDI/maximal  CMAPADM;
•  FAMUNIX =  MUNIXFDI/MUNIXADM;
•  SHICMAP =  (maximal  CMAPAPB ×  maximal  CMAPFDI)/maximal

CMAPADM;
•  SHIMUNIX =  (MUNIXAPB ×  MUNIXFDI)/MUNIXADM.

Clinical,  imaging  and  electrophysiological
examinations
All  subjects  underwent  handgrip  strength  (HGS)  tests  and
baseline  electrophysiological  examinations  including  needle
EMG  and  nerve  conduction  studies  (NCS),  and  cervical  MRI

p
w
a
o

as  performed  in  all  patients  with  CSA  and  19  patients  with
LS.  The  disabilities  of  the  arm,  shoulder  and  hand  (DASH)
cores  were  performed  in  all  patients  with  CSA,  along  with
he  ALS  Functional  Rating  Scale-Revised  (ALSFRS-R)  scores
sed  in  all  ALS  patients.

Measurements  of  each  patient  were  considered  abnormal
f  these  measurements  were  absent  or  if  the  CMAP  ampli-
ude,  MUNIX  values  or  HGS  were  2  standard  deviations  below
he  average  values  of  the  normal  controls.  All  electrophysi-
logical  procedures  were  performed  using  the  Keypoint  EMG
nit  (version  2.32;  Medtronic  Dantec,  Skovlunde,  Denmark)
ith  a  skin  temperature  over  32 ◦C.

tatistical  methods

easurements  were  analysed  using  SPSS  version  20.0  (IBM,
rmonk,  NY).  The  Kolmogorov-Smirnov  test  was  used  for
esting  normally  distributed  data.  Measurements  among  the

atients  with  CSA,  patients  with  ALS  and  normal  controls
ere  compared  by  one-way  ANOVA  (Bonferroni  correction),
nd  the  same  test  was  utilized  for  multiple  comparisons
f  the  measurements  among  different  sub-groups  of  the



396  C.  Zheng  et  al.

Figure  2  Split-hand  measurements  among  the  normal  and  ALS/CSA  patient  groups.  A  and  A’.  Both  AACMAP and  AAMUNIX in  patients
with ALS  were  lower  than  those  in  normal  controls,  whereas  patients  with  CSA  showed  increased  AAMUNIX.  There  were  significant
differences in  both  the  AACMAP and  AAMUNIX between  the  patients  with  CSA  and  those  with  ALS.  B  and  B’.  SHICMAP and  SHIMUNIX in  both
patient groups  were  lower  than  those  in  normal  controls,  and  there  were  significant  differences  in  both  the  SHICMAP and  SHIMUNIX

between  the  patients  with  CSA  and  those  with  ALS.  C  and  C’.  FACMAP and  FAMUNIX in  both  patient  groups  were  lower  than  those  in
normal controls,  and  FACMAP and  FAMUNIX failed  to  show  any  difference  between  these  two  patient  groups.  FA:  ratio  of  the  first  dorsal
interosseous (FDI)  to  the  abductor  digiti  minimi  (ADM);  AA:  ratio  of  the  abductor  pollicis  brevis  (APB)  to  the  abductor  digiti  minimi
(ADM); SHI:  split-hand  index;  CSA:  cervical  spondylotic  amyotrophy;  ALS:  amyotrophic  lateral  sclerosis;  NC:  normal  control;  MUNIX:
m entia
c renc
#

p
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otor unit  number  index;  CMAP:  compound  muscle  action  pot
ontrols, *P  <  0.05, **P  <  0.01,  and ***P  <  0.001; #:  Statistical  diffe
##P  <  0.001.
atients  with  ALS  or  CSA.  Both  logistic  regression  analysis
nd  receiver  operating  characteristic  (ROC)  curves  were
sed  to  determine  the  differential  diagnostic  utility  of  both
ndividual  split-hand  measurements  and  their  combination

m
p
m
d

l;  *:  Statistical  differences  between  the  patients  and  normal
es  between  the  ALS  and  CSA  patients, #P  <  0.05, ##P  <  0.01,  and
easured  by  MUNIX  or  CMAP  between  the  CSA  and  ALS
atients.  The  correlations  between  split-hand  measure-
ents  and  both  clinical  functional  measures  and  disease
uration  in  both  patient  groups  were  analysed  by  Pearson  or
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Figure  3  Receiver  operating  characteristic  curve  analysis  revealed  that  both  AA  (A  and  A’)  and  SHI  (B  and  B’)  respectively
measured by  CMAP  and  MUNIX,  as  well  as  their  combination  (C  and  C’),  can  reliably  differentiate  ALS  from  CSA.  Compared  with  the
measurements calculated  by  CMAP  (A,  B  and  C),  those  measured  by  MUNIX  (A’,  B’  and  C’)  showed  obviously  larger  AUC  (P  <  0.05).
ALS: amyotrophic  lateral  sclerosis;  AUC:  area  under  the  curve;  CSA:  cervical  spondylotic  amyotrophy;  CV:  cut-off  value;  MUNIX:
motor unit  number  index;  CMAP:  compound  muscle  action  potential;  AA:  ratio  of  the  abductor  pollicis  brevis  (APB)  to  the  abductor
digiti minimi  (ADM);  SHI:  split-hand  index.
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Table  4  Split-hand  measurements  between  patients  with
‘‘definite/probable’’  ALS  and  patients  with  ‘‘possible’’  ALS.

‘‘Definite/
probable’’  ALS

‘‘Possible’’  ALS

Number  of  cases  30  9
Age range  (years)  59.9  ±  13.3  56.6  ±  11.4
Height  range  (cm)  168.6  ±  7.7  168.6  ±  6.0
Duration  (months) 16.6  ±  5.7 13.8  ±  6.0
FACMAP 0.86  ±  0.27 0.88  ±  0.28
FAMUNIX 0.82  ±  0.41 0.85  ±  0.37
AACMAP 0.80  ±  0.33 0.96  ±  0.28
AAMUNIX 0.72  ±  0.35  0.73  ±  0.33
SHICMAP 3.81  ±  1.97  5.29  ±  2.62
SHIMUNIX 40.58  ±  26.15  57.72  ±  43.79

ALS: Amyotrophic lateral sclerosis; APB: abductor pollicis bre-
vis; ADM: abductor digiti minimi; FDI: first dorsal interosseus;
MUNIX: motor unit number index; CMAP: compound mus-
cle action potential; FA: FDI/ADM ratio; AA: APB/ADM
ratio; SHI: split-hand index; ‘‘Possible’’ ALS: ALS patients
classified as ‘‘clinically possible’’ by Awaji-Shima criteria;
‘‘Definite/probable’’ ALS: ALS patients classified as ‘‘clinically
definite/probable’’ by Awaji-Shima criteria.
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Figure  4  Split-hand  measurements  among  the  CSA/ALS  patients
classified as  ‘‘clinically  possible’’.  A.  A  significantly  lower  AACMAP wa
compared with  those  with  CSA.  A’.  Both  the  patients  with  ‘‘clinicall
ALS showed  a  lower  AAMUNIX than  those  of  the  CSA  patients.  B.  A  signi
definite/probable’’  ALS  compared  to  those  with  CSA.  B’.  Both  the
with ‘‘clinically  possible’’  ALS  showed  a  lower  SHIMUNIX than  those  o
amyotrophic  lateral  sclerosis;  Possible  ALS:  ALS  patients  classified  as
patients classified  as  ‘‘clinically  definite/probable’’  by  the  Awaji-Sh
the abductor  digiti  minimi  (ADM);  SHI:  split-hand  index;  MUNIX:  moto
#P  <  0.05, ##P  <  0.01,  and ###P  <  0.001.
C.  Zheng  et  al.

pearman  correlation  coefficient  analysis.  In  all  instances,
 P-value  <  0.05  was  considered  significant.

esults

here  was  no  statistical  difference  in  either  age  or  height
etween  patients  with  CSA  and  those  with  ALS  (P  >  0.05).  The
isease  duration  in  patients  with  CSA  was  relatively  longer
han  that  in  patients  with  ALS  (P  <  0.05).  MRI  findings  and
eurologic  examination  are  presented  in  Table  1,  along  with
he  comparison  of  NCS  and  needle  EMG  among  ALS  cases,
SA  cases  and  normal  controls  in  Table  2.

easurements  between  the  normal  and  patient
roups

ignificantly  reduced  CMAP  amplitudes  and  decreased  MUNIX
alues,  as  well  as  increased  MUSIX  values,  were  observed

n  all  tested  muscles  in  both  patient  groups  compared  to
ormal  controls  (P  <  0.05,  Table  3).  Both  AACMAP and  AAMUNIX

n  patients  with  ALS  were  lower  than  those  in  normal  con-
rols,  whereas  patients  with  CSA  showed  increased  AAMUNIX

 classified  as  ‘‘clinically  definite/probable’’  and  ALS  patients
s  observed  in  patients  with  ‘‘clinically  definite/probable’’  ALS
y  definite/probable’’  ALS  and  those  with  ‘‘clinically  possible’’
ficantly  lower  SHICMAP was  observed  in  patients  with  ‘‘clinically

 patients  with  ‘‘clinically  definite/probable’’  ALS  and  those
f  the  CSA  patients.  CSA:  cervical  spondylotic  amyotrophy;  ALS:

 ‘‘clinically  possible’’  by  the  Awaji-Shima  criteria;  P/D  ALS:  ALS
ima  criteria;  AA:  ratio  of  the  abductor  pollicis  brevis  (APB)  to
r  unit  number  index;  CMAP:  compound  muscle  action  potential.
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Figure  5  Receiver  operating  characteristic  curve  analysis  revealed  that  both  AAMUNIX (A)  and  SHIMUINX (B),  as  well  as  their  com-
bination (C)  can  reliably  differentiate  ‘‘clinically  possible’’  ALS  from  CSA.  AUC:  area  under  the  curve;  CV:  cut-off  value;  AA:  ratio
of the  abductor  pollicis  brevis  (APB)  to  the  abductor  digiti  minimi  (ADM);  SHI:  split-hand  index;  MUNIX:  motor  unit  number  index;
CSA: cervical  spondylotic  amyotrophy;  ALS:  amyotrophic  lateral  sclerosis.

Table  5  The  split-hand  measurements  between  sub-groups  of  the  patients  with  CSA.

Distal-type  CSA  Proximal-type  CSA  ALS

Number  of  cases  27  19  39
Age range  (years)  53.9  ±  9.3  57.6  ±  6.9  59.1  ±  12.8
Height range  (cm)  169.4  ±  6.0  172.2  ±  5.2  168.6  ±  7.3
Duration (months)  24.3  ±  16.8  24.0  ±  21.1  16.0  ±  5.8
FACMAP 0.73  ±  0.22  1.05  ±  0.35  0.86  ±  0.27
FAMUNIX 0.92  ±  0.38  1.27  ±  0.51  0.83  ±  0.39
AACMAP 1.22  ±  0.54  1.00  ±  0.31  0.84  ±  0.32
AAMUNIX 1.87  ±  1.03  1.27  ±  0.47  0.72  ±  0.34
SHICMAP 4.35  ±  1.58  9.63  ±  3.39  4.19  ±  2.21
SHIMUNIX 84.95  ±  47.75  216.23  ±  106.70  44.98  ±  31.81

CSA: Cervical spondylotic amyotrophy; ALS: Amyotrophic lateral sclerosis; APB: abductor pollicis brevis; ADM: abductor digiti minimi;
CMAP
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FDI: first dorsal interosseus; MUNIX: motor unit number index; 

APB/ADM ratio; SHI: Split-hand index.

(P  <  0.05,  Table  3,  Fig.  2).  Both  SHI  and  FA  measured  by  two
different  methods  in  both  patient  groups  were  lower  than
those  in  normal  controls  (P  <  0.05,  Table  3,  Fig.  2).

Split-hand  measurements  between  the  CSA  and  ALS

There  were  significant  differences  in  both  AA  and  SHI  mea-
sured  by  two  different  methods  between  the  CSA  and  ALS
patients  (P  <  0.05,  Table  3,  Fig.  2),  and  FACMAP and  FAMUNIX

failed  to  show  any  difference  between  these  two  patient
groups  (P  >  0.05,  Table  3,  Fig.  2).

ROC  curve  analysis  was  performed  to  identify  both  the
area  under  the  curve  (AUC)  and  the  cut-off  values  (CVs)  of
individual  split-hand  measurements  for  distinguishing  CSA
from  ALS:  AACMAP (AUC:  0.700,  sensitivity:  82.2%,  specificity:
54.3%,  CV:  0.76),  AAMUNIX (AUC:  0.885,  sensitivity:  82.2%,
specificity:  85.7%,  CV:  0.96),  SHICMAP (AUC:  0.703,  sensitiv-
ity:  88.9%,  specificity:  51.4%,  CV:  3.41),  and  SHIMUNIX (AUC:
0.865,  sensitivity:  88.6%,  specificity:  68.6%,  CV:  58.60)
(Fig.  3).  Both  AA  and  SHI  measured  by  MUNIX  showed  larger
AUC  than  those  measured  by  CMAP  (P  <  0.05),  and  the  combi-

nation  of  both  AAMUNIX and  SHIMUNIX (AUC:  0.925,  sensitivity:
97.1%,  specificity:  63.6%)  showed  a  larger  AUC  than  that
measured  by  CMAP  (AUC:  0.750,  sensitivity:  82.9%,  speci-
ficity:  64.4%)  (P  <  0.05,  Fig.  3).  The  AUC  of  the  combination

0
4
s
f

: compound muscle action potential; FA: FDI/ADM ratio; AA:

f  split-hand  measurements  was  slightly  larger  than  that  of
ndividual  ones  but  without  statistical  difference  (P  >  0.05).

plit-hand  measurements  between  the  CSA  and
‘clinically possible’’  ALS

ll  split-hand  measurements  tended  to  be  higher  in  patients
ith  ‘‘clinically  possible’’  ALS  compared  with  patients  with

‘clinically  definite/probable’’  ALS  but  without  a  statisti-
al  difference  (Table  4, Fig.  4).  Compared  with  patients
ith  CSA,  significant  reductions  in  both  AA  and  SHI  mea-

ured  by  two  different  methods  were  found  in  patients
ith  ‘‘clinically  definite/probable’’  ALS  (P  <  0.05,  Fig.  4),
nd  patients  classified  with  ‘‘clinically  possible’’  ALS  only
howed  reductions  in  both  AAMUNIX and  SHIMUNIX compared  to
hose  with  CSA  (P  <  0.05,  Fig.  4).

Sub-group  analysis  of  the  ROC  curves  in  patients  with
‘clinically  possible’’  ALS  revealed  an  AUC  of  0.893  for
AMUNIX (sensitivity:  81.8%,  specificity:  88.9%,  CV:  0.96),

.801  for  SHIMUNIX (sensitivity:  90.9%,  specificity:  55.6%,  CV:
4.72)  and  0.896  for  their  combination  (sensitivity:  81.8%,
pecificity:  89.9%)  in  distinguishing  ‘‘clinically  possible’’  ALS
rom  CSA  (P  <  0.05,  Fig.  5).



400  C.  Zheng  et  al.

Figure  6  Split-hand  measurements  among  the  patients  with  distal-type  CSA,  patients  with  proximal-type  CSA  and  those  with  ALS.
A. A  significantly  higher  AACMAP was  observed  in  patients  with  distal-type  ALS.  A’.  Both  the  patients  with  proximal-type  CSA  and  those
with distal-type  CSA  showed  higher  AAMUNIX than  those  of  the  ALS  patients.  B.  A  significantly  higher  SHICMAP was  observed  in  patients
with proximal-type  CSA.  B’.  Both  the  patients  with  proximal-type  CSA  and  those  with  distal-type  CSA  showed  higher  SHIMUNIX than
those of  the  ALS  patients.  C.  A  significantly  higher  FACMAP was  observed  in  patients  with  proximal-type  CSA.  C’.  A  significantly  higher
FAMUNIX was  observed  in  patients  with  proximal-type  CSA.  D-CSA:  distal-type  cervical  spondylotic  amyotrophy;  P-CSA:  proximal-type
cervical spondylotic  amyotrophy;  ALS:  amyotrophic  lateral  sclerosis;  AA:  ratio  of  the  abductor  pollicis  brevis  (APB)  to  the  abductor
d orsal
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plit-hand  measurements  between  the
istal/proximal-type  CSA  and  ALS

here  were  significant  differences  in  all  split-hand  mea-
urements  except  AACMAP between  the  patients  with
roximal-type  CSA  and  those  with  ALS  (P  <  0.05,  Table  5,
ig.  6),  and  patients  with  distal-type  CSA  showed  higher
HIMUNIX,  AAMUNIX and  AACMAP compared  to  those  with  ALS
P  <  0.05,  Table  5,  Fig.  6).

SHI  (AUC:  SHICMAP =  0.918,  SHIMUNIX =  0.970),  FAMUNIX (AUC:

.754),  AAMUNIX (AUC:  0.841),  and  their  combination  mea-
ured  by  MUNIX  (AUC:  0.985)  were  demonstrated  to  be  useful
n  distinguishing  ALS  from  proximal-type  CSA  (P  <  0.05,
ig.  7).  Furthermore,  AA  measured  by  CMAP  (AUC:  0.729)
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 interosseous  (FDI)  to  the  abductor  digiti  minimi  (ADM);  MUNIX:
. #P  <  0.05, ##P  <  0.01,  and ###P  <  0.001.

r  MUNIX  (AUC:  0.916),  SHIMUNIX (AUC:  0.785)  and  their  com-
ination  measured  by  MUNIX  (AUC:  0.910)  showed  diagnostic
alue  in  differentiating  ALS  from  distal-type  CSA  (P  < 0.05,
ig.  8).

plit-hand  measurements  and  clinical  function

n  this  study,  SHI  was  correlated  with  HGS  in  both  patient
roups  (CSA-SHICMAP,  r  =  0.51,  CSA-SHIMUNIX,  r  =  0.50;  ALS-

HICMAP,  r  =  0.42,  ALS-SHIMUNIX,  r  =  0.43;  P  <  0.05;  Fig.  9),
nd  there  was  a correlation  between  DASH  scores  and  both
HI  and  FA  in  patients  with  CSA  (SHICMAP,  r  =  −0.36,  SHIMUNIX,

 =  −0.44;  FAMUNIX, r  =  −0.44;  P  <  0.05;  Fig.  9).  There  was  no
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Figure  7  Receiver  operating  characteristic  curve  analysis  revealed  that  the  SHI  (respectively  measured  by  CMAP  [A]  and  MUNIX
[B]), FAMUNIX (C),  AAMUNIX (D),  and  the  combination  of  these  measurements  calculated  by  MUNIX  (E)  can  reliably  differentiate  ALS
from proximal-type  CSA.  AUC:  area  under  the  curve;  CV:  cut-off  value;  AA:  ratio  of  the  abductor  pollicis  brevis  (APB)  to  the  abductor
digiti minimi  (ADM);  SHI:  split-hand  index;  FA:  ratio  of  the  first  dorsal  interosseous  (FDI)  to  the  abductor  digiti  minimi  (ADM);  MUNIX:

tial;  

s
u
a
r
b
a
t
m
a
t
m
b
a
f

b
t
C
s
v
t
r
t
l

motor unit  number  index;  CMAP:  compound  muscle  action  poten
sclerosis.

correlation  between  all  split-hand  measurements  and  dis-
ease  duration  in  both  patient  groups  (P  >  0.05).

Discussion

The  results  of  this  study  demonstrated  a  significant  differ-
ence  in  split-hand  measurements  between  ALS  and  CSA,  and
these  measurements  calculated  by  MUNIX  showed  obviously
higher  differential  diagnostic  values  for  distinguishing  ALS
from  CSA  than  those  calculated  by  CMAP.

Contrary  to  patients  with  ALS,  significant  wasting  of  the
ADM  with  relative  preservation  of  the  APB  was  observed  in
patients  with  CSA,  which  may  be  ascribed  to  the  different
innervation  of  these  muscles.  In  a  previous  study,  Imajo  et  al.
demonstrated  significant  abnormal  central  motor  conduc-
tion  time  (CMCT)  recorded  from  APB  in  patients  with  C6-7
myelopathy  without  abnormal  CMCT  recorded  from  ADM
[16],  and  Lo  et  al.  also  demonstrated  abnormal  F-wave  from
APB  in  patients  with  C6-7  radiculopathy  or  myelopathy  [26].
These  findings  suggest  that  the  APB  may  be  innervated  by
both  C6-C7  and  C8-T1  roots,  while  the  ADM  is  only  inner-
vated  by  the  C8-T1  roots.  Equally  important,  this  ‘proximal’
(upper  cervical)  innervation  of  the  APB  can  be  also  used  to
explain  why  the  AA  ratios  are  higher  in  patients  with  distal-

type  CSA  compared  to  patients  with  proximal-type  CSA,  and
the  opposite  performance  in  FA  between  these  two  patient
groups  may  be  ascribed  to  the  fully  ‘distal’  (lower  cervical)
innervation  of  both  FDI  and  ADM.

s
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CSA:  cervical  spondylotic  amyotrophy;  ALS:  amyotrophic  lateral

In  the  present  study,  patients  with  distal-type  CSA
howed  a  relatively  greater  reduction  in  both  MUNIX  val-
es  and  CMAP  amplitudes  in  the  FDI  than  those  in  the  ADM,
lthough  both  muscles  are  innervated  by  both  C8  and  T1
oots/segments  [3]. Different  axonal  excitability  properties
etween  these  two  muscles  may  be  a  possible  explanation,
nd  a  previous  study  demonstrated  that  greater  nodal  persis-
ent  Na+ currents  in  FDI  axons  may  cause  more  instability  in
embrane  potentials  in  the  FDI  axons  compared  to  the  ADM

xons  [1]. Thus,  FDI  motor  axons  may  be  more  vulnerable
han  ADM  axons.  More  importantly,  this  pattern  of  involve-
ent  of  hand  muscles  gave  similar  performance  of  the  FA
etween  ALS  and  distal-type  CSA.  Therefore,  it  may  not  be
ppropriate  to  use  either  FACMAP or  FAMUNIX to  distinguish  ALS
rom  distal-type  CSA.

Both  AA  and  SHI,  as  well  as  their  combination,  measured
y  MUNIX  demonstrated  significantly  better  performance
han  those  measured  by  CMAP  for  distinguishing  ALS  from
SA.  The  likeliest  reason  is  that  CMAP  amplitudes  are  less
ensitive  for  detecting  early  motor  unit  loss  than  MUNIX
alues,  which  was  further  supported  by  normal  CMAP  ampli-
udes  in  approximately  a  quarter  of  the  tested  muscles  with
educed  MUNIX  values  in  the  patient  groups.  CMAP  ampli-
udes  in  neurodegenerative  disorders  are  reduced  by  the
oss  of  motor  neurons,  while  this  reduction  can  be  compen-

ated  by  collateral  reinnervation.  The  markedly  increased
USIX  values  in  all  tested  muscles  further  identified  the  exis-

ence  of  this  collateral  reinnervation  in  both  patient  groups.
herefore,  the  split-hand  phenomenon  quantified  by  CMAP
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Figure  8  Receiver  operating  characteristic  curve  analysis  revealed  that  the  AA  (respectively  measured  by  CMAP  [A]  and  MUNIX
[B]), SHIMUNIX (C),  and  the  combination  of  these  measurements  calculated  by  MUNIX  (D)  can  reliably  differentiate  ALS  from  distal-
type CSA.  AUC:  area  under  the  curve;  CV:  cut-off  value;  AA:  ratio  of  the  abductor  pollicis  brevis  (APB)  to  the  abductor  digiti  minimi
(ADM); SHI:  split-hand  index;  MUNIX:  motor  unit  number  index;  CMAP:  compound  muscle  action  potential;  CSA:  cervical  spondylotic
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myotrophy;  ALS:  amyotrophic  lateral  sclerosis.

ay  not  be  obviously  altered  until  serious  motor  unit  loss
ccurs.

Compared  with  the  measurements  calculated  by  CMAP,
he  split-hand  phenomenon  quantified  by  MUNIX  was  demon-
trated  to  be  useful  in  distinguishing  ‘‘clinically  possible’’
LS  from  CSA,  suggesting  the  potential  value  of  the  mea-
urements  calculated  by  MUNIX  in  establishing  an  earlier
ifferential  diagnosis  of  ALS  and  CSA.  The  lack  of  correla-
ion  between  disease  duration  and  split-hand  measurements
n  the  patient  groups  further  supported  that  split-hand  phe-
omenon  quantified  by  MUNIX  could  be  used  in  distinguishing
LS  from  CSA  during  their  early  stages.  This  finding  is  of  clin-

cal  significance,  since  unlike  other  ALS-like  diseases  (e.g.,
irayama  disease),  CSA  and  ALS  share  clinical  features,
RI  findings,  and  electrophysiological  signs,  especially  in

heir  early  stages  [20,33].  Furthermore,  the  previous  studies
emonstrated  a  significant  correlation  between  early  surgi-
al  treatment  and  CSA  prognosis  [31].  Therefore,  additional
iagnostic  information  involving  early  differentiation  of  CSA

nd  ALS  provided  by  the  split-hand  phenomenon  quantified
y  MUNIX  may  be  helpful  for  early  surgical  treatment,  which
an  effectively  improve  surgical  outcomes  in  patients  with
SA.

b
w
d
t

In  our  previous  study,  we  demonstrated  that  repetitive
erve  stimulation  (RNS)  could  be  used  to  distinguish  ALS
rom  CSA  [33], and  a  similar  result  was  also  confirmed  by
atanaka  et  al.  [13].  Unlike  RNS  (which  requires  multi-
le  supramaximal  stimulations),  MUNIX  requires  relatively
ew  nerve  stimulations,  and  the  split-hand  phenomenon
uantified  by  MUNIX  does  not  require  the  examination  of
roximal  muscles.  Therefore,  the  MUNIX  method  used  in
his  study  is  less  time-consuming  and  is  well-tolerated  by
atients.  Furthermore,  split-hand  phenomenon  measured
y  MUNIX  correlated  with  clinical  function  in  both  patient
roups  in  this  study,  suggesting  the  potential  value  of
he  split-hand  phenomenon  quantified  by  MUNIX  in  the
upplementary  assessment  of  disease  severity  and  its  pro-
ression.

The  results  of  the  current  study  should  be  explained  with
aution.  It  is  not  possible  to  differentiate  ALS  from  CSA
y  split-hand  measurements  alone  because  the  mechanism
eading  to  different  patterns  of  hand  muscle  involvement

etween  ALS  and  CSA  is  still  unclear,  and  some  patients
ith  ALS  subtypes  may  present  with  absent  split-hand  syn-
rome  [30].  Another  clinical  limitation  of  this  study  is  that
he  MUNIX  measurements  are  easily  influenced  by  both  the
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Figure  9  Correlation  between  clinical  functional  measures  and  split-hand  measurements  calculated  by  CMAP  or  MUNIX  in  patients
with ALS  or  CSA.  In  the  ALS  patient  group,  there  was  a  positive  relationship  between  HGS  and  SHI  measured  by  CMAP  (A)  or  MUNIX
(B). In  the  CSA  patient  group,  there  was  a  positive  relationship  between  HGS  and  SHI  measured  by  CMAP  (C)  or  MUNIX  (D).  The
patients with  CSA  presented  with  negative  correlation  between  DASH  scores  and  both  SHI  measured  by  CMAP  (E)  or  MUNIX  (F)  and
FA measured  by  MUNIX  (G).  SHI:  split-hand  index;  FA:  ratio  of  the  first  dorsal  interosseous  to  the  abductor  digiti  minimi;  MUNIX:
motor unit  number  index;  CMAP:  compound  muscle  action  potential;  CSA:  cervical  spondylotic  amyotrophy;  ALS:  amyotrophic  lateral

R

sclerosis; HGS:  handgrip  strength.

examiner  and  methods.  Therefore,  a  standard  protocol  for
positioning  the  electrodes  and  a  fixed  examiner  were  used
in  this  study.  Compared  with  individual  split-hand  measure-
ment,  the  combination  of  these  different  measurements
failed  to  show  obvious  advantages  in  distinguishing  ALS  from
CSA,  and  more  significant  results  might  be  achieved  in  future
studies  with  an  increased  number  of  patients.

In  conclusion,  both  AA  and  SHI  measured  by  two  different
methods  are  useful  in  distinguishing  ALS  from  CSA.  Signifi-
cantly  better  performance  of  the  split-hand  measurements
calculated  by  MUNIX  suggests  that  this  may  provide  a  simple,
accurate  and  noninvasive  supplementary  test  in  facilitating
identification  of  CSA  and  ALS,  even  in  the  early  stage  of  these
diseases.

Disclosure of interest

The  authors  declare  that  they  have  no  competing  interest.
Acknowledgements

Financial  support  from  the  National  Natural  Science
Foundation  of  China  Youth  Science  Foundation  Project
(81802145)  and  the  Scientific  Research  Project  supported  by
Huashan  Hospital,  Fudan  University  (2016QD074)  is  grate-
fully  acknowledged.
eferences

[1] Bae JS, Sawai S, Misawa S, Kanai K, Isose S, Kuwabara S. Differ-
ences in excitability properties of FDI and ADM motor axons.
Muscle Nerve 2009;39:350—4.

[2] Bas J, Delmont E, Fatehi F, Salort-Campana E, Verschueren
A, Pouget J, et al. Motor unit number index correlates with
disability in Charcot-Marie-Tooth disease. Clin Neurophysiol
2018;129:1390—6.

[3] Chiba T, Konoeda F, Higashihara M, Kamiya H, Oishi C, Hatanaka
Y, et al. C8 and T1 innervation of forearm muscles. Clin Neu-
rophysiol 2015;126:837—42.

[4] de Carvalho M, Dengler R, Eisen A, England JD, Kaji R, Kimura
J, et al. Electrodiagnostic criteria for diagnosis of ALS. Clin
Neurophysiol 2008;119:497—503.

[5] Eisen A, Kuwabara S. The split hand syndrome in amy-
otrophic lateral sclerosis. J Neurol Neurosurg Psychiatry
2012;83:399—403.

[6] Fatehi F, Delmont E, Grapperon A, Salort-Campana E, Sévy
A, Verschueren A, et al. Motor unit number index (MUNIX)
in patients with anti-MAG neuropathy. Clin Neurophysiol
2017;128:1264—9.

[7] Fatehi F, Grapperon AM, Fathi D, Delmont E, Attarian S. The
utility of motor unit number index: a systematic review. Neu-
rophysiol Clin 2018;48:251—9.

[8] Fujiwara Y, Tanaka N, Fujimoto Y, Nakanishi K, Kamei N, Ochi
M. Surgical outcome of posterior decompression for cervical
spondylosis with unilateral upper extremity amyotrophy. Spine
2006;31:E728—32.
[9] Fukada K, Matsui T, Furuta M, Hirozawa D, Matsui M, Kajiyama
Y, et al. The Motor Unit Number Index of subclinical abnor-
mality in amyotrophic lateral sclerosis. J Clin Neurophysiol
2016;33:564—8.

http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0185
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0190
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0195
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0200
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0205
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0210
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0215
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0220
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0225


4

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

Clin Neurophysiol 2019;130:1465—73.
[36] Zhou P, Li X, Rymer WZ. Computing motor unit number index of
04  

10] Günther R, Neuwirth C, Koch JC, Lingor P, Braun N, Untucht
R, et al. Motor Unit Number Index (MUNIX) of hand muscles
is a disease biomarker for adult spinal muscular atrophy. Clin
Neurophysiol 2019;130:315—9.

11] Hassan KM, Sahni H, Jha A. Clinical and radiological profile of
Hirayama disease: a flexion myelopathy due to tight cervical
dural canal amenable to collar therapy. Ann Indian Acad Neurol
2012;15:106—12.

12] Hassan KM, Sahni H. Nosology of juvenile muscular atro-
phy of distal upper extremity: from monomelic amyotrophy
to Hirayama disease—–Indian perspective. BioMed Res Int
2013;2013:478516.

13] Hatanaka Y, Higashihara M, Chiba T, Miyaji Y, Kawamura Y,
Sonoo M. Utility of repetitive nerve stimulation test for ALS
diagnosis. Clin Neurophysiol 2017;128:823—9.

14] Hirayama K. Juvenile muscular atrophy of unilateral upper
extremity (Hirayama disease) —– Half-century progress
and establishment since its discovery. Brain Nerve Tokyo
2008;60:17—29.

15] Imajo Y, Kato Y, Kanchiku T, Suzuki H, Yoshida Y, Funaba M,
et al. Prediction of surgical outcome for proximal-type cervi-
cal spondylotic amyotrophy novel mode of assessment using
compound action potentials of deltoid and biceps brachii and
central motor conduction time. Spine 2012;37:E1444—9.

16] Imajo Y, Kanchiku T, Suzuki H, Funaba M, Nishida N, Taguchi T.
Utility of the central motor conduction time recorded from
the abductor pollicis brevis and the abductor digiti minimi
muscles in patients with C6-7 myelopathy. J Spinal Cord Med
2018;41:182—91.

17] Inui Y, Miyamoto H, Sumi M, Uno K. Clinical outcomes and
predictive factors relating to prognosis of conservative and
surgical treatments for cervical spondylotic amyotrophy. Spine
2011;36:794—9.

18] Ito H, Takai K, Taniguchi M. Cervical duraplasty with tent-
ing sutures via laminoplasty for cervical flexion myelopathy
in patients with Hirayama disease: successful decompression
of a ‘‘tight dural canal in flexion’’ without spinal fusion. J
Neurosurg Spine 2014;21:743—52.

19] Jiang SD, Jiang LS, Dai LY. Cervical spondylotic amyotrophy. Eur
Spine J 2011;20:351—7.

20] Jin X, Jiang J, Lu F, Xia X, Wang L, Zheng C. Electrophysi-
ological differences between Hirayama disease, amyotrophic
lateral sclerosis and cervical spondylotic amyotrophy. BMC Mus-
culoskelet Disord 2014;15:1—6.

21] Kalita J, Kumar S, Misra UK, Neyaz Z. Split hand index and ulnar
to median ratio in Hirayama disease and amyotrophic lateral
sclerosis. Amyotroph Lateral Scler Frontotemporal Degener

2017;18:598—603.

22] Kameyama T, Ando T, Yanagi T, Yasui K, Sobue G. Cervical
spondylotic amyotrophy. Magnetic resonance imaging demon-
stration of intrinsic cord pathology. Spine 1998;23:448—52.
C.  Zheng  et  al.

23] Keegan J. The cause of dissociated motor loss in the
upper extremity with cervical spondylosis. J Neurosurg
1965;23:528—36.

24] Kim DG, Hong YH, Shin JY, Park KH, Sohn SY, Lee KW, et al. Split-
hand phenomenon in amyotrophic lateral sclerosis: a motor
unit number index study. Muscle Nerve 2016;53:885—8.

25] Kuwabara S, Sonoo M, Komori T, Shimizu T, Hirashima F, Inaba
A, et al. Dissociated small hand muscle atrophy in amyotrophic
lateral sclerosis: frequency, extent, and specificity. Muscle
Nerve 2008;37:426—30.

26] Lo YL, Chan LL, Leoh T, Lim W,  Tan SB, Tan CT, et al. Diagnostic
utility of F waves in cervical radiculopathy: electrophysiolog-
ical and magnetic resonance imaging correlation. Clin Neurol
Neurosurg 2008;110:58—61.

27] Menon P, Kiernan MC, Yiannikas C, Stroud J, Vucic S. Split-hand
index for the diagnosis of amyotrophic lateral sclerosis. Clin
Neurophysiol 2013;124:410—6.

28] Nandedkar SD, Barkhaus PE, Stålberg EV. Motor unit number
index (MUNIX): principle, method, and findings in healthy sub-
jects and in patients with motor neuron disease. Muscle Nerve
2010;42:798—807.

29] Sostarko M, Vranjes D, Brinar V, Brzovic Z. Severe progres-
sion of ALS/MND after intervertebral discectomy. J Neurol Sci
1998;160:S42—6.

30] Sun X, Zhang Z, Liu N. Absence of split hand in the flail arm
variant of ALS. Neurophysiol Clin 2016;46:149—52.

31] Tauchi R, Imagama S, Inoh H, Yukawa Y, Kanemura T, Sato K,
et al. Appropriate timing of surgical intervention for the proxi-
mal type of cervical spondylotic amyotrophy. Eur J Orthop Surg
Traumatol 2015;25:S107—13.

32] Zheng C, Zhu Y, Yang S, Lu F, Jin X, Weber R, et al. A study
of dynamic F-waves in juvenile spinal muscular atrophy of
the distal upper extremity (Hirayama disease). J Neurol Sci
2016;367:298—304.

33] Zheng C, Jin X, Zhu Y, Lu F, Jiang J, Xia X. Repetitive
nerve stimulation as a diagnostic aid for distinguishing cervi-
cal spondylotic amyotrophy from amyotrophic lateral sclerosis.
Eur Spine J 2017;26:1929—36.

34] Zheng C, Nie C, Lei W, Zhu Y, Zhu D, Wang H, et al. CAN ante-
rior cervical fusion procedures prevent the progression of the
natural course of Hirayama disease? An ambispective cohort
analysis. Clin Neurophysiol 2018;129:2341—9.

35] Zheng C, Song J, Zhu Y, Li X, Zhu D, Lyu F, et al. Motor unit
number index (MUNIX) in the quantitative assessment of sever-
ity and surgical outcome in cervical spondylotic amyotrophy.
the first dorsal interosseous muscle with two different contrac-
tion tasks. Med Eng Phys 2012;34:1209—12.

http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0230
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0235
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0240
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0245
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0250
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0255
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0260
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0265
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0270
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0275
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0280
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0285
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0290
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0295
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0300
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0305
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0310
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0315
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0320
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0325
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0330
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0335
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0340
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0345
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0350
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0355
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360
http://refhub.elsevier.com/S0987-7053(19)30218-7/sbref0360

	Split-hand phenomenon quantified by the motor unit number index for distinguishing cervical spondylotic amyotrophy from am...
	Introduction
	Methods
	Subjects
	Motor unit number index
	Clinical, imaging and electrophysiological examinations
	Statistical methods

	Results
	Measurements between the normal and patient groups
	Split-hand measurements between the CSA and ALS
	Split-hand measurements between the CSA and “clinically possible” ALS
	Split-hand measurements between the distal/proximal-type CSA and ALS
	Split-hand measurements and clinical function

	Discussion
	Disclosure of interest
	Acknowledgements
	References


