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Abstract	
  
	
  
Summary	
  of	
  background	
  data:	
  	
  Intractable	
  cervical	
  radiculopathy	
  secondary	
  to	
  stenosis	
  

or	
  herniated	
  nucleus	
  pulposus	
  is	
  commonly	
  treated	
  with	
  an	
  anterior	
  cervical	
  

decompression	
  and	
  fusion	
  procedure	
  (ACDF).	
  	
  However,	
  there	
  is	
  little	
  evidence	
  in	
  the	
  

literature	
  that	
  demonstrates	
  the	
  impact	
  such	
  surgery	
  has	
  on	
  long	
  term	
  range	
  of	
  motion	
  

outcomes.	
  

Study	
  Design:	
  Prospective,	
  non-­‐experimental.	
  

Objective:	
  The	
  objective	
  of	
  this	
  study	
  was	
  to	
  compare	
  cervical	
  range	
  of	
  motion	
  and	
  

patient	
  reported	
  outcomes	
  in	
  patients	
  before	
  and	
  after	
  a	
  1,	
  2	
  or	
  3	
  level	
  ACDF.	
  	
  

Patient	
  Sample:	
  	
  46	
  patients.	
  

Methods:	
  Patients	
  undergoing	
  an	
  ACDF	
  for	
  cervical	
  radiculopathy	
  had	
  their	
  cervical	
  

range	
  of	
  motion	
  measured	
  preoperatively,	
  and	
  also	
  at	
  3	
  months	
  and	
  6	
  months	
  following	
  

the	
  procedure.	
  	
  Neck	
  Disability	
  Index	
  and	
  pain	
  visual	
  analog	
  scale	
  values	
  were	
  also	
  

recorded	
  at	
  the	
  same	
  time.	
  

Outcome	
  Measures:	
  	
  The	
  following	
  were	
  measured	
  preoperatively	
  and	
  also	
  at	
  3	
  months	
  

and	
  6	
  months	
  after	
  ACDF:	
  active	
  range	
  of	
  motion	
  (full	
  and	
  painfree)	
  in	
  three	
  planes	
  (i.e.,	
  

sagittal,	
  coronal	
  and	
  horizontal),	
  pain	
  Visual	
  Analog	
  Scale	
  (VAS),	
  Neck	
  Disability	
  Index	
  

(NDI),	
  and	
  headache	
  frequency.	
  

Results:	
  Both	
  painfree	
  and	
  full	
  active	
  range	
  of	
  motion	
  did	
  not	
  change	
  significantly	
  from	
  

the	
  preoperative	
  measurement	
  to	
  the	
  3	
  month	
  postoperative	
  measurement	
  (ps	
  >	
  .05).	
  

However,	
  painfree	
  and	
  full	
  active	
  range	
  of	
  motion	
  did	
  increase	
  significantly	
  in	
  all	
  three	
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planes	
  of	
  motion	
  from	
  the	
  preoperative	
  measurement	
  to	
  the	
  6	
  month	
  postoperative	
  

measurement	
  regardless	
  of	
  the	
  number	
  of	
  levels	
  fused	
  (ps	
  ≤	
  .023).	
  	
  VAS,	
  NDI	
  and	
  

headache	
  frequency	
  all	
  improved	
  significantly	
  over	
  time	
  (ps	
  ≤	
  .017).	
  

Conclusion:	
  	
  Our	
  results	
  suggest	
  that	
  patients	
  who	
  have	
  had	
  an	
  ACDF	
  for	
  cervical	
  

radiculopathy	
  will	
  experience	
  improved	
  range	
  of	
  motion	
  in	
  the	
  long	
  term	
  following	
  their	
  

procedure.	
  	
  In	
  addition,	
  patients	
  can	
  expect	
  a	
  decrease	
  in	
  pain,	
  an	
  improvement	
  in	
  neck	
  

function,	
  and	
  a	
  decrease	
  in	
  headache	
  frequency	
  over	
  the	
  long	
  term.	
  

	
  

Keywords:	
  cervical,	
  range	
  of	
  motion,	
  radiculopathy,	
  outcomes	
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   1	
  

Introduction	
  

Disabling	
  Neck	
  pain	
  is	
  a	
  common	
  condition	
  within	
  the	
  adult	
  general	
  population	
  with	
  12-­‐

month	
  prevalence	
  estimates	
  ranging	
  from	
  2	
  to	
  13.5%.	
  Cervical	
  radiculopathy,	
  however,	
  

is	
  less	
  common;	
  with	
  a	
  prevalence	
  of	
  3.3	
  cases	
  per	
  1000	
  people.1-­‐6	
  Disabling	
  neck	
  pain	
  

and	
  radiculopathy	
  often	
  result	
  in	
  considerable	
  disability,	
  substantial	
  economic	
  hardship	
  

and	
  is	
  often	
  treated	
  with	
  surgical	
  intervention.	
  One	
  of	
  the	
  most	
  common	
  surgical	
  

treatments	
  for	
  chronic	
  neck	
  pain	
  and	
  radiculopathy	
  is	
  an	
  anterior	
  cervical	
  

decompression	
  and	
  fusion	
  (ACDF).	
  It	
  is	
  typically	
  used	
  when	
  conservative	
  management	
  

has	
  been	
  unsuccessful.7,	
  8	
  ACDF	
  is	
  thought	
  to	
  relieve	
  pressure	
  on	
  nerve	
  roots	
  through	
  

decompression	
  and	
  is	
  purported	
  to	
  help	
  prevent	
  further	
  irritation	
  at	
  the	
  level	
  by	
  fusing	
  

the	
  vertebra	
  above	
  and	
  below	
  together.7,	
  9	
  

	
  

ACDF	
  has	
  been	
  shown	
  to	
  be	
  a	
  successful	
  treatment	
  for	
  neck	
  and	
  radiating	
  arm	
  pain.	
  8-­‐15	
  

In	
  a	
  majority	
  of	
  patients	
  that	
  undergo	
  ACDF,	
  pain	
  is	
  lessened	
  or	
  alleviated,	
  even	
  when	
  

tested	
  up	
  to	
  six	
  years	
  afterwards.16	
  ACDF	
  was	
  also	
  shown	
  to	
  be	
  an	
  effective	
  treatment	
  

for	
  improving	
  function	
  at	
  a	
  10	
  year	
  follow	
  up.8	
  In	
  a	
  study	
  performed	
  by	
  Bohlman	
  et	
  al13,	
  

it	
  was	
  found	
  that	
  95.1%	
  of	
  patients	
  had	
  complete	
  recovery	
  of	
  all	
  radicular	
  symptoms,	
  

including	
  radiating	
  arm	
  pain,	
  sensory	
  deficits,	
  and	
  motor	
  deficits	
  at	
  a	
  6	
  year	
  follow	
  up.	
  

	
  

Regardless	
  of	
  the	
  clinical	
  success	
  of	
  ACDF	
  in	
  terms	
  of	
  pain	
  relief,	
  there	
  is	
  uncertainty	
  

regarding	
  the	
  possible	
  permanent	
  loss	
  of	
  range	
  of	
  motion	
  (ROM)	
  following	
  the	
  

procedure.	
  Often	
  the	
  term	
  ‘fusion’	
  is	
  equated	
  with	
  a	
  loss	
  of	
  motion	
  because	
  the	
  fused	
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segment/s	
  will	
  no	
  longer	
  contribute	
  to	
  cervical	
  ROM.	
  Since	
  many	
  people	
  that	
  are	
  

experiencing	
  chronic	
  radiculopathy	
  and	
  neck	
  pain	
  already	
  have	
  limited	
  motion,	
  the	
  idea	
  

of	
  losing	
  more	
  ROM	
  is	
  disconcerting.9	
  When	
  ROM	
  is	
  lost,	
  it	
  affects	
  more	
  than	
  just	
  the	
  

ability	
  to	
  turn	
  the	
  neck,	
  it	
  may	
  also	
  impact	
  function	
  and	
  may	
  limit	
  activities	
  of	
  daily	
  

living.15	
  While	
  it	
  is	
  logical	
  to	
  think	
  that	
  a	
  loss	
  of	
  segmental	
  motion	
  from	
  ACDF	
  will	
  lead	
  to	
  

an	
  overall	
  decrease	
  in	
  cervical	
  ROM,	
  it	
  is	
  thought	
  by	
  some	
  that	
  adjacent	
  segments	
  may	
  

become	
  more	
  mobile	
  in	
  order	
  to	
  make	
  up	
  for	
  the	
  loss	
  of	
  motion	
  at	
  the	
  fused	
  

segments.17-­‐20	
  	
  The	
  downstream	
  consequences	
  of	
  ACDF	
  in	
  terms	
  of	
  range	
  of	
  motion	
  and	
  

function	
  have	
  not	
  received	
  much	
  attention	
  in	
  the	
  literature;9	
  therefore,	
  physicians	
  

cannot	
  confidently	
  give	
  evidence-­‐based	
  assurance	
  on	
  whether	
  ROM	
  will	
  actually	
  

increase	
  or	
  decrease.	
  	
  The	
  primary	
  purpose	
  of	
  this	
  study	
  was	
  to	
  determine	
  the	
  influence	
  

of	
  ACDF	
  on	
  overall	
  cervical	
  ROM	
  measured	
  in	
  the	
  short	
  (3	
  months	
  post	
  surgery)	
  and	
  long	
  

term	
  (6	
  months	
  post	
  surgery).	
  	
  In	
  addition,	
  a	
  secondary	
  purpose	
  was	
  to	
  determine	
  the	
  

outcomes	
  for	
  ACDF	
  in	
  terms	
  of	
  pain,	
  function,	
  and	
  headache	
  frequency.	
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Methods	
  

Patients	
  

All	
  patients	
  were	
  initially	
  evaluated	
  and	
  treated	
  by	
  fellowship-­‐trained	
  spine	
  surgeons	
  

prior	
  to	
  being	
  enrolled	
  in	
  the	
  study.	
  	
  Patients	
  that	
  had	
  failed	
  non-­‐surgical	
  treatment	
  for	
  

cervical	
  radiculopathy	
  (home	
  exercise	
  program	
  or	
  formal	
  physical	
  therapy)	
  and	
  were	
  

deemed	
  candidates	
  for	
  an	
  ACDF	
  were	
  approached	
  about	
  the	
  study	
  by	
  the	
  surgeon	
  

and/or	
  his	
  staff.	
  	
  Following	
  an	
  informational	
  discussion	
  about	
  the	
  study,	
  patients	
  that	
  

were	
  willing	
  to	
  be	
  involved	
  in	
  the	
  study	
  were	
  referred	
  to	
  the	
  research	
  team	
  for	
  formal	
  

inclusion	
  screening.	
  	
  All	
  acceptable	
  patients	
  for	
  this	
  study	
  were	
  formally	
  consented	
  

under	
  institutional	
  review	
  board	
  approval‡.	
  	
  Inclusion	
  criteria	
  were	
  patients	
  between	
  the	
  

ages	
  of	
  20	
  and	
  65	
  who	
  were	
  scheduled	
  for	
  an	
  ACDF.	
  	
  If	
  patients	
  possessed	
  any	
  of	
  the	
  

following,	
  they	
  were	
  excluded	
  from	
  the	
  study:	
  previous	
  cervical	
  surgeries,	
  C1-­‐C2	
  fusion,	
  

cervical	
  vertebral	
  fractures	
  as	
  the	
  primary	
  reason	
  for	
  fusion,	
  congenital	
  neck	
  

abnormalities,	
  history	
  of	
  stroke	
  or	
  spinal	
  cord	
  injury,	
  pregnancy,	
  and	
  other	
  potentially	
  

confounding	
  co-­‐morbidities.	
  	
  A	
  total	
  of	
  49	
  patients	
  were	
  screened	
  for	
  participation	
  and	
  

46	
  were	
  enrolled	
  in	
  the	
  study	
  (Figure	
  1).	
  Of	
  the	
  patients	
  that	
  started	
  the	
  study,	
  20	
  had	
  a	
  

one-­‐level	
  fusion,	
  13	
  had	
  a	
  two-­‐level	
  fusion,	
  and	
  13	
  had	
  a	
  three-­‐level	
  fusion	
  (Figure	
  1).	
  	
  

Demographic	
  and	
  descriptive	
  patient	
  data	
  are	
  in	
  Table	
  1.	
  

	
  

Overall	
  study	
  design	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
‡	
  UNLV	
  Biomedical	
  IRB	
  protocol	
  1103-­‐3750	
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To	
  assess	
  the	
  change	
  in	
  ROM	
  due	
  to	
  ACDF	
  a	
  time	
  series	
  design	
  was	
  employed	
  wherein	
  

all	
  patients	
  were	
  measured	
  before	
  surgery	
  (pre-­‐op)	
  and	
  then	
  twice	
  after	
  surgery	
  (post-­‐

op)	
  at	
  the	
  3	
  month	
  and	
  6	
  month	
  points	
  (Figure	
  2).	
  	
  At	
  each	
  of	
  the	
  same	
  time	
  points,	
  the	
  

following	
  questionnaires	
  were	
  completed:	
  pain	
  visual	
  analog	
  scale	
  (VAS),	
  and	
  Neck	
  

Disability	
  Index	
  (NDI).	
  	
  In	
  addition,	
  headache	
  frequency	
  within	
  the	
  last	
  month	
  was	
  

recorded.	
  	
  After	
  surgery,	
  formal	
  physical	
  therapy	
  was	
  given	
  as	
  an	
  option	
  for	
  every	
  

patient;	
  however,	
  many	
  opted	
  for	
  a	
  home	
  exercise	
  program	
  of	
  ROM	
  exercises	
  instead.	
  	
  

All	
  patients	
  were	
  instructed	
  to	
  begin	
  ROM	
  exercises	
  immediately	
  following	
  surgery	
  and	
  

to	
  progress	
  the	
  ROM	
  as	
  tolerated.	
  	
  Patients	
  were	
  not	
  given	
  a	
  brace	
  or	
  soft	
  collar.	
  	
  	
  	
  

	
  

Outcome	
  measures	
  

Cervical	
  range	
  of	
  motion.	
  The	
  cervical	
  range	
  of	
  motion	
  device	
  (CROMψ)	
  is	
  considered	
  the	
  

gold	
  standard	
  for	
  measuring	
  cervical	
  ROM.21	
  The	
  CROM	
  utilizes	
  inclinometers	
  and	
  a	
  

compass.	
  It	
  demonstrates	
  excellent	
  reliability	
  with	
  intraclass	
  correlation	
  coefficients	
  

(ICCs)	
  ranging	
  from	
  0.88	
  to	
  0.9622	
  and	
  correlates	
  highly	
  with	
  radiographic	
  measurements	
  

of	
  ROM.22,23	
  	
  The	
  sagittal	
  plane	
  minimal	
  detectable	
  change	
  (MDC)	
  is	
  11.6°,	
  the	
  coronal	
  

plane	
  MDC	
  is	
  7.8°,	
  and	
  the	
  horizontal	
  plane	
  MDC	
  is	
  11.0°.22	
  	
  These	
  MDC	
  values	
  were	
  

extrapolated	
  by	
  adding	
  together	
  the	
  MDCs	
  for	
  the	
  component	
  motions	
  in	
  each	
  cardinal	
  

plane	
  [i.e.	
  sagittal	
  plane	
  (flexion	
  +	
  extension),	
  coronal	
  plane	
  (right	
  sidebending	
  +	
  left	
  

sidebending),	
  and	
  horizontal	
  plane	
  (right	
  rotation	
  +	
  left	
  rotation)].	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
ψPatterson Medical / Sammons Preston Corporate Headquarters, 1000 Remington Blvd., Suite 210, 
Bolingbrook, IL 60440-5117, Phone: (630)378-6000	
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Pain	
  visual	
  analog	
  scale.	
  The	
  pain	
  Visual	
  Analog	
  Scale	
  (VAS)	
  is	
  a	
  self-­‐report	
  assessment	
  

of	
  subjective	
  pain	
  level.	
  It	
  is	
  marked	
  on	
  a	
  standard	
  100	
  mm	
  line,	
  with	
  0	
  indicating	
  no	
  

pain	
  and	
  100	
  indicating	
  severe	
  pain.	
  The	
  reliability	
  of	
  this	
  tool	
  is	
  excellent	
  with	
  an	
  ICC	
  =	
  

0.97.24	
  	
  The	
  VAS	
  has	
  been	
  shown	
  to	
  correlate	
  with	
  age,	
  balance	
  score,	
  gait	
  scores,	
  

mobility	
  scores	
  and	
  falls	
  in	
  the	
  previous	
  year.25	
  The	
  MDC	
  was	
  determined	
  to	
  be	
  1.8	
  

points.25,26	
  

Neck	
  Disability	
  Index.	
  The	
  Neck	
  Disability	
  Index	
  (NDI)	
  is	
  a	
  self-­‐report	
  questionnaire	
  

measuring	
  disability	
  due	
  to	
  neck	
  pathology.	
  It	
  is	
  composed	
  of	
  ten	
  items	
  with	
  scores	
  

ranging	
  from	
  0	
  (low	
  disability)	
  to	
  50	
  points	
  (high	
  disability).	
  The	
  reliability	
  of	
  the	
  NDI	
  is	
  

excellent	
  with	
  an	
  ICC	
  =	
  .93.27	
  In	
  addition,	
  it	
  is	
  correlated	
  with	
  general	
  health	
  outcomes	
  

(e.g.,	
  Medical	
  Outcomes	
  Study	
  Short	
  Form	
  36).	
  27	
  The	
  MDC	
  for	
  the	
  NDI	
  is	
  5	
  points.28	
  

Headache.	
  	
  Because	
  headaches	
  are	
  commonly	
  cervicogenic	
  and	
  frequently	
  reported	
  in	
  

those	
  with	
  neck	
  pain,	
  patients	
  were	
  asked	
  how	
  many	
  headaches	
  they	
  had	
  experienced	
  

in	
  the	
  previous	
  month.	
  Pain	
  referred	
  to	
  the	
  head	
  from	
  the	
  cervical	
  spine	
  is	
  considered	
  

cervicogenic	
  and	
  represents	
  14–18%	
  of	
  all	
  chronic	
  headaches.29	
  	
  

	
  

Procedures	
  

After	
  completion	
  of	
  the	
  questionnaires,	
  patients	
  performed	
  3	
  minutes	
  of	
  light,	
  sub-­‐pain	
  

threshold	
  cervical	
  motion	
  (10	
  times	
  with	
  5	
  second	
  holds)	
  prior	
  to	
  measurement	
  in	
  the	
  

following	
  planes:	
  flexion,	
  extension,	
  right	
  side-­‐bending,	
  left	
  side-­‐bending,	
  right	
  rotation,	
  

and	
  left	
  rotation.	
  	
  AROM	
  was	
  then	
  measured	
  as	
  the	
  patient	
  sat	
  upright	
  in	
  a	
  chair	
  with	
  

arms	
  resting	
  in	
  their	
  lap.	
  	
  To	
  minimize	
  the	
  upper	
  thoracic	
  contribution	
  to	
  ROM	
  patients	
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were	
  asked	
  to	
  sit	
  upright	
  and	
  avoid	
  slumping.	
  	
  A	
  CROM	
  device	
  was	
  used	
  to	
  assess	
  active	
  

range	
  of	
  motion	
  (AROM)	
  in	
  sagittal,	
  coronal	
  and	
  horizontal	
  planes	
  (Table	
  2;	
  Illustration	
  

1).	
  	
  Patients	
  were	
  asked	
  to	
  actively	
  move	
  their	
  neck	
  in	
  the	
  plane	
  being	
  tested	
  and	
  to	
  

stop	
  at	
  the	
  point	
  at	
  which	
  they	
  first	
  experienced	
  pain.	
  	
  The	
  measurement	
  of	
  this	
  position	
  

was	
  then	
  taken	
  and	
  was	
  defined	
  as	
  painfree	
  active	
  range	
  of	
  motion	
  (pAROM).	
  	
  The	
  

patient	
  was	
  then	
  asked	
  to	
  move	
  as	
  far	
  into	
  that	
  same	
  plane	
  as	
  they	
  could	
  tolerate.	
  	
  A	
  

second	
  measurement	
  was	
  then	
  taken	
  and	
  this	
  was	
  defined	
  as	
  the	
  total	
  AROM.	
  	
  These	
  

measurements	
  were	
  then	
  aggregated	
  into	
  three	
  total	
  measurements	
  for	
  both	
  pAROM	
  

and	
  AROM:	
  sagittal	
  plane	
  (flexion	
  +	
  extension),	
  coronal	
  plane	
  (right	
  sidebending	
  +	
  left	
  

sidebending),	
  and	
  horizontal	
  plane	
  (right	
  rotation	
  +	
  left	
  rotation).	
  

	
  

Data	
  analysis	
  

All	
  data	
  were	
  analyzed	
  using	
  PASW	
  18.0.δ	
  	
  Data	
  were	
  analyzed	
  in	
  two	
  ways,	
  a	
  per-­‐

protocol-­‐analysis	
  (PPA)	
  and	
  an	
  intent-­‐to-­‐treat	
  analysis	
  (ITT).	
  	
  In	
  the	
  PPA,	
  only	
  those	
  

patients	
  who	
  completed	
  all	
  three	
  measurement	
  points	
  were	
  included	
  in	
  the	
  

computations.	
  	
  In	
  the	
  ITT,	
  all	
  patients	
  who	
  were	
  lost	
  to	
  follow-­‐up	
  at	
  the	
  6	
  month	
  

measurement	
  point	
  were	
  included	
  in	
  the	
  analysis	
  using	
  imputation	
  (last	
  observation	
  

carried	
  forward	
  method).	
  Patients	
  that	
  only	
  completed	
  the	
  preoperative	
  measurement	
  

were	
  not	
  included	
  in	
  the	
  ITT	
  analysis;	
  only	
  those	
  patients	
  that	
  had	
  at	
  least	
  one	
  

postoperative	
  measurement	
  were	
  included.	
  	
  A	
  3	
  (fusion	
  level:	
  one-­‐level,	
  two-­‐level,	
  

three-­‐level)	
  X	
  3	
  (time:	
  baseline,	
  3-­‐month,	
  6-­‐month)	
  mixed	
  factorial	
  analysis	
  of	
  variance	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
δIBM SPSS North American Headquarters, 233 S. Wacker Drive, 11th Floor, Chicago, IL 60606, Phone: 
(312)651-3000	
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(ANOVA)	
  was	
  used	
  to	
  determine	
  the	
  influence	
  of	
  ACDF	
  on	
  the	
  following	
  outcome	
  

variables:	
  sagittal	
  pAROM	
  and	
  AROM,	
  coronal	
  pAROM	
  and	
  AROM,	
  horizontal	
  pAROM	
  

and	
  AROM,	
  pain	
  VAS,	
  NDI,	
  headache	
  frequency.	
  	
  Exploratory	
  analysis	
  of	
  covariate	
  

candidates	
  (gender,	
  age,	
  smoking,	
  secondary	
  gain,	
  30,31	
  physical	
  therapy	
  before	
  ACDF,	
  

physical	
  therapy	
  after	
  ACDF)	
  found	
  no	
  suitable	
  covariates;	
  therefore,	
  standard	
  factorial	
  

ANOVAs	
  were	
  conducted.	
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Results	
  
	
  
No	
  interactions	
  were	
  observed	
  for	
  any	
  of	
  the	
  outcomes	
  (sagittal	
  pAROM,	
  coronal	
  

pAROM,	
  horizontal	
  pAROM,	
  sagittal	
  AROM,	
  coronal	
  AROM,	
  horizontal	
  AROM,	
  VAS,	
  NDI,	
  

headache	
  frequency);	
  however,	
  several	
  significant	
  main	
  effects	
  were	
  noted	
  (Tables	
  

3,5,7).	
  	
  Means	
  and	
  standard	
  deviations	
  are	
  detailed	
  in	
  tables	
  2,	
  4	
  and	
  6.	
  	
  Results	
  for	
  the	
  

ITT	
  analysis	
  were	
  consistent	
  with	
  the	
  PPA;	
  there	
  were	
  no	
  significant	
  interactions	
  for	
  any	
  

of	
  the	
  outcomes.	
  

	
  

pAROM	
  

Painfree	
  AROM	
  improved	
  significantly	
  in	
  all	
  three	
  planes	
  of	
  motion	
  over	
  the	
  course	
  of	
  

the	
  trial	
  (Tables	
  2-­‐3,	
  Figure	
  3-­‐4;	
  ps	
  ≤	
  .011).	
  	
  In	
  all	
  three	
  planes,	
  there	
  was	
  no	
  change	
  from	
  

the	
  preoperative	
  measurement	
  to	
  the	
  3	
  month	
  measurement	
  (ps	
  ≥	
  .155);	
  however,	
  

there	
  were	
  significant	
  improvements	
  from	
  3	
  months	
  to	
  6	
  months	
  (ps	
  ≤	
  .009).	
  	
  In	
  the	
  

short	
  term	
  (3	
  month	
  measurement),	
  only	
  11	
  of	
  32	
  increased	
  their	
  sagittal	
  pAROM	
  

beyond	
  the	
  MDC;	
  however,	
  at	
  the	
  long	
  term	
  measurement	
  point	
  (6	
  months),	
  20	
  of	
  the	
  

32	
  patients	
  showed	
  increased	
  sagittal	
  pAROM	
  beyond	
  the	
  MDC.	
  	
  For	
  coronal	
  plane	
  

pAROM,	
  15	
  improved	
  beyond	
  the	
  MDC	
  in	
  the	
  short	
  term	
  while	
  20	
  of	
  32	
  did	
  in	
  the	
  long	
  

term.	
  	
  For	
  horizontal	
  pAROM,	
  12	
  out	
  of	
  32	
  improved	
  beyond	
  the	
  MDC	
  in	
  the	
  short	
  term	
  

while	
  16	
  out	
  of	
  32	
  did	
  in	
  the	
  long	
  term.	
  

	
  

AROM	
  



	
   9	
  

Total	
  AROM	
  improved	
  significantly	
  over	
  the	
  course	
  of	
  the	
  trial	
  for	
  sagittal	
  and	
  horizontal	
  

AROM	
  (Tables	
  4-­‐5,	
  Figure	
  3-­‐4;	
  ps	
  ≤	
  .023);	
  however,	
  coronal	
  plane	
  AROM	
  did	
  not	
  improve	
  

over	
  the	
  course	
  of	
  the	
  trial	
  (ps	
  =	
  .085).	
  	
  In	
  all	
  three	
  planes,	
  there	
  was	
  no	
  change	
  from	
  the	
  

preoperative	
  measurement	
  to	
  the	
  3	
  month	
  measurement	
  (ps	
  =	
  1.000);	
  however,	
  there	
  

were	
  significant	
  improvements	
  from	
  3	
  months	
  to	
  6	
  months	
  (ps	
  ≤	
  .008).	
  	
  For	
  total	
  AROM	
  

in	
  the	
  sagittal	
  plane,	
  only	
  12	
  out	
  of	
  32	
  improved	
  beyond	
  the	
  MDC	
  at	
  the	
  3	
  month	
  

measurement	
  point,	
  whereas	
  15	
  out	
  of	
  32	
  did	
  by	
  the	
  6	
  month	
  measurement	
  point.	
  	
  For	
  

coronal	
  AROM	
  in	
  the	
  short	
  term,	
  12	
  improved	
  beyond	
  the	
  MDC	
  at	
  the	
  3	
  month	
  

measurement	
  point	
  whereas	
  16	
  had	
  by	
  6	
  months.	
  	
  For	
  horizontal	
  AROM	
  by	
  3	
  months,	
  

12	
  out	
  of	
  32	
  had	
  improved	
  (i.e.,	
  beyond	
  MDC)	
  and	
  by	
  6	
  months	
  14	
  had.	
  	
  

	
  

Pain	
  

Pain	
  decreased	
  significantly	
  over	
  the	
  duration	
  of	
  the	
  study	
  (Tables	
  6-­‐7;	
  p	
  <	
  .001)	
  with	
  

most	
  of	
  the	
  pain	
  decreasing	
  over	
  the	
  first	
  3	
  months	
  of	
  the	
  trial	
  (p	
  <	
  .001);	
  it	
  did	
  not	
  

change	
  over	
  the	
  last	
  3	
  months	
  of	
  the	
  trial	
  (p	
  =	
  .119).	
  	
  Over	
  the	
  first	
  three	
  months,	
  21	
  of	
  

the	
  32	
  patients	
  showed	
  decreased	
  pain	
  beyond	
  the	
  MDC,	
  and	
  23	
  of	
  the	
  32	
  patients	
  

showed	
  decreased	
  pain	
  beyond	
  the	
  MDC	
  over	
  the	
  entire	
  duration	
  of	
  the	
  study.	
  

	
  

NDI	
  

NDI	
  score	
  improved	
  over	
  all	
  time	
  periods	
  of	
  the	
  study	
  regardless	
  of	
  how	
  many	
  levels	
  

were	
  fused	
  (ps	
  ≤	
  .005).	
  	
  Over	
  the	
  first	
  3	
  months,	
  27	
  of	
  the	
  32	
  patients	
  showed	
  improved	
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function	
  beyond	
  the	
  MDC	
  while	
  one	
  additional	
  patient	
  (28	
  of	
  the	
  32)	
  showed	
  improved	
  

function	
  beyond	
  the	
  MDC	
  over	
  the	
  entire	
  duration	
  of	
  the	
  study.	
  	
  

	
  

Headache	
  frequency	
  

Headache	
  frequency	
  did	
  not	
  improve	
  over	
  the	
  first	
  3	
  months	
  of	
  the	
  trial	
  (p	
  =	
  .806)	
  or	
  

from	
  the	
  3	
  month	
  to	
  6	
  month	
  measurement	
  points	
  (p	
  =	
  .475)	
  but	
  did	
  over	
  the	
  entire	
  6	
  

month	
  trial	
  (p	
  =	
  .017)	
  (Tables	
  6-­‐7).	
  	
  Over	
  the	
  first	
  3	
  months,	
  12	
  of	
  the	
  32	
  patients	
  

reported	
  a	
  decrease	
  in	
  frequency	
  of	
  HA.	
  Two	
  of	
  the	
  patients	
  reported	
  no	
  change	
  in	
  

headache	
  frequency,	
  5	
  reported	
  an	
  increase,	
  and	
  13	
  reported	
  no	
  headaches.	
  	
  Over	
  the	
  

entire	
  6	
  months	
  of	
  the	
  trial,	
  14	
  of	
  the	
  32	
  patients	
  reported	
  a	
  decrease	
  in	
  frequency	
  of	
  

headache.	
  One	
  of	
  the	
  patients	
  reported	
  no	
  change	
  in	
  headache	
  frequency,	
  4	
  reported	
  

an	
  increase,	
  and	
  13	
  reported	
  no	
  headaches.	
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Discussion	
  

The	
  primary	
  purpose	
  of	
  our	
  study	
  was	
  to	
  determine	
  the	
  effect	
  of	
  ACDF	
  on	
  overall	
  

cervical	
  range	
  of	
  motion	
  through	
  a	
  prospective	
  study.	
  	
  Our	
  results	
  show	
  that	
  patients	
  

can	
  expect	
  an	
  increase	
  in	
  total	
  and	
  painfree	
  ROM	
  after	
  ACDF	
  in	
  both	
  the	
  short	
  (3	
  

months)	
  and	
  longer	
  term	
  (6	
  months).	
  	
  In	
  addition	
  to	
  the	
  improved	
  ROM	
  noted	
  in	
  our	
  

study,	
  patients	
  also	
  experienced	
  an	
  improvement	
  in	
  function	
  and	
  a	
  decrease	
  in	
  pain	
  and	
  

headaches	
  over	
  time	
  for	
  all	
  levels	
  of	
  fusion.	
  

	
  

Increased	
  ROM	
  was	
  seen	
  in	
  all	
  three	
  cardinal	
  planes	
  of	
  cervical	
  motion.	
  	
  In	
  terms	
  of	
  

percent	
  improvement,	
  the	
  greatest	
  ROM	
  gained	
  in	
  the	
  long	
  term	
  was	
  seen	
  with	
  those	
  

who	
  had	
  a	
  single	
  level	
  fusion	
  (figure	
  4).	
  	
  That	
  is,	
  patients	
  with	
  a	
  single	
  level	
  fusion	
  

improved	
  more	
  than	
  those	
  with	
  two	
  and	
  three	
  level	
  fusions.	
  	
  From	
  a	
  statistical	
  

perspective,	
  there	
  was	
  no	
  difference	
  in	
  the	
  total	
  long	
  term	
  AROM	
  for	
  those	
  with	
  one	
  

and	
  two	
  level	
  fusions;	
  however,	
  both	
  one	
  and	
  two	
  level	
  fusions	
  had	
  better	
  long	
  term	
  

outcomes	
  than	
  three	
  or	
  more	
  levels.	
  The	
  plane	
  that	
  improved	
  the	
  most	
  for	
  AROM	
  was	
  

sagittal	
  (flexion/extension)	
  at	
  14.20%	
  (range:	
  5.79-­‐18.96%)	
  followed	
  by	
  coronal	
  

(sidebending)	
  at	
  13.42%	
  (range:	
  7.82-­‐22.16%)	
  and	
  then	
  horizontal	
  (rotation)	
  at	
  10.50%	
  

(range:	
  6.11-­‐13.67%).	
  	
  Nearly	
  half	
  of	
  the	
  patients	
  who	
  underwent	
  an	
  ACDF	
  regardless	
  of	
  

the	
  number	
  of	
  fused	
  levels	
  improved	
  beyond	
  the	
  MDC:	
  46.9%	
  of	
  patients	
  improved	
  in	
  

the	
  sagittal	
  plane,	
  50.0%	
  improved	
  in	
  the	
  coronal	
  plane,	
  and	
  43.8%	
  improved	
  in	
  the	
  

horizontal	
  plane.	
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The	
  average	
  cervical	
  AROM	
  for	
  all	
  three	
  planes	
  at	
  the	
  6	
  month	
  point	
  fall	
  within	
  the	
  

ranges	
  of	
  healthy	
  patients	
  from	
  a	
  study	
  conducted	
  by	
  Youdas	
  et	
  al.32	
  The	
  ranges	
  for	
  

patients	
  aged	
  30-­‐79	
  are	
  as	
  follows:	
  sagittal	
  (77.7-­‐150	
  degrees),	
  coronal	
  (50.8-­‐90.1	
  

degrees),	
  horizontal	
  (99.7-­‐156	
  degrees).	
  In	
  our	
  study,	
  the	
  ranges	
  for	
  total	
  AROM	
  at	
  6	
  

months	
  are:	
  sagittal	
  (82.6-­‐101.1	
  degrees),	
  coronal	
  (55.8-­‐76.71	
  degrees),	
  horizontal	
  

(99.7-­‐122.7	
  degrees).	
  	
  	
  	
  	
  

	
  

Painfree	
  ROM	
  demonstrated	
  a	
  larger	
  percentage	
  of	
  improvement	
  than	
  total	
  AROM.	
  	
  

Again,	
  patients	
  with	
  one	
  and	
  two	
  level	
  fusions	
  had	
  better	
  outcomes	
  than	
  those	
  who	
  had	
  

3	
  or	
  more	
  levels.	
  	
  Coronal	
  plane	
  movement	
  also	
  demonstrated	
  the	
  greatest	
  

improvement	
  in	
  pAROM	
  at	
  20.54%	
  (11.64-­‐29.13%),	
  followed	
  by	
  sagittal	
  at	
  20.13%	
  

(14.88-­‐25.83%)	
  and	
  horizontal	
  at	
  14.38%	
  (11.00-­‐16.54%).	
  	
  More	
  than	
  half	
  of	
  the	
  patients	
  

undergoing	
  ACDF	
  regardless	
  of	
  the	
  number	
  of	
  fused	
  segments	
  experienced	
  improved	
  

pAROM	
  beyond	
  the	
  MDC:	
  60.5%	
  of	
  patients	
  improved	
  in	
  the	
  sagittal	
  plane,	
  60.5%	
  

improved	
  in	
  the	
  coronal	
  plane,	
  and	
  50.0%	
  improved	
  in	
  the	
  horizontal	
  plane.	
  These	
  

results	
  suggest	
  that	
  pAROM	
  will	
  improve	
  or	
  hold	
  constant	
  for	
  the	
  majority	
  of	
  patients	
  

who	
  will	
  have	
  an	
  ACDF	
  procedure.	
  

	
  

While	
  improved	
  ROM	
  from	
  an	
  ACDF	
  procedure	
  is	
  certainly	
  a	
  desired	
  outcome	
  for	
  those	
  

who	
  have	
  painful	
  and	
  restricted	
  neck	
  motion,	
  it	
  may	
  cause	
  unintended	
  downstream	
  

consequences.	
  Segments	
  adjacent	
  to	
  fused	
  segments	
  may	
  experience	
  a	
  higher	
  level	
  of	
  

mechanical	
  stress	
  and	
  may	
  develop	
  accelerated	
  disc	
  degeneration.33-­‐35	
  Focal	
  segmental	
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motion	
  at	
  the	
  fused	
  segment	
  is	
  limited	
  with	
  a	
  successful	
  fusion,	
  but	
  as	
  our	
  study	
  results	
  

show,	
  overall	
  motion	
  is	
  improved.	
  It	
  is	
  logical	
  that	
  the	
  improved	
  ROM	
  following	
  ACDF	
  is	
  

a	
  result	
  of	
  a	
  decrease	
  in	
  pain.	
  	
  Rudolfsson	
  et	
  al36	
  showed	
  that	
  neck	
  pain	
  decreased	
  

cervical	
  ROM.	
  Our	
  study	
  demonstrated	
  a	
  decrease	
  in	
  pain	
  (71.9%)	
  over	
  time	
  regardless	
  

of	
  the	
  number	
  of	
  levels	
  fused	
  (Table	
  7).	
  	
  Increased	
  ROM	
  may	
  have	
  been	
  due	
  to	
  the	
  

general	
  decrease	
  in	
  pain	
  that	
  resulted	
  from	
  a	
  lack	
  of	
  mechanical	
  impingement	
  or	
  

irritation	
  of	
  pain-­‐sensitive	
  tissues.	
  	
  The	
  majority	
  of	
  patients	
  (93.8%)	
  exhibited	
  a	
  

significant	
  decrease	
  of	
  pain	
  (i.e.,	
  beyond	
  MDC)	
  over	
  the	
  long	
  term.	
  Decreased	
  neck	
  pain	
  

resulting	
  from	
  mechanical	
  impingement/irritation	
  may	
  also	
  decrease	
  high	
  tone	
  in	
  

paraspinal	
  neck	
  musculature.	
  	
  While	
  a	
  significant	
  portion	
  of	
  the	
  ROM	
  improvement	
  may	
  

be	
  from	
  pain	
  relief,	
  increased	
  ROM	
  is	
  also	
  a	
  result	
  of	
  increased	
  segmental	
  motion	
  at	
  the	
  

levels	
  that	
  remain	
  un-­‐fused	
  and	
  mobile.	
  	
  This	
  effect	
  has	
  been	
  shown	
  to	
  occur	
  in	
  an	
  in	
  

vitro	
  biomechanical	
  study,	
  and	
  may	
  be	
  a	
  factor	
  following	
  ACDF.37	
  

	
  

While	
  a	
  small	
  minority	
  of	
  patients	
  experienced	
  an	
  increase	
  in	
  headache	
  frequency	
  after	
  

6	
  months,	
  a	
  majority	
  (73.7%)	
  of	
  the	
  patients	
  had	
  a	
  decreased	
  frequency.	
  	
  Since	
  a	
  

majority	
  of	
  these	
  patients	
  exhibited	
  a	
  decrease	
  in	
  headache	
  frequency,	
  it	
  is	
  logical	
  that	
  

these	
  headaches	
  may	
  have	
  been	
  cervicogenic,	
  the	
  primary	
  cause	
  of	
  which	
  is	
  thought	
  to	
  

be	
  referred	
  from	
  the	
  C1,	
  C2,	
  or	
  C3	
  nerve	
  roots.38	
  However,	
  in	
  our	
  study,	
  only	
  one	
  patient	
  

had	
  a	
  fusion	
  that	
  involved	
  the	
  upper	
  cervical	
  segments	
  of	
  C2-­‐C3;	
  most	
  had	
  fusions	
  in	
  the	
  

middle	
  to	
  lower	
  cervical	
  spine	
  and,	
  therefore,	
  would	
  not	
  likely	
  have	
  had	
  any	
  

involvement	
  of	
  the	
  upper	
  three	
  cervical	
  nerve	
  roots.	
  	
  Bogduk38	
  has	
  suggested	
  that	
  no	
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nerve	
  root	
  pathology	
  below	
  the	
  level	
  of	
  C3	
  has	
  been	
  shown	
  to	
  precipitate	
  headache.	
  

Since	
  all	
  but	
  1	
  patient	
  in	
  our	
  study	
  had	
  middle	
  to	
  lower	
  ACDF	
  procedures,	
  it	
  is	
  logical	
  

that	
  C1-­‐C3	
  nerve	
  root	
  impingement	
  was	
  not	
  a	
  primary	
  cause	
  of	
  the	
  headaches	
  observed	
  

in	
  our	
  patients.	
  	
  Instead,	
  it	
  is	
  most	
  likely	
  that	
  these	
  headaches	
  may	
  have	
  originated	
  from	
  

pain-­‐generated	
  high	
  tone/tension	
  in	
  the	
  middle	
  to	
  lower	
  cervical	
  paraspinal	
  muscles.	
  

The	
  prevalence	
  of	
  tension-­‐type	
  headaches	
  at	
  42%	
  in	
  a	
  global	
  population	
  study	
  supports	
  

the	
  notion	
  that	
  high	
  tone	
  may	
  be	
  a	
  more	
  likely	
  cause	
  of	
  the	
  headaches	
  in	
  our	
  study	
  than	
  

typical	
  cervicogenic	
  headaches	
  from	
  C1-­‐C3	
  nerve	
  root	
  impingement.39	
  

	
  

The	
  majority	
  of	
  patients	
  (87.5%	
  beyond	
  MDC)	
  had	
  decreased	
  disability	
  as	
  measured	
  by	
  

the	
  NDI	
  in	
  the	
  long	
  term.	
  	
  A	
  decrease	
  in	
  disability	
  suggests	
  that	
  patients	
  had	
  improved	
  

function.40,	
  41	
  While	
  the	
  NDI	
  is	
  only	
  a	
  self-­‐report	
  of	
  neck	
  disability,	
  it	
  is	
  a	
  significant	
  

predictive	
  factor	
  for	
  determining	
  patient	
  outcomes	
  following	
  ACDF.42	
  In	
  our	
  population,	
  

the	
  decrease	
  in	
  disability	
  was	
  consistent	
  with	
  the	
  improvements	
  in	
  ROM	
  and	
  pain.	
  	
  It	
  is	
  

logical	
  that	
  improvements	
  in	
  these	
  impairments	
  are	
  what	
  triggered	
  gains	
  in	
  perceived	
  

neck	
  function.	
  	
  

	
  

The	
  strengths	
  of	
  our	
  study	
  include	
  the	
  fact	
  that	
  it	
  was	
  prospectively	
  performed	
  and	
  all	
  

measurements	
  and	
  outcome	
  data	
  were	
  collected	
  outside	
  of	
  the	
  surgeons’	
  office	
  by	
  

unbiased,	
  independent	
  researchers.	
  	
  The	
  limitations	
  include	
  the	
  smaller	
  sample	
  size	
  and	
  

the	
  drop-­‐out	
  rate	
  (30%).	
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Conclusion	
  

The	
  results	
  of	
  this	
  study	
  suggest	
  that	
  patients	
  who	
  have	
  undergone	
  an	
  ACDF	
  will	
  

experience	
  improved	
  range	
  of	
  motion	
  in	
  the	
  long	
  term	
  following	
  their	
  procedure.	
  	
  In	
  

addition,	
  they	
  will	
  also	
  likely	
  have	
  a	
  decrease	
  in	
  pain	
  and	
  headache	
  frequency,	
  as	
  well	
  as	
  

an	
  improvement	
  in	
  overall	
  neck	
  function	
  in	
  the	
  long	
  term.	
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Appendix	
  

	
  
Table	
  1.	
  Statistical	
  profile	
  for	
  all	
  patients	
  including	
  age,	
  gender,	
  smoker.	
  
	
  

	
   All	
  patients	
   1-­‐level	
   2-­‐levels	
  
3	
  or	
  more	
  
levels	
  

Number	
  of	
  patients	
   46	
   20	
   13	
   13	
  

Mean	
  age	
  with	
  SD	
  
53.3	
  years	
  
(SD	
  =	
  11.0)	
  

50.4	
  years	
  
(SD	
  =	
  11.6)	
  

50.7	
  years	
  
(SD	
  =	
  9.6)	
  

60.6	
  years	
  
(SD	
  =	
  8.4)	
  

Gender	
  
23	
  males	
  
23	
  females	
  

12	
  males	
  
8	
  females	
  

6	
  males	
  
7	
  females	
  

5	
  males	
  
8	
  females	
  

Smoker	
   Yes	
  =	
  13	
   Yes	
  =	
  3	
   Yes	
  =	
  8	
   Yes	
  =	
  2	
  

Physical	
  therapy	
  before	
  
ACDF	
  

Yes	
  =	
  21	
   Yes	
  =	
  7	
   Yes	
  =	
  8	
   Yes	
  =	
  6	
  

Physical	
  therapy	
  after	
  
ACDF	
  

Yes	
  =	
  14	
   Yes	
  =	
  4	
   Yes	
  =	
  1	
   Yes	
  =	
  9	
  

Secondary	
  gain	
  (i.e.,	
  
personal	
  injury	
  case,	
  

workers’	
  compensation	
  
claim)	
  

Yes	
  =	
  7	
   Yes	
  =	
  4	
   Yes	
  =	
  1	
   Yes	
  =	
  2	
  

Cause	
  
Traumatic	
  =	
  15	
  
Arthritic	
  =	
  7	
  

Unknown	
  =	
  24	
  

Traumatic	
  =	
  8	
  
Arthritic	
  =	
  4	
  
Unknown	
  =	
  8	
  

Traumatic	
  =	
  3	
  
Arthritic	
  =	
  1	
  
Unknown	
  =	
  9	
  

Traumatic	
  =	
  4	
  
Arthritic	
  =	
  2	
  
Unknown	
  =	
  7	
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Table	
  2.	
  Means	
  and	
  standard	
  deviations	
  for	
  painfree	
  active	
  range	
  of	
  motion	
  for	
  the	
  per	
  
protocol	
  analysis.	
  
	
  

	
  	
   Pre-­‐op	
   3	
  months	
  	
  
post-­‐op	
  

6	
  months	
  	
  
post-­‐op	
  

1	
  level	
   81.9	
  
28.24	
  

98.9	
  
22.0	
  

103.9	
  
19.7	
  

2	
  levels	
   87.5	
  
21.3	
  

93.2	
  
16.7	
  

101.0	
  
16.0	
  

Sagittal	
  

3	
  levels	
   66.8	
  
29.5	
  

67.0	
  
19.6	
  

80.0	
  
16.5	
  

1	
  level	
   59.4	
  
15.2	
  

71.9	
  
16.2	
  

77.7	
  
15.9	
  

2	
  levels	
   61.5	
  
27.7	
  

63.0	
  
14.8	
  

74.5	
  
13.9	
  

Coronal	
  

3	
  levels	
   49.6	
  
27.8	
  

49.8	
  
13.0	
  

55.4	
  
16.1	
  

1	
  level	
   107.3	
  
13.2	
  

124.0	
  
20.1	
  

125.2	
  
16.3	
  

2	
  levels	
   110.1	
  
31.1	
  

113.3	
  
23.4	
  

122.5	
  
15.9	
  

Horizontal	
  

3	
  levels	
   85.0	
  
30.5	
  

84.0	
  
24.8	
  

98.1	
  
21.0	
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Table	
  3.	
  Interactions	
  and	
  main	
  effects	
  for	
  the	
  per	
  protocol	
  analysis	
  of	
  painfree	
  active	
  
range	
  of	
  motion.	
  
	
  

	
  
Time	
  by	
  level	
  
interaction	
  

Main	
  
effect	
  
for	
  time	
  

Time	
  pairwise	
  
comparisons	
  

Main	
  
effect	
  

for	
  level	
  

Level	
  pairwise	
  
comparisons	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p=.155	
   1	
  to	
  2	
   p=1.00	
  

3	
  months	
  to	
  6	
  
months	
  

p=.002	
   2	
  to	
  3	
   p=.024	
  Sagittal	
  
p=.319	
  

(power=.288)	
  
p=.001	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p=.001	
  

p=.003	
  

1	
  to	
  3	
   p=.003	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p=.808	
   1	
  to	
  2	
   p=1.00	
  

3	
  months	
  to	
  6	
  
months	
  

p=.009	
   2	
  to	
  3	
   p=.118	
  Coronal	
  
p=.444	
  

(power=.251)	
  
p=.007	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p=.011	
  

p=.017	
  

1	
  to	
  3	
   p=.017	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p=.272	
   1	
  to	
  2	
   p=1.00	
  

3	
  months	
  to	
  6	
  
months	
  

p=.007	
   2	
  to	
  3	
   p=.024	
  Horizontal	
  
p=.174	
  

(power=.476)	
  
p<.001	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p=.001	
  

p=.003	
  

1	
  to	
  3	
   p=.003	
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Table	
  4.	
  Means	
  and	
  standard	
  deviations	
  for	
  total	
  active	
  range	
  of	
  motion	
  for	
  the	
  per	
  
protocol	
  analysis.	
  
	
  

	
  	
   Pre-­‐op	
   3	
  months	
  	
  
post-­‐op	
  

6	
  months	
  
	
  post-­‐op	
  

1	
  level	
   84.6	
  
24.8	
  

96.9	
  
24.9	
  

101.1	
  
21.5	
  

2	
  levels	
   95.6	
  
17.1	
  

93.5	
  
16.8	
  

101.0	
  
16.0	
  

Sagittal	
  

3	
  levels	
   70.6	
  
27.7	
  

67.8	
  
19.9	
  

82.6	
  
14.6	
  

1	
  level	
   61.7	
  
12.9	
  

69.0	
  
18.9	
  

76.1	
  
16.3	
  

2	
  levels	
   68.8	
  
20.4	
  

63.0	
  
14.8	
  

74.8	
  
13.9	
  

Coronal	
  

3	
  levels	
   51.8	
  
27.9	
  

51.2	
  
13.8	
  

55.8	
  
15.8	
  

1	
  level	
   107.9	
  
10.4	
  

122.6	
  
23.7	
  

122.7	
  
18.3	
  

2	
  levels	
   115.6	
  
22.0	
  

113.3	
  
23.4	
  

122.5	
  
15.9	
  

Horizontal	
  

3	
  levels	
   90.0	
  
28.3	
  

85.0	
  
24.9	
  

99.7	
  
21.4	
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Table	
  5.	
  Interactions	
  and	
  main	
  effects	
  for	
  total	
  active	
  range	
  of	
  motion	
  for	
  the	
  per	
  
protocol	
  analysis.	
  
	
  

	
  
Time	
  by	
  level	
  
interaction	
  

Main	
  
effect	
  
for	
  time	
  

Time	
  pairwise	
  
comparisons	
  

Main	
  
effect	
  

for	
  level	
  

Level	
  pairwise	
  
comparisons	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p=1.00	
   1	
  to	
  2	
   p=1.00	
  

3	
  months	
  to	
  6	
  
months	
  

p=.003	
   2	
  to	
  3	
   p=.046	
  Sagittal	
  
p=.202	
  

(power=.422)	
  
p=.004	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p=.023	
  

p=.020	
  

1	
  to	
  3	
   p=.040	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p=1.00	
   1	
  to	
  2	
   p=1.00	
  

3	
  months	
  to	
  6	
  
months	
  

p=.008	
   2	
  to	
  3	
   p=.072	
  Coronal	
  
p=.444	
  

(power=.258)	
  
p=.034	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p=.085	
  

p=.021	
  

1	
  to	
  3	
   p=.030	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p=1.00	
   1	
  to	
  2	
   p=1.00	
  

3	
  months	
  to	
  6	
  
months	
  

p=.006	
   2	
  to	
  3	
   p=.022	
  Horizontal	
  
p=.059	
  

(power=.658)	
  
p=.004	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p=.015	
  

p=.004	
  

1	
  to	
  3	
   p=.006	
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Table	
  6.	
  Means	
  and	
  standard	
  deviations	
  of	
  the	
  VAS,	
  NDI,	
  and	
  headaches.	
  
	
  

	
  	
   Pre-­‐op	
   3	
  months	
  
	
  post-­‐op	
  

6	
  months	
  	
  
post-­‐op	
  

1	
  level	
   4.9	
  
3.2	
  

1.4	
  
2.1	
  

1.0	
  
1.5	
  

2	
  levels	
   6.5	
  
3.8	
  

2.4	
  
2.2	
  

.9	
  
1.9	
  

VAS	
  

3	
  levels	
   7.4	
  
1.7	
  

3.8	
  
2.2	
  

3.4	
  
2.3	
  

1	
  level	
   14.9	
  
9.1	
  

5.5	
  
7.4	
  

3.6	
  
5.8	
  

2	
  levels	
   20.0	
  
11.9	
  

9.0	
  
6.3	
  

5.6	
  
5.6	
  

NDI	
  

3	
  levels	
   28.4	
  
5.7	
  

18.0	
  
9.0	
  

13.1	
  
7.3	
  

1	
  level	
   17.4	
  
27.8	
  

11.4	
  
24.7	
  

3.1	
  
7.9	
  

2	
  levels	
   13.0	
  
12.0	
  

2.3	
  
4.2	
  

2.1	
  
4.2	
  

Headaches	
  

3	
  levels	
   7.7	
  
12.4	
  

8.5	
  
11.1	
  

4.5	
  
9.1	
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Table	
  7.	
  Interactions	
  and	
  main	
  effects	
  for	
  Visual	
  Analog	
  Scale	
  (VAS),	
  Neck	
  Disability	
  
Index	
  (NDI),	
  and	
  headaches	
  for	
  the	
  per	
  protocol	
  analysis.	
  
	
  

PPA	
  
Time	
  by	
  level	
  
interaction	
  

Main	
  effect	
  
for	
  time	
  

Time	
  pairwise	
  
comparisons	
  

Main	
  
effect	
  

for	
  level	
  

Level	
  pairwise	
  
comparisons	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p<.001	
   1	
  to	
  2	
   p=.855	
  

3	
  months	
  to	
  6	
  
months	
  

p=.119	
   2	
  to	
  3	
   p=.223	
  VAS	
  
p=.604	
  

(power=.200)	
  
p<.001	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p<.001	
  

p=.010	
  

1	
  to	
  3	
   p=.008	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p<.001	
   1	
  to	
  2	
   p=.683	
  

3	
  months	
  to	
  6	
  
months	
  

p=.005	
   2	
  to	
  3	
   p=.035	
  NDI	
  
p=.716	
  

(power=.159)	
  
p<.001	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p<.001	
  

p=.001	
  

1	
  to	
  3	
   p<.001	
  

Pre-­‐op	
  to	
  3	
  
months	
  

p=.806	
   1	
  to	
  2	
   p=1.00	
  

3	
  months	
  to	
  6	
  
months	
  

p=.475	
   2	
  to	
  3	
   p=.024	
  Headaches	
  
p=.555	
  

(power=.178)	
  
p=.043	
  

Pre-­‐op	
  to	
  6	
  
months	
  

p=.017	
  

p=.575	
  

1	
  to	
  3	
   p=.003	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  



	
   23	
  

	
  
Figure	
  1.	
  Schematic	
  for	
  patient	
  eligibility,	
  follow-­‐up,	
  and	
  analysis.	
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Figure	
  2.	
  Schematic	
  for	
  study	
  design.	
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Figure	
  3.	
  Overall	
  range	
  of	
  motion	
  (sagittal	
  +	
  coronal	
  +	
  horizontal)	
  for	
  active	
  painfree	
  and	
  
total	
  range	
  of	
  motion.	
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Figure	
  4.	
  	
  Active	
  painfree	
  and	
  total	
  ROM	
  for	
  each	
  of	
  the	
  3	
  planes	
  of	
  motion.	
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Illustration	
  1.	
  	
  Patient	
  sitting	
  upright	
  in	
  measurement	
  position	
  with	
  CROM	
  device.	
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