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Cardiovascular	
  Disease:	
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Denticle:	
  	
  An	
  alternative	
  term	
  for	
  pulp	
  stone,	
  more	
  usually	
  a	
  calci9ication	
  9illed	
  with	
  
epithelial	
  remnants	
  surrounded	
  by	
  odontoblasts	
  
Diffuse	
  CalciBication:	
  	
  Calci9ied	
  deposits	
  that	
  are	
  9ine,	
  irregular,	
  and	
  9ibrillar.	
  	
  They	
  can	
  
begin	
  in	
  the	
  wall	
  of	
  a	
  blood	
  vessel,	
  in	
  connective	
  tissue,	
  surrounding	
  a	
  nerve,	
  or	
  following	
  
the	
  course	
  of	
  blood	
  vessels	
  and	
  nerves
Dystrophic	
  CalciBication:	
  	
  	
  Inappropriate	
  biomineralization	
  of	
  the	
  pulp	
  in	
  the	
  absence	
  of	
  
mineral	
  imbalance	
  
Fibrodentine:	
  	
  Material	
  produced	
  by	
  9ibroblast-­‐like	
  cells	
  against	
  dentine	
  prior	
  to	
  
differentiation	
  of	
  a	
  new	
  generation	
  of	
  odontoblast-­‐like	
  cells
Hertwig’s	
  Epithelial	
  Root	
  Sheath	
  [HERS]:	
  A	
  proliferation	
  of	
  epithelial	
  cells	
  located	
  at	
  the	
  
cervical	
  loop	
  of	
  the	
  enamel	
  organ	
  in	
  a	
  developing	
  tooth.
Pulp	
  Stone:	
  A	
  pulpal	
  calci9ication	
  that	
  develops	
  around	
  a	
  central	
  nidus	
  of	
  pulp	
  tissue	
  which	
  
then	
  extends	
  outward	
  in	
  a	
  concentric	
  or	
  radial	
  pattern.
	
   True	
  –	
  Made	
  of	
  dentin	
  and	
  lined	
  by	
  odontoblasts
	
   False	
  –	
  Formed	
  from	
  degenerating	
  cells	
  which	
  mineralize	
  
	
   Free	
  –	
  Stone	
  not	
  related	
  to	
  the	
  pulp	
  space	
  wall,	
  surrounded	
  by	
  soft	
  tissue	
  
	
   Embedded	
  –	
  Stone	
  enclosed	
  within	
  canal	
  wall
	
   Adherent	
  –	
  Less	
  attached	
  to	
  dentin	
  then	
  embedded	
  pulp	
  stones	
  
	
   Round	
  or	
  ovoid	
  -­‐	
  smooth	
  surfaces	
  and	
  concentric	
  laminations	
  
	
   No	
  particular	
  shape	
  -­‐	
  lack	
  lamination	
  and	
  have	
  rough	
  surfaces	
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Abstract

Background:	
  Pulp	
  stones	
  develop	
  throughout	
  life	
  and	
  are	
  considered	
  to	
  be	
  an	
  age	
  change	
  0

or	
  perhaps	
  a	
  response	
  to	
  caries	
  or	
  cavity	
  preparation..	
  	
  The	
  factors	
  involved	
  in	
  the	
  0 0 0

development	
  of	
  pulp	
  stones	
  are	
  still	
  largely	
  unknown	
  but	
  recent	
  research	
  has	
  suggested	
  

that	
  their	
  formation	
  may	
  be	
  associated	
  with	
  cardiovascular	
  disease	
  (CVD).0

Objective:	
  	
  The	
  aim	
  of	
  this	
  study	
  was	
  to	
  evaluate	
  the	
  association	
  between	
  pulp	
  stone	
  

formation	
  and	
  CVD	
  in	
  patients	
  aged	
  20-­‐75	
  years.	
  	
  

Methods:	
  	
  The	
  records	
  of	
  200	
  UM	
  School	
  of	
  Dentistry	
  patients	
  were	
  selected	
  for	
  this	
  study	
  

and	
  divided	
  into	
  two	
  age	
  groups:	
  20-­‐50	
  yrs	
  and	
  51-­‐75	
  yrs.	
  	
  Fifty	
  patients	
  with	
  CVD	
  and	
  50	
  

patients	
  without	
  CVD	
  were	
  selected	
  in	
  each	
  age	
  group.	
  Patients	
  selected	
  had	
  at	
  least	
  one	
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non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  molar	
  tooth.	
  	
  Data	
  collection	
  included:	
  (1)	
  

chart	
  review	
  of	
  the	
  medical	
  history	
  identifying	
  self-­‐reported	
  history	
  of	
  CVD	
  and	
  (2)	
  review	
  

of	
  dental	
  radiographs	
  for	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious,	
  non-­‐restored	
  or	
  minimally	
  

restored	
  (NC/NR/MR)	
  teeth.	
  	
  Data	
  collection	
  was	
  blinded,	
  with	
  different	
  reviewers	
  

performing	
  either	
  the	
  patient’s	
  medical	
  history	
  or	
  radiographic	
  review.	
  	
  

Results:	
  	
  In	
  the	
  20-­50	
  years	
  age	
  group,	
  23/50	
  (46%)	
  of	
  subjects	
  with	
  CVD	
  had	
  pulp	
  stones	
  0 0 0 0 0

in	
  NC/NR/MR	
  whereas	
  18/50	
  (36%)	
  without	
  CVD	
  had	
  pulp	
  stones.	
  	
  The	
  difference	
  is	
  not	
  0 000 00000

statistically	
  signi9icant.	
  	
  In	
  the	
  51-­75	
  years	
  age	
  group,	
  20/50	
  (40%)	
  of	
  subjects	
  without	
  CVD	
  00 00 00 00000

had	
  pulp	
  stones	
  whereas	
  in	
  the	
  group	
  with	
  CVD	
  19/50	
  (38%)	
  of	
  subjects	
  had	
  pulp	
  stones.	
  0 0 0

The	
  difference	
  is	
  not	
  statistically	
  signi9icant.	
  	
  A	
  comparison	
  of	
  the	
  prevalence	
  of	
  pulp	
  stones	
  000 0 0

between	
  the	
  two	
  age	
  groups	
  showed	
  no	
  statistically	
  signi9icant	
  differences.	
  0

Conclusions:	
  	
  There	
  is	
  no	
  signi9icant	
  difference	
  in	
  pulp	
  stone	
  formation	
  between	
  patients	
  0 0

with	
  CVD	
  and	
  patients	
  without	
  CVD	
  in	
  NC/NR/MR	
  teeth	
  overall	
  nor	
  is	
  there	
  any	
  difference	
  0

between	
  age	
  groups.	
  	
  In	
  this	
  study,	
  CVD	
  was	
  not	
  a	
  risk	
  indicator	
  of	
  pulp	
  stone	
  formation.00 00 00
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Chapter	
  1-­	
  INTRODUCTION

	
  SigniBicance	
  of	
  Pulp	
  Stones

The	
  mechanism	
  of	
  pulp	
  stone	
  formation	
  is	
  unknown	
  [1,	
  2].	
  	
  The	
  current	
  literature	
  indicates	
  0 0 00 00

that	
  diffuse	
  calci9ications	
  may	
  be	
  a	
  result	
  of	
  aging,	
  whereas	
  the	
  origin	
  of	
  pulp	
  stones	
  is	
  still	
  0 0

under	
  debate	
  [3-­‐5].	
  	
  	
  Some	
  studies	
  have	
  suggested	
  that	
  the	
  formation	
  of	
  pulp	
  stones	
  may	
  be	
  

associated	
  with	
  certain	
  disease	
  processes	
  such	
  as	
  cardiovascular	
  disease	
  (CVD)	
  [6-­‐8].	
  	
  The	
  

purpose	
  of	
  this	
  study	
  is	
  to	
  investigate	
  whether	
  there	
  are	
  differences	
  in	
  the	
  prevalence	
  of	
  

pulpal	
  calci9ications,	
  speci9ically	
  pulp	
  stones,	
  in	
  individuals	
  with	
  and	
  without	
  

cardiovascular	
  disease	
  in	
  a	
  dental	
  school	
  patient	
  population.	
  	
  If	
  the	
  results	
  of	
  this	
  study	
  

support	
  a	
  positive	
  relationship	
  between	
  CVD	
  and	
  pulp	
  stones,	
  this	
  could	
  be	
  of	
  value	
  during	
  

dental	
  radiographic	
  assessment	
  because	
  potential	
  risk	
  for	
  undiagnosed	
  CVD	
  could	
  be	
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identi9ied.	
  	
  This	
  would	
  be	
  especially	
  important	
  in	
  younger	
  populations	
  to	
  allow	
  early	
  0 0

intervention.	
  0000

Chapter	
  2	
  –	
  LITERATURE	
  REVIEW

Cardiovascular	
  Disease	
  and	
  the	
  American	
  Heart	
  Association

According	
  to	
  the	
  American	
  Heart	
  Association	
  (AHA)	
  [9],	
  over	
  83	
  percent	
  of	
  people	
  who	
  die	
  

of	
  coronary	
  heart	
  disease	
  (CHD)	
  are	
  65	
  or	
  older.	
  	
  The	
  AHA	
  also	
  states	
  that	
  the	
  lifetime	
  risk	
  

of	
  developing	
  CHD	
  after	
  age	
  40	
  is	
  49%	
  for	
  men	
  and	
  32%	
  for	
  women.	
  	
  The	
  threshold	
  for	
  

increased	
  risk	
  for	
  coronary	
  heart	
  disease	
  in	
  men	
  occurs	
  at	
  age	
  40	
  while	
  in	
  women	
  this	
  

threshold	
  occurs	
  at	
  age	
  50.	
  	
  The	
  AHA	
  de9ines	
  cardiovascular	
  disease	
  not	
  just	
  as	
  one	
  disease	
  

but	
  a	
  range	
  of	
  diseases	
  that	
  affect	
  the	
  heart.	
  	
  CVD	
  generally	
  refers	
  to	
  conditions	
  that	
  involve	
  

narrowed	
  or	
  blocked	
  blood	
  vessels	
  that	
  can	
  lead	
  to	
  a	
  heart	
  attack,	
  chest	
  pain	
  (angina)	
  or	
  

stroke.	
  	
  	
  Other	
  related	
  conditions	
  include	
  infections	
  and	
  disease	
  that	
  affect	
  the	
  heart's	
  0 0

muscle,	
  valves	
  or	
  rhythm.	
  	
  The	
  various	
  forms	
  of	
  cardiovascular	
  diseases	
  that	
  are	
  included	
  000

under	
  the	
  umbrella	
  of	
  cardiovascular	
  disease	
  are:	
  coronary	
  heart	
  disease	
  (myocardial	
  

infarction,	
  angina	
  pectoris,	
  atherosclerosis	
  and	
  coronary	
  artery	
  disease),	
  cerebrovascular	
  0 0
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accident	
  (stroke),	
  transient	
  ischemic	
  attack	
  (mini	
  stroke),	
  hypertension,	
  and	
  heart	
  failure.	
  	
  

Other	
  forms	
  of	
  CVD	
  include:	
  rheumatic	
  fever/rheumatic	
  heart	
  disease,	
  congenital	
  

cardiovascular	
  defects,	
  arrhythmias,	
  diseases	
  of	
  the	
  arteries,	
  arterioles	
  and	
  capillaries	
  

(atherosclerosis	
  and	
  Kawasaki	
  disease),	
  bacterial	
  endocarditis,	
  cardiomyopathy,	
  valvular	
  

heart	
  disease,	
  diseases	
  of	
  pulmonary	
  circulation,	
  diseases	
  of	
  veins	
  and	
  lymphatics,	
  and	
  

other	
  diseases	
  of	
  the	
  circulatory	
  system	
  [9].0

High	
  cholesterol	
  is	
  considered	
  one	
  of	
  the	
  major	
  controllable	
  risk	
  factors	
  for	
  coronary	
  heart	
  0

disease,	
  heart	
  attack	
  and	
  stroke	
  [10].	
  	
  Research	
  over	
  the	
  past	
  decade	
  has	
  linked	
  lipids	
  to	
  0

in9lammation	
  and	
  atherosclerosis.	
  	
  This	
  process	
  occurs	
  when	
  low-­‐density	
  lipoprotein	
  (LDL)	
  0

levels	
  become	
  elevated	
  in	
  the	
  circulating	
  blood	
  and	
  become	
  retained	
  in	
  the	
  intima	
  of	
  the	
  

blood	
  vessel.	
  	
  This	
  retained	
  lipoprotein	
  then	
  undergoes	
  oxidative	
  modi9ication	
  [11,	
  12]	
  

allowing	
  lipid	
  hydroperoxidases,	
  lysophospholipids,	
  carbonyl	
  compounds,	
  and	
  other	
  

biologically	
  active	
  moieties	
  to	
  localize	
  in	
  the	
  lipid	
  fraction	
  of	
  atheroma	
  [13].	
  	
  These	
  

modi9ied	
  lipids	
  can	
  induce	
  the	
  expression	
  of	
  adhesion	
  molecules,	
  chemokines,	
  pro-­‐

in9lammatory	
  cytokines,	
  and	
  other	
  in9lammatory	
  mediators	
  in	
  macrophages	
  and	
  vascular	
  

wall	
  cells.	
  	
  The	
  result	
  of	
  this	
  in9lammatory	
  process	
  is	
  degradation	
  of	
  the	
  arterial	
  

extracellular	
  matrix	
  permitting	
  the	
  penetration	
  of	
  the	
  smooth	
  muscle	
  cells	
  (SMC)	
  through	
  

the	
  elastic	
  laminae	
  and	
  collagenous	
  matrix	
  of	
  the	
  growing	
  plaque.	
  	
  Ultimately,	
  when	
  the	
  

plaque	
  ruptures,	
  the	
  tissue	
  factor	
  induced	
  by	
  in9lammatory	
  mediators	
  triggers	
  a	
  thrombus	
  

to	
  form	
  causing	
  acute	
  complications	
  of	
  atherosclerosis	
  [14].	
  	
  The	
  result	
  of	
  narrow	
  and	
  

hardened	
  arteries	
  increases	
  the	
  risk	
  of	
  thrombus	
  formation	
  which	
  could	
  lead	
  to	
  a	
  

myocardial	
  infarction	
  or	
  stroke.	
  	
  Elevated	
  levels	
  of	
  circulating	
  cholesterol	
  have	
  also	
  been	
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demonstrated	
  in	
  the	
  dental	
  pulp	
  leading	
  to	
  the	
  formation	
  of	
  pulpal	
  arterial	
  calci9ications	
  or	
  

pulp	
  stone	
  formation	
  in	
  teeth	
  [15,	
  16].

Pulp	
  Stone	
  Background

A	
  frequent	
  9inding	
  [17]	
  that	
  receives	
  little	
  attention,	
  pulp	
  stones	
  develop	
  throughout	
  life	
  

and	
  throughout	
  the	
  pulp	
  tissue	
  [18]	
  and	
  are	
  largely	
  regarded	
  as	
  being	
  a	
  normal	
  	
  either	
  a	
  0

consequence	
  of	
  aging	
  [4],	
  a	
  result	
  of	
  caries	
  [19],	
  or	
  a	
  result	
  of	
  irritation	
  from	
  extensive	
  

restorative	
  treatment	
  [20,	
  21].	
  	
  The	
  etiologic	
  factors	
  involved	
  in	
  the	
  development	
  of	
  pulp	
  

stones	
  are	
  still	
  largely	
  unknown	
  [1]	
  and	
  the	
  only	
  currently	
  accepted	
  clinical	
  signi9icance	
  

they	
  have	
  is	
  blocking	
  canals	
  during	
  endodontic	
  treatment	
  [22].	
  	
  It	
  has,	
  however,	
  been	
  0 0

suggested	
  that	
  pulp	
  stone	
  formation	
  is	
  associated	
  with	
  coronary	
  atherosclerosis	
  [6-­‐8].	
  000000

Types	
  and	
  Formation	
  of	
  Pulp	
  Stones

Pulp	
  stones	
  may	
  exist	
  as	
  freely	
  9loating	
  calci9ications	
  within	
  the	
  pulp	
  chamber	
  or	
  may	
  be	
  

attached	
  to	
  or	
  embedded	
  into	
  the	
  dentinal	
  wall.	
  	
  Two	
  types	
  of	
  pulp	
  stone	
  have	
  been	
  0

described:	
  	
  (1)	
  Denticles	
  possessing	
  a	
  central	
  core	
  9illed	
  with	
  epithelial	
  remnants	
  

surrounded	
  peripherally	
  by	
  tubular	
  dentine	
  made	
  by	
  odontoblasts	
  and	
  (2)	
  stones	
  0

possessing	
  central	
  cores	
  of	
  tubular	
  and	
  atubular	
  dentine	
  surrounded	
  by	
  calci9ied	
  tissues	
  

[23].	
  	
  Pulp	
  stones	
  can	
  also	
  be	
  classi9ied	
  based	
  on	
  their	
  location	
  and	
  structure	
  within	
  the	
  

pulp	
  as:	
  true,	
  false,	
  free,	
  embedded,	
  adherent,	
  round/ovoid,	
  and	
  no	
  particular	
  shape	
  [24]	
  

(see	
  de9inition	
  of	
  terms).	
  	
  	
  Other	
  forms	
  of	
  calci9ication	
  within	
  the	
  pulp	
  of	
  a	
  tooth	
  are:	
  

9ibrodentine,	
  diffuse	
  calci9ications	
  and	
  dystrophic	
  calci9ications	
  (see	
  de9inition	
  of	
  terms).	
  	
  

Pulp	
  stones	
  can	
  also	
  be	
  subdivided	
  into	
  those	
  with	
  distinct	
  concentric	
  laminations	
  and	
  0

those	
  without	
  distinct	
  laminations.	
  Laminated	
  pulp	
  stones	
  are	
  not	
  usually	
  associated	
  with	
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smaller	
  pulp	
  stones,	
  whereas	
  non-­‐laminated	
  stones	
  are	
  rougher	
  and	
  may	
  have	
  smaller	
  

stones	
  attached	
  to	
  their	
  surfaces	
  [25].	
  	
  	
  

Prevalence	
  of	
  Pulp	
  Stones

Many	
  large	
  epidemiological	
  studies	
  	
  have	
  investigated	
  the	
  prevalence	
  of	
  pulp	
  stones	
  in	
  both	
  0 0

primary	
  and	
  permanent	
  teeth	
  [5,	
  17,	
  21,	
  26-­‐32].	
  	
  Table	
  1	
  shows	
  the	
  pulp	
  stone	
  prevalence	
  0

data	
  from	
  large	
  scale	
  surveys	
  of	
  permanent	
  teeth	
  in	
  different	
  populations.

Table	
  1:	
  Pulp	
  stone	
  prevalence	
  in	
  radiographic	
  and	
  histologic	
  studies

When	
  investigating	
  pulp	
  stone	
  prevalence	
  in	
  teeth	
  two	
  methods	
  are	
  commonly	
  used:	
  

histology	
  and	
  radiography.	
  	
  Although	
  pulp	
  stone	
  prevalence	
  seems	
  to	
  vary	
  between	
  studies	
  

and	
  populations,	
  one	
  consistent	
  9inding	
  the	
  literature	
  shows	
  is	
  that	
  histological	
  studies	
  0
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estimate	
  a	
  higher	
  prevalence	
  then	
  radiographic	
  studies	
  [5,	
  17,	
  19]	
  because	
  smaller	
  pulp	
  00

stones	
  and	
  diffuse	
  calci9ications	
  cannot	
  be	
  identi9ied	
  by	
  radiographically	
  [17].	
  	
  Pulp	
  stones	
  0

tend	
  to	
  be	
  more	
  common	
  in	
  molars,	
  heavily	
  restored	
  and	
  carious	
  teeth	
  [19-­‐21].	
  	
  Most	
  

histologic	
  studies	
  show	
  that,	
  with	
  advancing	
  age,	
  diffuse	
  calci9ications	
  become	
  more	
  0

common	
  whereas	
  the	
  prevalence	
  of	
  pulp	
  stones	
  remains	
  constant	
  throughout	
  life	
  [5,	
  33].	
  	
  	
  	
  0 0

Though	
  the	
  literature	
  shows	
  a	
  wide	
  range	
  of	
  values	
  for	
  prevalence,	
  diffuse	
  pulpal	
  0

calci9ications	
  appear	
  to	
  be	
  consistent	
  with	
  advancing	
  age	
  [3-­‐5,	
  24,	
  34].	
  	
  Whether	
  through	
   0

histologic	
  or	
  radiographic	
  studies,	
  the	
  prevalence	
  of	
  pulp	
  stones	
  is	
  prominent	
  throughout	
  0 00 0

different	
  populations	
  and	
  age	
  groups;	
  however	
  the	
  difference	
  in	
  frequencies	
  between	
  the	
  00

groups	
  remains	
  unclear.	
  	
  Very	
  few	
  of	
  these	
  studies	
  examine	
  the	
  medical	
  histories	
  of	
  these	
  0

patients	
  to	
  determine	
  if	
  any	
  systemic	
  diseases	
  were	
  present	
  which	
  may	
  have	
  contributed	
  to	
  

the	
  development	
  of	
  pulp	
  stones	
  [6-­‐8,	
  20].	
  

Etiology	
  of	
  Pulp	
  Stones	
  	
  

The	
  mechanism	
  of	
  pulp	
  stone	
  development	
  is	
  not	
  fully	
  understood.	
  	
  Two	
  possible	
  0 00 00 0

mechanisms	
  have	
  been	
  proposed:	
  (1)	
  Initial	
  calci9ication	
  of	
  isolated	
  pulp	
  tissue	
  0

components,	
  which	
  may	
  occur	
  anytime	
  and	
  anywhere	
  in	
  the	
  pulp	
  tissue	
  and	
  (2)	
  Epithelio-­‐

mesenchymal	
  interactions	
  during	
  odontogenesis,	
  which	
  may	
  occur	
  only	
  in	
  the	
  furcation	
  

areas	
  and	
  near	
  the	
  root	
  sheath	
  [18].	
  	
  The	
  9irst	
  mechanism	
  occurs	
  when	
  cell	
  components	
  0

(collagen,	
  ground	
  substance,	
  necrotic	
  cell	
  remnants)	
  serve	
  as	
  a	
  nidus	
  to	
  which	
  calci9ied	
  0 0

materials	
  adhere	
  or	
  deposit.	
  	
  The	
  second	
  proposed	
  mechanism	
  occurs	
  when	
  epithelial	
  00

strands	
  detach	
  from	
  the	
  enamel	
  organ	
  during	
  tooth	
  development.	
  	
  These	
  strands	
  become	
  

isolated	
  in	
  the	
  dental	
  papilla	
  where	
  they	
  interact	
  with	
  the	
  papilla	
  mesenchyme,	
  resulting	
  in	
  

the	
  physiologically	
  normal	
  differentiation	
  of	
  odontoblasts	
  around	
  the	
  strands	
  [18].	
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A	
  few	
  histologic	
  studies	
  have	
  shown	
  that	
  a	
  high	
  frequency	
  of	
  cell	
  islands,	
  considered	
  to	
  be	
  0

of	
  epithelial	
  origin	
  (possibly	
  Hertwig’s	
  Epithelial	
  Root	
  Sheath	
  [HERS])	
  are	
  observed	
  

together	
  with	
  pulp	
  stone	
  formation	
  in	
  teeth	
  that	
  had	
  been	
  subjected	
  to	
  orthodontic	
  

intrusion[35,	
  36].	
  	
  This	
  infers	
  that	
  HERS	
  may	
  induce	
  pulp	
  stone	
  formation.	
  	
  However,	
  when	
  0 0 0 0

orthodontic	
  movement	
  is	
  applied	
  to	
  teeth	
  with	
  incomplete	
  root	
  formation,	
  fragmentation	
  of	
  

the	
  root	
  sheath	
  may	
  occur	
  causing	
  the	
  islands	
  to	
  form.	
  	
  Some	
  studies	
  suggest	
  that	
  true	
  pulp	
  

stone	
  formation	
  may	
  occur	
  only	
  during	
  root	
  formation	
  in	
  the	
  radicular	
  pulp	
  and	
  furcation	
  

areas	
  of	
  multi-­‐rooted	
  teeth	
  suggesting	
  that	
  the	
  response	
  of	
  the	
  pulp	
  tissue	
  to	
  a	
  stimulus	
  

may	
  be	
  age-­‐dependent	
  [23].	
  	
  	
  Other	
  studies	
  have	
  found	
  that	
  dentine	
  or	
  dentine-­‐like	
  tissue	
  

could	
  be	
  made	
  by	
  inducing	
  9ibroblasts	
  in	
  the	
  pulp	
  [37].	
  	
  

Pulp	
  stones	
  have	
  also	
  been	
  investigated	
  by	
  scanning	
  electron	
  microscopy	
  [38]	
  and	
  0

immunohistochemistry	
  [39,	
  40]	
  to	
  determine	
  their	
  chemical	
  composition.	
  	
  The	
  two	
  major	
  

mineral	
  elements	
  found	
  in	
  pulp	
  stones	
  are	
  calcium	
  and	
  phosphorus.	
  	
  The	
  average	
  0 0 0

concentrations	
  of	
  these	
  two	
  elements	
  are	
  32.1%	
  calcium	
  and	
  14.7%	
  phosphorous	
  with	
  the	
  

rest	
  of	
  the	
  composition	
  being	
  9luorine,	
  sodium,	
  and	
  magnesium	
  [38].	
  	
  Trace	
  elements	
  of	
  

potassium,	
  chlorine,	
  manganese,	
  zinc,	
  and	
  iron	
  are	
  also	
  found.	
  	
  	
  The	
  major	
  organic	
  

component	
  of	
  a	
  pulp	
  stone	
  has	
  been	
  identi9ied	
  as	
  collagen	
  type	
  I	
  which	
  is	
  evenly	
  distributed	
  

throughout	
  the	
  stone	
  [40].	
  	
  Osteopontin,	
  a	
  non-­‐collagenous	
  protein,	
  is	
  found	
  in	
  the	
  

periphery	
  of	
  a	
  pulp	
  stone	
  suggesting	
  that	
  it	
  plays	
  a	
  role	
  in	
  the	
  calci9ication	
  of	
  pulp	
  stones	
  0

whereas	
  osteonectin	
  and	
  osteocalcin	
  haven’t	
  been	
  observed	
  [40].	
  	
  	
  	
  Some	
  researchers	
  have	
  

investigated	
  osteopontin	
  in	
  pulp	
  stones	
  by	
  immunohistochemistry	
  to	
  determine	
  whether	
  0 0 0 0

there	
  is	
  any	
  correlation	
  between	
  this	
  non-­‐collagenous	
  protein	
  and	
  other	
  atherosclerotic	
  

plaques	
  and	
  stones	
  found	
  in	
  the	
  body.	
  	
  It	
  was	
  found	
  that	
  osteopontin	
  has	
  similar	
  00 0
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immunostaining	
  to	
  atherosclerotic	
  plaques	
  and	
  urinary	
  stones	
  [39,	
  41].	
  	
  These	
  9indings	
  

suggest	
  that	
  the	
  calci9ication	
  process	
  involved	
  in	
  pulp	
  stones	
  may	
  be	
  similar	
  to	
  other	
  

conditions	
  or	
  systemic	
  diseases	
  such	
  as	
  CVD.0

As	
  teeth	
  age,	
  the	
  size	
  of	
  the	
  pulpal	
  chamber	
  is	
  reduced	
  due	
  to	
  the	
  deposition	
  of	
  secondary	
  0000 0

and	
  tertiary	
  dentin	
  [3]	
  and	
  the	
  increase	
  in	
  collagenous	
  bundles	
  and	
  progressive	
  deposition	
  

of	
  calci9ied	
  masses	
  [4].	
  	
  Blood	
  vessels	
  start	
  to	
  calcify	
  and	
  decrease	
  in	
  number	
  along	
  with	
  

nerves	
  in	
  the	
  coronal	
  pulp	
  while	
  collagen	
  bundles	
  of	
  vascular	
  and	
  neural	
  sheaths	
  become	
  

the	
  loci	
  for	
  calci9ication	
  [3].	
  	
  A	
  common	
  9inding	
  as	
  teeth	
  age	
  is	
  the	
  presence	
  of	
  diffuse	
  0

calci9ications	
  [5,	
  19,	
  33],	
  fat	
  deposits	
  [34]	
  and	
  increased	
  amounts	
  of	
  collagen	
  [5].	
  	
  	
  	
  0

	
  Available	
  reports	
  on	
  of	
  pulp	
  stones	
  with	
  advancing	
  age	
  show	
  no	
  correlation	
  [20,	
  24,	
  33];	
  0

diffuse	
  calci9ications,	
  on	
  the	
  other	
  hand,	
  do	
  show	
  an	
  association	
  with	
  advancing	
  age	
  [4,	
  5,	
  

17,	
  24,	
  33].	
  	
  These	
  data	
  suggest	
  that	
  diffuse	
  calci9ications	
  are	
  a	
  natural	
  component	
  of	
  aging,	
  0 0

but	
  pulp	
  stone	
  formation	
  is	
  not	
  and	
  thus	
  may	
  be	
  a	
  manifestation	
  of	
  another	
  disease	
  or	
  

condition.00

Pathogenesis	
  of	
  Pulp	
  Stones

Calci9ications	
  have	
  been	
  shown	
  to	
  be	
  more	
  likely	
  in	
  carious	
  [19,	
  20]	
  and	
  heavily	
  restored	
  00

teeth	
  [20,	
  21,	
  31]	
  suggesting	
  that,	
  under	
  pathological	
  conditions,	
  the	
  process	
  of	
  pulp	
  stone	
  

formation	
  increases,	
  while	
  under	
  normal	
  conditions	
  pulp	
  calci9ications	
  are	
  a	
  physiological	
  0

process.	
  	
  No	
  de9initive	
  association	
  has	
  been	
  found	
  between	
  periodontal	
  disease	
  and	
  pulpal	
  0

calci9ications	
  (discrete	
  and	
  diffuse)	
  [42].	
  	
  

There	
  are	
  reports	
  of	
  pulp	
  stones	
  in	
  patients	
  with	
  genetic	
  disorders	
  such	
  as	
  tumoral	
  0

calcinosis	
  [43],	
  dentin	
  dysplasia,	
  dentinogenesis	
  imperfecta,	
  Van	
  der	
  Woude	
  syndrome	
  [44],	
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osteogenesis	
  imperfecta	
  type	
  I	
  [45]	
  ,	
  Saethre-­‐Chotzen	
  syndrome	
  [46],	
  el9in	
  facies	
  syndrome	
  

[47],	
  familial	
  expansile	
  osteolysis	
  [48],	
  Ehlers	
  Danlos	
  syndrome	
  type	
  I	
  [49],	
  Marfan	
  

syndrome	
  [50]	
  and	
  otodental	
  syndrome	
  [51].	
  	
  These	
  genetic	
  disorders,	
  although	
  rare,	
  show	
  

a	
  high	
  prevalence	
  of	
  pulp	
  stone	
  formation	
  but	
  the	
  causative	
  factors	
  of	
  this	
  relationship	
  are	
  0 0

unknown.	
  	
  	
  

Recent	
  studies	
  have	
  suggested	
  a	
  correlation	
  between	
  cardiovascular	
  disease	
  and	
  pulp	
  00 0

stone	
  formation	
  [6-­‐8].	
  	
  A	
  signi9icant	
  correlation	
  between	
  coronary	
  atherosclerosis	
  	
  and	
  

increased	
  pulp	
  stone	
  prevalence	
  has	
  been	
  shown	
  in	
  patients	
  aged	
  40-­‐60	
  [7].	
  	
  Radiographic	
  0 0

studies	
  on	
  the	
  effects	
  of	
  aging	
  in	
  the	
  dental	
  pulp	
  found	
  that	
  dental	
  pulp	
  shrinkage	
  is	
  0

statistically	
  greater	
  in	
  individuals	
  with	
  calci9ication-­‐related	
  diseases	
  (atherosclerosis,	
  

hypertension,	
  kidney	
  stones,	
  gout,	
  gallstones,	
  and	
  arthritis)	
  than	
  in	
  individuals	
  without	
  

those	
  diseases	
  [52,	
  53]	
  suggesting	
  that	
  the	
  higher	
  rate	
  of	
  root	
  canal	
  closure	
  and	
  pulpal	
  

calci9ications	
  could	
  be	
  related	
  to	
  calci9ication-­‐related	
  diseases	
  such	
  as	
  cardiovascular	
  

disease.	
  	
  

The	
  earliest	
  researchers	
  to	
  look	
  at	
  a	
  relationship	
  between	
  pulp	
  stone	
  formation	
  and	
  

systemic	
  diseases	
  dates	
  back	
  to	
  1933	
  [54]	
  when	
  Stafne	
  and	
  Szabo	
  investigated	
  various	
  0

systemic	
  disturbances	
  and	
  the	
  prevalence	
  of	
  pulp	
  stone	
  formation	
  to	
  see	
  if	
  an	
  association	
  

could	
  be	
  established.	
  	
  They	
  found	
  that	
  although	
  pulp	
  stones	
  were	
  not	
  signi9icantly	
  higher	
  in	
  

patients	
  with	
  atherosclerosis	
  (53%)	
  than	
  normal	
  patients	
  (46%),	
  it	
  was	
  suggested	
  that	
  0

changes	
  in	
  pulp	
  blood	
  vessels	
  may	
  predispose	
  to	
  the	
  formation	
  of	
  calci9ications	
  in	
  the	
  pulp.	
  	
  

More	
  recently,	
  research	
  examining	
  the	
  effects	
  of	
  systemic	
  diseases	
  and	
  pulp	
  stone	
  

formation	
  has	
  shown	
  a	
  statistically	
  signi9icant	
  correlation	
  between	
  CVD	
  and	
  pulp	
  stones	
  in	
  

patients	
  20-­‐55	
  years	
  when	
  compared	
  to	
  patients	
  without	
  CVD	
  [6,	
  8].	
  	
  New	
  evidence	
  has	
  also	
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linked	
  high	
  glucose	
  levels	
  with	
  increased	
  osteopontin	
  production,	
  leading	
  to	
  pathologic	
  

pulpal	
  calci9ications	
  in	
  diabetic	
  rats	
  [55].	
  	
  	
  These	
  9indings	
  suggest	
  that	
  systemic	
  conditions	
  0

such	
  as	
  CVD	
  and	
  diabetes	
  that	
  cause	
  atherosclerosis	
  in	
  large	
  vessels	
  could	
  similarly	
  cause	
  

atherosclerosis	
  and	
  calci9ications	
  in	
  small	
  vessels	
  and	
  thus	
  pulp	
  stones.	
  	
  Other	
  studies	
  0

contradict	
  this	
  suggestion	
  [20,	
  21,	
  31].	
  	
  Animal	
  studies	
  where	
  atherosclerosis	
  was	
  induced	
  

to	
  examine	
  the	
  effects	
  on	
  the	
  pulp	
  have	
  showed	
  no	
  observable	
  differences	
  in	
  pulpal	
  

calci9ications	
  between	
  normal	
  and	
  atherosclerotic	
  animals	
  suggesting	
  systemic	
  

atherosclerosis	
  does	
  not	
  directly	
  affect	
  the	
  pulp	
  and	
  thus	
  pulp	
  stone	
  formation	
  [56].	
  	
  	
  	
  

To	
  date,	
  there	
  seems	
  to	
  be	
  con9licting	
  evidence	
  that	
  supports	
  the	
  hypothesis	
  that	
  systemic	
  

diseases	
  such	
  as	
  CVD	
  can	
  cause	
  pulpal	
  changes/calci9ications	
  within	
  teeth.	
  	
  There	
  does	
  

seem	
  to	
  be	
  agreement	
  that	
  caries,	
  large	
  restorations,	
  and	
  genetic	
  disorders	
  do	
  play	
  a	
  role	
  in	
  

pulpal	
  calci9ications	
  either	
  from	
  local	
  irritation	
  caused	
  by	
  bacteria	
  or	
  a	
  genetic	
  

predisposition.	
  	
  In	
  order	
  to	
  9ind	
  if	
  a	
  true	
  association	
  between	
  CVD	
  and	
  pulp	
  stones	
  exists,	
  

more	
  stringent	
  inclusion	
  criteria	
  is	
  needed	
  to	
  factor	
  out	
  these	
  potential	
  confounders	
  which	
  

could	
  mask	
  the	
  effect	
  of	
  CVD	
  on	
  the	
  pulpal	
  tissues.	
  	
  Future	
  studies	
  that	
  look	
  for	
  an	
  

association	
  between	
  CVD	
  and	
  pulp	
  stones	
  should	
  focus	
  on	
  patients	
  without	
  genetic	
  

disorders	
  having	
  teeth	
  that	
  are	
  non-­‐carious,	
  minimally	
  restored,	
  or	
  non-­‐restored	
  to	
  

evaluate	
  the	
  true	
  effect	
  of	
  CVD.	
  	
  	
  

 Previous	
  Studies	
  of	
  Association	
  between	
  CVD	
  and	
  Pulp	
  Stone	
  Formation
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Recent	
  studies	
  that	
  support	
  the	
  hypothesis	
  that	
  the	
  formation	
  of	
  pulp	
  stones	
  is	
  more	
  

prevalent	
  in	
  patients	
  with	
  cardiovascular	
  disease	
  than	
  patients	
  without	
  cardiovascular	
  

disease	
  are	
  by	
  Moura	
  and	
  Paiva	
  [7],	
  Edds	
  [6]	
  and	
  Nayak	
  [8].	
  	
  

Moura	
  and	
  Paiva	
  conducted	
  a	
  study	
  on	
  50	
  Brazilian	
  patients	
  aged	
  40-­‐60	
  years	
  with	
  (25	
  

patients)	
  and	
  without	
  (25	
  patients)	
  coronary	
  atherosclerosis.	
  	
  This	
  was	
  performed	
  through	
  

a	
  periapical	
  radiographic	
  examination	
  of	
  teeth	
  looking	
  for	
  free	
  pulpal	
  calci9ications	
  in	
  the	
  

pulp	
  chamber.	
  	
  Diagnosis	
  of	
  atherosclerosis	
  was	
  con9irmed	
  by	
  clinical	
  examination,	
  

laboratory	
  tests,	
  and	
  angiocoronariography.	
  	
  	
  A	
  total	
  of	
  570	
  teeth	
  were	
  available	
  and	
  pulpal	
  

denticles	
  were	
  recorded	
  and	
  related	
  to	
  both	
  the	
  total	
  number	
  of	
  teeth	
  and	
  to	
  each	
  subject	
  

within	
  the	
  group.	
  	
  Their	
  9indings	
  were	
  that	
  patients	
  in	
  the	
  atherosclerotic	
  group	
  had	
  

signi9icantly	
  more	
  teeth	
  with	
  denticles	
  than	
  the	
  control	
  group,	
  92%	
  (23/25)	
  vs.	
  40%	
  

(10/25),	
  respectively.	
  	
  When	
  compared	
  on	
  a	
  per	
  tooth	
  basis,	
  signi9icantly	
  more	
  teeth	
  in	
  the	
  0

group	
  with	
  atherosclerosis	
  had	
  denticles	
  than	
  the	
  control	
  group,	
  53%	
  (174/327)	
  vs.	
  16%	
  

(39/342);	
  respectively.	
  	
  This	
  evidence	
  suggests	
  an	
  association	
  between	
  pulpal	
  calci9ications	
  

and	
  atherosclerotic	
  disease.	
  	
  This	
  study,	
  however,	
  had	
  a	
  small	
  sample	
  population	
  (n=50),	
  

was	
  not	
  blinded,	
  and	
  the	
  caries	
  and	
  restoration	
  status	
  of	
  the	
  teeth	
  were	
  not	
  considered.	
  	
  By	
  

having	
  a	
  small	
  sample	
  population,	
  even	
  slight	
  differences	
  in	
  pulp	
  stone	
  prevalence	
  could	
  

affect	
  statistical	
  signi9icance.	
  	
  By	
  not	
  blinding	
  the	
  study,	
  bias	
  could	
  have	
  easily	
  altered	
  the	
  

results	
  giving	
  a	
  false	
  correlation.	
  	
  Also,	
  by	
  not	
  accounting	
  for	
  the	
  caries	
  or	
  restoration	
  status	
  

of	
  teeth,	
  the	
  true	
  effect	
  of	
  CVD	
  could	
  be	
  masked	
  by	
  local	
  in9lammatory	
  mediators	
  irritating	
  

pulpal	
  tissue	
  caused	
  from	
  bacteria	
  or	
  large	
  restorations.

Edds	
  conducted	
  a	
  pilot	
  study	
  on	
  dental	
  patients	
  from	
  the	
  University	
  of	
  Louisville	
  School	
  of	
  

Dentistry	
  proposing	
  that	
  calci9ications	
  of	
  the	
  dental	
  pulp,	
  speci9ically	
  pulp	
  stones,	
  has	
  the	
  

19



same	
  pathogenesis	
  as	
  calci9ied	
  atheromas	
  found	
  elsewhere	
  in	
  the	
  body.	
  	
  In	
  this	
  study,	
  55	
  

patients	
  aged	
  from	
  20-­‐55	
  years	
  with	
  non-­‐carious	
  or	
  minimally	
  restored	
  teeth	
  were	
  

evaluated	
  through	
  a	
  medical	
  history	
  interview	
  regarding	
  their	
  cardiovascular	
  disease	
  status	
  

as	
  well	
  as	
  that	
  of	
  their	
  parents	
  and	
  siblings.	
  	
  The	
  patient’s	
  periapical	
  radiographs	
  were	
  then	
  

evaluated	
  blind	
  by	
  one	
  of	
  the	
  examiners	
  to	
  determine	
  the	
  presence	
  or	
  absence	
  of	
  pulp	
  0

stones.	
  	
  Their	
  results	
  demonstrated	
  a	
  signi9icant	
  relationship	
  between	
  pre-­‐existing	
  

cardiovascular	
  disease	
  and	
  pulp	
  stone	
  formation;	
  74%	
  (14/19)	
  of	
  patients	
  with	
  reported	
  

history	
  of	
  CVD	
  had	
  pulp	
  stone	
  formation	
  while	
  only	
  39%	
  (14/36)	
  of	
  patients	
  without	
  a	
  

history	
  of	
  CVD	
  had	
  pulp	
  stone	
  formation.	
  	
  No	
  correlation	
  could	
  be	
  found	
  between	
  family	
  

history	
  of	
  CVD	
  and	
  pulp	
  stone	
  formation.	
  	
  This	
  study	
  also	
  had	
  a	
  small	
  sample	
  population	
  

(n=55)	
  which	
  was	
  unevenly	
  distributed	
  between	
  patients	
  with	
  and	
  without	
  CVD.	
  	
  There	
  

were	
  only	
  a	
  total	
  of	
  19	
  patients	
  with	
  CVD	
  representing	
  only	
  34.5%	
  of	
  the	
  total	
  patient	
  

population.	
  	
  This	
  uneven	
  distribution	
  of	
  patients	
  could	
  affect	
  pulp	
  stone	
  prevalence	
  and	
  

signi9icance	
  of	
  their	
  9indings.	
  	
  Larger,	
  evenly	
  distributed	
  patient	
  populations	
  are	
  necessary	
  

to	
  properly	
  look	
  at	
  association	
  and	
  signi9icance.0 000

Nayak	
  conducted	
  a	
  study	
  on	
  dental	
  patients	
  from	
  the	
  KVG	
  Dental	
  College	
  and	
  Hospital,	
  

India,	
  and	
  also	
  proposed	
  that	
  calci9ications	
  of	
  the	
  dental	
  pulp,	
  speci9ically	
  pulp	
  stones,	
  has	
  0

the	
  same	
  pathogenesis	
  as	
  calci9ied	
  atheromas	
  found	
  elsewhere	
  in	
  the	
  body.	
  	
  Nayak’s	
  study	
  

consisted	
  of	
  150	
  total	
  patients	
  divided	
  into	
  5	
  groups	
  each	
  consisting	
  of	
  30	
  patients:	
  (1)	
  CVD,	
  

(2)	
  type	
  2	
   diabetes	
  mellitus	
  (3),	
  	
  type	
  1	
  diabetes	
  mellitus,	
  autoimmune	
  thyroiditis,	
  0 0

Sjogren’s	
  syndrome,	
  SLE,	
  and	
  multiple	
  sclerosis,	
  (4)	
  dental-­‐wear	
  defects	
  and	
  (5)	
  control	
  

group.	
  	
  They	
  found	
  that	
  93%	
  (28/30)	
  of	
  patients	
  and	
  15.86%	
  of	
  teeth	
  contained	
  pulp	
  

stones	
  in	
  patients	
  with	
  CVD	
  compared	
  to	
  50%	
  (15/30)	
  of	
  patients	
  and	
  2.83%	
  of	
  teeth	
  in	
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patients	
  without	
  CVD.	
  	
  	
  These	
  9indings,	
  similar	
  to	
  Edds,	
  suggest	
  that	
  patients	
  with	
  CVD	
  have	
  

a	
  signi9icantly	
  increased	
  prevalence	
  of	
  pulp	
  stone	
  formation	
  when	
  compared	
  to	
  healthy	
  

patients.	
  	
  	
  This	
  study	
  was	
  not	
  blinded	
  and	
  had	
  a	
  small	
  sample	
  population	
  of	
  patients	
  with	
  

CVD	
  (n=30)	
  which	
  could	
  affect	
  the	
  prevalence	
  and	
  overall	
  signi9icance.	
  	
  Opposed	
  to	
  looking	
  

at	
  multiple	
  diseases	
  in	
  smaller	
  numbers,	
  this	
  study	
  should	
  have	
  focused	
  on	
  one	
  disease	
  and	
  

increased	
  the	
  number	
  of	
  patients	
  to	
  obtain	
  more	
  concrete	
  conclusions.	
  	
  

The	
  shortcomings	
  of	
  these	
  studies	
  could	
  lead	
  to	
  inaccurate	
  conclusions.	
  	
  There	
  are	
  also	
  00 0 00 00

relatively	
  few	
  studies	
  that	
  look	
  at	
  the	
  association	
  between	
  CVD	
  and	
  pulp	
  stones	
  which	
  also	
  

creates	
  controversy	
  when	
  different	
  9indings	
  con9lict.	
  	
  More	
  research	
  is	
  needed	
  to	
  close	
  this	
  

gap	
  in	
  knowledge.	
  	
  Our	
  study	
  avoids	
  these	
  shortcomings	
  and	
  may	
  be	
  more	
  able	
  to	
  assess	
  if	
  00 0

any	
  true	
  association	
  exists	
  between	
  CVD	
  and	
  pulp	
  stone	
  formation.	
  	
  	
  	
  	
  

	
  	
  

0

Chapter	
  3	
  –	
  STUDY	
  AIMS	
  0

Purpose

The	
  purpose	
  of	
  this	
  study	
  is	
  to	
  investigate	
  whether	
  there	
  are	
  differences	
  in	
  the	
  prevalence	
  

of	
  pulpal	
  calci9ications,	
  speci9ically	
  pulp	
  stones,	
  in	
  individuals	
  with	
  and	
  without	
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cardiovascular	
  disease	
  in	
  a	
  dental	
  school	
  patient	
  population.	
  	
  This	
  study	
  will	
  consist	
  of	
  

dental	
  chart	
  and	
  medical	
  history	
  reviews	
  observing	
  for	
  the	
  presence	
  or	
  absence	
  of	
  

cardiovascular	
  disease	
  in	
  individuals	
  through	
  their	
  medical	
  histories	
  and	
  then	
  reviewing	
  

the	
  patient’s	
  dental	
  periapical	
  and	
  bitewing	
  radiographs	
  for	
  the	
  presence	
  of	
  pulp	
  stones	
  in	
  

non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth.	
  	
  	
  This	
  study	
  is	
  unique	
  because	
  it	
  

could	
  provide	
  valuable	
  information	
  for	
  screening	
  patients	
  for	
  cardiovascular	
  disease,	
  

especially	
  in	
  younger	
  populations	
  (20-­‐50	
  years)	
  because	
  early	
  intervention	
  could	
  be	
  

optimal	
  for	
  preventing	
  progression	
  of	
  this	
  disease.	
  	
  

 0

This	
  study	
  will	
  evaluate	
  200	
  patients	
  from	
  UM	
  School	
  of	
  Dentistry	
  that	
  will	
  address	
  the	
  

following	
  aims	
  and	
  objectives	
  for	
  this	
  project.	
  	
  Overall,	
  we	
  will	
  analyze	
  patient	
  

characteristics	
  and	
  teeth	
  in	
  which	
  pulps	
  stones	
  have	
  been	
  identi9ied.	
  	
  Overall	
  pulp	
  stone	
  

prevalence	
  will	
  be	
  addressed	
  and	
  prevalence	
  between	
  age	
  groups.	
  	
  Speci9ically,	
  we	
  will	
  look	
  

to	
  see	
  if	
  there	
  is	
  a	
  correlation	
  between	
  CVD,	
  speci9ic	
  types	
  of	
  CVD,	
  and	
  restoration	
  status	
  of	
  

teeth	
  and	
  pulp	
  stone	
  prevalence.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  within	
  and	
  between	
  

age	
  groups	
  will	
  be	
  assessed	
  to	
  identify	
  any	
  additional	
  associations.	
  	
  Finally,	
  additional	
  

covariates	
  will	
  be	
  assessed	
  to	
  see	
  if	
  they	
  have	
  any	
  impact	
  on	
  pulp	
  stone	
  formation.	
  	
  	
  	
  

Aims

1)	
  	
  What	
  are	
  the	
  patient	
  characteristics	
  for	
  Age,	
  Gender,	
  CVD	
  diagnosis,	
  restoration	
  and	
  0

caries	
  status	
  in	
  this	
  study	
  population?0

2)	
  	
  What	
  is	
  the	
  distribution	
  of	
  pulp	
  stones	
  in	
  this	
  study	
  population?

3)	
  	
  What	
  is	
  the	
  overall	
  prevalence	
  of	
  pulp	
  stones	
  in	
  this	
  study	
  population?00
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4)	
  	
  Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  of	
  CVD	
  and	
  the	
  presence	
  of	
  pulp	
  stones	
  0

in	
  patients’	
  ages	
  20-­‐75	
  years	
  in	
  teeth	
  that	
  are	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  

restored?

5)	
  Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  of	
  CVD	
  and	
  the	
  presence	
  of	
  pulp	
  stones	
  0

within	
  and	
  between	
  the	
  age	
  groups	
  20-­‐50	
  years	
  and	
  51-­‐75	
  years	
  in	
  teeth	
  that	
  are	
  non-­‐

carious,	
  non-­‐restored	
  or	
  minimally	
  restored?

6)	
  Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  in	
  pulp	
  stones	
  in	
  non-­‐carious,	
  non-­‐0

restored,	
  or	
  minimally	
  teeth	
  between	
  patients	
  with	
  speci9ic	
  types	
  of	
  CVD	
  such	
  as	
  

hypertension,	
  valvular	
  heart	
  disease,	
  and	
  hypercholesterolemia	
  and	
  those	
  without	
  CVD	
  in	
  

the	
  20-­‐50	
  years	
  and	
  51-­‐75	
  years	
  age	
  groups?

7)	
  Are	
  there	
  any	
  additional	
  covariates	
  such	
  as	
  age,	
  gender,	
  diabetes,	
  arthritis,	
  tobacco	
  use,	
  0

or	
  alcohol	
  use	
  that	
  could	
  affect	
  the	
  prevalence	
  of	
  pulp	
  stones	
  in	
  teeth?

8)	
  	
  Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  in	
  pulp	
  stones	
  in	
  patients	
  teeth	
  based	
  on	
  0 0

caries	
  status	
  and	
  the	
  restoration	
  status?0

 Hypothesis

The	
  formation	
  of	
  pulp	
  stones	
  is	
  more	
  prevalent	
  in	
  patients	
  with	
  cardiovascular	
  disease	
  than	
  

in	
  patients	
  without	
  cardiovascular	
  disease,	
  suggesting	
  that	
  the	
  same	
  disease	
  process	
  and	
  

factors	
  causing	
  atherosclerosis	
  in	
  large	
  blood	
  vessels	
  accelerate	
  the	
  calci9ications	
  in	
  pulpal	
  

tissues.	
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Chapter	
  4	
  –	
  MATERIALS	
  AND	
  METHODS

Study	
  Design

The	
  design	
  for	
  this	
  project	
  consisted	
  of	
  a	
  cross-­‐sectional	
  study	
  evaluating	
  two	
  different	
  

groups:	
  patients	
  with	
  CVD	
  and	
  patients	
  without	
  CVD.	
  	
  Once	
  these	
  groups	
  were	
  identi9ied,	
  

medical	
  history	
  and	
  dental	
  radiographic	
  records	
  reviews	
  were	
  performed	
  to	
  collect	
  data	
  

that	
  would	
  be	
  statistically	
  analyzed	
  identifying	
  any	
  association	
  between	
  the	
  prevalence	
  of	
  0 0

pulp	
  stones	
  and	
  CVD	
  (Figure	
  1).	
  	
  The	
  data	
  for	
  patients	
  were	
  gathered	
  through	
  two	
  methods:	
  0

(1)	
  a	
  chart	
  review	
  of	
  the	
  medical	
  history	
  section	
  in	
  the	
  patients’	
  dental	
  chart,	
  identifying	
  

self-­‐reported	
  or	
  medically	
  documented	
  history	
  of	
  CVD	
  and	
  identi9ication	
  of	
  medications	
  

taken	
  for	
  cardiovascular-­‐related	
  diseases	
  and	
  (2)	
  reviewing	
  patient’s	
  dental	
  radiographs	
  

(periapical	
  and	
  bitewing	
  radiographs)	
  for	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious,	
  non-­‐

restored,	
  or	
  minimally	
  restored	
  teeth.	
  	
  The	
  controls	
  for	
  this	
  study	
  were	
  patients	
  without	
  

self-­‐reported	
  or	
  medically	
  documented	
  history	
  of	
  CVD.	
  	
  Their	
  radiographs	
  were	
  also	
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evaluated	
  for	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  

teeth.	
  	
  

The	
  9irst	
  200	
  patients’	
  aged	
  20-­‐75	
  years	
  who	
  met	
  the	
  inclusion	
  criteria	
  were	
  divided	
  into	
  0 0 0

two	
  separate	
  age	
  groups	
  of	
  100	
  patients	
  each;	
  20-­‐50	
  years	
  and	
  51-­‐75	
  years.	
  	
  Each	
  age	
  

group	
  was	
  then	
  divided	
  again	
  into	
  50	
  patients	
  with	
  CVD	
  and	
  50	
  patients	
  without	
  CVD.	
  	
  	
  

These	
  separate	
  age	
  groups	
  20-­‐50	
  years	
  and	
  51-­‐75	
  years	
  were	
  chosen	
  because	
  men	
  and	
  

women	
  acquire	
  an	
  increased	
  risk	
  for	
  CVD	
  at	
  40	
  and	
  50	
  years;	
  respectively.	
  	
  Dividing	
  these	
  

age	
  groups	
  allow	
  for	
  analysis	
  in	
  the	
  younger	
  age	
  group	
  determining	
  whether	
  a	
  true	
  0 0

association	
  between	
  CVD	
  and	
  pulp	
  stones	
  exists	
  without	
  age	
  being	
  a	
  factor.0
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0

Figure	
  1:	
  Flowchart	
  of	
  methodological	
  approach	
  to	
  study

Power	
  Analysis0

A	
  power	
  analysis	
  was	
  performed	
  based	
  on	
  two	
  studies	
  evaluating	
  the	
  correlation	
  between	
  

cardiovascular	
  disease	
  and	
  pulp	
  stone	
  formation;	
  Edds	
  (2005)	
  and	
  Moura	
  (1987).	
  	
  Edds	
  

research	
  consisted	
  of	
  55	
  patients	
  aged	
  20-­‐55	
  years	
  with	
  at	
  least	
  one	
  tooth	
  that	
  was	
  fully	
  

erupted,	
  minimally	
  restored,	
  non-­‐carious	
  molar,	
  free	
  from	
  radiographically	
  observable	
  

26



periodontal	
  disease.	
  	
  In	
  the	
  second	
  study,	
  Moura	
  studied	
  50	
  patients	
  aged	
  40-­‐60	
  years	
  

divided	
  into	
  two	
  groups	
  of	
  25	
  patients	
  each.	
  	
  One	
  group	
  consisted	
  of	
  patients	
  with	
  

con9irmed	
  diagnosis	
  of	
  coronary	
  atherosclerosis	
  and	
  the	
  other	
  group	
  without	
  coronary	
  

atherosclerosis.	
  	
  These	
  two	
  papers	
  were	
  chosen	
  because	
  they	
  showed	
  a	
  positive	
  association	
  

between	
  cardiovascular	
  disease	
  and	
  pulp	
  stone	
  formation.	
  	
  Using	
  these	
  studies	
  [6,	
  7],	
  a	
  

power	
  analysis	
  using	
  a	
  signi9icance	
  level	
  of	
  0.050	
  and	
  a	
  power	
  of	
  80%	
  indicated	
  that	
  200	
  

patients	
  would	
  be	
  suf9icient	
  for	
  this	
  project.	
  	
  Hence,	
  two	
  groups	
  of	
  individuals	
  were	
  

evaluated:	
  100	
  patients	
  with	
  cardiovascular	
  disease	
  and	
  100	
  patients	
  without	
  

cardiovascular	
  disease.	
  	
  

Masking	
  the	
  Study

When	
  selecting	
  patients	
  who	
  met	
  the	
  inclusion	
  criteria	
  for	
  this	
  study,	
  two	
  separate	
  master	
  

keys	
  were	
  made.	
  	
  Each	
  master	
  key	
  contained	
  columns	
  for	
  the	
  patient’s	
  study	
  ID	
  (1-­‐200),	
  

dental	
  chart	
  number,	
  and	
  study	
  ID	
  allocation	
  date.	
  	
  In	
  order	
  to	
  keep	
  track	
  of	
  the	
  patient’s	
  

CVD	
  diagnosis,	
  a	
  separate	
  column	
  was	
  created	
  on	
  one	
  master	
  key	
  containing	
  CVD	
  diagnosis	
  

(yes	
  or	
  no)	
  	
  (Appendix	
  A)	
  but	
  was	
  omitted	
  on	
  the	
  other	
  (Appendix	
  B).	
  	
  This	
  kept	
  count	
  of	
  0

how	
  many	
  patients	
  were	
  still	
  required	
  for	
  each	
  CVD	
  group.	
  	
  At	
  the	
  bottom	
  of	
  the	
  master	
  key	
  0

in	
  the	
  comments	
  section,	
  tallies	
  of	
  how	
  many	
  patients	
  with	
  and	
  without	
  CVD	
  were	
  totaled.	
  	
  

The	
  master	
  key	
  in	
  which	
  the	
  CVD	
  diagnosis	
  was	
  omitted	
  contained	
  two	
  separate	
  columns	
  

identifying	
  whether	
  the	
  medical	
  history	
  and	
  dental	
  radiograph	
  reviews	
  were	
  completed	
  

(yes	
  or	
  no)	
  (Appendix	
  B).	
  	
  This	
  was	
  done	
  so	
  that	
  during	
  data	
  collection	
  the	
  radiographic	
  

reviewer	
  would	
  not	
  know	
  the	
  CVD	
  diagnosis	
  of	
  the	
  patient.	
  	
  Each	
  patient	
  was	
  assigned	
  a	
  

study	
  ID	
  number	
  which	
  was	
  entered	
  on	
  both	
  master	
  keys	
  and	
  their	
  CVD	
  diagnosis	
  (yes	
  or	
  

no)	
  was	
  entered	
  only	
  on	
  the	
  one	
  master	
  key	
  (Appendix	
  A).	
  	
  After	
  all	
  of	
  the	
  patients	
  were	
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selected	
  for	
  the	
  study,	
  the	
  master	
  key	
  containing	
  the	
  CVD	
  diagnosis	
  was	
  kept	
  in	
  a	
  secure,	
  

locked	
  9ile	
  cabinet..	
  	
  	
  The	
  other	
  master	
  key	
  containing	
  the	
  patient’s	
  study	
  ID,	
  dental	
  chart	
  00

number,	
  and	
  the	
  columns	
  for	
  completed	
  medical	
  and	
  dental	
  radiographic	
  reviews	
  was	
  used	
  

for	
  data	
  collection.	
  	
  In	
  order	
  to	
  prevent	
  bias	
  during	
  the	
  data	
  collection	
  portion	
  of	
  the	
  study,	
  

data	
  collection	
  was	
  masked,	
  with	
  different	
  reviewers	
  performing	
  either	
  the	
  patient’s	
  

medical	
  history	
  or	
  radiographic	
  review.	
  	
  	
  Fourth	
  year	
  dental	
  student	
  Erik	
  De	
  Young	
  and	
  

second	
  year	
  dental	
  student	
  Tom	
  Guinall	
  collected	
  medical	
  history	
  review	
  data	
  while	
  Drs.	
  

Jeffrey	
  Dzingle	
  and	
  Lauren	
  Johnson	
  collected	
  the	
  dental	
  radiographic	
  review	
  data	
  for	
  this	
  

project.	
  	
  Erik	
  De	
  Young	
  also	
  participated	
  in	
  collecting	
  radiographic	
  data	
  for	
  this	
  project	
  but	
  0

only	
  on	
  charts	
  he	
  did	
  not	
  already	
  complete	
  medical	
  history	
  review	
  	
  	
  To	
  keep	
  track	
  on	
  the	
  0 0

master	
  key	
  of	
  whom	
  collected	
  data	
  on	
  each	
  patient	
  chart,	
  examiners	
  were	
  assigned	
  

different	
  shapes	
  in	
  which	
  they	
  would	
  draw	
  around	
  the	
  “yes”	
  selection	
  in	
  the	
  portion	
  of	
  the	
  

medical	
  or	
  dental	
  radiographic	
  review	
  they	
  completed.	
  	
  Erik	
  DeYoung	
  was	
  assigned	
  a	
  

rectangle	
  “”,	
  Tom	
  Guinall	
  was	
  assigned	
  a	
  diamond	
  “◊”,	
  Dr.	
  Lauren	
  Johnson	
  was	
  assigned	
  a	
  

triangle	
  “Δ”,	
  and	
  Dr.	
  Jeffrey	
  Dzingle	
  was	
  assigned	
  circle	
  “O”.	
  	
  If	
  any	
  questions	
  arose	
  about	
  

data	
  collection	
  on	
  any	
  particular	
  patient	
  it	
  was	
  easy	
  to	
  identify	
  who	
  recorded	
  the	
  

information.

Study	
  Variables

	
  Medical	
  History	
  and	
  CVD	
  Diagnosis

Medical	
  histories	
  were	
  evaluated	
  based	
  on	
  the	
  self-­‐reported	
  or	
  medically	
  documented	
  

history	
  of	
  CVD.	
  	
  This	
  included	
  the	
  different	
  forms	
  or	
  de9initions	
  of	
  CVD	
  on	
  the	
  medical	
  

history	
  in	
  the	
  dental	
  treatment	
  chart	
  including:	
  hypertension,	
  myocardial	
  infarction,	
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atherosclerosis,	
  coronary	
  artery	
  disease,	
  angina	
  or	
  chest	
  pain,	
  heart	
  surgery,	
  congestive	
  

heart	
  failure,	
  valvular	
  heart	
  disease,	
  arrhythmia,	
  cardiomyopathy,	
  rheumatic	
  heart	
  disease,	
  

heart	
  murmur,	
  mitral	
  valve	
  prolapsed,	
  hypercholesterolemia,	
  cerebrovascular	
  disease,	
  and	
  

transient	
  ischemic	
  attack.	
  	
  Patients	
  that	
  document	
  “other”	
  possible	
  forms	
  of	
  CVD	
  were	
  also	
  

identi9ied	
  on	
  the	
  medical	
  history	
  data	
  collection	
  forms.	
  	
  Lists	
  of	
  cardio-­‐protective	
  drugs	
  

were	
  also	
  documented	
  based	
  on	
  patient	
  self-­‐report.	
  	
  

Age,	
  Gender,	
  and	
  Other	
  Diseases/Conditions

Age	
  of	
  patient,	
  gender	
  of	
  patient,	
  and	
  other	
  diseases	
  or	
  conditions	
  that	
  may	
  affect	
  the	
  

formation	
  of	
  calci9ications	
  in	
  the	
  body	
  were	
  evaluated.	
  	
  This	
  included	
  calci9ication-­‐related	
  

diseases	
  such	
  as:	
  arthritis,	
  kidney	
  disease,	
  diabetes,	
  gout,	
  metabolic	
  diseases,	
  connective	
  

tissue	
  disorders,	
  and	
  peripheral	
  vascular	
  disease.	
  	
  Tobacco	
  use	
  and	
  alcohol	
  consumption	
  

were	
  also	
  included	
  as	
  “other	
  conditions”	
  because	
  they	
  can	
  in9luence	
  CVD.

Pulp	
  Stone	
  IdentiBication

Identi9ication	
  of	
  pulp	
  stones	
  in	
  this	
  study	
  consisted	
  of	
  examining	
  bitewing	
  and	
  periapical	
  

radiographs	
  for	
  radiopaque	
  objects	
  in	
  either	
  the	
  pulp	
  chamber	
  or	
  pulp	
  canal.	
  	
  The	
  

de9inition	
  of	
  a	
  pulp	
  stone	
  was	
  ‘any	
  distinct	
  radiopaque	
  object,	
  free	
  or	
  attached,	
  identi9iable	
  

in	
  the	
  pulp	
  chamber	
  or	
  pulp	
  canal	
  in	
  any	
  maxillary	
  or	
  mandibular	
  molar	
  or	
  pre-­‐molar	
  

tooth’.	
  	
  Calibration	
  for	
  radiographic	
  assessment	
  of	
  pulp	
  stones	
  was	
  performed	
  by	
  discussing	
  

radiographs	
  with	
  documented	
  pulp	
  stones	
  and	
  de9ining	
  the	
  radiographic	
  characteristics	
  of	
  

pulp	
  stones.	
  	
  A	
  Training	
  and	
  Calibration	
  Protocol	
  manual	
  was	
  created	
  for	
  assessment	
  and	
  

identi9ication	
  of	
  radiographic	
  variables	
  for	
  data	
  collection	
  in	
  this	
  study	
  (Appendix	
  F).	
  	
  The	
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kappa	
  statistic	
  was	
  used	
  to	
  determine	
  the	
  inter-­‐observer	
  agreement	
  of	
  radiographic	
  pulp	
  

stone	
  formation,	
  radiographic	
  periodontal	
  disease	
  status,	
  restorations	
  status	
  and	
  

radiographic	
  dental	
  caries	
  detection.	
  	
  For	
  calibration	
  of	
  examiners	
  for	
  the	
  variables	
  

described	
  above,	
  all	
  examiners	
  had	
  to	
  have	
  performed	
  the	
  speci9ied	
  measurements	
  on	
  at	
  

least	
  2	
  patient	
  charts.	
  	
  After	
  data	
  were	
  collected,	
  it	
  was	
  entered	
  into	
  a	
  Microsoft	
  Access	
  data	
  

base	
  for	
  error	
  correction	
  and	
  cleaning	
  and	
  analyzed	
  using	
  SPSS	
  Version	
  18.	
  	
  Inter-­‐observer	
  

agreement	
  between	
  Dr.	
  Dzingle	
  and	
  Erik	
  De	
  Young	
  was	
  95.7%	
  while	
  inter-­‐observer	
  

agreement	
  between	
  Drs.	
  Dzingle	
  and	
  Johnson	
  was	
  94.8%.

Study	
  Source	
  Population

The	
  individuals	
  selected	
  for	
  this	
  cross-­‐sectional	
  study	
  were	
  patients	
  at	
  The	
  University	
  of	
  

Michigan	
  School	
  of	
  Dentistry.	
  	
  The	
  dental	
  school	
  provides	
  complete	
  dental	
  care	
  to	
  many	
  

different	
  kinds	
  of	
  medically	
  compromised,	
  social-­‐economic,	
  racial,	
  and	
  age	
  groups.	
  	
  The	
  

dental	
  school	
  currently	
  has	
  around	
  60,000	
  active	
  patient	
  records	
  held	
  in	
  “Central	
  Records”	
  

in	
  the	
  basement	
  of	
  the	
  school	
  in	
  which	
  approximately	
  22,000	
  of	
  these	
  records	
  contain	
  

patients	
  between	
  the	
  ages	
  of	
  20-­‐50	
  years	
  and	
  approximately	
  39,000	
  between	
  the	
  ages	
  of	
  

20-­‐75.	
  	
  Dental	
  records	
  contain	
  the	
  patient’s	
  medical	
  and	
  dental	
  histories,	
  radiographs,	
  

treatment	
  plans,	
  treatment	
  history,	
  periodontal	
  charts,	
  consents	
  and	
  referrals.	
  	
  Dental	
  

charts	
  are	
  audited	
  yearly	
  by	
  the	
  student	
  dentists	
  to	
  ensure	
  proper	
  maintenance,	
  updating,	
  

and	
  documentation	
  of	
  treatment	
  plans,	
  radiographs	
  and	
  medical	
  histories.	
  	
  The	
  students	
  

are	
  required	
  to	
  9ill	
  out	
  chart	
  audits	
  forms	
  for	
  each	
  of	
  their	
  patients	
  and	
  submit	
  them	
  to	
  their	
  

clinic	
  coordinator	
  who	
  reviews	
  them.	
  	
  Bitewing	
  radiographs	
  are	
  taken	
  yearly	
  at	
  recall	
  visits	
  

for	
  caries	
  detection	
  and	
  full	
  –mouth	
  series	
  containing	
  periapical	
  radiographs	
  are	
  taken	
  

approximately	
  every	
  5	
  years.	
  	
  	
  	
  

30



Inclusion	
  Criteria

A	
  total	
  of	
  200	
  patients’	
  ages	
  20-­‐75	
  years	
  were	
  divided	
  into	
  two	
  separate	
  age	
  groups	
  of	
  100	
  

patients	
  each;	
  20-­‐50	
  years	
  and	
  51-­‐75	
  years.	
  	
  Each	
  age	
  group	
  was	
  then	
  divided	
  again	
  into	
  50	
  

patients	
  with	
  CVD	
  and	
  50	
  patients	
  without	
  CVD.	
  	
  The	
  9irst	
  200	
  consecutive	
  patients	
  that	
  

met	
  the	
  inclusion	
  criteria	
  were	
  selected.	
  	
  Inclusion	
  criteria	
  for	
  selecting	
  patient	
  records	
  for	
  0

chart	
  review	
  and	
  data	
  abstraction	
  were	
  records	
  of	
  dentate	
  individuals	
  20-­‐75	
  years	
  of	
  age	
  

who	
  accessed	
  the	
  School	
  of	
  Dentistry	
  since	
  2006.	
  	
  Patients	
  must	
  have	
  had	
  at	
  least	
  one	
  molar	
  

tooth	
  that	
  is	
  fully	
  erupted,	
  non-­‐carious,	
  non-­‐restored	
  or	
  minimally	
  restored.	
  	
  The	
  de9inition	
  

of	
  a	
  non-­‐carious	
  tooth	
  is	
  one	
  having	
  no	
  caries	
  or	
  incipient	
  caries	
  (caries	
  in	
  enamel	
  only).	
  	
  

The	
  de9inition	
  of	
  a	
  minimally	
  restored	
  tooth	
  is	
  one	
  with	
  restorations	
  in	
  enamel	
  or	
  

super9icial	
  dentin	
  (1/3	
  or	
  less	
  dentin	
  thickness).	
  	
  	
  	
  Teeth	
  having	
  caries	
  (caries	
  into	
  dentin)	
  

or	
  heavy	
  restorations	
  (restorations	
  covering	
  more	
  than	
  one	
  surface,	
  facially	
  restored	
  teeth,	
  

or	
  restorations	
  deeper	
  than	
  1/3rd	
  dentin	
  thickness)	
  containing	
  pulp	
  stones	
  were	
  also	
  

included	
  in	
  this	
  study	
  but	
  in	
  a	
  separate	
  category	
  identifying	
  the	
  extent	
  of	
  caries	
  or	
  

restorations.	
  	
  This	
  information	
  was	
  used	
  in	
  assessing	
  the	
  overall	
  prevalence	
  of	
  pulp	
  stones	
  

in	
  the	
  two	
  study	
  groups.	
  	
  To	
  select	
  patients	
  who	
  met	
  the	
  inclusion	
  criteria,	
  an	
  excel	
  

spreadsheet	
  was	
  created	
  containing	
  patient	
  information	
  on	
  active	
  patients	
  in	
  the	
  School	
  of	
  

Dentistry	
  from	
  2006-­‐present.	
  	
  Patient	
  name,	
  dental	
  chart	
  number,	
  and	
  age	
  were	
  used	
  to	
  

select	
  patients	
  for	
  each	
  age	
  group.	
  	
  Charts	
  were	
  signed	
  out	
  from	
  central	
  records	
  in	
  the	
  order	
  

they	
  appeared	
  on	
  the	
  excel	
  spreadsheets	
  and	
  evaluated	
  individually	
  by	
  Dr.	
  Dzingle	
  

identifying	
  if	
  they	
  met	
  the	
  inclusion	
  criteria	
  for	
  CVD	
  and	
  teeth.	
  	
  If	
  the	
  patient	
  chart	
  did	
  not	
  

meet	
  inclusion	
  criteria,	
  it	
  was	
  returned	
  to	
  central	
  records	
  to	
  be	
  re-­‐9iled.	
  	
  If	
  the	
  patient	
  chart	
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met	
  inclusion	
  criteria,	
  the	
  chart	
  number	
  was	
  recorded	
  on	
  both	
  Master	
  Keys	
  (Appendices	
  A	
  

&	
  B)	
  and	
  retained	
  for	
  future	
  data	
  collection.

 Data	
  Collection

Data	
  were	
  collected	
  on	
  data	
  collection	
  forms	
  detailing	
  the	
  patient’s	
  medical	
  and	
  dental	
  

radiographic	
  history	
  (Appendices	
  C,	
  D,	
  and	
  E).	
  	
  Medical	
  and	
  dental	
  review	
  data	
  collection	
  

forms	
  were	
  kept	
  separate	
  during	
  data	
  collection	
  to	
  prevent	
  the	
  radiographic	
  reviewer	
  from	
  

knowing	
  the	
  CVD	
  diagnosis	
  of	
  the	
  patient	
  being	
  evaluated.	
  	
  When	
  data	
  collection	
  forms	
  

were	
  completed,	
  they	
  were	
  9iled	
  into	
  a	
  “data	
  collection”	
  tub	
  containing	
  hanging	
  folders	
  for	
  

the	
  medical	
  and	
  dental	
  review	
  forms.	
  	
  When	
  both	
  sections	
  of	
  the	
  medical	
  and	
  dental	
  

radiographic	
  reviews	
  were	
  checked	
  off	
  on	
  the	
  master	
  key,	
  the	
  medical	
  and	
  dental	
  

radiographic	
  data	
  collection	
  forms	
  were	
  removed	
  from	
  the	
  “data	
  collection”	
  tub,	
  stapled	
  

together,	
  and	
  then	
  placed	
  into	
  hanging	
  folders	
  in	
  a	
  “data	
  entry”	
  tub	
  where	
  they	
  were	
  stored	
  

until	
  they	
  were	
  entered	
  into	
  the	
  Microsoft	
  Access	
  database.	
  	
  Data	
  were	
  then	
  entered,	
  using	
  

double	
  data	
  entry,	
  into	
  a	
  Microsoft	
  Access	
  database	
  speci9ically	
  designed	
  to	
  verify	
  if	
  data	
  

were	
  entered	
  accurately.	
  

Both	
  bitewing	
  and	
  periapical	
  radiographs	
  were	
  evaluated	
  from	
  the	
  patient’s	
  dental	
  chart	
  to	
  

identify	
  pulp	
  stone	
  formation.	
  	
  Radiographs	
  being	
  evaluated	
  were	
  the	
  most	
  current.	
  0 000

Diagnosis	
  of	
  pulp	
  stone	
  formation	
  was	
  based	
  on	
  visual	
  inspection	
  of	
  dental	
  periapical	
  or	
  

bitewing	
  radiographs.	
  	
  	
  A	
  Clinical	
  Operations	
  Procedures	
  Manual	
  was	
  created	
  for	
  data	
  

collection	
  so	
  that	
  any	
  observer	
  collecting	
  data	
  either	
  on	
  the	
  medical	
  review	
  or	
  dental	
  

radiographic	
  review	
  could	
  use	
  for	
  reference	
  in	
  case	
  a	
  question	
  arose.	
  	
  This	
  manual	
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contained	
  pertinent	
  information	
  regarding	
  clinical	
  protocol,	
  procedures,	
  de9initions	
  and	
  

identi9ication	
  markers	
  for	
  variables	
  being	
  analyzed	
  in	
  this	
  study	
  (Appendix	
  G).

Data	
  Entry,	
  Management,	
  and	
  Quality	
  Control

Microsoft	
  Access	
  was	
  used	
  to	
  create	
  a	
  data	
  entry	
  program	
  and	
  database	
  in	
  which	
  to	
  enter	
  all	
  

of	
  the	
  information	
  collected	
  on	
  the	
  medical	
  history	
  review	
  and	
  dental	
  radiographic	
  review	
  

forms.	
  	
  The	
  database	
  contained:	
  1)	
  All	
  screens	
  for	
  double	
  data	
  entry	
  with	
  built-­‐in	
  9ilters	
  and	
  

checks	
  of	
  valid	
  values,	
  2)	
  The	
  underlying	
  tables	
  with	
  the	
  individual	
  data	
  entered	
  for	
  both	
  

double	
  data	
  entry	
  with	
  entries,	
  3)	
  Comparison	
  programs	
  that	
  compared	
  and	
  identi9ied	
  

discrepancies	
  between	
  the	
  two	
  entries	
  of	
  the	
  same	
  data,	
  4)	
  Programs	
  for	
  entering	
  and	
  

posting	
  of	
  data	
  entry	
  correction,	
  5)	
  Cleaning	
  rules	
  and	
  an	
  option	
  to	
  print	
  such	
  rules,	
  6)	
  

Functions	
  to	
  print	
  all	
  structures	
  for	
  all	
  the	
  tables.

Each	
  data	
  collection	
  form	
  had	
  one	
  or	
  more	
  analogous	
  data	
  entry	
  screens,	
  designed	
  to	
  

closely	
  resemble	
  the	
  hard	
  copy	
  form	
  in	
  order	
  to	
  assure	
  accuracy	
  of	
  data	
  entry.	
  	
  An	
  

underlying	
  table	
  was	
  created	
  for	
  each	
  data	
  collection	
  form,	
  and	
  the	
  data	
  were	
  stored	
  in	
  

those	
  tables,	
  all	
  within	
  the	
  database	
  application.	
  	
  

Initially,	
  the	
  data	
  entry	
  screens	
  were	
  proofread	
  and	
  tested	
  by	
  entering	
  9ictitional	
  data	
  to	
  test	
  

for	
  functionality	
  and	
  cursor	
  advancement.	
  	
  It	
  was	
  also	
  veri9ied	
  that	
  each	
  data	
  point	
  entered	
  

in	
  the	
  data	
  entry	
  screen	
  was	
  correctly	
  linked	
  to	
  the	
  correct	
  corresponding	
  9ield	
  in	
  the	
  

underlying	
  table.	
  	
  Subsequently,	
  they	
  were	
  tested	
  by	
  entering	
  real	
  data	
  from	
  copies	
  of	
  data	
  

collection	
  forms.	
  	
  The	
  key	
  with	
  the	
  linkage	
  between	
  the	
  subject	
  identi9ier	
  and	
  the	
  identity	
  of	
  

the	
  subject	
  was	
  kept	
  by	
  Dr.	
  Dzingle	
  under	
  lock	
  at	
  all	
  times	
  when	
  not	
  in	
  use.
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Data	
  quality	
  control	
  provisions	
  were	
  implemented	
  from	
  data	
  entry	
  through	
  data	
  analysis	
  

procedures.	
  	
  The	
  data	
  entry	
  programs	
  were	
  designed	
  to	
  reject	
  illogical	
  or	
  out-­‐of-­‐range	
  

values,	
  accommodate	
  inherent	
  skip	
  patterns,	
  and	
  had	
  features	
  to	
  provide	
  pre-­‐recorded	
  

entries	
  for	
  9ixed-­‐value	
  9ields	
  to	
  reduce	
  the	
  likelihood	
  of	
  errors	
  in	
  data	
  entry.	
  	
  The	
  program	
  

was	
  designed	
  to	
  compare	
  the	
  two	
  tables	
  with	
  data	
  entered	
  two	
  different	
  times	
  and	
  

discrepancies	
  were	
  listed	
  in	
  an	
  output	
  9ile	
  that	
  was	
  used	
  for	
  data	
  entry	
  error	
  correction.	
  	
  	
  	
  

This	
  9ile	
  showed	
  the	
  9ield	
  (variable)	
  name	
  and	
  the	
  two	
  values	
  entered	
  during	
  the	
  9irst	
  and	
  

second	
  round	
  of	
  data	
  entry.	
  	
  These	
  error	
  correction	
  tables	
  were	
  separate	
  from	
  the	
  raw	
  data	
  

entered	
  in	
  the	
  actual	
  electronic	
  forms.	
  	
  Corrections	
  could	
  be	
  done	
  in	
  the	
  error	
  correction	
  

table	
  and	
  then	
  electronically	
  inserted	
  to	
  their	
  respective	
  items	
  in	
  the	
  data	
  table	
  after	
  the	
  

corrections	
  have	
  been	
  veri9ied	
  according	
  to	
  the	
  original	
  data	
  collection	
  forms	
  by	
  Dr.	
  Dzingle.	
  	
  

Additionally,	
  data	
  veri9ication	
  was	
  conducted;	
  additional	
  logic	
  checks	
  and	
  cleaning	
  

procedures	
  to	
  assure	
  data	
  quality	
  prior	
  to	
  data	
  analysis	
  were	
  also	
  preformed.	
  	
  Regular	
  and	
  

periodic	
  inspection	
  of	
  frequency	
  distributions,	
  value	
  ranges,	
  and	
  cross-­‐tabulations	
  of	
  

selected	
  variables	
  and	
  review	
  the	
  reports	
  were	
  performed	
  during	
  the	
  course	
  of	
  the	
  project	
  

to	
  verify	
  accuracy	
  of	
  data	
  entry	
  and	
  to	
  provide	
  early	
  opportunities	
  for	
  clari9ication	
  of	
  

questions	
  and	
  correction	
  of	
  errors	
  and	
  omissions.	
  

The	
  database	
  was	
  sent	
  via	
  electronic	
  mail	
  as	
  a	
  password-­‐protected	
  9ile	
  from	
  Dr.	
  Dzingle	
  to	
  

Dr.	
  Taylor.	
  	
  Data	
  was	
  transformed	
  into	
  SPSS	
  data	
  9iles	
  via	
  Excel	
  spreadsheets.	
  	
  The	
  database	
  0 00

with	
  all	
  the	
  data,	
  any	
  saved	
  Excel	
  spreadsheets,	
  and	
  the	
  SPSS	
  datasets	
  and	
  program	
  and	
  

output	
  9iles	
  resided	
  on	
  password-­‐protected	
  computers	
  in	
  Dr.	
  Taylor’s	
  secure	
  dry	
  laboratory	
  

space	
  and	
  on	
  Dr.	
  Dzingle’s	
  password-­‐protected	
  computer.	
  	
  The	
  9iles	
  were	
  backed	
  up	
  in	
  

34



folders	
  that	
  were	
  sent	
  via	
  password	
  protected	
  e-­‐mail	
  to	
  dedicated	
  space	
  in	
  Dr.	
  Dzingle’s	
  

umich	
  e-­‐mail	
  account.

Only	
  authorized	
  project	
  personnel	
  were	
  allowed	
  access	
  to	
  project	
  data.	
  	
  Laptop	
  and	
  desktop	
  

computers	
  used	
  for	
  the	
  project	
  were	
  password	
  protected.	
  	
  

All	
  personnel	
  involved	
  with	
  the	
  data	
  management	
  and	
  statistical	
  analysis	
  team	
  verbally	
  

pledged	
  to	
  keep	
  data	
  con9idential,	
  assuring	
  that	
  they	
  will	
  not	
  transfer	
  any	
  information	
  

gained	
  from	
  the	
  study	
  to	
  individuals	
  not	
  connected	
  to	
  the	
  study.	
  	
  All	
  data	
  collection	
  forms	
  

carried	
  a	
  study	
  identi9ication	
  number	
  only,	
  no	
  other	
  identi9iers	
  were	
  known	
  to	
  Dr.	
  Taylor	
  or	
  

the	
  data	
  management	
  and	
  analysis	
  team.	
  	
  The	
  copies	
  of	
  data	
  collection	
  forms	
  were	
  kept	
  

under	
  lock	
  at	
  all	
  times	
  when	
  not	
  in	
  use.	
  	
  In	
  case	
  of	
  electronic	
  transfer	
  via	
  the	
  Internet,	
  the	
  

password	
  would	
  be	
  revealed	
  separately	
  from	
  the	
  message	
  accompanying	
  the	
  9iles.	
  	
  In	
  case	
  

of	
  surface-­‐mail	
  of	
  CD-­‐ROMS	
  or	
  other	
  storage	
  media,	
  the	
  password	
  would	
  not	
  be	
  mailed	
  

together	
  with	
  the	
  media.	
  	
  The	
  passwords	
  would	
  be	
  revealed	
  by	
  telephone	
  or	
  electronic	
  mail	
  

without	
  any	
  detailed	
  description	
  of	
  the	
  9ile	
  name,	
  just	
  referring	
  to	
  “the	
  password	
  you	
  need”.

A	
  Microsoft	
  Access	
  Procedures	
  Manual	
  (Appendix	
  H)	
  was	
  developed	
  with	
  instructions	
  in	
  

how	
  to	
  utilize	
  the	
  comprehensive	
  database,	
  from	
  opening	
  the	
  application	
  and	
  identifying	
  

the	
  data	
  entry	
  screen	
  that	
  corresponds	
  to	
  any	
  given	
  data	
  collection	
  form,	
  to	
  how	
  to	
  enter	
  

data	
  twice	
  and	
  compare	
  the	
  entries	
  and	
  correct	
  any	
  entry	
  errors.	
  	
  Also,	
  instructions	
  were	
  

provided	
  regarding	
  how	
  to	
  back	
  up	
  and	
  password-­‐protect	
  the	
  database.	
  	
  All	
  necessary	
  

hands-­‐on	
  training	
  and	
  demonstration	
  for	
  use	
  of	
  the	
  database	
  was	
  provided	
  to	
  Dr.	
  Dzingle	
  as	
  

needed	
  by	
  Dr.	
  Taylor	
  and	
  his	
  team.	
  	
  A	
  Microsoft	
  Access	
  Codebook	
  (Appendix	
  I)	
  and	
  SPSS	
  

Data	
  Analysis	
  variable	
  de9initions	
  (Appendix	
  J)	
  were	
  created	
  for	
  variable	
  de9initions	
  in	
  both	
  

Microsoft	
  Access	
  and	
  SPSS	
  Data	
  analysis	
  programs.
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Statistical	
  Analysis	
  

The	
  statistical	
  analysis	
  consisted	
  of	
  several	
  stages.	
  The	
  9irst	
  stage	
  conducted	
  a	
  univariate	
  0

analyses	
  on	
  the	
  variables	
  of	
  interest	
  to	
  determine	
  distributions	
  and	
  to	
  evaluate	
  the	
  need	
  for	
  

transformations	
  and	
  possible	
  categorical	
  speci9ications	
  of	
  the	
  variables.	
  	
  The	
  next	
  stage	
  

conducted	
  a	
  bivariate	
  analysis	
  to	
  assess	
  the	
  crude	
  association	
  between	
  the	
  CVD	
  and	
  

prevalence	
  of	
  pulp	
  stones.	
  	
  The	
  third	
  stage	
  conducted	
  a	
  strati9ied	
  analysis	
  to	
  evaluate	
  third	
  

variables,	
  as	
  potential	
  confounders	
  or	
  effect	
  modi9iers	
  that	
  may	
  affect	
  the	
  bivariate	
  or	
  crude	
  

association	
  between	
  CVD	
  and	
  prevalence	
  of	
  pulp	
  stones.	
  	
  If	
  the	
  strati9ied	
  analysis	
  resulted	
  

in	
  any	
  statistically	
  signi9icant	
  9indings,	
  then	
  the	
  last	
  stage	
  would	
  be	
  to	
  conduct	
  a	
  

multivariate	
  logistic	
  regression	
  analysis	
  to	
  simultaneously	
  control	
  for	
  multiple	
  covariates	
  

that	
  may	
  in9luence	
  the	
  formation	
  of	
  pulp	
  stones,	
  and/or	
  act	
  as	
  confounders	
  or	
  effect	
  

modi9iers	
  of	
  the	
  association	
  between	
  CVD	
  and	
  pulp	
  stones.	
  The	
  coef9icients	
  estimated	
  in	
  

each	
  of	
  the	
  bivariate,	
  strati9ied	
  and	
  multivariate	
  logistic	
  regression	
  analyses	
  were	
  expressed	
  

as	
  an	
  odds	
  ratio	
  with	
  95%	
  con9idence	
  intervals.	
  	
  Statistical	
  analysis	
  for	
  between-­‐group	
  

comparisons	
  was	
  based	
  on	
  a	
  chi-­‐squared	
  test	
  of	
  association,	
  while	
  analysis	
  for	
  between-­‐

group	
  comparisons	
  adjusted	
  for	
  other	
  factors	
  was	
  based	
  on	
  logistic	
  regression.	
  	
   Poisson	
  

regression	
  was	
  used	
  to	
  assess	
  whether	
  restorations	
  or	
  caries	
  were	
  predictors	
  of	
  pulp	
  stone	
  

formation	
  in	
  teeth.	
  	
  Statistical	
  signi9icance	
  was	
  de9ined	
  as	
  a	
  p-­‐value	
  less	
  than	
  0.05.

0
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Chapter	
  5-­	
  RESULTS0

Aim	
  1	
  	
  
What	
  are	
  the	
  patient	
  characteristics	
  for	
  Age	
  and	
  Gender,	
  CVD	
  diagnosis,	
  Restoration	
  
and	
  Caries	
  status	
  in	
  this	
  study	
  population?

Age	
  and	
  Gender

Table	
  2	
  shows	
  the	
  CVD	
  characteristics	
  of	
  all	
  age	
  groups	
  along	
  with	
  other	
  potential	
  diseases/

conditions	
  that	
  could	
  affect	
  CVD.	
  	
  In	
  this	
  table,	
  the	
  patient	
  population	
  analyzed	
  for	
  pulp	
  

stones	
  is	
  presented	
  in	
  three	
  age	
  groups:	
  	
  20-­‐75	
  years,	
  20-­‐50	
  years,	
  and	
  51-­‐75	
  years.	
  	
  The	
  

age	
  group	
  20-­75	
  years	
  contained	
  the	
  total	
  patient	
  population	
  of	
  200	
  patients	
  which	
  was	
  

then	
  divided	
  equally	
  into	
  age	
  groups	
  of	
  20-­50	
  years	
  (n=100)	
  and	
  51-­75	
  years	
  (n=100).	
  	
  The	
  

average	
  age	
  for	
  the	
  total	
  patients	
  (n=200)	
  in	
  the	
  20-­‐75	
  years	
  age	
  group	
  was	
  51.0	
  years.	
  	
  

When	
  dividing	
  this	
  group	
  into	
  males	
  (n=91)	
  and	
  females	
  (n=109),	
  the	
  average	
  age	
  for	
  males	
  

was	
  52.1	
  years	
  while	
  the	
  average	
  age	
  for	
  females	
  was	
  50.1	
  years.	
  	
  The	
  age	
  group	
  20-­50	
  years	
  

(n=100)	
  was	
  divided	
  into	
  male	
  (n=40)	
  and	
  female	
  (n=60)	
  groups.	
  	
  Overall,	
  the	
  average	
  age	
  

for	
  this	
  group	
  was	
  41.4	
  years	
  while	
  the	
  average	
  age	
  for	
  males	
  was	
  41.2	
  years,	
  and	
  the	
  

average	
  age	
  for	
  the	
  females	
  was	
  41.6	
  years.	
  	
  The	
  age	
  group	
  51-­75	
  years	
  (n=100)	
  was	
  divided	
  

into	
  male	
  (n=51)	
  and	
  female	
  (n=49)	
  groups.	
  	
  Overall,	
  the	
  average	
  age	
  for	
  this	
  group	
  was	
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60.6	
  years	
  while	
  the	
  average	
  age	
  for	
  males	
  was	
  63.1	
  years,	
  and	
  the	
  average	
  age	
  for	
  females	
  

was	
  58.1	
  years.

CVD	
  Diagnosis

Table	
  2	
  presents	
  the	
  distribution	
  of	
  types	
  of	
  CVD	
  and	
  other	
  diseases	
  and	
  conditions	
  for	
  200	
  

patients	
  who	
  were	
  analyzed,	
  100	
  with	
  CVD	
  and	
  100	
  without	
  CVD.	
  The	
  3	
  major	
  sections	
  of	
  

the	
  table	
  contain	
  the	
  results	
  for	
  patients	
  ages	
  20-­‐50,	
  51-­‐75,	
  and	
  the	
  entire	
  group,	
  ages	
  

20-­‐75.	
  

In	
  the	
  20-­50	
  yrs	
  age	
  group,	
  there	
  were	
  a	
  total	
  of	
  40	
  male	
  and	
  60	
  female	
  patients.	
  	
  Out	
  of	
  the	
  

40	
  male	
  patients,	
  58%	
  (23/40)	
  had	
  CVD	
  disease	
  while	
  out	
  of	
  the	
  60	
  female	
  patients,	
  45%	
  

(27/60)	
  had	
  CVD.	
  	
  In	
  the	
  51-­75	
  yrs	
  age	
  group,	
  there	
  were	
  a	
  total	
  of	
  51	
  male	
  and	
  49	
  female	
  

patients.	
  	
  Out	
  of	
  the	
  51	
  male	
  patients,	
  45%	
  (23/51)	
  had	
  CVD	
  disease	
  while	
  out	
  of	
  the	
  49	
  

female	
  patients,	
  55%	
  (27/49)	
  had	
  CVD.	
  	
  

Hypertension,	
  valvular	
  heart	
  disease,	
  and	
  hypercholesterolemia	
  were	
  the	
  most	
  prevalent	
  

types	
  of	
  CVD	
  or	
  CVD	
  risk	
  factors	
  in	
  this	
  study	
  accounting	
  for	
  28%,	
  12%,	
  and	
  10%	
  of	
  the	
  

patients	
  aged	
  20-­75	
  yrs,	
  respectively.	
  	
  	
  When	
  evaluating	
  the	
  20-­50	
  yrs	
  age	
  group,	
  

hypertension,	
  valvular	
  heart	
  disease,	
  and	
  hypercholesterolemia	
  were	
  also	
  the	
  most	
  

prevalent	
  accounting	
  for	
  21%,	
  16%,	
  and	
  9%	
  of	
  the	
  patients	
  with	
  CVD,	
  respectively.	
  	
  When	
  

evaluating	
  the	
  51-­75	
  yrs	
  age	
  group,	
  hypertension,	
  valvular	
  heart	
  disease,	
  and	
  

hypercholesterolemia	
  were	
  again	
  the	
  most	
  prevalent	
  accounting	
  for	
  35%,	
  8%,	
  and	
  10%	
  of	
  

the	
  patients	
  with	
  CVD,	
  respectively.	
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When	
  identifying	
  other	
  diseases	
  or	
  conditions	
  that	
  could	
  affect	
  CVD	
  or	
  in9luence	
  pulpal	
  

calci9ications	
  in	
  teeth,	
  diabetes	
  and	
  arthritis	
  were	
  the	
  most	
  prevalent	
  accounting	
  for	
  10%	
  

and	
  19%	
  of	
  the	
  patients	
  of	
  both	
  age	
  groups	
  combined,	
  respectively	
  (Table	
  1).	
  	
  

Restoration	
  Status	
  of	
  Teeth

Table	
  3	
  shows	
  the	
  characteristic	
  of	
  the	
  patient’s	
  dentition	
  by	
  age	
  and	
  CVD	
  diagnosis.	
  	
  

Overall,	
  for	
  the	
  age	
  group	
  20-­50	
  years,	
  a	
  total	
  of	
  100	
  patients	
  and	
  1,470	
  teeth	
  were	
  

examined	
  for	
  their	
  restoration	
  status.	
  	
  Among	
  the	
  1,470	
  teeth	
  examined	
  radiographically,	
  

755	
  were	
  non-­‐restored,	
  372	
  were	
  heavily	
  restored,	
  272	
  were	
  minimally	
  restored,	
  47	
  were	
  

crowned,	
  and	
  28	
  had	
  facial	
  restorations	
  as	
  shown	
  in	
  Figure	
  2.	
  	
  To	
  translate	
  what	
  the	
  total	
  0

number	
  of	
  teeth	
  in	
  each	
  restorative	
  category	
  represented,	
  average	
  percentages	
  of	
  teeth	
  per	
  

patient	
  was	
  calculated.	
  	
  Among	
  the	
  100	
  patients	
  examined	
  radiographically,	
  on	
  average,	
  

each	
  patient	
  had	
  51%	
  non-­‐restored	
  teeth,	
  26%	
  heavily	
  restored	
  teeth,	
  19%	
  minimally	
  

restored	
  teeth,	
  3%	
  crowned	
  teeth,	
  and	
  2%	
  facially	
  restored	
  teeth	
  as	
  shown	
  in	
  Figure	
  2.	
  	
  

When	
  comparing	
  the	
  CVD	
  present	
  group	
  to	
  the	
  CVD	
  absent	
  group,	
  both	
  groups	
  had	
  similar	
  

patterns	
  for	
  the	
  distribution	
  of	
  total	
  number	
  of	
  restorations	
  in	
  each	
  category	
  and	
  similar	
  

percentages	
  of	
  teeth	
  found	
  per	
  patient	
  as	
  shown	
  in	
  Figure	
  2.0

39



 Figure	
  2.	
  	
  Comparison	
  of	
  restoration	
  status	
  of	
  teeth	
  overall,	
  when	
  CVD	
  is	
  present,	
  and	
  

when	
  CVD	
  is	
  absent	
  in	
  patients	
  aged	
  20-­‐50	
  yrs

	
  
Overall,	
  for	
  the	
  age	
  group	
  51-­75	
  years,	
  a	
  total	
  of	
  100	
  patients	
  and	
  1,415	
  teeth	
  were	
  

examined	
  for	
  their	
  restoration	
  status.	
  	
  Among	
  the	
  1,415	
  teeth	
  examined	
  radiographically,	
  

520	
  teeth	
  were	
  non-­‐restored,	
  413	
  teeth	
  were	
  heavily	
  restored,	
  240	
  teeth	
  were	
  crowned,	
  

218	
  teeth	
  were	
  minimally	
  restored,	
  and	
  24	
  teeth	
  had	
  facial	
  restorations	
  as	
  shown	
  in	
  Figure	
  

3.	
  	
  To	
  translate	
  what	
  the	
  total	
  number	
  of	
  teeth	
  in	
  each	
  restorative	
  category	
  represented,	
  

average	
  percentages	
  of	
  teeth	
  per	
  patient	
  was	
  calculated.	
  	
  Among	
  the	
  100	
  patients	
  examined	
  

radiographically,	
  on	
  average,	
  each	
  patient	
  had	
  36%	
  non-­‐restored	
  teeth,	
  29%	
  heavily	
  

restored	
  teeth,	
  18%	
  crowned,	
  16%	
  minimally	
  restored	
  teeth,	
  and	
  2%	
  facially	
  restored	
  teeth	
  

as	
  shown	
  in	
  Figure	
  3.	
  	
  When	
  comparing	
  the	
  CVD	
  present	
  group	
  to	
  the	
  CVD	
  absent	
  group,	
  0

both	
  groups	
  had	
  similar	
  patterns	
  for	
  the	
  distribution	
  of	
  total	
  number	
  of	
  restorations	
  in	
  each	
  

category	
  and	
  similar	
  percentages	
  of	
  teeth	
  found	
  per	
  patient	
  as	
  shown	
  in	
  Figure	
  3.
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Figure	
  3.	
  	
  Comparison	
  of	
  restoration	
  status	
  of	
  teeth	
  overall,	
  when	
  CVD	
  is	
  present,	
  and	
  when	
  

CVD	
  is	
  absent	
  in	
  patients	
  aged	
  51-­‐75	
  yrs

However,	
  when	
  comparing	
  the	
  20-­50	
  yrs	
  age	
  group	
  with	
  the	
  51-­75	
  yrs	
  age	
  group	
  it	
  was	
  

found	
  the	
  older	
  age	
  group	
  had	
  a	
  statistically	
  signi9icantly	
  higher	
  percentage	
  of	
  teeth	
  per	
  

patient	
  with	
  crown	
  restorations	
  (18%,	
  n=240)	
  than	
  the	
  younger	
  age	
  group	
  (3%,	
  n=47)	
  as	
  

shown	
  in	
  Figure	
  4	
  (Chi-­‐Square,	
  P	
  <	
  0.001).	
  	
  It	
  was	
  also	
  found	
  that	
  the	
  younger	
  age	
  group	
  

had	
  a	
  statistically	
  signi9icantly	
  higher	
  percentage	
  of	
  teeth	
  per	
  patient	
  with	
  no	
  restorations	
  

(51%,	
  n=755)	
  when	
  compared	
  to	
  the	
  elder	
  age	
  group	
  (36%,	
  n=520),	
  (Chi-­‐Square,	
  P=	
  .013).
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Figure	
  4.	
  	
  Comparison	
  of	
  restoration	
  status	
  between	
  age	
  groups

Caries	
  Status	
  of	
  Teeth	
  

Table	
  3	
  shows	
  the	
  characteristic	
  of	
  the	
  patient’s	
  caries	
  status	
  by	
  age	
  and	
  CVD	
  diagnosis.	
  	
  

Overall,	
  for	
  the	
  age	
  group	
  20-­50	
  years,	
  a	
  total	
  of	
  100	
  patients	
  and	
  1,470	
  teeth	
  were	
  

examined	
  for	
  their	
  caries	
  status.	
  	
  Among	
  the	
  1,470	
  teeth	
  examined	
  radiographically,	
  1,350	
  

teeth	
  were	
  non-­‐carious,	
  75	
  teeth	
  were	
  incipient	
  carious,	
  and	
  45	
  teeth	
  had	
  dental	
  caries	
  as	
  

shown	
  in	
  Figure	
  5.	
  	
  To	
  translate	
  what	
  the	
  total	
  number	
  of	
  teeth	
  in	
  each	
  caries	
  category	
  0

represented,	
  average	
  percentages	
  of	
  teeth	
  per	
  patient	
  was	
  calculated.	
  	
  Among	
  the	
  100	
  

patients	
  examined	
  radiographically,	
  on	
  average,	
  each	
  patient	
  contained	
  91%	
  non-­‐carious	
  

teeth,	
  5%	
  incipient	
  carious	
  teeth,	
  and	
  3%	
  dentinal	
  carious	
  teeth.	
  	
  When	
  comparing	
  the	
  CVD	
  

present	
  group	
  to	
  the	
  CVD	
  absent	
  group,	
  both	
  groups	
  had	
  similar	
  patterns	
  for	
  the	
  

distribution	
  of	
  total	
  number	
  of	
  restorations	
  in	
  each	
  category	
  and	
  similar	
  percentages	
  of	
  0

teeth	
  found	
  per	
  patient	
  as	
  shown	
  in	
  Figure	
  5.0
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Figure	
  5.	
  	
  Comparison	
  of	
  caries	
  status	
  of	
  teeth	
  overall,	
  when	
  CVD	
  is	
  present,	
  and	
  when	
  CVD	
  

is	
  absent	
  in	
  patients	
  aged	
  20-­‐50	
  yrs

Overall,	
  for	
  the	
  age	
  group	
  51-­75	
  years,	
  a	
  total	
  of	
  100	
  patients	
  and	
  1,415	
  teeth	
  were	
  

examined	
  for	
  their	
  caries	
  status.	
  	
  Among	
  the	
  1,415	
  teeth	
  examined	
  radiographically,	
  1,352	
  

were	
  non-­‐carious,	
  2	
  were	
  incipient	
  carious,	
  and	
  61	
  had	
  dental	
  caries.	
  	
  To	
  translate	
  what	
  the	
  

total	
  number	
  of	
  teeth	
  in	
  each	
  caries	
  category	
  represented,	
  average	
  percentages	
  of	
  teeth	
  per	
  

patient	
  was	
  calculated.	
  	
  Among	
  the	
  100	
  patients	
  examined	
  radiographically,	
  on	
  average,	
  

each	
  patient	
  contained	
  95%	
  non-­‐carious	
  teeth,	
  0%	
  incipient	
  carious	
  teeth,	
  and	
  4%	
  dentinal	
  

carious	
  teeth.	
  	
  When	
  comparing	
  the	
  CVD	
  present	
  group	
  to	
  the	
  CVD	
  absent	
  group,	
  both	
  

groups	
  had	
  similar	
  patterns	
  for	
  the	
  distribution	
  of	
  total	
  number	
  of	
  restorations	
  in	
  each	
  

category	
  and	
  similar	
  percentages	
  of	
  teeth	
  found	
  per	
  patient	
  as	
  shown	
  in	
  Figure	
  6.0
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Figure	
  6.	
  	
  Comparison	
  of	
  caries	
  status	
  of	
  teeth	
  overall,	
  when	
  CVD	
  is	
  present,	
  and	
  when	
  CVD	
  

is	
  absent	
  in	
  patients	
  aged	
  51-­‐75	
  yrs

Aim	
  2
What	
  is	
  the	
  distribution	
  of	
  pulp	
  stones	
  in	
  this	
  study	
  population?

Pulp	
  Stone	
  Distribution	
  by	
  Gender	
  and	
  Tooth	
  Type

 Table	
  4	
  shows	
  pulp	
  stone	
  distribution	
  and	
  prevalence	
  in	
  patient’s	
  teeth	
  by	
  age	
  group,	
  tooth	
  

type,	
  and	
  gender.	
  	
  A	
  total	
  of	
  200	
  patients	
  aged	
  20-­‐75	
  yrs	
  were	
  evaluated	
  in	
  this	
  study,	
  91	
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male	
  and	
  109	
  female.	
  	
  Among	
  these	
  patients,	
  a	
  total	
  of	
  352	
  teeth	
  with	
  pulp	
  stones	
  were	
  

identi9ied	
  which	
  were	
  distributed	
  between	
  maxillary	
  and	
  mandibular	
  molars	
  and	
  pre-­‐

molars	
  as	
  shown	
  in	
  Figure	
  7.0

	
  	
  

Figure	
  7:	
  Distribution	
  of	
  pulp	
  stones	
  by	
  gender	
  and	
  tooth	
  type	
  in	
  patients	
  aged	
  20-­‐75	
  yrs

Female	
  patients	
  (n=109)	
  contained	
  pulp	
  stones	
  in	
  191	
  total	
  teeth	
  while	
  male	
  patients	
  

(n=91)	
  contained	
  pulp	
  stones	
  in	
  161	
  total	
  teeth.	
  	
  Maxillary	
  molars	
  in	
  both	
  gender	
  groups	
  

(males	
  =	
  85	
  teeth,	
  females	
  =	
  105	
  teeth)	
  accounted	
  for	
  54.0%	
  (190/352)	
  of	
  the	
  total	
  teeth	
  

containing	
  pulp	
  stones	
  followed	
  by	
  mandibular	
  molars	
  (males	
  =	
  66	
  teeth,	
  females	
  =	
  69	
  

teeth)	
  at	
  38.3%	
  (135/352).	
  	
  Mandibular	
  pre-­‐molars	
  accounted	
  5.4%	
  of	
  teeth	
  containing	
  

pulp	
  stones	
  while	
  maxillary	
  pre-­‐molars	
  were	
  the	
  least	
  common	
  teeth	
  to	
  contain	
  pulp	
  stones	
  

at	
  2.3%	
  (8/352).

Pulp	
  Stone	
  Distribution	
  by	
  Age	
  Group	
  and	
  Tooth	
  Type
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 Table	
  4	
  also	
  shows	
  pulp	
  stone	
  distribution	
  and	
  prevalence	
  by	
  age	
  group	
  and	
  tooth	
  type.	
  	
  

The	
  200	
  patients	
  were	
  then	
  evenly	
  divided	
  into	
  two	
  age	
  groups,	
  20-­‐50	
  yrs	
  and	
  51-­‐75	
  yrs,	
  of	
  

100	
  patients	
  each	
  which	
  then	
  evaluated	
  the	
  distribution	
  and	
  percent	
  contribution	
  of	
  pulp	
  

stones	
  within	
  these	
  teeth	
  types.	
  	
  Among	
  the	
  352	
  pulp	
  stones	
  identi9ied	
  in	
  this	
  study,	
  167	
  

pulp	
  stones	
  were	
  found	
  in	
  the	
  20-­‐50	
  yrs	
  age	
  group	
  and	
  185	
  pulp	
  stones	
  were	
  found	
  in	
  the	
  

51-­75	
  yrs	
  age	
  group	
  as	
  shown	
  in	
  Table	
  4.	
  	
  The	
  majority	
  of	
  these	
  pulp	
  stones	
  were	
  located	
  in	
  

maxillary	
  and	
  mandibular	
  molars	
  in	
  each	
  age	
  group	
  while	
  maxillary	
  and	
  mandibular	
  pre-­‐

molars	
  contained	
  the	
  least	
  amount	
  in	
  each	
  age	
  group	
  as	
  shown	
  in	
  Figure	
  8.

Percent	
  Contribution	
  of	
  Pulp	
  Stones	
  in	
  Teeth	
  Types

The	
  percent	
  contribution	
  of	
  pulp	
  stones	
  found	
  in	
  the	
  maxillary	
  and	
  mandibular	
  molars	
  to	
  

the	
  total	
  pulp	
  stone	
  count	
  	
  for	
  the	
  20-­50	
  yrs	
  age	
  group	
  was	
  57%	
  	
  (96/167)	
  and	
  38%	
  

(94/185),	
  respectively;	
  while	
  the	
  percent	
  contribution	
  for	
  these	
  same	
  teeth	
  in	
  the	
  51-­75	
  yrs	
  

age	
  group	
  was	
  51%	
  (64/167)	
  and	
  38%	
  (71/185),	
  respectively.	
  	
  The	
  percent	
  contribution	
  of	
  

pulp	
  stones	
  found	
  in	
  the	
  maxillary	
  and	
  mandibular	
  pre-­‐molars	
  to	
  the	
  total	
  pulp	
  stone	
  count	
  

for	
  the	
  20-­50	
  yrs	
  age	
  group	
  was	
  1%	
  (1/167)	
  and	
  3%	
  (5/167),	
  respectively;	
  while	
  the	
  

percent	
  contribution	
  for	
  these	
  same	
  teeth	
  in	
  the	
  51-­75	
  yrs	
  age	
  group	
  was	
  3%	
  (6/185)	
  and	
  

8%	
  (14/185),	
  respectively	
  as	
  shown	
  in	
  Figure	
  8.
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Figure	
  8:	
  Distribution	
  and	
  percent	
  contribution	
  of	
  pulp	
  stones	
  between	
  age	
  groups

Pulp	
  Stone	
  Distribution	
  by	
  Caries	
  and	
  Restoration	
  Status

Table	
  5	
  shows	
  pulp	
  stone	
  distribution	
  and	
  prevalence	
  in	
  patients	
  and	
  teeth	
  by	
  caries	
  and	
  

restoration	
  status.	
  	
  When	
  analyzing	
  the	
  distribution	
  of	
  pulp	
  stones	
  between	
  the	
  two	
  age	
  

groups	
  (20-­‐50	
  yrs	
  and	
  51-­‐75	
  yrs),	
  it	
  was	
  found	
  that	
  the	
  majority	
  of	
  pulp	
  stones	
  were	
  

identi9ied	
  into	
  three	
  different	
  subcategories	
  of	
  teeth:	
  non-­‐carious/heavily	
  restored,	
  non-­‐

carious/minimally	
  restored,	
  and	
  non-­‐carious/non-­‐restored	
  as	
  shown	
  in	
  Figures	
  9	
  and	
  10.	
  	
  0
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Figure	
  9.	
  	
  Distribution	
  of	
  pulp	
  stones	
  in	
  patients	
  aged	
  20-­‐50	
  yrs

 Figure	
  10.	
  	
  Distribution	
  of	
  pulp	
  stones	
  in	
  patients	
  aged	
  51-­‐75	
  yrs
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These	
  three	
  subcategories	
  of	
  teeth	
  accounted	
  for	
  approximately	
  91.6%	
  (153/167)	
  of	
  the	
  

total	
  pulp	
  stones	
  identi9ied	
  in	
  the	
  20-­50	
  yrs	
  age	
  group	
  and	
  86.5%	
  (160/185)	
  in	
  the	
  51-­75	
  

yrs	
  age	
  group.	
  	
  When	
  combining	
  both	
  age	
  groups,	
  these	
  three	
  subcategories	
  of	
  teeth	
  

accounted	
  for	
  88.9%	
  (313/352)	
  of	
  the	
  total	
  pulps	
  stones	
  identi9ied	
  in	
  this	
  study.	
  	
  For	
  the	
  

remaining	
  caries	
  and	
  restorative	
  categories	
  between	
  the	
  age	
  groups,	
  only	
  non-­‐carious/

crown	
  and	
  dentinal	
  carious/heavy	
  restorations	
  were	
  greater	
  in	
  the	
  older	
  age	
  group.	
  	
  

0

Aim	
  3	
  	
  0

What	
  is	
  the	
  overall	
  prevalence	
  of	
  pulp	
  stones	
  in	
  this	
  study	
  population	
  20-­75	
  years?

Overall	
  Pulp	
  Stone	
  Prevalence	
  

Table	
  4	
  shows	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  by	
  age	
  group,	
  tooth	
  type,	
  and	
  gender.	
  	
  The	
  

overall	
  prevalence	
  of	
  pulp	
  stones	
  in	
  the	
  patients	
  in	
  the	
  study	
  population	
  aged	
  20-­75	
  years	
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was	
  53%	
  (106/200),	
  while	
  the	
  average	
  percentage	
  of	
  teeth	
  per	
  patient	
  containing	
  pulp	
  

stones	
  was	
  12.3%	
  as	
  shown	
  in	
  Figure	
  11.

Figure	
  11.	
  	
  Overall	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  and	
  teeth	
  between	
  age	
  groups

The	
  overall	
  prevalence	
  of	
  pulp	
  stones	
  in	
  the	
  patients	
  in	
  the	
  study	
  population	
  aged	
  20-­50	
  

years	
  was	
  51%	
  (51/100),	
  while	
  the	
  average	
  percentage	
  of	
  teeth	
  per	
  patient	
  containing	
  pulp	
  

stones	
  11.5%.	
  	
  The	
  overall	
  prevalence	
  of	
  pulp	
  stones	
  in	
  the	
  patients	
  in	
  the	
  study	
  population	
  

aged	
  51-­75	
  years	
  was	
  55%	
  (51/100),	
  while	
  the	
  average	
  percentage	
  of	
  teeth	
  per	
  patient	
  

containing	
  pulp	
  stones	
  13.1%	
  as	
  shown	
  in	
  Table	
  5	
  and	
  Figure	
  11.	
  	
  When	
  comparing	
  the	
  

individual	
  age	
  groups	
  20-­50	
  years	
  and	
  51-­75	
  years	
  (51%	
  vs.	
  55%)	
  for	
  the	
  prevalence	
  of	
  

pulp	
  stones,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  (Chi-­‐Square,	
  P	
  =	
  .571).	
  	
  

Pulp	
  Stone	
  Prevalence	
  by	
  Age	
  Group	
  and	
  Gender
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When	
  comparing	
  the	
  overall	
  (20-­‐75	
  yrs)	
  pulp	
  stone	
  prevalence	
  by	
  gender	
  only,	
  53.8%	
  

(49/91)	
  of	
  males	
  and	
  52.3%	
  (57/109)	
  of	
  females	
  contained	
  teeth	
  with	
  pulp	
  stones;	
  these	
  

differences	
  were	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  12.

Figure	
  12:	
  Pulp	
  stone	
  prevalence	
  in	
  patients	
  by	
  age	
  and	
  gender

When	
  comparing	
  pulp	
  stone	
  prevalence	
  by	
  age	
  group	
  and	
  gender,	
  20%	
  (20/100)	
  of	
  males	
  

and	
  31%	
  (31/100)	
  of	
  females	
  aged	
  20-­50	
  yrs	
  contained	
  teeth	
  with	
  pulp	
  stones,	
  while	
  29%	
  

(29/100)	
  of	
  males	
  and	
  26%	
  (26/100)	
  of	
  females	
  aged	
  51-­75	
  yrs	
  contained	
  teeth	
  with	
  pulp	
  

stones;	
  these	
  differences	
  were	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  12.

Pulp	
  Stone	
  Prevalence	
  by	
  Age	
  Group,	
  Gender	
  and	
  Tooth	
  Type

When	
  evaluating	
  the	
  pulp	
  stone	
  prevalence	
  by	
  age	
  group	
  and	
  tooth	
  type	
  in	
  patients	
  aged	
  

20-­50	
  yrs,	
  42%	
  (42/100)	
  of	
  patients	
  contained	
  pulp	
  stones	
  in	
  maxillary	
  molars	
  while	
  30%	
  

(30/100)	
  of	
  patients	
  contained	
  pulp	
  stones	
  in	
  mandibular	
  molars	
  as	
  shown	
  in	
  Figure	
  13.	
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Figure	
  13:	
  Pulp	
  stone	
  prevalence	
  in	
  patients	
  by	
  age	
  and	
  tooth	
  type

When	
  evaluating	
  the	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  aged	
  51-­75	
  yrs,	
  49%	
  (49/100)	
  of	
  

patients	
  contained	
  pulp	
  stones	
  in	
  maxillary	
  while	
  33%	
  (33/100)	
  of	
  patients	
  contained	
  pulp	
  

stones	
  in	
  mandibular	
  molars.	
  	
  When	
  comparing	
  both	
  age	
  groups	
  by	
  tooth	
  types,	
  no	
  

statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  in	
  any	
  tooth	
  type	
  as	
  

shown	
  in	
  Figure	
  13.	
  	
  

When	
  evaluating	
  individual	
  age	
  groups	
  and	
  teeth	
  types,	
  females	
  in	
  the	
  20-­50	
  yrs	
  age	
  group	
  

had	
  a	
  greater	
  pulp	
  stone	
  prevalence	
  in	
  maxillary	
  (45.0%	
  vs.	
  37.5%)	
  and	
  mandibular	
  (33.3%	
  

vs.	
  25.05)	
  molars	
  than	
  males;	
  these	
  differences	
  were	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  

Figure	
  14.	
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Figure	
  14:	
  Pulp	
  stone	
  prevalence	
  in	
  patients	
  aged	
  20-­‐50	
  yrs	
  by	
  tooth	
  type	
  and	
  gender

However,	
  this	
  was	
  reversed	
  in	
  the	
  50-­75	
  yrs	
  age	
  group	
  where	
  males	
  had	
  a	
  greater	
  pulp	
  

stone	
  prevalence	
  in	
  maxillary	
  (51.0%	
  vs.	
  46.9%)	
  and	
  mandibular	
  (37.3%	
  vs.	
  28.6%)	
  molars	
  

than	
  females;	
  these	
  differences	
  were	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  15.
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Figure	
  15:	
  Pulp	
  stone	
  prevalence	
  in	
  patients	
  aged	
  51-­‐75	
  yrs	
  by	
  tooth	
  type	
  and	
  gender

Pulp	
  Stone	
  Prevalence	
  by	
  Restorative	
  and	
  Caries	
  Status

When	
  evaluating	
  the	
  overall	
  of	
  pulp	
  stone	
  prevalence	
  by	
  restorative	
  and	
  caries	
  status	
  in	
  

patients	
  aged	
  20-­‐75	
  yrs,	
  40%	
  (80/200)	
  of	
  patients	
  contained	
  at	
  least	
  one	
  non-­‐carious,	
  non-­‐

restored,	
  or	
  minimally	
  tooth	
  with	
  a	
  pulp	
  stone.	
  	
  When	
  dividing	
  this	
  same	
  group	
  into	
  non-­‐

carious/minimally	
  restored	
  and	
  non-­‐carious/non-­‐restored	
  teeth,	
  the	
  proportion	
  of	
  patients	
  

with	
  a	
  pulp	
  stone	
  in	
  these	
  type	
  of	
  teeth	
  was	
  31.5%	
  (63/200)	
  and	
  20.5%	
  (41/200),	
  

respectively.	
  	
  The	
  proportion	
  of	
  patients	
  having	
  heavily	
  restored	
  teeth	
  with	
  pulp	
  stones	
  was	
  

35%	
  (70/200)	
  as	
  shown	
  in	
  Figure	
  16.

Figure	
  16.	
  	
  Pulp	
  stone	
  prevalence	
  in	
  patients	
  aged	
  20-­‐75	
  yrs	
  by	
  caries	
  and	
  restorative	
  

status
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When	
  comparing	
  the	
  age	
  groups	
  (20-­‐50	
  yrs	
  and	
  51-­‐75	
  yrs)	
  for	
  pulp	
  stone	
  prevalence	
  by	
  

restoration	
  and	
  caries	
  status,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  between	
  the	
  

groups	
  as	
  shown	
  in	
  Figure	
  17.

Figure	
  17.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  age	
  groups	
  by	
  caries	
  and	
  

restorative	
  status

Aim	
  4	
  	
  0
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Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  of	
  CVD	
  and	
  the	
  presence	
  of	
  pulp	
  
stones	
  in	
  patients’	
  ages	
  20-­75	
  years	
  in	
  teeth	
  that	
  are	
  non-­carious,	
  non-­restored,	
  or	
  
minimally	
  restored?

20-­75	
  years	
  age	
  group	
  

When	
  comparing	
  patients	
  within	
  the	
  age	
  group	
  20-­75	
  years,	
  more	
  patients	
  with	
  CVD	
  had	
  

pulp	
  stones	
  overall	
  than	
  those	
  without	
  CVD,	
  56%	
  (56/100)	
  vs.	
  50%	
  (50/100)	
  respectively;	
  

however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  18	
  (Chi-­‐Square,	
  

P	
  =	
  .395).	
  

Figure	
  18.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  20-­‐75	
  yrs	
  with	
  CVD	
  

and	
  without	
  CVD.

When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  within	
  

this	
  age	
  group,	
  more	
  patients	
  with	
  CVD	
  had	
  pulp	
  stones	
  than	
  those	
  without	
  CVD,	
  42%	
  

(42/100)	
  vs.	
  38%	
  (38/100)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
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signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .654).	
  	
  	
  	
  When	
  dividing	
  this	
  same	
  group	
  into	
  non-­‐carious/

minimally	
  restored	
  teeth	
  (35%	
  vs.	
  28%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  (21%	
  vs.	
  

20%),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  between	
  

the	
  CVD	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .287	
  and	
  P	
  =	
  .861)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  

heavily	
  restored	
  teeth	
  (38%	
  vs.	
  32%)	
  between	
  CVD	
  groups,	
  no	
  statistically	
  signi9icant	
  

differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  (Chi-­‐Square,	
  P	
  =	
  .178).	
  

Aim	
  5	
  	
  0
Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  of	
  CVD	
  and	
  the	
  presence	
  of	
  pulp	
  
stones	
  within	
  and	
  between	
  the	
  age	
  groups	
  20-­50	
  years	
  and	
  51-­75	
  years	
  in	
  teeth	
  that	
  
are	
  non-­carious,	
  non-­restored	
  or	
  minimally	
  restored?

20-­50	
  years	
  age	
  group	
  with	
  and	
  without	
  CVD

Table	
  6	
  shows	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  of	
  different	
  age	
  groups	
  with	
  and	
  without	
  

CVD,	
  overall	
  and	
  by	
  speci9ic	
  categories	
  of	
  caries	
  and	
  restoration	
  status.	
  	
  When	
  comparing	
  

patients	
  within	
  the	
  age	
  group	
  20-­50	
  years,	
  more	
  patients	
  with	
  CVD	
  had	
  pulp	
  stones	
  overall	
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than	
  those	
  without	
  CVD,	
  58%	
  (29/50)	
  vs.	
  44%	
  (22/50)	
  respectively;	
  however,	
  this	
  

difference	
  was	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  19	
  (Chi-­‐Square,	
  P	
  =	
  .161).	
  	
  

Figure	
  19.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  20-­‐50	
  yrs	
  with	
  CVD	
  

and	
  without	
  CVD

When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  within	
  

this	
  age	
  group,	
  more	
  patients	
  with	
  CVD	
  had	
  pulp	
  stones	
  than	
  those	
  without	
  CVD,	
  46%	
  

(23/50)	
  vs.	
  36%	
  (18/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  

signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .309).	
  	
  When	
  dividing	
  this	
  same	
  group	
  into	
  non-­‐carious/

minimally	
  restored	
  teeth	
  (34%	
  vs.	
  28%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  (24%	
  vs.	
  

22%),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  between	
  

the	
  CVD	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .517	
  and	
  P	
  =	
  .812)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  

heavily	
  restored	
  teeth	
  (36%	
  vs.	
  26%)	
  between	
  CVD	
  groups,	
  no	
  statistically	
  signi9icant	
  

differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  19	
  (Chi-­‐Square,	
  P	
  =	
  .

280).	
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51-­75	
  years	
  age	
  group	
  with	
  and	
  without	
  CVD

When	
  comparing	
  patients	
  within	
  the	
  age	
  group	
  51-­75	
  years,	
  more	
  patients	
  without	
  CVD	
  had	
  

pulp	
  stones	
  overall	
  than	
  those	
  with	
  CVD,	
  56%	
  (28/50)	
  vs.	
  54%	
  (27/50)	
  respectively;	
  

however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  20	
  (Chi-­‐Square,	
  

P	
  =	
  .841).	
  	
  When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  

patients	
  within	
  this	
  age	
  group,	
  more	
  patients	
  without	
  CVD	
  had	
  pulp	
  stones	
  than	
  those	
  with	
  

CVD,	
  40%	
  (20/50)	
  vs.	
  38%	
  (19/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  

statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .838).	
  	
  When	
  dividing	
  this	
  same	
  group	
  of	
  teeth	
  into	
  

non-­‐carious/minimally	
  restored	
  teeth	
  (36%	
  vs.	
  28%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  

(18%	
  vs.	
  18%),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  

between	
  the	
  CVD	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .391	
  and	
  P	
  =	
  1.000)	
  respectively.	
  	
  Finally,	
  when	
  

comparing	
  heavily	
  restored	
  teeth	
  (40%	
  vs.	
  38%)	
  between	
  CVD	
  groups,	
  no	
  statistically	
  

signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  20	
  (Chi-­‐

Square,	
  P	
  =	
  .838).
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Figure	
  20.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  51-­‐75	
  yrs	
  with	
  CVD	
  

and	
  without	
  CVD

Comparing	
  younger	
  (20-­50	
  yrs)	
  vs.	
  older	
  (51-­75	
  yrs)	
  age	
  groups	
  with	
  CVD

When	
  comparing	
  patients	
  with	
  CVD	
  between	
  the	
  age	
  groups	
  20-­50	
  yrs	
  and	
  51-­75	
  years,	
  

more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  overall	
  than	
  those	
  in	
  

the	
  older	
  age	
  group,	
  58%	
  (29/50)	
  vs.	
  54%	
  (27/50)	
  respectively;	
  however,	
  this	
  difference	
  

was	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  21	
  (Chi-­‐Square,	
  P	
  =	
  .687).	
  	
  When	
  

comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  with	
  CVD,	
  	
  

more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  than	
  those	
  in	
  the	
  older	
  

age	
  group,	
  46%	
  (23/50)	
  vs.	
  38%	
  (19/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  

statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .418).	
  	
  When	
  dividing	
  this	
  same	
  group	
  of	
  teeth	
  into	
  

non-­‐carious/minimally	
  restored	
  (34%	
  vs.	
  36%)	
  and	
  non-­‐carious/non-­‐restored	
  (24%	
  vs.	
  

18%)	
  teeth,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  

between	
  the	
  age	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .834	
  and	
  P	
  =	
  .461)	
  respectively.	
  	
  Finally,	
  when	
  

comparing	
  heavily	
  restored	
  teeth	
  (36%	
  vs.	
  40%)	
  between	
  age	
  groups,	
  no	
  statistically	
  

signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  21	
  (Chi-­‐

Square,	
  P	
  =	
  .680).	
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Figure	
  21.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  age	
  groups	
  of	
  patients	
  with	
  CVD

Aim	
  6	
  	
  0
Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  in	
  pulp	
  stones	
  in	
  non-­carious,	
  non-­
restored,	
  or	
  minimally	
  teeth	
  between	
  patients	
  with	
  speciBic	
  types	
  of	
  CVD	
  such	
  as	
  
hypertension,	
  valvular	
  heart	
  disease,	
  and	
  hypercholesterolemia	
  and	
  those	
  without	
  
CVD	
  in	
  the	
  20-­50	
  years	
  and	
  51-­75	
  years	
  age	
  groups?

Hypertension:	
  20-­50	
  years	
  age	
  group

Table	
  7	
  shows	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  of	
  different	
  age	
  groups	
  with	
  and	
  without	
  

HTN,	
  overall	
  and	
  by	
  restoration	
  and	
  caries	
  status.	
  	
  When	
  comparing	
  patients	
  within	
  the	
  age	
  

group	
  20-­50	
  years,	
  more	
  patients	
  with	
  HTN	
  had	
  pulp	
  stones	
  overall	
  than	
  those	
  without	
  CVD,	
  

62%	
  (13/21)	
  vs.	
  44%	
  (22/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  

signi9icant	
  as	
  shown	
  in	
  Figure	
  22	
  (Chi-­‐Square,	
  P	
  =	
  .168).
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Figure	
  22.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  20-­‐50	
  yrs	
  with	
  

HTN	
  and	
  without	
  CVD

When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  within	
  

this	
  age	
  group,	
  more	
  patients	
  with	
  HTN	
  had	
  pulp	
  stones	
  than	
  those	
  without	
  CVD,	
  52%	
  

(11/21)	
  vs.	
  36%	
  (18/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  

signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .200).	
  	
  When	
  dividing	
  this	
  same	
  group	
  into	
  non-­‐carious/

minimally	
  restored	
  teeth	
  (38%	
  vs.	
  28%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  (19%	
  vs.	
  

22%),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  between	
  

the	
  CVD	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .401	
  and	
  P	
  =	
  .781)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  

heavily	
  restored	
  teeth	
  (33%	
  vs.	
  26%)	
  between	
  CVD	
  groups,	
  no	
  statistically	
  signi9icant	
  

differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  22	
  (Chi-­‐Square,	
  P	
  =	
  .

531).	
  

Hypertension:	
  51-­75	
  years	
  age	
  group
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When	
  comparing	
  patients	
  within	
  the	
  age	
  group	
  51-­75	
  years,	
  more	
  patients	
  with	
  HTN	
  had	
  

pulp	
  stones	
  overall	
  than	
  those	
  without	
  CVD,	
  60%	
  (21/35)	
  vs.	
  56%	
  (28/50)	
  respectively;	
  

however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .713).	
  	
  When	
  

comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  within	
  this	
  

age	
  group,	
  more	
  patients	
  with	
  HTN	
  had	
  pulp	
  stones	
  than	
  those	
  without	
  CVD,	
  43%	
  (15/35)	
  

vs.	
  40%	
  (20/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐

Square,	
  P	
  =	
  .792).	
  	
  When	
  dividing	
  this	
  same	
  group	
  into	
  non-­‐carious/minimally	
  restored	
  

teeth	
  (43%	
  vs.	
  28%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  (17%	
  vs.	
  18%),	
  no	
  statistically	
  

signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  between	
  the	
  CVD	
  groups;	
  (Chi-­‐

Square,	
  P	
  =	
  .155	
  and	
  P	
  =	
  .919)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  heavily	
  restored	
  teeth	
  

(43%	
  vs.	
  38%)	
  between	
  CVD	
  groups,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  

pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  23	
  (Chi-­‐Square,	
  P	
  =	
  .653).	
  

Figure	
  23.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  51-­‐75	
  yrs	
  with	
  

HTN	
  and	
  without	
  CVD
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Comparing	
  younger	
  (20-­50	
  yrs)	
  vs.	
  older	
  (51-­75	
  yrs)	
  age	
  groups	
  with	
  HTN

When	
  comparing	
  patients	
  with	
  HTN	
  between	
  the	
  age	
  groups	
  20-­50	
  yrs	
  and	
  51-­75	
  years,	
  a	
  

slightly	
  higher	
  proportion	
  of	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  

overall	
  than	
  those	
  in	
  the	
  older	
  age	
  group,	
  62%	
  (13/21)	
  vs.	
  60%	
  (21/35)	
  respectively;	
  

however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  24	
  (Chi-­‐Square,	
  

P	
  =	
  .888).	
  	
  When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  

patients	
  with	
  HTN,	
  	
  more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  

than	
  those	
  in	
  the	
  older	
  age	
  group,	
  52%	
  (11/21)	
  vs.	
  43%	
  (15/35)	
  respectively;	
  however,	
  

this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .489).	
  	
  When	
  dividing	
  this	
  

same	
  group	
  of	
  teeth	
  into	
  non-­‐carious/minimally	
  restored	
  (38%	
  vs.	
  43%)	
  and	
  non-­‐carious/

non-­‐restored	
  (24%	
  vs.	
  17%)	
  teeth,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  

pulp	
  stone	
  prevalence	
  between	
  the	
  age	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .726	
  and	
  P	
  =	
  .857)	
  

respectively.	
  	
  Finally,	
  when	
  comparing	
  heavily	
  restored	
  teeth	
  (33%	
  vs.	
  43%)	
  between	
  age	
  

groups,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  as	
  

shown	
  in	
  Figure	
  24	
  (Chi-­‐Square,	
  P	
  =	
  .480).	
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Figure	
  24.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  age	
  groups	
  of	
  patients	
  with	
  HTN

Valvular	
  Heart	
  Disease:	
  20-­50	
  years	
  age	
  group

Table	
  8	
  shows	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  of	
  different	
  age	
  groups	
  with	
  and	
  without	
  

valvular	
  heart	
  disease	
  (VHD).	
  	
  When	
  comparing	
  patients	
  within	
  the	
  age	
  group	
  20-­50	
  years,	
  

more	
  patients	
  with	
  VHD	
  had	
  pulp	
  stones	
  overall	
  than	
  those	
  without	
  CVD,	
  56%	
  (9/16)	
  vs.	
  

44%	
  (22/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐

Square,	
  P	
  =	
  .393)	
  (Fig.	
  25).	
  	
  When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  

restored	
  teeth	
  in	
  patients	
  within	
  this	
  age	
  group,	
  a	
  slightly	
  higher	
  proportion	
  of	
  patients	
  with	
  

VHD	
  had	
  pulp	
  stones	
  than	
  those	
  without	
  CVD,	
  38%	
  (6/16)	
  vs.	
  36%	
  (18/50)	
  respectively;	
  

however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .914).	
  	
  When	
  

dividing	
  this	
  same	
  group	
  into	
  non-­‐carious/minimally	
  restored	
  teeth	
  (25%	
  vs.	
  28%)	
  and	
  

non-­‐carious/non-­‐restored	
  teeth	
  (31%	
  vs.	
  22%),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
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found	
  in	
  pulp	
  stone	
  prevalence	
  between	
  the	
  CVD	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .815	
  and	
  P	
  =	
  .

452)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  heavily	
  restored	
  teeth	
  between	
  CVD	
  groups,	
  no	
  

statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  (44%	
  vs.	
  26%)	
  as	
  

shown	
  in	
  Figure	
  25	
  (Chi-­‐Square,	
  P	
  =	
  .179).	
  

Figure	
  25.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  20-­‐50	
  yrs	
  with	
  

VHD	
  and	
  without	
  CVD

Valvular	
  Heart	
  Disease:	
  51-­75	
  years	
  age	
  group

When	
  comparing	
  patients	
  within	
  the	
  age	
  group	
  51-­75	
  years,	
  more	
  patients	
  without	
  CVD	
  had	
  

pulp	
  stones	
  overall	
  than	
  those	
  with	
  VHD,	
  56%	
  (23/50)	
  vs.	
  38%	
  (3/8)	
  respectively;	
  

however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  26	
  (Chi-­‐Square,	
  

P	
  =	
  .330).	
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Figure	
  26.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  51-­‐75	
  yrs	
  with	
  

VHD	
  and	
  without	
  CVD

When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  within	
  

this	
  age	
  group,	
  more	
  patients	
  without	
  CVD	
  had	
  pulp	
  stones	
  than	
  those	
  with	
  VHD,	
  40%	
  

(20/50)	
  vs.	
  25%	
  (2/8)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  

signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .417).	
  	
  When	
  dividing	
  this	
  same	
  group	
  into	
  non-­‐carious/

minimally	
  restored	
  teeth	
  (25%	
  vs.	
  28%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  (13%	
  vs.	
  

18%),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  between	
  

the	
  CVD	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .860	
  and	
  P	
  =	
  .702)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  

heavily	
  restored	
  teeth	
  (25%	
  vs.	
  38%)	
  between	
  CVD	
  groups,	
  no	
  statistically	
  signi9icant	
  

differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  26	
  (Chi-­‐Square,	
  P	
  =	
  .

477).	
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Comparing	
  younger	
  (20-­50	
  yrs)	
  vs.	
  older	
  (51-­75	
  yrs)	
  age	
  groups	
  with	
  VHD

When	
  comparing	
  patients	
  with	
  VHD	
  between	
  the	
  age	
  groups	
  20-­50	
  yrs	
  and	
  51-­75	
  years,	
  

more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  overall	
  than	
  those	
  in	
  

the	
  older	
  age	
  group,	
  56%	
  (9/16)	
  vs.	
  38%	
  (3/8)	
  respectively;	
  however,	
  this	
  difference	
  was	
  

not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  27	
  (Chi-­‐Square,	
  P	
  =	
  .386).	
  	
  

Figure	
  27.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  age	
  groups	
  of	
  patients	
  with	
  VHD
When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  with	
  

VHD,	
  	
  more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  than	
  those	
  in	
  the	
  

older	
  age	
  group,	
  38%	
  (6/16)	
  vs.	
  25%	
  (2/8)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  

statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .540).	
  	
  When	
  dividing	
  this	
  same	
  group	
  of	
  teeth	
  into	
  

non-­‐carious/minimally	
  restored	
  (25%	
  vs.	
  25%)	
  and	
  non-­‐carious/non-­‐restored	
  (31%	
  vs.	
  

13%)	
  teeth,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  

between	
  the	
  age	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  1.000	
  and	
  P	
  =	
  .317)	
  respectively.	
  	
  Finally,	
  when	
  

comparing	
  prevalence	
  of	
  pulp	
  stones	
  in	
  heavily	
  restored	
  teeth	
  	
  between	
  age	
  groups	
  (44%	
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vs.	
  25%,	
  respectively),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  

prevalence	
  as	
  shown	
  in	
  Figure	
  27	
  (Chi-­‐Square,	
  P	
  =	
  .371).

Hypercholesterolemia:	
  20-­50	
  years	
  age	
  group

Table	
  9	
  shows	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  of	
  different	
  age	
  groups	
  with	
  and	
  without	
  

hypercholesterolemia	
  (Hchol).	
  	
  When	
  comparing	
  patients	
  within	
  the	
  age	
  group	
  20-­50	
  years,	
  

more	
  patients	
  with	
  HChol	
  had	
  pulp	
  stones	
  overall	
  than	
  those	
  without	
  CVD,	
  67%	
  (6/9)	
  vs.	
  

44%	
  (22/50)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  as	
  

shown	
  in	
  Figure	
  28	
  (Chi-­‐Square,	
  P	
  =	
  .210).	
  	
  When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  

minimally	
  restored	
  teeth	
  in	
  patients	
  within	
  this	
  age	
  group,	
  more	
  patients	
  with	
  HChol	
  had	
  

pulp	
  stones	
  than	
  those	
  without	
  CVD,	
  56%	
  (5/9)	
  vs.	
  36%	
  (18/50)	
  respectively;	
  however,	
  

this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .268).	
  	
  When	
  dividing	
  this	
  

same	
  group	
  into	
  non-­‐carious/minimally	
  restored	
  teeth	
  (44%	
  vs.	
  28%)	
  and	
  non-­‐carious/

non-­‐restored	
  teeth	
  (44%	
  vs.	
  22%),	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  

pulp	
  stone	
  prevalence	
  between	
  the	
  CVD	
  groups;	
  (Chi-­‐Square,	
  P	
  =	
  .324	
  and	
  P	
  =	
  .155)	
  

respectively.	
  	
  Finally,	
  when	
  comparing	
  heavily	
  restored	
  teeth	
  (44%	
  vs.	
  26%)	
  between	
  CVD	
  

groups,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  as	
  

shown	
  in	
  Figure	
  28	
  (Chi-­‐Square,	
  P	
  =	
  .261).	
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Figure	
  28.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  20-­‐50	
  yrs	
  with	
  

HChol	
  and	
  without	
  CVD

Hypercholesterolemia:	
  51-­75	
  years	
  age	
  group

When	
  comparing	
  patients	
  within	
  the	
  age	
  group	
  51-­75	
  years,	
  more	
  patients	
  without	
  CVD	
  had	
  

pulp	
  stones	
  overall	
  than	
  those	
  with	
  HChol,	
  56%	
  (28/50)	
  vs.	
  40%	
  (4/10)	
  respectively;	
  

however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .355).	
  	
  When	
  

comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  within	
  this	
  

age	
  group,	
  more	
  patients	
  without	
  CVD	
  had	
  pulp	
  stones	
  than	
  those	
  with	
  HChol,	
  40%	
  (20/50)	
  

vs.	
  10%	
  (1/10)	
  respectively;	
  however,	
  this	
  difference	
  was	
  not	
  statistically	
  signi9icant	
  (Chi-­‐

Square,	
  P	
  =	
  .069).	
  	
  When	
  dividing	
  this	
  same	
  group	
  into	
  non-­‐carious/minimally	
  restored	
  

teeth	
  (10%	
  vs.	
  28%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  (10%	
  vs.	
  18%),	
  no	
  statistically	
  

signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  prevalence	
  between	
  the	
  CVD	
  groups;	
  (Chi-­‐

Square,	
  P	
  =	
  .230	
  and	
  P	
  =	
  .535)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  heavily	
  restored	
  teeth	
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(40%	
  vs.	
  38%)	
  between	
  CVD	
  groups,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  

pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  29	
  (Chi-­‐Square,	
  P	
  =	
  .905).	
  

Figure	
  29.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  patients	
  ages	
  51-­‐75	
  yrs	
  with	
  

HChol	
  and	
  without	
  CVD

Comparing	
  younger	
  (20-­50	
  yrs)	
  vs.	
  older	
  (51-­75	
  yrs)	
  age	
  groups	
  with	
  HChol

When	
  comparing	
  patients	
  with	
  HChol	
  between	
  the	
  age	
  groups	
  20-­50	
  yrs	
  and	
  51-­75	
  years,	
  

more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  overall	
  than	
  those	
  in	
  

the	
  older	
  age	
  group,	
  67%	
  (6/9)	
  vs.	
  40%	
  (4/10)	
  respectively;	
  however,	
  this	
  difference	
  was	
  

not	
  statistically	
  signi9icant	
  as	
  shown	
  in	
  Figure	
  30	
  (Chi-­‐Square,	
  P	
  =	
  .245).	
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Figure	
  30.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  between	
  age	
  groups	
  of	
  patients	
  with	
  

HChol

When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  with	
  

HChol,	
  	
  more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  than	
  those	
  in	
  

the	
  older	
  age	
  group,	
  56%	
  (5/9)	
  vs.	
  10%	
  (1/10)	
  respectively;	
  this	
  difference	
  was	
  

statistically	
  signi9icant	
  (Chi-­‐Square,	
  P	
  =	
  .033).	
  	
  When	
  dividing	
  this	
  same	
  group	
  of	
  teeth	
  into	
  

non-­‐carious/minimally	
  restored	
  teeth	
  (44%	
  vs.	
  10%)	
  and	
  non-­‐carious/non-­‐restored	
  teeth	
  

(44%	
  vs.	
  10%),	
  more	
  patients	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  had	
  pulp	
  stones	
  than	
  

those	
  in	
  the	
  older	
  age	
  group;	
  however,	
  these	
  differences	
  were	
  not	
  statistically	
  signi9icant	
  

(Chi-­‐Square,	
  P	
  =	
  .089	
  and	
  P	
  =	
  .089)	
  respectively.	
  	
  Finally,	
  when	
  comparing	
  heavily	
  restored	
  

teeth	
  (44%	
  vs.	
  40%)	
  between	
  age	
  groups,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  

in	
  pulp	
  stone	
  prevalence	
  as	
  shown	
  in	
  Figure	
  30	
  (Chi-­‐Square,	
  P	
  =	
  .845).
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Comparison	
  of	
  Pulp	
  Stone	
  Prevalence	
  by	
  Age	
  Group	
  and	
  Selected	
  CVD	
  Categories	
  in	
  

Patients	
  with	
  SpeciXic	
  Types	
  of	
  CVD	
  

When	
  comparing	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  with	
  

CVD(n=100),	
  HTN	
  (n=56),	
  VHD	
  (n=24),	
  or	
  HChol	
  (n=19);	
  patients	
  in	
  the	
  20-­‐50	
  yrs	
  age	
  

group	
  tended	
  to	
  have	
  a	
  higher	
  pulp	
  stone	
  prevalence	
  in	
  all	
  CVD	
  categories	
  as	
  shown	
  in	
  

Figure	
  31.	
  	
  

Figure	
  31.	
  	
  Comparison	
  of	
  pulp	
  stone	
  prevalence	
  in	
  patients	
  with	
  speci9ic	
  types	
  of	
  CVD

Although	
  younger	
  patients	
  (20-­‐50	
  yrs)	
  tended	
  to	
  have	
  higher	
  pulp	
  stone	
  prevalence	
  than	
  

older	
  patients	
  (51-­‐75	
  yrs),	
  these	
  differences	
  were	
  not	
  statistically	
  signi9icant	
  except	
  for	
  

HChol	
  (P	
  =	
  .033).	
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Aim	
  7	
  0
Are	
  there	
  any	
  additional	
  covariates	
  such	
  as	
  age,	
  age	
  group,	
  gender,	
  diabetes,	
  
arthritis,	
  tobacco	
  use,	
  or	
  alcohol	
  use	
  that	
  could	
  affect	
  the	
  prevalence	
  of	
  pulp	
  stones	
  in	
  
teeth?	
  

Age	
  (actual),	
  Age	
  Group,	
  Gender,	
  Diabetes,	
  Arthritis,	
  Tobacco	
  Use,	
  and	
  Alcohol	
  Use

Table	
  10	
  shows	
  each	
  covariate	
  as	
  a	
  potential	
  confounder	
  to	
  pulp	
  stone	
  formation	
  in	
  patients	
  

with	
  CVD.	
  	
  When	
  identifying	
  if	
  any	
  of	
  the	
  covariates	
  such	
  as	
  age	
  (actual),	
  age	
  group,	
  gender,	
  

diabetes,	
  arthritis,	
  tobacco	
  use,	
  or	
  alcohol	
  use	
  had	
  an	
  in9luence	
  on	
  pulp	
  stone	
  formation	
  in	
  

non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  in	
  patients	
  with	
  CVD;	
  each	
  covariate	
  

was	
  analyzed	
  individually	
  and	
  the	
  odds	
  ratio	
  with	
  95%	
  con9idence	
  interval	
  was	
  generated.	
  	
  

The	
  odds	
  of	
  patients	
  with	
  CVD	
  only	
  to	
  have	
  pulp	
  stones	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  

minimally	
  restored	
  teeth	
  was	
  25.0%	
  greater	
  than	
  patients	
  without	
  CVD;	
  however,	
  this	
  was	
  

not	
  statistically	
  signi9icant	
  (P	
  =	
  .448,	
  95%	
  CI	
  .703	
  –	
  2.221).	
  	
  When	
  analyzing	
  each	
  individual	
  

covariate	
  as	
  a	
  potential	
  confounder	
  to	
  pulp	
  stone	
  formation	
  in	
  patients	
  with	
  CVD,	
  patients	
  

having	
  CVD	
  and	
  an	
  additional	
  covariate	
  had	
  a	
  23.3%	
  -­‐	
  29.1%	
  greater	
  odds	
  of	
  having	
  pulp	
  

stones	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  than	
  patients	
  without	
  CVD,	
  

but	
  none	
  of	
  the	
  associations	
  were	
  statistically	
  signi9icant	
  because	
  all	
  of	
  the	
  95%	
  con9idence	
  

intervals	
  included	
  1.0.	
  	
  Since	
  none	
  of	
  the	
  individual	
  covariates	
  had	
  any	
  statistically	
  

signi9icant	
  impact	
  on	
  the	
  odds	
  of	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
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minimally	
  restored	
  teeth	
  in	
  patients	
  with	
  CVD,	
  no	
  further	
  multivariate	
  logistic	
  regressions	
  

were	
  performed.	
  	
  

Aim	
  8	
  	
  0

Is	
  there	
  an	
  association	
  between	
  the	
  prevalence	
  in	
  pulp	
  stones	
  in	
  patients	
  teeth	
  based	
  
on	
  restoration	
  and	
  caries	
  status?

Table	
  11	
  shows	
  the	
  average	
  number	
  and	
  percentage	
  of	
  teeth	
  per	
  patient	
  containing	
  pulp	
  

stones	
  by	
  restoration	
  and	
  caries	
  status.	
  	
  To	
  compare	
  the	
  restoration	
  and	
  caries	
  status	
  of	
  

teeth	
  and	
  pulp	
  stone	
  formation,	
  the	
  Poisson	
  regression	
  model	
  was	
  used.	
  	
  This	
  analysis	
  

evaluates	
  the	
  counts	
  of	
  teeth	
  with	
  pulp	
  stones	
  by	
  categories	
  of	
  restoration	
  status	
  and	
  caries	
  

status.	
  	
  A	
  total	
  of	
  352	
  pulp	
  stones	
  were	
  identi9ied	
  in	
  this	
  study.	
  They	
  were	
  distributed	
  into	
  

three	
  main	
  restorative	
  and	
  three	
  caries	
  categories	
  for	
  teeth:	
  

	
   Restorative	
  Category:	
  	
  non-­‐restored,	
  minimally	
  restored,	
  and	
  heavily	
  restored

	
   Caries	
  Category:	
  non-­‐carious,	
  incipient	
  carious,	
  and	
  dentinal	
  carious

Pulp	
  Stone	
  Average	
  by	
  Restoration	
  Status

When	
  analyzing	
  the	
  overall	
  distribution	
  of	
  pulp	
  stones	
  in	
  teeth	
  of	
  patients	
  aged	
  20-­‐75	
  yrs,	
  

heavily	
  restored	
  teeth	
  contained	
  the	
  most	
  pulp	
  stones	
  (n=141	
  teeth	
  with	
  pulp	
  stones),	
  

followed	
  by	
  minimally	
  restored	
  teeth	
  (n=115),	
  and	
  non-­‐restored	
  teeth	
  contained	
  the	
  least	
  

(n=96).	
  	
  However,	
  when	
  evaluating	
  the	
  average	
  percentage	
  of	
  pulp	
  stones	
  per	
  patient	
  within	
  

these	
  restorative	
  categories,	
  it	
  was	
  found	
  that	
  the	
  prevalence	
  of	
  pulp	
  stones	
  was	
  highest	
  in	
  

minimally	
  restored	
  teeth	
  (20.4%),	
  followed	
  by	
  heavily	
  restored	
  (12.2%),	
  and	
  non-­‐restored	
  

had	
  the	
  lowest	
  prevalence	
  of	
  pulp	
  stones	
  (6.3%).	
  	
  When	
  comparing	
  restorative	
  categories	
  of	
  

teeth	
  containing	
  pulp	
  stones,	
  it	
  was	
  found	
  that	
  there	
  were	
  statistically	
  signi9icant	
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differences	
  (P	
  <	
  .001)	
  in	
  pulp	
  stone	
  prevalence	
  between	
  non-­‐restored	
  and	
  minimally	
  

restored	
  teeth	
  (6.3%	
  vs.	
  20.4%),	
  non-­‐restored	
  and	
  heavily	
  restored	
  teeth	
  (6.3%	
  vs.	
  12.2%),	
  

and	
  minimally	
  restored	
  and	
  heavily	
  restored	
  teeth	
  (12.2%	
  vs.	
  20.4%);	
  respectively	
  as	
  

shown	
  in	
  Table	
  11.	
  	
  Overall,	
  it	
  was	
  found	
  that	
  the	
  prevalence	
  of	
  pulp	
  stones	
  increased	
  in	
  

teeth	
  when	
  restorations	
  were	
  present;	
  however,	
  most	
  teeth	
  on	
  average	
  did	
  not	
  contain	
  pulp	
  

stones	
  (61.1%)	
  as	
  shown	
  in	
  Figure	
  32.

Figure	
  32.	
  	
  Distribution	
  of	
  pulp	
  stones	
  in	
  patients	
  aged	
  20-­‐75yrs

 Pulp	
  Stone	
  Average	
  by	
  Caries	
  Status

When	
  analyzing	
  the	
  distribution	
  of	
  pulp	
  stones	
  in	
  teeth	
  based	
  on	
  caries	
  status	
  in	
  patients	
  

aged	
  20-­‐75	
  yrs,	
  non-­‐carious	
  contained	
  the	
  most	
  (n=330),	
  while	
  both	
  incipient	
  and	
  dental	
  

caries	
  teeth	
  each	
  contain	
  the	
  same	
  amount	
  of	
  pulp	
  stones	
  (n=11).	
  	
  When	
  looking	
  at	
  the	
  

average	
  percentage	
  of	
  pulp	
  stones	
  within	
  these	
  carious	
  categories	
  of	
  teeth	
  in	
  patients,	
  it	
  was	
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found	
  that	
  non-­‐carious	
  teeth	
  contained	
  the	
  most	
  pulp	
  stones	
  (12.6%),	
  followed	
  by	
  dentinal	
  

caries	
  (2.4%),	
  and	
  incipient	
  caries	
  contained	
  the	
  least	
  (2.3%)	
  as	
  shown	
  in	
  Figure	
  33.	
  

Figure	
  33.	
  	
  Pulp	
  stone	
  distribution	
  into	
  three	
  main	
  caries	
  categories	
  of	
  teeth	
  and	
  their	
  

percent	
  contribution	
  among	
  the	
  categories

When	
  comparing	
  caries	
  categories	
  of	
  teeth	
  containing	
  pulp	
  stones,	
  it	
  was	
  found	
  that	
  there	
  

were	
  statistically	
  signi9icant	
  differences	
  in	
  pulp	
  stone	
  prevalence	
  between	
  non-­‐carious	
  and	
  

incipient	
  carious	
  teeth	
  (12.6%	
  vs.	
  2.3%,	
  P	
  =	
  0.034)	
  and	
  non-­‐carious	
  and	
  dentinal	
  carious	
  

teeth	
  and	
  heavily	
  restored	
  teeth	
  (12.6%	
  vs.	
  2.4%,	
  P	
  =	
  0.001).	
  	
  When	
  comparing	
  incipient	
  

carious	
  and	
  dentinal	
  carious	
  teeth	
  (2.3%	
  vs.	
  2.4%),	
  no	
  statistically	
  signi9icant	
  differences	
  

were	
  found	
  as	
  shown	
  in	
  Table	
  11	
  (P	
  =	
  .878).	
  	
  Overall,	
  it	
  was	
  found	
  that	
  the	
  prevalence	
  of	
  

pulp	
  stones	
  increased	
  in	
  teeth	
  when	
  caries	
  was	
  absent.
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Chapter	
  6-­	
  DISCUSSION

This	
  cross-­‐sectional	
  study	
  evaluated	
  a	
  total	
  of	
  200	
  patients	
  divided	
  between	
  two	
  different	
  

age	
  groups	
  of	
  patients	
  (20-­‐50	
  yrs	
  and	
  51-­‐75	
  yrs)	
  with	
  and	
  without	
  CVD	
  to	
  identify	
  if	
  an	
  

association	
  existed	
  in	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  

restored	
  teeth.	
  	
  The	
  central	
  hypothesis	
  was	
  that	
  patients	
  with	
  CVD	
  would	
  have	
  a	
  statistically	
  

signi9icant	
  higher	
  prevalence	
  of	
  pulp	
  stones	
  in	
  these	
  teeth	
  types	
  then	
  those	
  patients	
  without	
  

CVD.	
  	
  The	
  signi9icance	
  of	
  a	
  positive	
  association	
  between	
  CVD	
  and	
  pulp	
  stone	
  formation	
  

could	
  is	
  that	
  this	
  could	
  support	
  a	
  dental	
  practitioner	
  screening	
  for	
  potential	
  undiagnosed	
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CVD	
  among	
  their	
  patients.	
  	
  	
  This	
  would	
  be	
  especially	
  important	
  in	
  younger	
  patients	
  (20-­‐50	
  

yrs)	
  because	
  early	
  intervention	
  could	
  potentially	
  limit	
  the	
  burden	
  of	
  this	
  disease	
  and	
  

preventative	
  measures	
  could	
  be	
  taken	
  to	
  slow	
  or	
  reverse	
  the	
  disease	
  process.	
  	
  

Research	
  dating	
  from	
  1933	
  has	
  evaluated	
  the	
  signi9icance	
  of	
  pulp	
  stone	
  formation	
  in	
  teeth	
  

and	
  its	
  potential	
  link	
  to	
  systemic	
  diseases	
  such	
  as	
  CVD	
  [54].	
  	
  More	
  recently,	
  some	
  research	
  

has	
  speci9ically	
  evaluated	
  if	
  an	
  association	
  exists	
  between	
  pulp	
  stones	
  and	
  patients	
  

suffering	
  from	
  coronary	
  atherosclerosis	
  [7].	
  	
  Current	
  research	
  has	
  focused	
  more	
  broadly	
  on	
  

pulp	
  stone	
  prevalence	
  in	
  geographic	
  populations	
  [20,	
  21,	
  26,	
  31]	
  while	
  very	
  little	
  has	
  

focused	
  directly	
  on	
  associations	
  between	
  CVD	
  and	
  pulp	
  stone	
  formation	
  [6].	
  	
  This	
  study	
  

speci9ically	
  focused	
  on	
  investigating	
  an	
  association	
  between	
  CVD	
  or	
  CVD	
  risk	
  factors	
  

(hypercholesterolemia)	
  and	
  pulp	
  stone	
  formation	
  in	
  patients	
  overall,	
  in	
  different	
  age	
  

groups,	
  and	
  between	
  age	
  groups.	
  	
  This	
  study	
  identi9ied	
  and	
  accounted	
  for	
  other	
  conditions/

diseases	
  that	
  may	
  in9luence	
  pulp	
  stone	
  formation	
  within	
  teeth	
  or	
  have	
  a	
  positive	
  effect	
  on	
  

CVD	
  in	
  patients.	
  	
  Speci9ically,	
  teeth	
  that	
  were	
  carious	
  or	
  heavily	
  restored	
  were	
  not	
  included	
  

in	
  the	
  analysis	
  due	
  to	
  their	
  potential	
  local	
  in9lammatory	
  effects	
  on	
  the	
  dental	
  pulp	
  that	
  

could	
  in9luence	
  pulp	
  stone	
  formation	
  [19,	
  20].	
  	
  To	
  meet	
  inclusion	
  criteria,	
  patients	
  had	
  to	
  

have	
  at	
  least	
  one	
  molar	
  tooth	
  that	
  was	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  

(restorations	
  in	
  enamel	
  or	
  1/3rd	
  dentin	
  thickness	
  only)	
  so	
  local	
  causes	
  of	
  in9lammation	
  on	
  

the	
  pulp	
  could	
  be	
  avoided.	
  	
  Also,	
  diseases	
  or	
  conditions	
  such	
  as	
  diabetes,	
  smoking,	
  and	
  

alcohol	
  use	
  that	
  could	
  have	
  a	
  adverse	
  effect	
  on	
  CVD	
  pathogenesis	
  were	
  analyzed	
  as	
  well	
  

validating	
  they	
  did	
  not	
  in9luence	
  pulp	
  stone	
  formation.	
  	
  Finally,	
  age,	
  age	
  group	
  of	
  patient,	
  

gender,	
  and	
  calcifying	
  conditions	
  such	
  as	
  arthritis	
  were	
  evaluated	
  with	
  CVD	
  identifying	
  if	
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they	
  had	
  any	
  in9luence	
  on	
  pulp	
  stone	
  formation	
  within	
  non-­‐carious,	
  non-­‐restored,	
  or	
  

minimally	
  restored	
  teeth.	
  

Overall,	
  this	
  study	
  did	
  not	
  9ind	
  a	
  statistically	
  signi9icant	
  difference	
  in	
  pulp	
  stone	
  formation	
  

in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  between	
  patients	
  with	
  and	
  

without	
  CVD;	
  42%	
  vs.	
  38%	
  respectively.	
  	
  Furthermore,	
  when	
  looking	
  at	
  speci9ic	
  types	
  of	
  

CVD	
  such	
  as	
  hypertension	
  and	
  valvular	
  heart	
  disease	
  or	
  CVD	
  risk	
  factors	
  such	
  as	
  

hypercholesterolemia,	
  no	
  statistically	
  signi9icant	
  differences	
  were	
  found	
  in	
  pulp	
  stone	
  

formation	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  when	
  compared	
  to	
  

patients	
  without	
  CVD.	
  	
  When	
  comparing	
  within	
  and	
  between	
  age	
  groups,	
  20-­‐50	
  yrs	
  and	
  

51-­‐75	
  yrs,	
  no	
  statistically	
  signi9icant	
  differences	
  in	
  pulp	
  stone	
  formation	
  were	
  found	
  either	
  

in	
  these	
  teeth	
  types.	
  	
  However,	
  patients	
  with	
  CVD	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  did	
  

tend	
  to	
  have	
  a	
  higher	
  prevalence	
  of	
  pulp	
  stones	
  than	
  those	
  without	
  CVD;	
  46%	
  vs.	
  36%,	
  

respectively.	
  	
  Also,	
  when	
  looking	
  at	
  speci9ic	
  types	
  of	
  CVD	
  or	
  CVD	
  risk	
  factors,	
  patients	
  with	
  

HTN,	
  VHD,	
  and	
  HChol	
  in	
  the	
  younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  also	
  tended	
  to	
  a	
  have	
  higher	
  

prevalence	
  of	
  pulp	
  stones	
  in	
  these	
  same	
  teeth	
  types	
  than	
  those	
  without	
  CVD.	
  	
  These	
  trends,	
  

although	
  not	
  statistically	
  signi9icant,	
  could	
  have	
  potential	
  meaning	
  but	
  even	
  larger	
  sample	
  

sizes	
  of	
  patients	
  in	
  this	
  age	
  group	
  would	
  be	
  needed	
  to	
  con9irm	
  any	
  signi9icance.

This	
  study’s	
  9indings	
  are	
  contrary	
  to	
  Edds	
  [6]	
  and	
  Nayak	
  [8]	
  studies	
  where	
  they	
  both	
  found	
  

a	
  signi9icant	
  association	
  between	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious/minimally	
  restored	
  

teeth	
  and	
  CVD.	
  	
  Overall,	
  we	
  found	
  that	
  more	
  patients	
  with	
  CVD	
  (42%)	
  tended	
  to	
  have	
  pulp	
  

stones	
  in	
  their	
  teeth	
  than	
  those	
  without	
  CVD	
  (38%).	
  	
  We	
  also	
  found	
  that	
  patients	
  in	
  the	
  

younger	
  age	
  group	
  (20-­‐50	
  yrs)	
  with	
  CVD	
  (46%)	
  had	
  a	
  higher	
  pulp	
  stone	
  prevalence	
  in	
  non-­‐

carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  than	
  patients	
  without	
  CVD	
  (36%);	
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although	
  both	
  of	
  these	
  9indings	
  were	
  not	
  statistically	
  signi9icant.	
  	
  This	
  was	
  also	
  the	
  same	
  

observation	
  when	
  categorizing	
  CVD	
  patients	
  into	
  the	
  most	
  common	
  sub-­‐types	
  of	
  CVD	
  found	
  

in	
  this	
  age	
  group:	
  hypertension,	
  valvular	
  heart	
  disease,	
  and	
  hypercholesterolemia.	
  	
  	
  

Although	
  the	
  trend	
  showed	
  that	
  patients	
  with	
  HTN	
  (52%),	
  VHD	
  (38%),	
  and	
  HChol	
  (56%)	
  

tended	
  to	
  have	
  a	
  higher	
  pulp	
  stone	
  prevalence	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  

restored	
  teeth	
  than	
  those	
  without	
  CVD	
  (36%);	
  however,	
  no	
  statistical	
  signi9icance	
  was	
  

found.	
  	
  This	
  was	
  in	
  part	
  due	
  to	
  even	
  smaller	
  sample	
  sizes	
  within	
  these	
  sub-­‐categories	
  of	
  

patients	
  with	
  CVD:	
  HTN	
  (n=21),	
  VHD	
  (n=16),	
  HChol	
  (n=9).

Edds	
  study	
  consisted	
  of	
  50	
  patients	
  aged	
  20-­‐55	
  yrs,	
  19	
  patients	
  with	
  CVD	
  and	
  36	
  patients	
  

without	
  CVD.	
  	
  They	
  found	
  that	
  74%	
  (14/19)	
  of	
  patients	
  with	
  CVD	
  had	
  pulp	
  stones	
  in	
  non-­‐

carious/minimally	
  restored	
  teeth	
  while	
  only	
  39%	
  (14/36)	
  of	
  patients	
  without	
  CVD	
  

contained	
  pulp	
  stones	
  in	
  these	
  same	
  teeth	
  types.	
  	
  	
  Due	
  to	
  an	
  even	
  smaller	
  sample	
  size	
  of	
  

patients	
  (n=50)	
  and	
  uneven	
  distribution	
  of	
  patients	
  within	
  the	
  study	
  (CVD	
  Present;	
  n=19	
  

vs.	
  CVD	
  Absent;	
  n=36),	
  statistical	
  signi9icance	
  may	
  have	
  been	
  in9luenced	
  by	
  even	
  small	
  

differences	
  between	
  pulp	
  stone	
  prevalence	
  in	
  patients.	
  	
  Nayak’s	
  study	
  consisted	
  of	
  150	
  total	
  

patients	
  divided	
  into	
  5	
  groups	
  each	
  consisting	
  of	
  30	
  patients:	
  (1)	
  CVD,	
  (2)	
  Type	
  2	
  DM	
  (3),	
  	
  0

Type	
  1	
  DM,	
  autoimmune	
  thyroiditis,	
  Sjogren’s	
  syndrome,	
  SLE,	
  and	
  multiple	
  sclerosis,	
  (4)	
  00

dental-­‐wear	
  defects	
  and	
  (5)	
  control	
  group.	
  	
  They	
  found	
  that	
  93%	
  (28/30)	
  of	
  patients	
  and	
  

15.86%	
  of	
  teeth	
  contained	
  pulp	
  stones	
  in	
  patients	
  with	
  CVD	
  compared	
  to	
  50%	
  (15/30)	
  of	
  

patients	
  and	
  2.83%	
  of	
  teeth	
  in	
  patients	
  without	
  CVD.	
  	
  They	
  too,	
  had	
  a	
  small	
  sample	
  size	
  of	
  

patients	
  with	
  CVD	
  (n=30)	
  so	
  statistical	
  signi9icance	
  could	
  have	
  been	
  in9luenced	
  by	
  small	
  

differences.	
  	
  Also,	
  the	
  author	
  did	
  not	
  mention	
  anything	
  in	
  their	
  materials	
  and	
  methods	
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about	
  blinding	
  the	
  groups	
  to	
  eliminate	
  any	
  bias	
  when	
  collecting	
  data;	
  this	
  could	
  have	
  also	
  

in9luenced	
  the	
  outcome	
  of	
  this	
  study	
  and	
  the	
  associations	
  they	
  found.

In	
  the	
  current	
  study,	
  a	
  total	
  of	
  200	
  patients	
  were	
  analyzed,	
  100	
  patients	
  with	
  CVD	
  and	
  100	
  

patients	
  without	
  CVD,	
  which	
  is	
  4	
  times	
  the	
  sample	
  size	
  of	
  Edds	
  [6]	
  pilot	
  study	
  and	
  1.3	
  times	
  

larger	
  than	
  Nakak’s	
  [8]	
  pilot	
  study.	
  	
  In	
  terms	
  of	
  CVD	
  patients	
  only,	
  our	
  sample	
  size	
  was	
  2.6	
  

times	
  greater	
  in	
  the	
  20-­50	
  yrs	
  age	
  group	
  and	
  5.3	
  times	
  greater	
  for	
  overall	
  CVD	
  patients	
  than	
  

Edds	
  study,	
  	
  while	
  1.7	
  times	
  greater	
  in	
  the	
  20-­50	
  yrs	
  age	
  group	
  and	
  2	
  times	
  greater	
  for	
  

overall	
  CVD	
  then	
  Nayak’s	
  study.	
  	
  With	
  a	
  larger	
  number	
  of	
  patients	
  in	
  our	
  study,	
  we	
  can	
  draw	
  

better	
  conclusions	
  from	
  our	
  data	
  and	
  statistical	
  analysis	
  when	
  comparing	
  to	
  the	
  smaller	
  

sample	
  sizes	
  in	
  Edds	
  and	
  Nayak’s	
  studies.	
  	
  

In	
  our	
  study,	
  we	
  found	
  that	
  patients	
  in	
  the	
  51-­‐75	
  yrs	
  age	
  group	
  without	
  CVD	
  (40%)	
  tended	
  

to	
  have	
  a	
  higher	
  prevalence	
  of	
  pulp	
  stones	
  in	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  

restored	
  teeth	
  than	
  those	
  with	
  CVD	
  (38%),	
  which	
  is	
  not	
  statistically	
  signi9icant.	
  	
  This	
  was	
  0 0

also	
  true	
  when	
  looking	
  at	
  patients	
  with	
  pulp	
  stones	
  in	
  these	
  teeth	
  types	
  with	
  VHD	
  (25%)	
  or	
  

HChol	
  (10%)	
  in	
  this	
  age	
  group.	
  	
  	
  Only	
  patients	
  with	
  HTN	
  (43%)	
  had	
  higher	
  pulp	
  stone	
  

prevalence	
  than	
  those	
  without	
  CVD	
  (40%),	
  which	
  is	
  not	
  statistically	
  signi9icant.	
  	
  These	
  00

9indings	
  are	
  also	
  in	
  part	
  due	
  to	
  even	
  smaller	
  sample	
  sizes	
  within	
  these	
  sub-­‐categories	
  of	
  

patients	
  with	
  CVD:	
  HTN	
  (n=35),	
  VHD	
  (n=8),	
  HChol	
  (n=10).	
  	
  These	
  9indings,	
  which	
  are	
  

opposite	
  for	
  the	
  20-­‐50	
  yrs	
  age	
  group	
  in	
  this	
  study,	
  could	
  be	
  by	
  chance	
  or	
  more	
  likely	
  

attributed	
  to	
  the	
  age	
  related	
  changes	
  of	
  a	
  pulp.	
  	
  Pulp	
  chambers	
  and	
  canals	
  tend	
  to	
  decrease	
  

in	
  size	
  with	
  age	
  due	
  to	
  the	
  deposition	
  of	
  secondary	
  and	
  tertiary	
  dentin	
  [4]	
  making	
  

identi9ication	
  of	
  pulp	
  stones	
  more	
  dif9icult.	
  	
  Even	
  in	
  the	
  absence	
  of	
  caries	
  and	
  restorations,	
  

these	
  natural	
  calci9ications	
  are	
  present	
  in	
  variable	
  size	
  and	
  shape	
  [5].	
  	
  Patients	
  in	
  the	
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younger	
  age	
  group	
  had	
  larger	
  pulp	
  chambers	
  and	
  canals	
  so	
  identifying	
  a	
  distinct	
  

radiopaque	
  object	
  such	
  as	
  a	
  pulp	
  stone	
  was	
  much	
  easier	
  than	
  the	
  older	
  age	
  group.	
  	
  Diffuse	
  

calci9ications	
  in	
  the	
  dental	
  pulp	
  from	
  the	
  natural	
  process	
  of	
  aging	
  [3,	
  4,	
  33]	
  also	
  become	
  

more	
  apparent	
  in	
  the	
  older	
  age	
  group	
  which	
  might	
  also	
  be	
  mistaken	
  as	
  a	
  pulp	
  stone.	
  	
  This	
  

was	
  a	
  limitation	
  of	
  this	
  study	
  even	
  with	
  limiting	
  the	
  teeth	
  types	
  to	
  non-­‐carious,	
  non-­‐

restored,	
  or	
  minimally	
  restored	
  teeth.	
  

Our	
  9indings	
  cannot	
  be	
  directly	
  compared	
  to	
  the	
  Moura	
  &	
  Paiva	
  [7]	
  study	
  where	
  they	
  found	
  

a	
  signi9icant	
  association	
  between	
  coronary	
  atherosclerosis,	
  a	
  speci9ic	
  type	
  of	
  CVD,	
  and	
  pulp	
  

stone	
  formation.	
  	
  This	
  was	
  due	
  to	
  another	
  limitation	
  in	
  our	
  project	
  when	
  collecting	
  medical	
  

history	
  data	
  because	
  the	
  medical	
  histories	
  did	
  not	
  speci9ically	
  ask	
  whether	
  the	
  patient	
  had	
  

coronary	
  atherosclerosis.	
  	
  Instead,	
  it	
  asked	
  whether	
  the	
  patient	
  has	
  ever	
  had	
  a	
  heart	
  attack,	
  

angina,	
  or	
  other	
  heart	
  or	
  circulation	
  problems	
  in	
  which	
  the	
  patient	
  would	
  have	
  to	
  explain	
  

what	
  type	
  of	
  heart	
  condition	
  they	
  had.	
  	
  Even	
  though	
  these	
  conditions	
  may	
  imply	
  that	
  the	
  

patient	
  was	
  suffering	
  from	
  coronary	
  atherosclerosis,	
  it	
  is	
  impossible	
  to	
  know	
  for	
  sure.	
  	
  Also,	
  

even	
  if	
  these	
  conditions	
  were	
  considered	
  as	
  a	
  form	
  of	
  coronary	
  atherosclerosis,	
  our	
  study	
  

only	
  had	
  a	
  total	
  of	
  three	
  patients	
  who	
  9it	
  this	
  category.	
  	
  The	
  majority	
  of	
  the	
  patients	
  with	
  

CVD	
  in	
  our	
  study	
  either	
  had	
  hypertension	
  (n=56),	
  valvular	
  heart	
  disease	
  (n=24),	
  or	
  

hypercholesterolemia	
  (n=19).	
  	
  Nonetheless,	
  Moura	
  &	
  Paiva	
  only	
  looked	
  at	
  50	
  patients	
  total,	
  

25	
  patients	
  with	
  coronary	
  atherosclerosis	
  and	
  25	
  patients	
  without	
  CVD	
  making	
  the	
  sample	
  

size	
  small.	
  	
  Furthermore,	
  they	
  also	
  considered	
  all	
  teeth	
  containing	
  pulp	
  stones	
  instead	
  of	
  

only	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  teeth.	
  	
  Therefore,	
  teeth	
  containing	
  

caries	
  or	
  heavy	
  restorations	
  could	
  have	
  in9luenced	
  pulp	
  stone	
  formation	
  due	
  to	
  local	
  

in9lammatory	
  mediators	
  caused	
  from	
  bacteria	
  [19,	
  20]	
  instead	
  of	
  coronary	
  atherosclerosis.	
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Our	
  9indings	
  are	
  in	
  agreement	
  with	
  Sener	
  [20]	
  who	
  looked	
  radiographically	
  at	
  the	
  pulp	
  

stone	
  prevalence	
  in	
  536	
  Turkish	
  patients,	
  56	
  of	
  whom	
  had	
  CVD.	
  	
  Their	
  study	
  evaluated	
  pulp	
  

stone	
  prevalence	
  by	
  caries	
  and	
  restoration	
  status	
  of	
  teeth,	
  age,	
  gender	
  and	
  CVD	
  status	
  of	
  

patients.	
  	
  Their	
  study	
  did	
  not	
  speci9ically	
  target	
  patients	
  with	
  CVD	
  but	
  rather	
  included	
  them	
  

if	
  present.	
  	
  Also,	
  when	
  analyzing	
  patients	
  with	
  CVD	
  for	
  pulp	
  stone	
  prevalence,	
  they	
  also	
  

considered	
  all	
  teeth	
  rather	
  than	
  only	
  non-­‐carious,	
  non-­‐restored,	
  or	
  minimally	
  restored	
  

teeth.	
  	
  Once	
  again,	
  by	
  considering	
  all	
  teeth	
  types	
  in	
  their	
  analysis,	
  the	
  true	
  effect	
  of	
  CVD	
  on	
  

pulp	
  stone	
  formation	
  in	
  teeth	
  could	
  not	
  be	
  evaluated	
  because	
  teeth	
  containing	
  caries	
  and	
  

heavy	
  restorations	
  could	
  cause	
  local	
  in9lammatory	
  effects	
  on	
  the	
  pulp	
  affecting	
  pulp	
  stones	
  

formation	
  rather	
  than	
  CVD.	
  	
  Although	
  their	
  9indings	
  are	
  in	
  agreement	
  with	
  ours,	
  the	
  true	
  

effect	
  of	
  CVD	
  of	
  pulp	
  stone	
  formation	
  in	
  their	
  study	
  remains	
  suspect.	
  

The	
  overall	
  prevalence	
  of	
  pulp	
  stones	
  in	
  patients	
  in	
  our	
  study	
  was	
  53%	
  whereas	
  the	
  average	
  

percentage	
  of	
  teeth	
  containing	
  pulp	
  stones	
  was	
  12.3%.	
  	
  	
  These	
  9indings	
  are	
  in	
  accordance	
  

with	
  the	
  range	
  of	
  radiographic	
  prevalence	
  found	
  in	
  patients	
  (9.9%	
  -­‐	
  51.4%)	
  and	
  teeth	
  (4%	
  -­‐	
  

22.4%)	
  within	
  the	
  literature	
  [20,	
  21,	
  26,	
  27,	
  30,	
  31].	
  	
  Overall,	
  no	
  differences	
  were	
  found	
  

between	
  gender	
  (males	
  =	
  53.8%,	
  females	
  =	
  52.3%)	
  or	
  age	
  group	
  (20-­‐50	
  yrs	
  =	
  51%,	
  51-­‐75	
  

yrs	
  =	
  55%)	
  for	
  pulp	
  stone	
  prevalence;	
  these	
  9indings	
  are	
  also	
  in	
  accordance	
  with	
  the	
  

literature	
  [20,	
  21,	
  26,	
  27].	
  	
  

The	
  most	
  prevalent	
  tooth	
  type	
  in	
  patients	
  in	
  our	
  study	
  to	
  contain	
  pulp	
  stones	
  were	
  

maxillary	
  molars	
  (45.5%)	
  followed	
  by	
  mandibular	
  molars	
  (31.5%).	
  	
  Maxillary	
  and	
  

mandibular	
  pre-­‐molars	
  were	
  the	
  least	
  likely	
  tooth	
  type	
  in	
  patients	
  to	
  contain	
  pulp	
  stones;	
  

3.5%	
  and	
  6.0%	
  respectively;	
  these	
  9indings	
  are	
  also	
  in	
  accordance	
  with	
  the	
  literature	
  [21,	
  

32].	
  	
  The	
  most	
  probable	
  reason	
  why	
  pre-­‐molars	
  contained	
  the	
  lowest	
  pulp	
  stone	
  prevalence	
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was	
  because	
  they	
  also	
  contain	
  the	
  smallest	
  pulp	
  chamber	
  and	
  canals	
  making	
  it	
  dif9icult	
  to	
  

identify	
  pulp	
  stones	
  radiographically.	
  	
  Molars	
  generally	
  have	
  much	
  larger	
  pulp	
  chambers	
  

which	
  allow	
  for	
  larger	
  detectable	
  calci9ications	
  to	
  be	
  seen	
  radiographically.	
  	
  Only	
  through	
  

histology	
  could	
  more	
  accurate	
  measurements	
  in	
  pulp	
  stone	
  prevalence	
  and	
  distinction	
  

between	
  diffuse	
  calci9ications	
  and	
  pulp	
  stones	
  be	
  determined	
  in	
  teeth	
  [5,	
  17,	
  19,	
  33].	
  	
  This	
  

method	
  of	
  identi9ication	
  is	
  also	
  impractical	
  in	
  a	
  clinical	
  setting	
  where	
  tooth	
  extraction	
  is	
  not	
  

warranted	
  for	
  functioning	
  and	
  healthy	
  teeth.	
  	
  

Overall,	
  we	
  found	
  that	
  restoration	
  status	
  had	
  a	
  statistically	
  signi9icant	
  in9luence	
  on	
  pulp	
  

stone	
  prevalence.	
  	
  In	
  this	
  study,	
  we	
  found	
  that	
  teeth	
  having	
  any	
  type	
  of	
  restoration	
  had	
  an	
  

increased	
  chance	
  of	
  containing	
  a	
  pulp	
  stone;	
  this	
  is	
  in	
  agreement	
  with	
  some	
  literature	
  [20]	
  

and	
  contrary	
  to	
  others	
  [30,	
  32,	
  57].	
  	
  We	
  also	
  found	
  that	
  the	
  level	
  of	
  restoration	
  was	
  

signi9icantly	
  related	
  to	
  probability	
  that	
  a	
  tooth	
  had	
  a	
  pulp	
  stone,	
  with	
  non-­‐restored	
  teeth	
  

(6.3%)	
  having	
  a	
  lower	
  probability	
  than	
  either	
  minimally	
  (20.4%)	
  or	
  heavily	
  restored	
  

(12.2%)	
  teeth.	
  	
  However,	
  teeth	
  with	
  minimal	
  restorations	
  had	
  a	
  higher	
  rate	
  of	
  pulp	
  stones	
  

than	
  heavy	
  restorations,	
  which	
  seems	
  counterintuitive.	
  	
  A	
  possible	
  explanation	
  for	
  the	
  

lower	
  pulp	
  stone	
  occurrence	
  rate	
  in	
  heavily	
  restored	
  teeth	
  when	
  compared	
  to	
  minimally	
  

restored	
  teeth	
  is	
  due	
  the	
  decreased	
  ability	
  to	
  properly	
  identify	
  pulp	
  stones	
  in	
  crowned	
  and	
  

heavily	
  restored	
  teeth.	
  	
  In	
  this	
  study,	
  there	
  were	
  a	
  total	
  of	
  287	
  crowned	
  teeth	
  within	
  the	
  0

heavily	
  restored	
  category.	
  	
  This	
  meant	
  that	
  there	
  were	
  287	
  less	
  teeth	
  to	
  identify	
  pulp	
  stones	
  

within	
  this	
  category	
  because	
  of	
  the	
  pulp	
  chambers	
  being	
  completely	
  covered	
  by	
  the	
  crowns.	
  	
  

Even	
  though	
  these	
  teeth	
  may	
  have	
  contained	
  pulp	
  stones,	
  they	
  were	
  unidenti9iable	
  resulting	
  

in	
  a	
  lower	
  pulp	
  stone	
  prevalence.	
  	
  Also,	
  some	
  teeth	
  containing	
  heavy	
  restorations	
  tended	
  to	
  

have	
  obliterated	
  pulp	
  chambers	
  making	
  identi9ication	
  of	
  pulp	
  stones	
  dif9icult,	
  whereas	
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minimally	
  restored	
  teeth	
  had	
  clearly	
  identi9iable	
  pulp	
  chambers	
  in	
  which	
  pulp	
  stones	
  could	
  

be	
  easily	
  seen.	
  	
  

Overall,	
  we	
  found	
  that	
  caries	
  status	
  of	
  teeth	
  had	
  a	
  statistically	
  signi9icant	
  in9luence	
  on	
  pulp	
  

stone	
  prevalence	
  with	
  non-­‐carious	
  teeth	
  (12.6%)	
  having	
  the	
  highest	
  pulp	
  stone	
  prevalence,	
  

followed	
  by	
  dentinal	
  carious	
  teeth	
  (2.4%),	
  and	
  incipient	
  carious	
  teeth	
  having	
  the	
  lowest	
  

prevalence	
  (2.3%).	
  	
  There	
  were	
  no	
  statistically	
  signi9icant	
  differences	
  in	
  pulp	
  stone	
  

prevalence	
  between	
  dentinal	
  carious	
  and	
  incipient	
  carious	
  teeth;	
  this	
  is	
  contrary	
  to	
  the	
  

literature	
  [19].	
  	
  The	
  reason	
  why	
  pulp	
  stone	
  prevalence	
  was	
  signi9icantly	
  higher	
  in	
  non-­‐

carious	
  teeth	
  when	
  compared	
  to	
  incipient	
  or	
  dentinal	
  carious	
  teeth	
  was	
  due	
  the	
  inclusion	
  

criteria	
  required	
  for	
  this	
  study;	
  over	
  93%	
  of	
  the	
  teeth	
  were	
  non-­‐carious.	
  	
  To	
  meet	
  inclusion	
  

criteria,	
  patients	
  had	
  to	
  have	
  at	
  least	
  one	
  molar	
  that	
  was	
  non-­‐carious,	
  non-­‐restored,	
  or	
  

minimally	
  restored.	
  	
  Over	
  1,000	
  dental	
  charts	
  were	
  individually	
  evaluated	
  in	
  this	
  study	
  to	
  

9ind	
  patients	
  who	
  met	
  the	
  inclusion	
  criteria;	
  many	
  patients	
  who	
  had	
  carious	
  teeth	
  did	
  not	
  

meet	
  the	
  inclusion	
  criteria	
  and	
  were	
  excluded	
  from	
  the	
  study.	
  	
  Also,	
  all	
  of	
  the	
  patients	
  

selected	
  for	
  this	
  study	
  had	
  to	
  be	
  active	
  patients	
  of	
  the	
  dental	
  school	
  within	
  the	
  last	
  three	
  

years.	
  	
  Many	
  of	
  these	
  patients	
  seek	
  regular	
  dental	
  care	
  and	
  have	
  had	
  all	
  of	
  the	
  carious	
  teeth	
  

removed	
  or	
  restored	
  back	
  to	
  health,	
  therefore	
  most	
  teeth	
  within	
  this	
  study	
  population	
  were	
  

non-­‐carious.	
  	
  Our	
  conclusion	
  that	
  non-­‐carious	
  teeth	
  have	
  a	
  statistically	
  signi9icant	
  higher	
  

prevalence	
  of	
  containing	
  pulps	
  stones	
  is	
  biased	
  towards	
  the	
  sample	
  population	
  we	
  chose	
  

for	
  this	
  study	
  and	
  therefore	
  cannot	
  be	
  considered	
  valid	
  due	
  to	
  the	
  extremely	
  low	
  number	
  of	
  

incipient	
  carious	
  and	
  dentinal	
  carious	
  teeth	
  evaluated.	
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 Conclusions

1)  In	
  this	
  study,	
  CVD	
  was	
  not	
  a	
  risk	
  indicator	
  for	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious,	
  non-­‐

restored,	
  or	
  minimally	
  restored	
  teeth.

2) There	
  was	
  no	
  statistically	
  signi9icant	
  difference	
  in	
  pulp	
  stone	
  formation	
  between	
  

patients	
  with	
  and	
  without	
  CVD	
  in	
  non-­‐carious,	
  non-­‐restored	
  or	
  minimally	
  restored	
  teeth	
  

or	
  between	
  the	
  two	
  age	
  groups.	
  	
  

3) There	
  was	
  no	
  statistically	
  signi9icant	
  difference	
  in	
  pulp	
  stone	
  formation	
  between	
  

patients	
  with	
  and	
  without	
  HTN,	
  VHD,	
  or	
  HChol	
  in	
  non-­‐carious,	
  non-­‐restored	
  or	
  minimally	
  

restored	
  teeth	
  or	
  between	
  the	
  two	
  age	
  groups.	
  	
  

4) Patients	
  20-­‐50	
  yrs	
  with	
  CVD	
  (46%)	
  were	
  more	
  likely	
  to	
  have	
  pulp	
  stones	
  in	
  non-­‐carious,	
  

non-­‐restored,	
  or	
  minimally	
  restored	
  teeth	
  than	
  patients	
  without	
  CVD	
  (36%);	
  however	
  

this	
  was	
  not	
  statistically	
  signi9icant.

5) 	
  Covariates	
  such	
  as	
  age,	
  age	
  group,	
  gender,	
  diabetes,	
  arthritis,	
  tobacco	
  use,	
  and	
  alcohol	
  

use	
  did	
  not	
  in9luence	
  the	
  association	
  of	
  CVD	
  with	
  pulp	
  stone	
  formation	
  in	
  patients	
  in	
  

this	
  study.	
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6) To	
  9ind	
  the	
  association	
  between	
  CVD	
  and	
  pulp	
  stone	
  formation,	
  only	
  teeth	
  that	
  are	
  non-­‐

carious	
  and	
  non-­‐restored	
  should	
  be	
  evaluated	
  because	
  local	
  irritation	
  from	
  restorations	
  

or	
  bacteria	
  could	
  cause	
  pulp	
  stone	
  formation	
  and	
  mask	
  the	
  true	
  effect	
  CVD	
  has	
  on	
  the	
  

pulpal	
  tissue.

Summary

In	
  this	
  study,	
  CVD	
  was	
  not	
  a	
  risk	
  indicator	
  for	
  pulp	
  stone	
  formation	
  in	
  non-­‐carious,	
  non-­‐

restored,	
  or	
  minimally	
  restored	
  teeth.	
  	
  Although	
  we	
  did	
  not	
  9ind	
  any	
  statistically	
  signi9icant	
  

differences	
  between	
  patients	
  with	
  and	
  without	
  CVD,	
  it	
  is	
  suggestive	
  that	
  younger	
  patients	
  

(20-­‐50	
  yrs)	
  with	
  CVD	
  have	
  a	
  higher	
  pulp	
  stone	
  prevalence	
  than	
  patients	
  without	
  CVD.	
  	
  	
  We	
  

also	
  found	
  that	
  restorations,	
  whether	
  minimal	
  or	
  heavy,	
  signi9icantly	
  increase	
  the	
  

probability	
  of	
  pulp	
  stone	
  formation	
  in	
  teeth.	
  	
  Future	
  studies	
  trying	
  to	
  identify	
  an	
  association	
  

between	
  pulp	
  stone	
  formation	
  and	
  CVD	
  should	
  have	
  larger	
  sample	
  sizes,	
  include	
  non-­‐

carious	
  and	
  non-­‐restored	
  teeth	
  only	
  and	
  should	
  focus	
  on	
  younger	
  populations	
  (20-­‐50	
  yrs)	
  

where	
  pulp	
  stone	
  prevalence	
  appears	
  to	
  be	
  higher	
  in	
  patients	
  with	
  CVD.	
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Appendix	
  J

1.	
  	
  Ptid:	
  Patient	
  ID	
  Number
2.	
  	
  Gender_Female_0_Male_1:	
  Female	
  =	
  0,	
  Male	
  =1
3.	
  	
  Age:	
  Patient	
  Age	
  (Actual)
4.	
  	
  Age_Young_0_Age_Old_1:	
  Age	
  Young	
  (20-­‐50	
  yrs)	
  =	
  0,	
  Age	
  Old	
  (51-­‐75	
  yrs)	
  =	
  1
5.	
  	
  PulpStones_NC_NR:	
  Total	
  pulp	
  stones	
  in	
  non-­‐carious/non-­‐restored	
  teeth	
  in	
  each	
  patient	
  
6.	
  	
  PulpStones_NC_NR_Present:	
  Pulp	
  stones	
  present	
  in	
  non-­‐carious/non-­‐restored	
  teeth	
  in	
  
each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
7.	
  	
  PulpStones_NC_MR:	
  Total	
  pulp	
  stones	
  in	
  non-­‐carious/non-­‐restored	
  teeth	
  in	
  each	
  
patient
8.	
  	
  PulpStones_NC_MR_Present:	
  Pulp	
  stones	
  present	
  in	
  non-­‐carious/minimally-­‐restored	
  
teeth	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
9.	
  	
  PulpStones_IC_NR:	
  Total	
  pulp	
  stones	
  in	
  incipient-­‐carious/non-­‐restored	
  teeth	
  in	
  each	
  
patient
10.	
  	
  PulpStones_IC_NR_Present:	
  Pulp	
  stones	
  present	
  in	
  incipient-­‐carious/non-­‐restored	
  
teeth	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
11.	
  	
  PulpStones_IC_MR:	
  Total	
  pulp	
  stones	
  in	
  incipient-­‐carious/minimally-­‐restored	
  teeth	
  in	
  
each	
  patient
12.	
  	
  PulpStones_IC_MR_Present:	
  Pulp	
  stones	
  present	
  in	
  incipient-­‐carious/minimally-­‐
restored	
  teeth	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no	
  
13.	
  	
  PulpStones_4Types_Total:	
  Total	
  pulp	
  stones	
  in	
  non-­‐carious/non-­‐restored,	
  incipient	
  
carious/non-­‐restored,	
  non-­‐carious/minimally	
  restored,	
  and	
  incipient	
  carious/minimally	
  
restored	
  teeth	
  in	
  each	
  patient
14.	
  	
  PulpStones_4Types_Present:	
  Pulp	
  stones	
  present	
  in	
  non-­‐carious/non-­‐restored,	
  
incipient	
  carious/non-­‐restored,	
  non-­‐carious/minimally	
  restored,	
  and	
  incipient	
  carious/
minimally	
  restored	
  teeth	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
15.	
  	
  AnginaPectoris:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
16.	
  	
  MyocardialInfarction:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
17.	
  	
  HeartSurgery:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
18.	
  	
  Hypertension:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
19.	
  	
  CongestiveHeartFailure:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
20.	
  	
  CoronaryHeartDisease:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
21.	
  	
  Cardiomyopathy:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
22.	
  	
  ValvularHeartDisease:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
23.	
  	
  CongenitalHeartDisease:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
24.	
  	
  Atherosclerosis:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
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25.	
  	
  Hypercholesterolemia:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
26.	
  	
  Arrhythmia:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
27.	
  	
  Aneuurysm:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
28.	
  	
  Stroke:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
29.	
  	
  MiniStroke:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
30.	
  	
  CerebrovascularDisease:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
31.	
  	
  PulmmonaryEmbolism:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
32.	
  	
  AortaDisease:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
33.	
  	
  RheumaticHeartDiseaseFever:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
34.	
  	
  DeepVeinThrombosis:	
  CVD	
  exposure	
  present:	
  1	
  =	
  yes,	
  0	
  =	
  no
35.	
  	
  Total_CVD:	
  Total	
  CVD	
  exposures	
  in	
  each	
  patient
36.	
  	
  CVD_Present:	
  CVD	
  present	
  in	
  patient:	
  1	
  =	
  yes,	
  0	
  =no
37.	
  	
  Heavy_Restored_Teeth:	
  Number	
  of	
  heavily	
  restored	
  teeth	
  in	
  each	
  patient
38.	
  	
  PulpStones_NC_HR:	
  Number	
  of	
  pulp	
  stones	
  in	
  non-­‐carious/heavily	
  restored	
  teeth	
  in	
  
each	
  patient
39.	
  	
  PulpStones_IC_HR:	
  Number	
  of	
  pulp	
  stones	
  in	
  incipient-­‐carious/heavily	
  restored	
  teeth	
  
in	
  each	
  patient
40.	
  	
  PulpStones_DC_HR:	
  Number	
  of	
  pulp	
  stones	
  in	
  dentinal-­‐carious/heavily	
  restored	
  teeth	
  
in	
  each	
  patient
41.	
  	
  PulpStones_Heavy_Restored_Total:	
  Total	
  number	
  of	
  pulp	
  stones	
  found	
  in	
  heavily	
  
restored	
  teeth	
  in	
  each	
  patient
42.	
  	
  PulpStones_Heavy_Restored_Present:	
  Pulp	
  stones	
  present	
  in	
  heavily	
  restored	
  teeth	
  
including	
  in	
  each	
  patient:	
  1	
  =yes,	
  0	
  =no
43.	
  	
  Minmally_Restored_Teeth:	
  Total	
  number	
  of	
  minimally	
  restored	
  teeth	
  in	
  each	
  patient
44.	
  	
  PulpStones_Minimally_Restored_Total:	
  Total	
  number	
  of	
  pulp	
  stones	
  in	
  minimally	
  
restored	
  teeth	
  in	
  each	
  patient
45.	
  	
  PulpStones_Minimally_Restored_Present:	
  Pulp	
  stones	
  present	
  in	
  minimally	
  restored	
  
teeth	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
46.	
  	
  Non_Restored_Teeth:	
  Total	
  number	
  of	
  non-­‐restored	
  teeth	
  in	
  each	
  patient
47.	
  	
  PulpStones_Non_Restored_Total:	
  Total	
  number	
  of	
  pulp	
  stones	
  in	
  non-­‐restored	
  teeth	
  
in	
  each	
  patient
48.	
  	
  PulpStones_Non_Restored_Present:	
  Pulp	
  stones	
  present	
  in	
  non-­‐restored	
  restored	
  
teeth	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
49.	
  	
  Non_Caries_Teeth:	
  Total	
  number	
  of	
  non-­‐carious	
  teeth	
  in	
  each	
  patient
50.	
  	
  PulpStones_Non_Caries_Total:	
  Total	
  number	
  of	
  pulp	
  stones	
  in	
  non-­‐carious	
  teeth	
  in	
  
each	
  patient
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51.	
  	
  PulpStones_Non_Caries_Present:	
  Pulp	
  stones	
  present	
  in	
  non-­‐carious	
  teeth	
  in	
  each	
  
patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
52.	
  	
  Incipient_Caries_Teeth:	
  Total	
  number	
  of	
  incipient	
  carious	
  teeth	
  in	
  each	
  patient
53.	
  	
  PulpStones_Incipient_Caries_Total:	
  Total	
  number	
  of	
  pulp	
  stones	
  in	
  incipient	
  carious	
  
teeth	
  in	
  each	
  patient
54.	
  	
  PulpStones_Incipient_Caries_Present:	
  Pulp	
  stones	
  present	
  in	
  incipient	
  carious	
  teeth	
  
in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
55.	
  	
  Dental_Caries_Teeth:	
  Total	
  number	
  of	
  dentinal	
  carious	
  teeth	
  in	
  each	
  patient
56.	
  	
  PulpStones_Dental_Caries_Total:	
  Total	
  number	
  of	
  pulp	
  stones	
  dentinal	
  carious	
  teeth	
  
in	
  each	
  patient
57.	
  	
  PulpStones_Dental_Caries_Present:	
  Pulp	
  stones	
  present	
  in	
  dentinal	
  carious	
  teeth	
  in	
  
each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
58.	
  	
  PulpStones_DC_MR:	
  Total	
  pulp	
  stones	
  in	
  dentinal-­‐carious/minimally-­‐restored	
  teeth	
  in	
  
each	
  patient	
  
59.	
  	
  PulpStones_DC_NR:	
  Total	
  pulp	
  stones	
  in	
  dentinal-­‐carious/non-­‐restored	
  teeth	
  in	
  each	
  
patient	
  
60.	
  	
  Heavy_Restored_Teeth_Present:	
  Heavily	
  restored	
  teeth	
  present	
  in	
  each	
  patient:	
  1	
  =	
  
yes,	
  0	
  =	
  no
61.	
  	
  Minimally_Restored_Teeth_Present:	
  Minimally	
  restored	
  teeth	
  present	
  in	
  each	
  
patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
62.	
  	
  Non_Restored_Teeth_Present:	
  Non-­‐restored	
  teeth	
  present	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  	
  	
  	
  	
  
0	
  =	
  no
63.	
  	
  Non_Caries_Teeth_Present:	
  Non-­‐carious	
  teeth	
  present	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
64.	
  	
  Incipient_Caries_Teeth_Present:	
  Incipient	
  carious	
  teeth	
  present	
  in	
  each	
  patient:	
  1	
  =	
  
yes,	
  0	
  =	
  no
65.	
  	
  Dental_Caries_Teeth_Present:	
  Dentinal	
  carious	
  teeth	
  present	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  
0	
  =	
  no
66.	
  	
  Number_Crowns:	
  Total	
  number	
  of	
  crowns	
  in	
  each	
  patient
67.	
  	
  Crowns_Present:	
  Crowned	
  teeth	
  present	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =	
  no
68.	
  	
  Total_Pulp_Stones:	
  Total	
  number	
  of	
  pulp	
  stones	
  in	
  each	
  patient
69.	
  	
  Pulp_Stones_Present:	
  Pulp	
  stones	
  present	
  in	
  each	
  patient:	
  1	
  =	
  yes,	
  0	
  =no
70.	
  	
  Total_Teeth:	
  Total	
  number	
  of	
  teeth	
  in	
  each	
  patient
71.	
  	
  NC_NR_Teeth_Total:	
  	
  Total	
  number	
  of	
  non-­‐carious/non-­‐restored	
  teeth	
  in	
  each	
  patient
72.	
  	
  NC_MR_Teeth_Total:	
  Total	
  number	
  of	
  non-­‐carious/non-­‐restored	
  teeth	
  in	
  each	
  patient
73.	
  	
  IC_NR_Teeth_Total:	
  Total	
  number	
  of	
  incipient-­‐carious/non-­‐restored	
  teeth	
  in	
  each	
  
patient
74.	
  	
  IC_MR_Teeth_Total:	
  Total	
  number	
  of	
  incipient-­‐carious/minimally-­‐restored	
  teeth	
  in	
  
each	
  patient
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75.	
  	
  Inclusion_Criteria_Teeth_Total:	
  Total	
  number	
  of	
  non-­‐carious/non-­‐restored,	
  incipient	
  
carious/non-­‐restored,	
  non-­‐carious/minimally	
  restored,	
  and	
  incipient	
  carious/minimally	
  
restored	
  teeth	
  in	
  each	
  patient
76.	
  	
  NC_NR_IC_NR_Total:	
  Total	
  number	
  of	
  non-­‐carious/non-­‐restored	
  and	
  incipient	
  carious/
non-­‐restored	
  teeth	
  in	
  each	
  patient
77.	
  	
  PulpStones_NC_NR_IC_NR_Total:	
  Total	
  pulp	
  stones	
  in	
  non-­‐carious/non-­‐restored	
  and	
  
incipient	
  carious/non-­‐restored	
  teeth	
  in	
  each	
  patient
78.	
  	
  PulpStones_NC_NR_IC_NR_Present:	
  Pulp	
  stones	
  present	
  in	
  non-­‐carious/non-­‐restored	
  
and	
  incipient	
  carious/non-­‐restored	
  teeth	
  in	
  each	
  patient:	
  	
  1	
  =	
  yes,	
  0	
  =	
  no
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