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Infrabony Pockets and Reduced 
Alveolar Bone Height in Relation 
to Orthodontic Therapy 
Birgit Thilander 

Experimental animal studies have shown that orthodontic movement of 
teeth into infrabony pockets may be detrimental to the periodontal attach- 
ment. After elimination of subgingival plaque infection in the experimental 
animals, no additional loss of connective tissue attachment occurred. An 
experimental model has shown that a tooth with normal periodontal 
support can be orthodontically moved into an area of reduced bone height 
with maintenance of height of connective tissue attachment level and 
alveolar bone support. The results from these experimental studies have 
been tested clinically. (Semin Orthod 1996;2:55-61.) Copyright © 1996 by 
W.B. Saunders Company 

T he question of whether  or thodont ic  tooth 
movement  may have deleterious effects on 

the periodontal  tissues has been  evaluated in a 
number  of  clinical and exper imenta l  studies. 
The results have shown that, provided per iodon-  
tal health and p roper  oral hygiene standards a re  
mainta ined during the phase of or thodont ic  
therapy, no injury, or only clinically insignificant 
injury to the support ing tissues will occur. How- 
ever, if the oral hygiene is less effective and 
periodontal  inf lammation is present  dur ing the 
or thodont ic  treatment,  the studies have indi- 
cated an increased risk for adverse effects on the 
per iodont ium. This is impor tan t  to remember ,  if 
or thodont ic  tooth movements  should be per- 
fo rmed  in areas with infrabony pockets or  in 
areas of  reduced height of  alveolar bone.  This 
article will discuss relevant studies, together  with 
some clinical applications, to improve our  under-  
standing of the advantages as well as the disadvan- 
tages of  or thodont ic  t rea tment  in such patients. 
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Periodontal Tissue Response to 
Orthodontic Movement of Teeth With 
Infrabony Pockets 

Experimental  studies involving histological analy- 
sis have repor ted  that or thodont ic  forces per  se 
are unlikely to convert  gingivitis into a destruc- 
tive periodontitis.  1,2 The  development  of  destruc- 
tive periodontal  disease, however, may result in 
the format ion of  infrabony pockets, ie, angular  
bony defects with inf lamed connective tissues 
and the dentogingival epithel ium located apical 
to the crest of  the alveolar bone.  3 

Thus, it can be stated that or thodont ic  move- 
men t  of  teeth with healthy periodontal  tissues 
will not  cause loss of  connective tissue attach- 
ment.  4-6 Also in areas with the presence of 
plaque-induced suprabony lesions, or thodontic  
forces per  se have been  shown to be incapable of  
causing accelerated destruction of the periodon- 
tal support.  6,7 This may be explained by the fact 
that the effect of  or thodont ic  forces is generally 
confined to that por t ion of  the per iodont ium 
which is bordered  by hard tissues on both sides, 
whereas the suprabony connective tissue re- 
mains unaffected,  because the latter port ion will 
not  be compressed between the hard tissues. 
However, it has also been shown that in buccal 
sites with gingival inf lammation and where the 
tooth is moved out through the alveolar bone  
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(ie, a buccal bone  dehiscence is created),  gingi- 
val recession and concomitant  loss of  connective 
tissue a t tachment  may occur, if the covering soft 
tissue is thin. 7,s It is most  likely, however, that the 
causative factor for this destruction is the plaque- 
induced lesion, ra ther  than the or thodont ic  
t rauma,  because similar or thodont ic  movemen t  
of  teeth with healthy marginal  per iodontal  tis- 
sues did not  result in a t tachment  loss. 9,1° 

The  position of  the plaque-induced lesion 
may, however, be shifted f rom a suprabony to an 
infrabony position, ie, into the area where orth- 
odontic forces affect the per iodont ium,  when 
tooth movemen t  directed at t ipping or intruding 
a tooth into the alveolar bone  is pe r fo rmed .  
Under  these conditions an enhanced  rate of  
per iodontal  destruction is evident, u Thus, in- 
frabony pockets may be created by or thodont ic  
t ipping a n d / o r  intruding movements  of  teeth 
harbor ing  bacterial plaque. Deepened  gingival 
pockets must be el iminated before any or thodon-  
tic tooth movement  is started. After the or thodon-  
tic t reatment,  additional surgical pocket  elimina- 
tion is also per fo rmed ,  if necessary. 2 

In patients who have per iodontal  disease in- 
f rabony pockets are frequently found. Whether  
or thodont ic  tooth movemen t  in areas with in- 
f rabony pockets may have a detr imental  effect on 
the support ing tissues, has been discussed. 

Or thodon t i c  el iminat ion of  an infrabony 
pocket  by tooth extrusion has shown a main- 
tained relationship between the cemento-enamel  
junct ion and the bone  crest, ie, the bone  fol- 
lowed the tooth dur ing the extrusion move- 
merit. 12 In contrast, teeth subjected to extrusion 
with concomit tant  fiberotomy, ie, the coronal  
por t ion of  the fiber a t tachment  was excised, the 
crestal part  of  the alveolar bone  did not  follow 
the root  dur ing extrusion, and consequently, the 
root  movemen t  resulted in an increased distance 
between the cemento-enamel  junct ion  and the 
alveolar bone  crest. 12q5 Because of the or thodon-  
tic extrusion, the tooth will be in supraocclusion. 
Hence,  the crown of  the tooth will need  to be 
shortened,  in some cases followed by endodont ic  
t reatment.  

The  effect of  bodily movemen t  of  teeth into 
infrabony per iodontal  defects has been  evalu- 
ated in exper imenta l  studies in the monkey  5 and 
in the dog. 16 If  per iodontal  t rea tment  was per- 
fo rmed  before the or thodont ic  tooth movemen t  
was started, and the monkeys were subjected to 

plaque control measures during the entire course 
of  the experiment ,  no deleterious effect was 
obtained on the level of  the connective tissue 
at tachment.  5 It  was reported,  that the angular 
bony defect  was eliminated by the or thodont ic  
t reatment ,  but  no coronal  shift (gain) of  the 
connective tissue a t tachment  was found. Hence,  
a thin junct ional  epi thel ium covered the root 
surface to a level cor responding  to the pretreat- 
merit  position of the connective tissue attach- 
ment.  

On the other  hand,  exper iments  in dogs have 
shown that  or thodont ic  therapy involving bodily 
movemen t  of  teeth with inflamed, infrabony 
pockets may enhance  the rate of  loss of  the 
connective tissue at tachment.  16 In each dog, one 
p remola r  was moved away f rom the angular  bony 
defect  and one p remola r  into and through the 
angular  bony defect (Fig 1). After or thodont ic  
t rea tment  (5 to 6 months) ,  the teeth were 
stabilized for 2 months.  Clinical, radiographic,  
and histological evaluations showed that it was 
possible to establish and maintain an infrabony 
pocket  with a subcrestal, plaque-induced inflam- 
matory  leason during the entire course of  the 
study. Although the control  teeth had main- 
tained their  a t t achment  levels, all but  one of the 
orthodontically moved teeth showed additional 
loss of  a t tachment  (Fig 2). The risk for addi- 
tional a t tachment  loss was particularly evident 
when the tooth was moved into the infrabony 
pocket. 

In conclusion, exper imenta l  studies in mon- 
keys and dogs have shown that or thodont ic  
movemen t  of  teeth into infrabony pockets may 
be detr imental  for the per iodontal  at tachment.  
After elimination of  the subgingival plaque infec- 
tion, no additional loss of  connective tissue 
a t tachment  occurred.  The consequence f rom 
these exper imental  results is that elimination of 
plaque-induced lesions must  precede  the orth- 
odontic treatment.  This hypothesis has been  
tested in a series of  patients with infrabony 
pockets resulting f rom periodontal  disease (Fig 
3) .2 Clinical and radiographic observations have 
shown, that orthodontic  t reatment  can be success- 
fully p e r f o r m e d  in such cases, provided that 
per iodontal  t rea tment  directed at the elimina- 
tion of  the plaque-induced lesion precedes the 
initiation of or thodontic  therapy, and that p roper  
oral hygiene is mainta ined during the course of  
or thodont ic  t reatment.  
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Figure 1. Clinical appearance (A) of the two to three 
walled angular bony defect (arrow), extending to a 
level corresponding to about 50% of the root length. 
A notch was prepared at the bottom of the angular 
defect. The tooth was then moved away from, or into 
and through the defect (open arrows). Radiographs 
obtained at the start of the orthodontic tooth move- 
ment (B) and at termination of the experimental 
period (C). Arrow indicates the direction of tooth 
movement, ie, away from the defect. The displace- 
ment of the tooth is related to the titanium pins, 
inserted in the buccal cortical bone. (Figs 1 (B-C) 
reprinted with permission.16) 

Periodonta l  T i s s u e  R e s p o n s e  to 
O r t h o d o n t i c  M o v e m e n t  of Tee th  
into  E d e n t u l o u s  Areas w i t h  R e d u c e d  
B o n e  He ight  

In patients with partially edentulous dentitions, 
because of congenitally absent or the extraction 
of teeth, orthodontic treatment often has to be 
performed. By positioning the teeth toward, or 

into, the eden tu lous  area, improved  esthetic and  
funct ional  results may be g a i n e d J  8-2° In  many  o f  
these individuals there  is a r educ e d  alveolar 
b o n e  height.  

O r t h o d o n t i c  forces, i nduced  for  bodily too th  
movement ,  will result  in di f ferent  react ions in 
the pe r iodon ta l  tissues on  the pressure and  on  
the tension sides. Bone  resorp t ion  occurs  on the 
pressure  side as a c o n s e q u e n c e  o f  t rauma-  
i nduced  react ions within the pe r iodon ta l  liga- 
m e n t  tissue, whereas on  the tension side a 
con t inuous  b o n e  apposi t ion  will be seen result- 
ing in a main ta ined  width o f  the per iodonta l  
l igament.  21 

T h e  tissue changes  occu r r ing  on  the pressure 
side du r ing  o r t hodon t i c  too th  m o v e m e n t  are 
conf ined  to the in f rabony area  o f  the root,  ie, the 
area o f  suppor t ing  b o n e  where  the pe r iodon ta l  
l igament  will be compressed  between the two 
hard  tissues. Hence ,  o r t hodon t i c  too th  move- 
m e n t  will no t  induce  react ions in the supra- 
crestal area result ing in loss o f  connect ive  tissue 
a t tachment .  7,9,1° The  appl ied forces will lead to 
deminera l iza t ion  o f  the suppor t ing  bone,  which 
in tu rn  allows the too th  to move in the direct ion 
o f  the force. No  b o n e  reminera l iza t ion is ob- 
served adjacent  to a too th  that  has been  moved  
out  t h rough  the b o n y  plate, ie, when  an alveolar 
b o n e  dehiscence  has been  created.  7,8,9 However, 
when  such a too th  is moved  back into the 
alveolar b o n e  housing,  b o n e  apposi t ion  will take 
p lace  in the  a rea  o f  the  previous  dehis- 
cence.  9,~°,22,23 The  results o f  these studies indi- 
cated that  the soft tissue, facial to a p r o d u c e d  
b o n e  dehiscence,  contains  a b o n e  matr ix with 
the capacity to remineral ize following reposit ion- 
ing o f  the too th  into the alveolar process. It may 
thus be speculated,  that  genet ic  factors control-  
ling the d imens ions  o f  the alveolar process may 
be the reason for  the lack o f  remineral iza t ion o f  
the b o n e  matrix buccal  to a too th  which has 
b e e n  m o v e d  buccally ou t  o f  the alveolar hous ing  
on  the buccal  side o f  the denta l  arch. 

Hence ,  based on the f indings in the studies 
re fe r red  to, it could  be ant ic ipated that, as long 
as o r t h o d o n t i c  too th  m o v e m e n t  is p e r f o r m e d  
within the genetically d e t e r m i n e d  boundar ie s  o f  
the  jaw, the too th  will main ta in  the original 
he ight  o f  the suppor t ing  apparatus,  ie, its connec-  
tive tissue a t t achmen t  level a nd  its alveolar b o n e  
height.  An  exper imenta l  mode l  in a beagle dog  
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Figure 2. Specimens from a tooth orthodontically moved into (A) and away from (B) the infrabony pocket, 
showing presence of an inflammatory cell infiltrate in the connective tissue adjacent to the pocket epithelium. 
The termination of the dentogingival epithelium (aJE) apical to the notch (N) indicates additional loss of 
connective tissue attachment, when the tooth is moved into the defect. (Fig 2(A) reprinted with permission. 16) 

Figure 3. A 40-year-old 
woman had had periodon- 
tal treatment for the in- 
frabony pocket mesial to the 
maxillary left central inci- 
sor (A and D). Proper oral 
hygiene was maintained,  
and the spaces in the ante- 
rior segment were closed by 
means of a fixed appliance 
using very light forces. Semi- 
permanent  retention per- 
formed 6 months later. A 
further control 6 months 
later showed improvement 
of the bony defect (B and 
E). Permanent retention then 
was carried out. Posttreat- 
ment control 5 years later (C 
and F). Note the improve- 
inent of the bony defect. (Re- 
printed with permission. 21) 
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was designed to test this hypothesis by or thodon-  
tically moving teeth into edentulous areas with 
reduced bone  height (Fig 4).24 None of  the teeth 
whether  moved orthodontically or not, showed 
loss of  connective tissue a t tachment  (Figs 5 and 
6). Hence,  at all teeth, the most  apical cells of  the 
junct ional  epithelium were located at the ce- 
mento-enamel  junct ion (CEJ). The  newly estab- 
lished periodontal  l igament  exhibited a normal  
width, both  on the pressure and on the tension 
side of  the displaced teeth. 

On the tension side both the original height  
and width of the support ing bone were fully 
maintained. On the pressure side, support ing 
alveolar bone  was also present,  extending far 
coronal to the surrounding,  experimental ly cre- 
ated bone  level, but  not  reaching the complete  
height as the original support ing bone. It  is 
obvious when analyzing the histological sections, 
that the support ing bone  on the pressure side, 
not  visualized in the radiograph,  was much  
thinner  than the original bone.  The histological 
picture of  the bone  tissue in the coronal  por t ion 
of the root  showed a high n u m b e r  of  cells in 
contrast to the compact  appearance  of  the more  
apically located bone  (Fig 6). The explanation 
for this finding can only be speculated on. 

)- 
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Figure 4. Schematic drawing (A) and clinical photo- 
graph (B) illustrating the bodily movement of the 
third premolar into tile area with reduced alveolar 
bone height. (Fig 4(A) reprinted with permission. 24) 

Figure 5. Radiographs obtained at the start of the 
orthodontic movement (A) and at the termination of 
the experiment (B) of a test tooth and the contral- 
ateral control tooth. Note the difference in radio- 
graphic bone height (arrows). Titanium pins indicate 
the displacement of the test tooth. (Reprinted with 
permission. ~4) 

Following similar tooth movemen t  in a facial 
direction outside the boundaries  of  the jaw, no 
bone  remineral izat ion will be found. 7,l° In con- 
trast to the heavy forces used when moving teeth 
out buccally through the bony plate, only very 
light forces were applied when moving the teeth 
bodily into the area with reduced bone height. 
The use of  light forces may explain that, only the 
inorganic c o m p o n e n t  of  the alveolar bone  was 
lost, as a consequence of the biological response 
to the or thodont ic  force, and that the organic 
c o m p o n e n t  was mainta ined which was likely to 
result in remineralization of  bone.  The interest- 
ing finding, that the newly fo rmed  bone  on the 
pressure side shows resorption on the surface 
near  the root  and apposit ion on the opposite 
side of  the thin bone  plate, may also be ex- 
p la ined  by the piezoelectr ical  theory. The  
changes that occur in alveolar bone  during tooth 
movemen t  have been interpreted to be related 
to a piezoelectrical effect through strain-gener- 
ated potentials, arising as a result of  mechani- 
cally induced deformation of collagen or hydroxy- 
apatite crystals. 25 

In conclusion, an exper imenta l  model  has 
shown that a tooth with normal  periodontal  
suppor t  can be orthodontically moved into an 
area of  reduced bone  height  with maintained 
height  of  the support ing apparatus, ie, main- 
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Figure 6. Specimens from 
the control (A) and the test 
tooth (B and C magnifica- 
tion), shown in Figure 5. 
The thin bone along the 
pressure side of the test tooth 
is not visualized in the radio- 
graph. (Reprinted with per- 
mission. 24) 

t a i ned  connec t ive  tissue a t t a c h m e n t  level a n d  in  

all essent ials  m a i n t a i n e d  a lveolar  b o n e  suppor t .  

These  e x p e r i m e n t a l  resul ts  have b e e n  tes ted  in 

par t ia l ly  e d e n t u l o u s  pa t ien t s  with n o r m a l  per i -  
o d o n t a l  tissue suppor t ,  l oca t ed  a d j a c e n t  to an  

e d e n t u l o u s  a rea  with r e d u c e d  b o n e  vo lume.  

Tee th  have b e e n  o r t h o d o n t i c a l l y  m o v e d  in to  

such an a r ea  a n d  used  for  a f ixed  par t i a l  d e n t u r e  
(Fig 7).17 T h e  resul ts  o f  these  c l in ical  fol low-up 

s tudies  a re  e n c o u r a g i n g ,  p r o v i d e d  tha t  bod i ly  
t oo th  m o v e m e n t s  with l ight  o r t h o d o n t i c  forces  

a re  used,  a n d  p r o p e r  ora l  hyg iene  is ma in t a ined .  

Figure 7. A 25-year-old man 
partially edentulous because 
of trauma. Marked bone loss 
in the left maxillary alveolar 
process (A, B, C, and D) 
(indicated by arrows). The 
second premolar  was moved 
bodily one cusp width into 
the area with reduced bone 
support (E). After a treat- 
ment  period of 12 months, 
a prosthetic bridge was con- 
structed. Note the regain- 
ing of alveolar bone (F). 
(Reprinted with permis- 
sion. 21 ) 
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