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Distraction osteogenesis with subperiosteal devices in
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Abstract

Nine patients with severely atrophic edentulous mandibles were treated by distraction osteogenesis with subperiosteal distractors for vertical
augmentation of the anterior alveolar bone before insertion of implants. All the patients had severe complications and we conclude that the use
of subperiosteal devices for vertical augmentation of edentulous mandibles is hazardous and offers no advantage over other surgical methods.
© 2005 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

ertical augmentation of bone is a prerequisite before
nsertion of endosseous implants in severely atrophic

andibles1–5 (Cawood types V and VI6; <10 mm in height)
ecause endosseous implants perform poorly when they are
horter than 10 mm.7

Most current techniques require transplantation of bone,
hich causes morbidity at the donor site.8 Another option is
istraction osteogenesis that can create sufficient volume of
one in both partially edentulous and edentulous patients.9

Distraction osteogenesis results in the formation of new
one between bone segments that are separated gradually by

ncremental traction. Tension in the callus and in the sur-
ounding soft tissues results in expansion of both, and the
allus is replaced by bone.10,11

Distraction osteogenesis can be achieved by
ntraosseous12,13 or extraosseous devices.14 Extraosseous
evices for vertical distraction of the mandible are usually
laced subperiosteally.

Patients and methods

Nine edentulous women (mean age 55.9 years, r
44.3–72.7) with severely atrophic mandibles (Cawood t
V and VI6; mean height in the canine region measured
panoramic radiographs: 7.9 mm, range 5–10) and unab
wear conventional dentures, were operated on under
eral anaesthesia. The mandibular ridge between the m
foraminae was exposed by an interforaminal incision in
buccal fold and raising of a full thickness mucoperios
flap. The mental nerves were carefully located and
served. The interforaminal osteotomy was delineated
subperiosteal distraction device (KLS Martin, Tuttling
Germany) was mounted and removed, and the osteo
completed.

In all patients, the cranial segment had a minimum he
of 3 mm and was mobilised, preserving the lingual perios
attachment. The distraction device was reinserted and
vated to its maximum distance to identify obstacles in
path of distraction. The transport segment was then bro
again in full contact with the base. The wound was close
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layers with interrupted sutures.
Standard perioperative antibiotic and analgesic drugs were

given to all patients, who were not allowed to wear mandibu-
lar dentures until the distraction device was removed.
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Fig. 1. Fracture of basal bone (Track 1.5 distractor, KLS Martin, Tuttlingen,
Germany), maxillomandibular fixation hooks (“Ottenhaken” in place, Case
No. 2).

Fig. 2. Breakage of distractor device at both ends of the basal plate (Track
1.5 distractor, KLS Martin, Tuttlingen, Germany, Case No. 7).

After a latency period between 6 and 14 days, depending
on the extent of wound healing, distraction was started at a
rate of 3 mm× 0.3 mm a day (a daily distraction of 0.9 mm).
The distraction was continued until the desired height was
achieved. Thereafter, the distractor was left in place to allow
time for ossification. The distractors were removed after
1.5–5.0 months (mean 2.9 months) and, whenever possible,
implants were placed at that time.

Clinical and radiographic examinations were made before
and after insertion of the distractor, at the end of distraction,
and before and after its removal.

The mean period from the operation to insert the distractor
until placement of implants was 5.8 months (from 2.0 to 14.0
months).

Results

The 9 patients had a total of 19 complications (Table 1).
Complications included severe tilting of the transport seg-

ment (>30◦) (n= 3), fracture of the basal bone (n= 3) (Fig. 1),
fracture of the transport segment (n= 2), breakage of the dis-
tractor (n= 2) (Fig. 2), ptotic chin (n= 1), defective formation
of bone (n= 1), immature bone at time of removal of the

distractor (n= 1), unfavourable position of implants (n= 1),
infection (n= 1), reverse activation of the distraction device
(n= 1) and dehiscence of the soft tissue (n= 3).

For osseous fractures, treatment was either clinical
observation15 or immediate surgical repositioning and
osteosynthesis.

In one patient, implants had to be removed the day after
insertion because of their unfavourable position, which was
detected in the postoperative radiographs. After 11 months,
implants were inserted with simultaneous onlay bone grafting
from the hip. The implants were successfully loaded and the
follow-up is now 17 months in this patient.

In two patients, secondary augmentation operations were
necessary at the time of placement of the implants.

One patient had plastic surgery to correct a ptotic defor-
mity of the chin, which was the result of excessive denudation
of the mandible and insufficient refixation of the mentalis
muscle at the time of insertion of the distractor.

Overall, four additional operations were required in three
patients and four additional surgical steps were required dur-
ing pre-planned operations in another three patients.

Minor complications such as wound dehiscence, infection,
and reverse activation of the distraction device were treated
and did not have an influence on the outcome of distraction.

Dental implants were successfully placed and loaded pros-
thetically in seven patients with a mean follow-up after load-
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iscussion

urgical attempts to augment the height of the edentu
andible originated from the need to supply enough b

o retain mandibular overdentures. At first, operations w
evised to gain vertical height not only in the anterior
lso in the posterior mandible. The various osteotomy t
iques described by Harle,16Schettler and Holtermann,17and
toelinga et al.,18 are therefore of historical interest only. T
ain complications of these techniques were paraesthe

he lower lip19 and fracture of the mandible from 5%20 to
0%.21 Alveolar nerves were dissected from the mandib
anal because it was assumed that this would reduce
perative numbness; vestibuloplasties had to be done t
verdentures adequately, but this increased disturbanc
ensation all the more.17 Operations to augment the heigh
he mandibular arch were given up in the mid-1980s, w
ven the most elaborate techniques produced poor res
erms of side effects.

Other techniques were at least as problematica
steotomy. Up to 89% of autologous overlay bone grafts

he ilium or the rib were found to have been absorbed



G. Enislidis et al. / British Journal of Oral and Maxillofacial Surgery 43 (2005) 399–403 401

Table 1
Complications in nine patients

Case No. Complications Implants
inserted

Treatment Prosthetic loading Consequences

During distraction After distraction

1 Tilting of
transport segment

4 IMZa None Bar; overdenture None

2 Fracture of basal
bone

4 IMZa Maxillomandibular
fixation; miniplate
osteosynthesis after
removal of distractor

Bar; overdenture Extended treatment;
additional surgical
steps during removal
of distractor, insertion
of miniplate and
insertion of dental
implant (removal of
miniplate)

3 Temporary reverse
activation of
distraction device

4 IMZa Stud attachments;
overdenture

None

Defect in bone
formation

Secondary
augmentation

Additional surgical
step during
implantation

4 Dehiscence of soft
tissue

Local Bar; overdenture None

Unfavourable
position of
implants in
radiological
controls

(3 IMZa)
4 Xivea

Removal of 3
implants; Secondary
insertion of 4 implants
and simultaneous
secondary
augmentation

Extended treatment;
additional operation

5 Transport segment
fractured during
operation

4 Frialit
II a

None Bar; overdenture None

Immature bone at
time of removal of
distractor

Delay of insertion of
implants by 4 months

Extended treatment;
additional operation

6 Broken distractor 4 Xivea None Bar; overdenture
Infection Intravenous antibiotic Readmission to

hospital
7 Fracture of basal

bone
4 Frialit
II a

None None

Broken distractor None
8 Tilting of

transport segment
None Revision to upright

transport segment
None Additional operation

No implant placement
Fracture of basal
bone

Osteosynthesis

Fracture of
transport segment
Dehiscence of soft
tissue

Secondary suture Additional operation

Dehiscence of soft
tissue

Soft laser

9 Tilting of
transport segment

4 Frialit
II a

None Bar; overdenture None

Ptotic chin Corrective plastic
surgery

Additional operation
while uncovering of
implants

a IMZ®, Xive®, Frialit II® are registered trademarks of Friadent Mannheim, Germany.

three years.22 Hydroxyapatite augmentation led to incorrect
position or excessive increase of the width of the ridge, dif-
fusion of material with irregular distribution, and migration
of the material.23

The problem is that most operations for vertical augmen-
tation of edentulous mandibles are unpredictable in their side
effects and long-term results. This has not changed with the

introduction of more conservative measures and insertion of
dental implants at the time of augmentation operations.

Vermeeren et al.5 published a five-year follow-up of one-
step reconstruction of severely atrophic mandibles with onlay
bone grafts and endosteal implants. They reported 31 patients
with Cawood class VI severely atrophic mandibles who were
given corticocancellous bone grafts with Straumann implants
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in a one-step operation. The extent of bone absorption was
almost 50% and 8 of 78 implants were lost. They concluded
that the technique that they described could no longer be
recommended.

Verhoeven et al.4 described the combined use of endosteal
implants and iliac crest onlay grafts in severely atrophic
mandibles. Their longitudinal study included 13 patients who
had 30 implants. Eight implants developed peri-implantitis
during the mean observation period of 877 days and there
was a mean absorption rate of 36% of the grafted bone height.
They concluded that the operation that they described should
be used only if there were compelling indications.

Joos and Kleinheinz2 described the placement of implants
in 24 mandibles simultaneously with bone grafting or at a sec-
ond stage. The implants functioned as lag screws to fix the
grafts. Four implants were placed in each patient. Complica-
tions included soft tissue infections in 8, complete loss of the
graft in 1, partial loss of the graft in 3, absorption of the graft
in 2, and loss of 7 of 96 implants affecting 7 patients.

Similar findings were reported by Schliephake et al.3 in
their survival analysis of endosseous implants in bone grafts
used for the treatment of severe atrophy of the alveolar ridge.
In 5 years, 89.3% of mandibular implants survived.

Bell et al.1 described the staged reconstruction of severely
atrophic mandibles with autogenous corticocancellous bone
grafts and endosteal implants in 14 patients. Five endosteal
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subperiosteal devices have clearly not been as favourable as
those with endosseous devices.

In conclusion, the use of subperiosteal devices for vertical
augmentation of edentulous mandibles is hazardous and is no
more advantageous than conventional methods. We think that
the design of a subperiosteal distractor should be optimised
by including features to prevent stress such as more stable
and longer basal plates, as well as protection from reverse
activation by the patient, and mechanisms to prevent lingual
tilting. However, it remains doubtful whether subperiosteal
devices will have a place for vertical alveolar distraction in
edentulous patients in the future.

References

1. Bell RB, Blakey GH, White RP, Hillebrand DG, Molina A. Staged
reconstruction of the severely atrophic mandible with autogenous bone
graft and endosteal implants.J Oral Maxillofac Surg2002;60:1135–
41.

2. Joos U, Kleinheinz J. Reconstruction of the severely resorbed (class
VI) jaws: routine or exception?J Craniomaxillofac Surg2000;28:1–4.

3. Schliephake H, Neukam FW, Wichmann M. Survival analysis of
endosseous implants in bone grafts used for the treatment of severe
alveolar ridge atrophy.J Oral Maxillofac Surg1997;55:1227–33.

4. Verhoeven JW, Cune MS, Terlou M, Zoon MA, de Putter C. The com-
bined use of endosteal implants and iliac crest onlay grafts in the
severely atrophic mandible: a longitudinal study.Int J Oral Maxillofac

truc-
and

ry I.
.
of
lants

.
iliac

the
elec-
s

th of
ction.

th of
eser-

ative
g

c N,
ntal

tion
dges:

tion
ophic
.

mplants were placed in each patient after a delay of
onths after bone grafting. The median preoperative
eight in the mandibular midline was 9 mm (range 7–10 m
he mandible was approached by a submental incision.

icocancellous bone was placed along the superior and l
spects of the mandible extending as far back as the ret

ar region. The bone graft was firmly packed into a muco
iosteal tunnel without encroaching on the lingual tiss
ide effects, such as sensory disturbance, were not rep
he mean loss of vertical bone height during the 4–6 mo
efore placement of implants was 33%. Loading took p
months after insertion of implants and implant survival
00%.

Choi et al.24 described the use of a sandwich osteoto
ith an interpositional allograft for vertical augmentation

he edentulous alveolar ridge. While Choi et al. used bo
ollagen matrix without fixation, Ewers et al.25 used a mix
ure of autogenous bone and a porous hydroxyapatite
xed the cranial segment with microplates. Both meth
ed to minimal bone absorption and seem to be valid

entation procedures.
In recent years, distraction osteogenesis has

escribed for vertical augmentation of alveolar bone in
ially edentulous patients. In severely atrophic mandible
roningen distraction device was successfully used for

ical distraction followed by the insertion of two implants
series of 10 patients.9

One of the advantages of the Groningen distraction de
ay be its endosseous location and prevention of unto

tress at the buccal surface of the mandible. Our results
.

Surg1997;26:351–7.
5. Vermeeren JI, Wismeijer D, van Waas MA. One-step recons

tion of the severely resorbed mandible with onlay bone grafts
endosteal implants. A 5-year follow-up.Int J Oral Maxillofac Surg
1996;25:112–5.

6. Cawood JI, Howell RA. Reconstructive preprosthetic surge
Anatomical considerations.Int J Oral Maxillofac Surg1991;20:75–82

7. Hagi D, Deporter DA, Pilliar RM, Arenovich T. A targeted review
study outcomes with short (< or =7 mm) endosseous dental imp
placed in partially edentulous patients.JPeriodontol2004;75:798–804

8. Kalk WW, Raghoebar GM, Jansma J, Boering G. Morbidity from
crest bone harvesting.J Oral Maxillofac Surg1996;54:1424–30.

9. Raghoebar GM, Liem RS, Vissink A. Vertical distraction of
severely resorbed edentulous mandible: a clinical, histological and
tron microscopic study of 10 treated cases.Clin Oral Implants Re
2002;13:558–65.

10. Ilizarov GA. The tension-stress effect on the genesis and grow
tissues: part II. The influence of the rate and frequency of distra
Clin Orthop1989;February(239):263–85.

11. Ilizarov GA. The tension-stress effect on the genesis and grow
tissues Part I. The influence of stability of fixation and soft-tissue pr
vation.Clin Orthop1989;January(238):249–81.

12. Gaggl A, Schultes G, Karcher H. Distraction implants: a new oper
technique for alveolar ridge augmentation.J Craniomaxillofac Sur
1999;27:214–21.

13. Garcia-Garcia A, Somoza-Martin M, Gandara-Vila P, Saulaci
Gandara-Rey M. Alveolar distraction before insertion of de
implants in the posterior mandible.Br J Oral Maxillofac Surg
2003;41:376–9.

14. Chiapasco M, Consolo U, Bianchi A, Ronchi P. Alveolar distrac
osteogenesis for the correction of vertically deficient edentulous ri
a multicenter prospective study on humans.Int J Oral Maxillofac
Implants2004;19:399–407.

15. Robiony M, Polini F, Costa F, Politi M. Osteogenesis distrac
and platelet-rich plasma for bone restoration of the severely atr
mandible: preliminary results.J Oral Maxillofac Surg2002;60:630–5



G. Enislidis et al. / British Journal of Oral and Maxillofacial Surgery 43 (2005) 399–403 403

16. Harle F. Visor osteotomy to increase the absolute height of the atro-
phied mandible. A preliminary report.J Maxillofac Surg1975;3:257–
60.

17. Schettler D, Holtermann W. Clinical and experimental results of a
sandwich-technique for mandibular alveolar ridge augmentation.J
Maxillofac Surg1977;5:199–202.

18. Stoelinga PJ, de Koomen HA, Tideman H, Huijbers TJ. A reappraisal
of the interposed bone graft augmentation of the atrophic mandible.J
Maxillofac Surg1983;11:107–12.

19. Mercier P. Ridge form in preprosthetic surgery.Oral Surg Oral Med
Oral Pathol1985;60:235–43.

20. Sugar A, Hopkins R. A sandwich mandibular osteotomy: a progress
report.Br J Oral Surg1982;20:168–74.

21. de Koomen HA, Stoelinga PJ, Tideman H, Huybers TJ. Interposed
bone-graft augmentation of the atrophic mandible (a progress report).
J Maxillofac Surg1979;7:129–35.

22. Wang JH, Waite DE, Steinhauser E. Ridge augmentation: an evaluation
and follow-up report.J Oral Surg1976;34:600–2.

23. Desjardins RP. Hydroxyapatite for alveolar ridge augmentation: indi-
cations and problems.J Prosthet Dent1985;54:374–83.

24. Choi BH, Lee SH, Huh JY, Han SG. Use of the sandwich osteotomy
plus an interpositional allograft for vertical augmentation of the alveolar
ridge.J Craniomaxillofac Surg2004;32:51–4.

25. Ewers R, Fock G, Millesi-Schobel G, Enislidis G. Pedicled sandwich
plasty: a variation on alveolar distraction for vertical augmentation of
the atrophic mandible.Br J Oral Maxillofac Surg2004;42:445–7.


	Distraction osteogenesis with subperiosteal devices in edentulous mandibles
	Introduction
	Patients and methods
	Results
	Discussion
	References


