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ABSTRACT

Implant dentistry has become routine treatment in a growing number of general practices. The profession has generally

acknowledged that this discipline is restoratively driven, not surgically driven. Despite the widespread application of implant

dentistry, the vertical and horizontal parameters of implant dentistry are still frequently addressed after the implants have

integrated, which can be too late because it reduces the predictability for successful restoration. Thus, these vertical and hori-

zontal parameters should be known and followed preoperatively, not pre-restoratively. This article will review the most com-

mon vertical and horizontal measurements that the general dentist placing and restoring implants should know, and illustrate

how using these parameters will provide more reliable outcomes.

Before any treatment can occur,
all patients should be evaluated for over-
all oral health during the initial examina-
tion regardless of the number of teeth
present. If the patient is a candidate for
implant therapy, a systematic series of
steps should be taken to assess the possi-
ble treatment options available to the pa-
tient. The stress treatment theorem for
implant dentistry as described by Misch!
is a biomechanical model used to assess
the patient for implant reconstruction.
The evaluation criteria are listed below in
descending order of importance:

+ Prosthesis design

« Patient force factors

* Bone density in implant sites

+ Key implant positions and number
* Implant size

+ Available bone

+ Implant design

By starting with prosthesis design, the
prosthetic options and available space
must be addressed first. The idea that im-
plant dentistry is a prosthetically driven
discipline, not a surgically driven one, is
accepted in dentistry without argument.
Yet more often than not, the restorative
dentist either does not examine the avail-
able space or expects the specialist plac-
ing the implant to position the implant
in the right place. Because this is not a
predictable model under which to oper-
ate, it is certainly not in the best interest
of the patient. These parameters must be
addressed first.

The crown height space is a parame-
ter that is often overlooked until after the
implants have integrated and the patient
is ready for restoration. If enough space
is available, traditional implant prosthet-
ics are completed in a very satisfactory
way. However, if there is too little space,

then the outcome is generally unaccept-
able for both the patient and the doctor.
The patient may be displeased because
he or she may have to undergo addition-
al procedures or have to be fitted with a
different type of prosthesis than origi-
nally planned. Both of these scenarios
generally require more chair time and a
greater cost. In this article, the vertical
and horizontal parameters that must be
followed to avoid these potential compli-
cations will be addressed as they pertain
to prosthesis design.

CROWN HEIGHT SPACE: THE

KEY VERTICAL PARAMETER

Crown height space is the distance from
the occlusal plane to the crest of the al-
veolar ridge? (Figure 1). The available
crown height space will influence the type
of prosthesis, material choices, and sur-
gical technique that will be used. This
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LEARNING OBJECTIVES

After reading this article, the
reader should be able to:

B describe the minimum and
ideal amount of vertical
space required for both
single and multiple cement-
and screw-retained fixed
restorations.

B describe the minimum and
ideal amount of vertical
space required for removable
implant-retained prostheses.

B describe the horizontal
distance necessary for
implant spacing between
natural teeth and implants
as well as between implants.

B discuss the importance of
arch form as it relates to
anterior-posterior spread.

important preoperative parameter will be
discussed as it pertains to various types
of restorations.

Fixed Restorations

The cement-retained implant prosthesis
requires a minimum of 8 mm of crown
height space.

The ideal space, however, for a cement-
retained prosthesis is 9 mm to 10 mm in
the posterior and 10 mm to 12 mm in a
maxillary central. The crown height space
for a cement-retained prosthesis has three
main regions: the soft tissue, abutment,
and occlusal material. The ideal vertical
dimensions of each region are: 3 mm for
the soft tissue;> 5 mm for the abutment
height;* and 2 mm for the occlusal metal
or porcelain (Figure 2).

Taking a more detailed look at these dis-
tances, the soft tissue, also known as the
peri-implant biological width, is comprised
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of three sections. The first is the sulcular
epithelium, which has no bond to the
abutment. The second, the functional
epithelium, has a hemidesmosome attach-
ment with the titanium surfaces. Togeth-
er, these components comprise 2 mm of
the peri-implant’s biological width. The
supracrestal connective tissue, the third
region of soft tissue, has a minimum ver-
tical dimension of approximately 1 mm
and is mostly collagen fibers oriented in
a parallel or circumferential direction.>®
The crown margin should be at least 2
mm above the crestal bone to allow the
connective tissue zone of attachment.”

The second component of the crown
height space, the abutment height, should
be 5 mm in the most ideal situations.
The minimum preparation height in the
posterior regions of the mouth is 4 mm.
While a screw-retained restoration can
screw directly onto the implant body and
require an even smaller crown height
space, complications can arise with this
type of prosthesis. A passive fit is gener-
ally harder to obtain, it exhibits weaker
porcelain strength at the screw—hole in-
terface, and presents greater incidence
of screw loosening.®? There is also the
increased laboratory fee of one and a
half to twice that of a cement-retained
prosthesis. While this is not a clinical com-
plication, it, along with the former, are
all complications that can possibly be
avoided by looking at the crown height
space preoperatively.

The third component of crown height
space in a fixed restoration is the occlus-
al surface distance. If there is a limited
amount of crown height space available,
the use of a metal occlusal restoration
may be required, but it may be the least
esthetic option. Also, if the patient has
high occlusal forces, the metal occlusal
restoration may be the best option, but
the use of metal should be discussed with
the patient preoperatively, not pre-res-
toratively or, even worse, at the delivery
appointment. If at least 2 mm of occlusal
clearance is planned, then, just like natu-
ral teeth, there will be enough room for
occlusal porcelain to be used.

FIXED RESTORATIONS:
LARGE SEGMENT/FULL ARCH
For large-segment/full-arch fixed pros-
theses, the critical distance is 15 mm. If
the distance from the implant platform
to the occlusal table is less than 15 mm,
then the prosthetic material indicated is
porcelain-fused-to-metal (PFM) (Fig-
ure 3). If the distance is greater than 15
mm, then a hybrid prosthesis should be
used (Figure 4).

The 15-mm measurement is impor-
tant because of the physical properties of
the restorative materials. Acrylic requires
bulk for strength. If there is less than 15
mm of distance from the implant plat-
form to the occlusal table, there will not

Figure 1 The crown height is measured from
the alveolar crest to the occlusal table.

Figure 4 A crown height space > 15 mm
necessitates a hybrid restoration.

Figure 2 Vertical components of crown height
space for a cement-retained restoration.

Figure 3 A crown height space < 15 mm
necessitates a PFM material selection.

Figure 5 and Figure 6 The increased amount of metal required for this prosthesis greatly increases

the laboratory costs.

Figure 7 and Figure 8 A hybrid restoration requires less metal to fabricate.

be sufficient space to achieve the bulk of
acrylic necessary to provide strength for
the prosthesis. The unfortunate result
will be continual repair of fractures for
the life of the prosthesis.

Likewise, PFM restorations have dif-
ficulties when too much space is avail-
able. At dimensions greater than 15 mm
from the implant platform to the oc-
clusal table, the control of surface po-
rosity across the metal substructure be-
comes difficult because of variations in
cooling and heating rates across the met-
al,'% which in turn makes it difficult to
bake porcelain to the metal substruc-
ture. The result is the high possibility of
future unwanted complications of por-
celain fracture.!!

There is also a considerable difference
in the laboratory costs for these types of
prostheses. A PFM restoration requires
more metal to achieve a uniform 2-mm
thickness and is more technique-sensitive
(Figure 5 and Figure 6). A hybrid pros-
thesis requires less metal and uses acrylic
and denture teeth for the remaining res-
toration (Figure 7 and Figure 8). Un-
derstanding the impact that the 15-mm

height has on which type of restoration is
required gives the dentist the ability to
quote a more accurate fee to the patient.

Removable Prostheses

An implant-retained removable prosthe-
sis has two options in terms of connect-
ing the implant to the prosthesis. One
option is a bar-retained prosthesis that
needs at least 15 mm to 17 mm of crown
height space (variance depends on the
type of attachment). It is comprised of
the following: 3 mm, bone to soft tissue;
1 mm, soft tissue to bar; 3 mm to 5 mm,
bar plus attachment. The remaining ver-
tical distance is made up of the denture
teeth and supporting acrylic. This is a
height of > 8 mm from the bar/attach-
ment to the incisal edge (Figure 9).

The second option is a low-profile
independent attachment which has a
lower vertical space requirement. This
space is measured from the alveolar crest
to the inner aspect of the lingual denture
base, and the measurement is a mini-
mum of 7 mm.!? The current lowest ver-
tical height of an attachment (abutment
plus male) is 3.17 mm on an externally

Figure 9 Vertical components of crown height
space for a bar-retained implant overdenture.

hexed implant, and 2.5 mm on a non-
hexed implant.

Again, it is important to remember
that acrylic restorations obtain their strength
from the bulk of the material. If the pre-
operative option discussed with the pa-
tient is a bar overdenture and conversion
to an independent attachment prosthesis
is required later, the patient may be dis-
pleased, depending on his or her expec-
tations. This is a situation that can be
avoided by choosing the appropriate pros-
thesis based on the crown height space
available.

EXCESSIVE CROWN

HEIGHT SPACE

Excessive crown height space can be prob-
lematic as well. Excessive crown height
space acts as a vertical cantilever. The
greater the crown height space, the great-
er the moment of force under lateral load.
For every 1 mm in crown height increase,
the force increase may be 20%. There-
fore, a crown height increase of 10 mm to
20 mm may increase stress 200%.!3 To
prevent this, there are different surgical
approaches to help diminish available



Figure 10A and Figure 10B Supra-eruption of the opposing arch, thus diminishing crown height space.
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Figure 10C and Figure 10D Traditional fixed prosthodontics performed to level the opposing arch
and regain sufficient crown height space.

Figure 11A Insufficient crown height space for
bar overdenture because of the vertical dimension
of the mandible.

Figure 14 Diagram of potential anterior-
posterior spread based on implant placement
and arch form.

crown height space, such as block onlay
grafts, particulate bone grafts with mesh
titanium or barrier membranes, interpo-
sitional bone grafts, and distraction os-
teogenesis. 410

DIMINISHED CROWN

HEIGHT SPACE

Diminished crown height space has sev-
eral different solutions which depend on
the patient’s anatomical limitations as
well as his or her perceived needs. If the
problem is the opposing arch, the solu-
tion may be fixed prosthodontics to level
the occlusal plane (Figure 10A through
Figure 10D). It may be intrusion of teeth
with orthodontics or some combination
of the two. If there is too little crown
height space and the patient is edentu-
lous, the solution may be to increase the
vertical dimension of occlusion (VDO)
with a removable prosthesis.!” If the pa-
tient has a partial dentition, it may in-
volve traditional fixed prosthodontics to
alter the VDO.!8 The patient may need a
surgical approach, such as an osteoplasty,
before implant placement (Figure 11A
and Figure 11B). However, without an ini-
tial diagnosis, there is no way of formulat-
ing a solution to an unknown problem.

Figure 11B Osteoplasty performed at the time
of implant placement to gain sufficient crown
height space.

HORZONTAL COMPONENTS
OF IMPLANT PLACEMENT

The horizontal aspect of implant spacing
is critical to avoid bone loss on adjacent
teeth or implants. Single-tooth implants
should be placed 1.5 mm to 2 mm from
the adjacent teeth,!>?* and implants should
have at least 3 mm of space between them?!
(Figure 12). By keeping a minimum 1.5-mm
distance from the adjacent tooth and a
minimum distance of 3 mm between ad-
jacent implants, angular defects resulting
from crestal bone remodeling can be kept
from becoming horizontal defects!'®-22
(Figure 13). This distance allows the bone
on the adjacent tooth to stay at its current
level. Conversely, if bone loss on the adja-
cent tooth or implant occurs, the bone
loss will not affect the adjacent tooth or
implant. This is especially critical in the
anterior regions of the mouth where pa-
pilla height is more important for an
esthetic result.?3-27

ANTERIOR-POSTERIOR SPREAD
As a general rule, when five implants are
placed in the anterior mandible between
the foramen, the cantilever should not
exceed 2.5 times the anterior-posterior
spread, with all other force factors being
low.?8 The anterior-posterior distance is
obtained by connecting a line drawn
from the distal aspect of the most poste-
rior implants and a parallel line drawn
through the center of the most anteri-
or implant (Figure 14). The greater the
anterior-posterior distance, the more fa-
vorable the situation for the posterior
cantilever.?%-3% There are two anatomical
factors that will affect the amount of an-
terior-posterior spread possible: the pa-
tient’s existing arch form and the arch
form of the replacement teeth. There are

Figure 12 Horizontal spacing needed between
the natural tooth and the implants and between
the adjacent implants.

three types of arch forms: ovoid, tapering,
and square. A square arch form provides
the shortest anterior-posterior spread be-
cause all of the implants are basically in a
straight line. Conversely, the tapering arch
will result in the largest anterior-posterior
spread, and the ovoid will result in some-
thing in between. By evaluating the arch
form, the clinician will have an idea of the
potential anterior-posterior spread and the
amount of cantilever possible to support
the prosthesis. Patient force factors will ul-
timately determine the amount of canti-
lever to be used for the definitive prosthesis.

CONCLUSION

This is not an exhaustive list of all the
numbers a clinician needs to know to
perform implant dentistry, but it com-
prises what the authors feel are the most
preoperatively overlooked numbers. All
cases are evaluated for bone width, bone
height, and implant diameter preopera-
tively, but these other numbers are too
often only looked at pre-restoratively,
after the implants have integrated. As dis-
cussed, this is sometimes too late. Usu-
ally, the problems can be overcome with
additional procedures, but the costs to
the patient and the clinician are both mon-
etary and emotional. Dentistry has enough
complications even when things are done
correctly. By paying attention to these pa-
rameters for implant dentistry preopera-
tively, we can minimize the complications.
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Vertical and Horizontal Dimensions
of Implant Dentistry: Numbers
Every Dentist Should Know

Steven Kendrick, DDS; and David Wong, DDS

Tufts University School of Dental Medicine provides 2 hours of FREE Continuing Education credit for this article for those who wish
to document their continuing education efforts. To participate in this CE lesson, please log on to www.insidedentistryCE.com,
where you may further review this lesson and test online. Log on now, take the CE quiz and, upon successful completion, print
your certificate immediately! It's that easy! For more information, please call 877-4-AEGIS-1.

1. What is the minimum amount of crown height space 6. What is the minimum amount of crown height space
necessary for a cement-retained implant prosthesis? required for a bar-retained prosthesis?
a. 6 mm a. 6 mmto 9 mm
b. 8 mm b. 10 mm to 12 mm
c. 10 mm c. 15 mmto 17 mm
d. 12 mm d. 19 mm to 22 mm
2. What is the ideal amount of crown height space neces- 7. For every 1 mm in crown height increase, the force
sary for a posterior cement-retained implant prosthesis? increase may be:
a. 5mm to 8 mm a. 5%
b. 9 mm to 10 mm b. 10%
c. 12 mmto 13 mm c. 15%
d. 16 mm to 18 mm d. 20%
3. What is the ideal amount of crown height space 8. What is the minimum amount of horizontal distance
necessary for a cement-retained implant prosthesis between single-tooth implants and adjacent teeth?
on a maxillary central incisor? a. 1.5 mmto 2 mm
a. 6 mm to 8 mm b. 3 mm to 3.5 mm
b. 8 mm to 9 mm c. 4 mmto 4.5 mm
c. 10 mmto 12 mm d. 5mmto 5.5 mm

d. 14 mm to 16 mm
9. What is the minimum amount of horizontal distance

4. The peri-implant biological width is comprised of: between implants?
a. sulcular epithelium. a. 1 mm
b. functional epithelium. b. 2 mm
c. supracrestal connective tissue. c. 3mm
d. all of the above d. 4 mm
5. What is the critical distance for a large-segment/ 10. Assuming all other force factors are low, the cantilever
full-arch prothesis? distance should not exceed how many times the anterior-
a. 6 mm posterior spread of the implants when five implants are
b. 10 mm placed in the anterior mandible between the foramen?
c. 13 mm a. 1x
d. 15 mm b. 2x
c. 2.5x
d. 3x
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