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INTRODUCTION 

statement of the problem 

The use of root form dental implants has been an 

effective treatment option for the restoration of function for 

the edentulous and partially edentulous patient. Over the 

last 30 years the use of dental implants as overdenture 

abutments and the hybrid fixed detachable bar has been a 

successful type of implant prosthesis- (Mazurat et al., 1994a, 

1994b). 

Dentists and their patients are demanding more from 

implants, and implant therapy has expanded to include the 

restoration of the partially edentulous patient. Often the 

only prosthetic alternative to a distal free-end extension 

removable partial denture in the partially edentulous patient 

is an implant supported prosthesis with a single implant 

abutment. A single implant can serve as an abutment for 

several types of ·restorations including a single-tooth implant 

restoration, 

restoration, 

restoration. 

a fixed partial denture that is a cantilever 

or a combination implant-natural tooth 

The use of cantilevered pontics supported by 

1 
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natural teeth as abutments in posterior areas is 

contraindicated due to the magnitude and axial duration of the 

occlusal forces that are placed on the restoration's pantie. 

Such occlusal forces can resul,t in dislodgement or fracture of 

the restoration, fracture of the abutment tooth, or trauma 

from occlusion on the abutment tooth. The forces of occlusion 

can be destructive to any type of restoration whether it 

involves teeth or implants (Shillingburg, 1981). 

Implant-tooth combination restoration use began in the, 

mid 1980's (Babbush et al., 1987, English, 1993b, Kirsch et 

al., 1986) . Various authors have debated the effectiv:eness of 

prosthetic appliances supported by a combination of 

implant(s) and natural teeth (Alstr~nd et al., 1991, Reider 

and Parel, 1993). The debate centers upon the lack of 

understanding of the significance of the fact that natural 

teeth and implants have different inherent mobilities. Teeth 

with an intact periodontal ligament have normal mobilities 

between 50 and 200 um. Implants, on the other hand, have a 

flexure of less than 10 um which is the flexure of bone (Cohen 

and Orenstien~ 1994,·, Lemons, 1994). These inherent differences 

in the mobility of the abutments are a major,dilemma for the 

design and fabrication of a prosthesis. The prosthesis must 

not only restore function, but also preserve the support of 

both the implant and natural tooth abutment. 
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The _purpose of this study is to evaluate the response of 

the periodontal tissues of a tooth that is an abutment for a 

combination implant to natural tooth fixed partial denture. 

The abutment for a combination implant to natural-tooth fixed 

partial denture was compared to the periodontal tissues 

supporting a similar tooth not splinted to an implant. 

Analysis of the periodontal tissues ·was accomplished using the 

techniques of light microscopy and histomorphometry. 

Review of the literature 

The use of implants for the restoration ·of edentulous 

patients has opened a whole new area of ·research. This is 

especially true when implant and tooth abutments are used to 

restore the partially edentulous patient. The following 

literature review will look at the biomechanical concerns of 

combination implant to tooth fixed partial dentures. To be 

able to understand the biomechanical considerations, an 

examination is necessary of what osseointegration is and how 

the tooth responds to forces placed on it as an abutment. The 

response of the tooth when restored in combination with an 

implant has often been shown to be intrusion.. The many 

theories of intrusion will be presented. Since the· theories of 

intrusion deal with the effect on the teeth and the 

periodontium, an understanding of the periodontal tissues is 

also needed. Understanding the periodontal tissues includes 
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knowing what both healthy and traumatized periodontal 

ligaments look like and how the periodontal tissues adapt to 

forces. Sev~ral companies such as IMZ and ISIS have made 

design modifications to :their implant abutments to attempt to 

take into account the effects of the.differential movement of 

teeth and implants (El Charkwai, et al.·., 1994, ·Kirsch and 

Mentag, 1986). 

Biomechanical ·concerns of combinati-on implant to tooth fixed 

partial dentures. 

The use of the combination implant and natural tooth 

abutments for a fixed partial denture may be a simple solution 

to the problems associated with single tooth restorations and 

cantilever fixed partial dentures. Most of the problems relate 

to the loosening of the screws· that help to retain the 

prosthesis (Haas et al., 1995, Jemt et al., 1990, Jemt et al., 

1991). 

As engineering of dental implants improves, the problems 

associated with the loosening of the prosthetic components 

·supported by the implants have lessened. The development of 

antirotational implant components has helped to prevent the 

loosening of the abutments. Even so, when there is a free 

standing implant supported restoration, fretting corrosion can 

occur (Van Orden, 1985). Fretting corrosion is the disruption 
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of the passive film on the surface of the implant material. 

The components that fit together when placed under a load have 

small repeated sliding motions with respect to each other in 

a corrosive environment. Fretting corrosion results in removal 

of a passive film on the component. The exposed metal is 

ultimately in contact with the solution of the oral cavity. 

Repeated motion.produces small p~rticles of oxide, corrosion 

products, and some metal to come off the implant and the 

abutment. These small particles can be detrimental to the 
-

tissues of the body (Van Orden, 1985)~ When there are two 

abutments, there is a reduced amount of fretting corrosion 

(Van Orden, 1985). Fretting corrosion is reduced by· the 

antirotational property of one abutment attached to another 

(Van Orden, 1985). The use of multiple abutments addresses 

the mechanical problems of implant screws loosening and 

fretting corrosion by providing for an antirotational 

situation. 

Loosening of implant components is reduced when fixed 

partial dentures are placed on two or more implant abutments. 

Each abutment provides antirotation for the other. Multiple 

abutments ·.help to simplify the restorative procedure, and 

result in an acceptable restoration that has long term success 

(English, 1993). 
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Other aspects to consider in the restoration of 

combination implant to tooth fixed partial dentures are the 

geometry of the prosthesis (stiffness), the quality and 

quantity of the bone, the length of span that is being 

replaced, the opposing dentition (whether it is fixed or 

removable, implant or natural teeth), t~e number of implants 

involved, the type of occlusal stres~ placed on the 

prosthesis, and the mechanical properties of the prosthesis 

and the abutments (Brunski, 1988). All these factors, if 

stressed, can result in _failure of a combination implant to 

tooth fixed partial denture. The result of flexure of the 

metal is deveneering of the substructure or failure of the 

cement,securing the abutment to the natural tooth (Mathews, et 

al., 1991). There can be resorption of the bone supporting 
I 

the implant, natural ·tooth, or both. The micro movement of 

the retainer on the natural tooth can create mobility, 

pockets, and sensitivity (Andrew, 1993). 

In light of the inherent differences in the mobility of 

teeth ~nd implants, both rigid and non rigid connectors have 

been advocated for combination implant to natural tooth fixed 

partial dentures· (Ericsson et al., 1986, Ericsson et al., 

1988, Lan~en and Sullivan, 1989 a, b, Skalak, 1985~ Sullivan, 

1986). The use of an Intramobile Element (IME) in the IMZ 

implant system (Interpore International, Irvine, CA} was one 

of the first methods designed to compensate for these 
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differences in mobility. A rigid connection was used between 

the tooth abutment and the implant abutment, and the IME was 

used in the implant. The IME is an internal shock absorber 

fabricated of medical grade polyoxymethylene. The IME was 

placed into the·_ implant to allov{ for the abutments to move 

equally (Babbush et al·., 1987, Gulbransen and Lewis, 1995, 

Kirsch and Mentag, 1986). The' long term use of the IME fell 

quickly into disfavor with clinicians because the- IME 

required frequent replacements due t_o wearing out or fracture 
-

(El Charkawi et al., 1994, Gulbransen and Lewis, 1995). 

Several other companies have also introduced shock absorbing 

units incorporated into their design. None of the shock. 

absorbing units has been very successful. These include the 

TPS implant system (TPS implant system, Institute Straumann, 

Waldenberg, Switzerland) (El Charkawi, et al., 1990) and the 

ISIS implant system (ISIS International, Inc., Pittsburg, PA) 

(El C~arkawi, et al., 1994). The flexible units have been 

subjected to breakdown with wear and fatigue over time and if 

excessive mobility results there can be damage to the abutment 

tooth. Lateral stresses are very harmful because of the metal 

to metal contact between the implant and the superstructure in 

the use of these internal (intramobile) elements (Van Rosen, 

1990). The use of intramobile elements during in vitro 

testing has shown no significant difference between the 

dimensional stress pattern generated in the bone of a ridge or 

the resilient internal element (McGlumphy, et al. , 1989) . 
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Although the effectiveness of the various intramobile elements 

has been suggested in some anecdotal reports, they have yet to 

be tested in controlled clinical trials. 

Osseo integration 

A successfully placed osseointegrated dental root form 

implant is defined as one that has structurally integrated 

into living bone. Implants should have a very high degree of 

predictability, without continued inflammation or implant 

rejection (Mazurat et al., 1994a, 1994b) . Histologically 

Branemark defined osseointegration· as "a direct structural and 

functional connection betw-een ordered vital bone and the 

surface of a load carrying implant" (Branemark et al., 1985). 

Branemark's definit~on suggests that.the cancellous portion of 

the maxillary and mand_ibular bone have intimate contact with 

the.implant. There is also no interposition· of non bone tissue 

(i.e., soft fibrous connective tissue) between the normal, 

remodeled bone and an implant. The intimate interaction 

between the bone and implant allows for a sustained transfer 

and distribution of the load from the implant to and with the 

bone tissue (Skalak, 1983). Utilizing ultrastructural 

analysis, steflik and associates have shown that the 

interfacial bone opposing the implant contains osteocytes 

encased in a densely mineralized collagen fiber matrix 

(Steflik et al., 1992a, b, d, 1993a, b, 1994b, c, d, e). The 
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morphology of this interfacial bone varies since this bone is 

actively undergoing remodeling due to applied force. In loaded 

implants there often exists .a fine f ibrillar matrix between 

the dense bone and the implant surface ( Stef lik et al. , 

1994a,c}. Areas containing densely mineralized matrix are 

sometimes separated from one- another by zones of incomplete or 

partial mineralization. These incomplete or partially 

mineralized zones contain unmineralized collagen fibers, 

spherical calcified inclusions and hydroxyapatite crystals 

(Steflik et al., 1992b, 1993b, 1994e)·. Within zones of 

unmineralized tissue, osteoblasts have been identified next to· 

unloaded and loaded implants. The osteoblasts are contained 

in the collagen fiber matrix and extend cellular projections 

through the collagen·. fibers into the · mineralized matrix 

(Steflik et al. 19~4d}. Spherical calcified inciusions are 

evident in the unmineralized collagen fibers close to the 

mineralized matrix and the osteoblast. The collagen fibers 

are in a parallel arrangement to the immediate cell border of 

the osteoblast. An intimate association of the osteoblast 

cellular process and the hydroxyapatite crystals of the 

mineralized matrix has also been reported (Stefik et al., 

1992a, b, d, 1993a, b, 1994b, -c, d, e). 

The shape of the implant and the stresses placed on the 

implant by the loading forces·of occlusion also effects the 

stability of the dental implan,t. Analysis of how much bone 
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quantitative 

measurements. Utilizing histomorphometric analysis, Steflik et 

al. have reported 65 percent bone contact length percentages 

around two stage implants supporting fixed partial dentures 

for up to two years. One stage root form and blade implants 

averaged 40% to 50% bone contact length percentages. Two stage 

blade implants averaged up to 58% bone contact length 

percentages (Steflik et _al., 1992b, c, 1994b, c). 

Branemark states that one of the criteria for implant 

success is for it to be immobile and to be, 'therefore, 

osseointegrated (Branemark et al. 1985)'. Histology can 

document implant mobility postmortem, however clinical 

evaluation of osseointegration needs to be accomplished in 

vivo. Mobility can be quantified clinically with the use of 

the Miller index or with the use of the Periotest 

(BioReasearch, Milwaukee, WI) (Steflik et al., 1993c) . Implants 

can move under the forces of occlusion around l0um (Cohen and 
I 

Orenstein, 1994, Lemons, 1993). 

The tooth as an abutment 

The less understood abutment in a combination implant to 

natural tooth fixed partial denture is the tooth itself. 

Molars have less mobility than canines which have less 

mobility than incisors. A healthy natural tooth has a much 
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greater mobility compared to the relatively immobile implant 

(Naert et al., 1992, Steflik et al., 1993c). The only time 

the tooth would not be more mobile than the successfully 

osseointegrated implant is when the. tooth is ankylosed. 

However, there are no reports in the literature of the use of 

ankylosed teeth as abutments for combination implant to tooth 

fixed partial dentures. 

Intrusion 

The restoration of masticatory function with a 

combination implant to natural tooth fixed- partial denture· has 

been associated with a variety of undesirable clinical 

sequelae. The undesirable sequelae include the following: the 

breakage of implant components, damage to the abutment teeth, 

or intrusion of the abutment teeth. The intrusion of teeth in 

function under implant.supported partial dentures is of the 

utmost concern. The reason for intrusion of teeth as abutments 

in combination with implants for fixed partial dentures is 

only speculative· (Cho and thee, 1992, English, 1993a,. Rieder 

and Parel, 1993, Sheets and Eathman, 1993). Rieder and Parel 

(1993) reported intrusion occurs 20% of th~ time with 

operators of less than four years of experience. Th~ rate of 

intrusion falls to less than 4% .of the time for clinicians 

with ·greater than 10 years experienc~. Several theories have 
. , 

been presented to explain the intrusion of natural teeth in 
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combination implant-natural tooth fixed partial dentures 

including: 

1. disuse atrophy 

2. harmonic resonance 

3. mandibular flexion and torsion 

4. flexion of the fixed partial denture metal framework 

5. impaired rebound memory 

6. debris impaction or micro jamming 

7. ratchet effect 

(Cho and Chee, 1992, English, 1993a, 1993b, Rieder and Parel, 

1993, Sheets and Eathman, 1993) 

Each of these seven theories of intrusion will be discussed 

below. 

Disuse atrophy 

One of the first proposed reasons for intrusion of teeth 

under combination implant natural t?oth fixed partial dentures 

was ~isuse atrophy (Rieder and Parel, 1993). Rieder and Parel 

drew the analogy that as muscles atrophy when not in use (such 

as immobilization by a cast), periodontal ligaments may also 

atrophy in the same way when a tooth is immobilized by being 

splinted to a dental implant. Cohn has also shown that the 

periodontal ligament space atrophies and thins when a tooth is 

placed in hypofunction (Cohn, 1965, 1966). The likelihood of 

disuse atrophy being an etiologic factor in tooth intrusion is 
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not very likely, as will be explained in the section below 

concerning the effect of hypofunction. 

The remaining six theories of intrusion deal with 

excessive forces being - placed on .the teeth resulting in 

· orthodontic intrusion or movement of the teeth. The manner in 

which orthodontic movement results in movement of· teeth has 

been well documented in the literature (Chiba, 1993, Edwa~ds, 

1979). The effect o~ orthodontic movement on teeth will be 

expounded on in each section as it relates to that particular 

theory. 

Harmonic resonance 

The theory of harmonic resonance (Sheets, and Eathman, 

1993) suggests that vibratory energy induced by harmonic 

resonance results in the stimulation of osteoclastic activity. 

Based on this theory the formation of harmonic resonance 

patterns from the occlusal force on the implant abutments 

would transmit a vibratory energy into the superstructure of 

the prosthesis. This energy would then be absorbed by the 

nearest abutment with a periodontal ligament. The abutment 

tooth would migrate apically due to osteoclastic activity that 

had been stimulated,. by the energy absorption. -Evidence 

supporting the theory of harmonic resonance has not appeared 

in the literature. 
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Mandibular flexion 

Mandibular flexion has been well documented. The mandible 

flexes and torques with every opening and closing of the 

mandible (Bur.ch, 1972, Mahan and Alling, 1991, McDowel and 

Regli, 1961, Regli and Kelly, 1967). · With the opening of the 

mandible there is a narrowing of the intermolar width. The 

narrowing of the intermolar width is a result of the force of 

the muscles of ~astication, and somewhat the muscles of facial 

expression, pulling the angles_of the mandible medially (Mahan 

and Alling, 1991). The narrowing of the mandible is greater 

the further posteriorly the measurements of the width of the 

mandible are made (Regli and Kelly, 1967). The periodontal 

•ligament in the teeth can .absorb this small amount of change. 

In long span fixed partial dentures, force is placed on the 

framework and repeated stresses can cause fracture of the 

various components. In pati_ents· where implants and teeth are 

splinted together, the tooth will be intruded by the wedging 

force of the flexure of the mandible. The wedging force -of the 

flexure of the mandible will have the effect of intruding the 

tooth out of the framework (English, 1993a, 1993B, Rieder and 

Parel, 1993). 
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Fixed partial denture flexion 

In contrast to the flexion of the mandible, there may be 

flexion of the fixed partial denture (FPD) framework during 

function resulting in the intrusion of teeth (English, 1993a, 

Reider and Parel, 1993). Mandibular flexion and flexion of 

fixed p_artial denture frameworks do not result in intrusion of 

teeth when only teeth are the abutments for the FPD. Lack of 

intrusion can be attributed to the fact that the teeth have 

the periodontal ligament (PDL) to absorb the forces. 

Impaired rebound memory 

According to the impaired rebound memory theory, the 

constant pressure on the PDL of the tooth c_ompresse_s the PDL. 

The cortstant pressure causes the PDL to loose. it~ elastic 

memory and remodels at the new, less traumatic, position in a 

similar manner to the remodeling of the PDL that occur~ during 

orthodontic tooth movement (Chiba, 1993, Edwards, 1979). The 

new position that the tooth takes up is apical to the tooth's 

original position. The tooth will continue to go further 

apically, (i.e. intrude), until the tooth is at a position 

where the tooth will not have compressive forces placed on- the 

periodontal ligament (Chiba, 1993, Edwards, 1979, English, 

1993a, Reider and Parel, 1993). 
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Debris impaction or microiamming 

Debris impaction occurs when food and oral debris get 

under the casting. Food and oral debris can get under_ a 

casting when telescopic copings are used on the abutments or 

when soft cement is used to lute the restoration in place. 

Clinical examples of intrusion have shown that soft or 

temporary cement has been washed out and replaced with debris 

and calculus (Cho ahd Chee, _1992). Debris can also get under 

the ~ttachment preventing the tooth from returning to its 

original position. An attachment is defined by the Academy of 

Prosthodontics {1994) as "a retainer consisting of a metal 

receptacle and a closely fitting part; the former, the female 

{matrix) component, is usually contained within the normal or 

expanded contours of the crow of the abutment ·tooth and the 

latter, male {patrix) component is attached to a pantie or the 

denture frame work." Similar to what is observed in 

orthodontic movement of teeth, .t~ere is compression of the 

periodontal ligam~nt and remodeling at the new position of the 

teeth {Chiba, 1993, Edwards, 1979). 

Ratchet effect 

The ratchet effe_ct and impaired rebound effects are 

similar in that the tooth is pushed down under the FPO by the 

attachment or abutment. The pushing down of the tooth results 
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in the apical movement of the tooth {English, 1993a, Reider 

and Parel, 1993}. Once the tooth is pushed down under the 

forces of occlusion the tooth is prevented from returning to 

its original position. The tooth is prevented from returning 

to its original position due to binding of the tooth in the 

socket or the binding of the attachment apparatus. It is 

unclear whether the etiology is the binding of the tooth in 

the socket or in the attachment appara~us. The. orthodontic 

result is the same with the tooth being unable to·return to 

its normal orientation in the socket and the, periodontal 

ligament remodeling in a new configuration {Chiba, 1993, 

Edwards, 1979). 

Biomechanics 

The inherent diff·erences in the mobility of teeth and 

implants require the clinician to consider three biomechanical 

issues. These issues include the mechanical loading, the 

transmission of load to the supporting tissues, and the 

biological reaction of these tissues to the load {Andrew, 

1993, English,.1993a, b, Mathews et al., 1991, Skalak, 1985). 

When compression and tension forces are placed directly in the 

bone by the osseointegrated implant the vitality of·the bone 

is maintained. When the forces placed on the implant involve 

shear forces or there are no forces placed on the bone, the 

bone volume begins to decrease {Lemons, 1993, Skalak, 1983). 
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The bone around a natural tooth reacts much the same way it 

does to an implant. The difference between implants and teeth 

is that the forces are not transferred directly to the 

periradicular bone but via the periodontal ligament. The 

periodontal ligament functions as an attachment and 

proprioceptive apparatus for the tooth in the bone. The 

periodontal ligament is custom built to meet the functional 

demands of the tooth. The support of the tooth is the reason 

for the existence of the periodontal ligament and the 

functional activity of the tooth in normal .occlusion insures 

that the periodontal ligament remains healthy (Carranza, 

1979). This interaction supper.ts the tooth in the bone _and· 

allows for resorption and synthesis of bone on one side of the 

periodontal ligament space. On the opposite side of the 

periodontal. ligament space the· cementum undergoes the same 

process of resorption and synthesis. Not only does resorption 

and synthesis occur in normal function but also when traumatic 

forces are placed on the tooth. Normal occlusal function 

includes the occlusal contacts of minimal duration and 

intensity. The forces on the teeth are primarily in a 

vertical direction and are tolerated even in teeth with 

compromised periodontal support (Carranza, 1979, Zarb and 

Deporter, 1988). 



19 

Periodontium 

. The periodontium itself is composed of four types of 

connective tissues. Two of these are soft tissues, primarily 

collagen in nature. The soft tissue includes the fibrous 

tissues of the periodontal ligament, and the lamina propria of 

the gingiva. The other two aspects of the perio.don:tium are 

mineralized and include the cementum and the· alveolar bone. 

These last two act as the borders to which the various 

-
connective tissues attach and with which they interact 

{Melcher, 1980). 

The periodontal ligament space is· a highly cellular and 

vascular tissue. The periodontal ligament is well innervated 

and metabolically active. Metabolic activity is noted due to 

the high turn over of collagen and remodeling taking place due 

to adaptive changes. The remodeling is a function of 

fibroblastic activity. The periodontal ligament is important 

because it appears to provide one of the major periodontal 

inputs to the controls of occlusal function by absorbing 

forces generated by occlusal contact. The fibers of the 

periodontal ligament are mainly comprised of collagen. The 

collagen of the periodontal ligament is mainly Type I collagen 

and at the mature stage most of the collagen fibrils have 

aggregated in bundles {Biancu, 1995). Sharpey's and oxytalan 

fibers make up the periodontal ligament. Sharpey's fibers ar~ 
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attached to both the cementum and the alveolar bone 

(Wie:ilstock, 1979). Oxytalan fibers support the _blood and 

lymph vessels in the periodontal ligament space. All of the 

fibers of the _periodontal ligament are in a matrix comprised 

of proteoglycans and glycoproteins. ·The average-width of the 

human periodontal ligament space is between 150 um - 380 um 

and is found to narrow with age. The periodontal ligament 

permits adaptive tooth movement if the forces placed on the 

tooth are more than the system is designed to handle, such as 

is the case of orthodontic movement (Chiba, 1993, Deporter and 

Zarb, 1988, Edwards, 1979). 

Nerve tissue can be found throughout the periodontal 

ligament. The nerves fallow the _same tortuous course as the 

capillaries. The nerves course in and out of the periodontal 

ligament from both the bone and the gingival tissues. The 

nerves arise from the inferior alveolar nerve before entering 

the apical foramen._ Most of the nerves are sensory type 

(Biancu, 1995). 

Forces placed on teeth are absorbed largely by 

displacement of blood and extracellular fluids to non loading 

regions of the ligament and.through foramina in the alveolar 

bone. Depending on the intensity and duration rof the force 

applied there is varying distortion of the alveolar bone 

(Deporter and Zarb, 1988, Tang and Sims, 1992). 
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Effect of excessive force 

If there is excessive force placed on the teeth, (i.e. 

hyper function) ·the result is a breakdown of the periodontal 

tissue. Carranza (1979) uses the following to describe the 

stages of period~ntal_modification to hyperfunction. 

Stage. I Injury: 

Excessive pressure on the periodontal ligament on one 
/ 

side of the tooth results in a resorption of the alveolar 

bone on that side of the tooth corresponding to the 

direction of the force. There is widening· of the 

periodontal liga~ent space as a result of the resorption 

of bone and an increase in the number of blood vessels. 

The blood vessels are smaller than normal. On the 

opposite side of the tooth there is tension placed on the 

periodontal ligament. The fibers elongate and stimulate· 

apposition of alveolar bone that is highly trabeculated. 

The blood vessels enlarge to provide nourishment for this 

increased metabolic activity· (Tang and Sims, 1992). 

Histologically, osteoid bordered by osteoclasts and 

incremental lines of bone formation can be observed. 

. \ 
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Stage II Repair: 

The repair process of the periodontal ligament space is 

a constant feature. In damaged tissues this reparative 

a·ctivity is increased. The damaged tissue is remodeled 

and new connective tissue cells, fibers, bone, and 

cementum are formed. 

Stage III Adaptive Remodeling of the Periodontium:· 

As long as the repair stage can keep up with the injury 

stage, the periodontium is remodeled. Remodeling is an 

effort to create a structural relationship in which the 

forces are no longer damaging to the tissues. The 

effects of trauma or hyperfunction are reve+sible with 

the elimination of the forces. Elimination of the 

excessive forces is achieved with the removal oJ the 

force or the tooth orthodontically moving out of the way 

of the force (Parlange and Sims, 1993). 

If the teeth continue to undergo hyperfunction with the repair 

stage unable to keep up with the · injury stage, there is 

derangement of normal ligament architecture leading to frank 

necrcisis. There can be a 50 percent increas~ in the width of 

the ·periodontal ligament space. With a tooth in hyperfunction 

there is an increase in ligament collagen density, an increase 
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in the number and thickness of the bony trabeculae adjacent to 

the periodontal space, and an increase in the thickness of the 

cementum (Ericsson and Lindhe, 1977, Lindhe and Ericsson, 

1976, Svanberg and Lindhe, 1974). The degree of force placed 

on the, tooth results in a differential response in the 

histologic appearance of the cementum. The junction between 

the periodontal ligament and cementum is rough and irregular 

if the -forces placed on the tooth are of high velocity and 

force. This morphology suggests that the reparative ability 
-

of.the cementum is.not able to keep up with the destructive 

forces ( ie. resorption o; the cementum·) • The cementum appears 

smooth when the forces are tolerated by the bodies reparative 

function (Chiba and Komatsa, 1993). Radiographically 

hyperfunction on teeth manifests itself as sclerotic changes 

in and around the lamina dura. Heavy function induces · a 

thickened lamina dura and a widened periodontal ligament space 
. . 

(Carranza, 1979, Deporter and Zarb, 1988, Zarb and Deporter, 

1988). The width of the periodontal ligament space will 

remain increased until the tooth adapts to the force. With· 

the adaptation of the tooth, there is rem~deling of the bone. 

There is funneling of the periodontal space adjacent to the 

alveolar crest with vertical bone loss and root resorption 

(Armatage, 1980, Carranza, 1979, Deporter and Zarb, 1988, 

Fullmer et al., 1974, Zarb and Deporter, 1988). A histologic 

examination revealed an increase· in the number and size or 

diameter of the Sharpey's and oxytalan fibers (Edwards, 1968). 
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The effect of hypofunction 

The effect of hyperfunction on the periodontal tissues 

has been more extensively studied than that of hypofunction. 

studies have shown that there is a decrease in the width of 

the periodontal ligament space in non functioning teeth 

(Philstrom and Ramfjord, 1971). With a marked degree of 

atrophy a total loss of functional orientation of the fiber 

bundles occurs. The connective tissue cells of the 

periodontal ligament orient themsel~es parallel- to the long 

axis of the teeth and the cementum is without Sharpey's 

fibers. The cementum was shown to •increase in thickness in 

hypofunction, as was also observed in hyperfunction (Ericsson 

and Lindhe, 1977, Lindhe and Ericsson, 1976, Philstrom and 

Ramfjord, 1971, Svanberg and Lindhe, 1974). This increase in 

thickness of the cementum only makes up a small portion of the 

decrease of the periodontal ligament space. On the- opposite 

side of the perioqontal ligament · space the alveolar bone 

height decreases and osteoporosis takes place (Armatage, 1980, 

Carranza, 1979, Philstrom and Ramfjord, 1971, Wienstock, 

1979). · Surprisingly other studies have suggested that the 

thickness of the cementum has been shown to decrease in 

instances of disuse atrophy .(Anneroth and Ericsson, 1967, Cohn 

1965, 1966). The differences seen in the various studies are 

related to the length of time in which the tooth was in 

hypofunction. The longer the du~ation of hypofunction the 
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less of an increase in the width of the cementum had occurred. 

The time-width relationship of the cementum has not been 

comprehensively examined. Due to inconclusive data, the use of 

cemental width as a measurement of the degree of function on 

the teeth may be a poor indicator of the effect of function on 

the cementum (Anneroth and Ericsson, 1967, Cohn, 1965, 1966, 

Ericsson and Lindhe, 1977,Lindhe and Ericsson, 1976, Svanberg 

and Lindhe, 1974). The tooth in hypofunction also tends to 

erupt into function. The eru~tion of a tooth in hypofunction 

is in contrast to what is clinically observ·ed as teeth intrude 

under a fixed partial denture attached to-implants and teeth 

(Zarb and Deporter, 1988). No morphologic examination of the 

periodontal tissues of an intruded tooth has been done at any 

histologic level. 

Summary of the Literature Review 

The combination implant to tooth supported fixed partial 

denture has. several biomechanical considerations. If the 

tooth is not occlusally loaded vertically, the stress placed 

on the implant could lead to its failure. Failure can involve 

the mechanical portion of the abutment such as implant 

fracture and loosening or breaking of screws. The loss of 

integration of the implant itself is also possible (Schnitman, 

1988). 
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Biomechanically the tooth can be effected by the forces 

of occlusion intruding the tooth under the restoration. 

Various theories have been presented as to why teeth intrude 

in the combination implant to tooth fixed partial denture. 

These include disuse atrophy, ha~monic resonance, mandibular 

f~exion <:1nd torsion, flexion of the fixed partial denture 

metal framework, impaired rebound memory, debris impaction or 

microjanuning and the ratchet effect (Cho and Chee, 1992, 

English, 1993a, 1993b, Rieder and Parel, 1993, Sheets and 

Eathman, 1993) .. 

The clinical consensus on the use of combination implant 

to natural tooth fixed partial dentures is that it should be 

avoided with the use of two implants in the edentulous space 

(Sheets and Earthman, 1993). When this is not practica_l or 

possible, rigid fixation to one abutment tooth should be 

carried out (English, 1993, Rieder and Parel, 1993, Sheets and 

Earthman, 1993). To date, there has been no scientific 

examination, histological, or morphometric comparison of the 

width and area of the periodontal ligament space and width of 

the cementum of a tooth that has been fixed to an implant with 

a rigid fixed partial denture. 
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Null hypothesis 

The null hypothesis of this study is that there is no 

difference in the dimension of the periodontal ligament when 

comparing the unrestored tooth and the abutment tooth of the 

combination implant to natu·ral tooth fixed partial denture. 

· Specific Aims 

This study evaluated the histom9rphological 

characteristics of the periodontal ligament of teeth serving 

as an abutment for a combination implant to tooth fixed 

partial denture. The dimensions and morphology of the 

periodontal ligament of teeth with a combination implant to 

-tooth fixed partial denture was compared to the dimensions and 

morphology of teeth that were not restored with a combination 

implant to tooth fixed partial denture. 

The periodontal ligaments of fourth premolars of dogs 

were examined. Most of the forces placed on the premolar area 

in dogs are in a bucco-lingual direction. The forces are in 

the bucco.;..lingual direction because the posterior teeth of the 

dog are involved in a shearing action. Due to the bucco

lingual direction of the forces of occlusion in the dog, the 

histologic sections in this study were ~ade in longitudinal 



bucco-lingual plane. 
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A total of 30 mixed breed dogs were 

involved in this study. The groups involved untreated control 

and treated teeth. Both control and treated teeth were fourth 

premolars. Treated teeth were those serving as abutments for 

fixed partial dentures in combination with implants. The 

control teeth were not restored. Treated premolar teeth were 

available for analysis after the fixed partial dentures were 

loaded for 6, 12, 18 and 2.4 months. The control teeth were 

unrestored fourth premolars obtained from animals euthanized 

at 5 months post-implantation. 

The specific aims of this study are as follows: 

1. To describe the histological characteristics of the 

periodontal ligament and the bone adjacent to mandibular 

fourth premolars in dogs. 

2. To describe blood vessels contained in the periodontal 

ligament. 

3. To measure the width of the periodontal ligament space for: 

a) Abutment premolars 

b) Unrestored premolars; and, 

c) To compare the width measurements between 

groups. 
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4. To measure the area of the periodontal ligament space for: 

,a) Abutment premolars 

b) Unrestored premolars; and, 

~) To compare the area· measurements between 

groups. 

5. To measure the width. of the cementum at the apex of the 

teeth for the control teeth and for abutment teeth in 

function for twelve- month, and twenty-four month group. 
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MATERIALS AND METHODS 

The samples for this study were obtained from an overall 

experimental investigation concerning the tissue response to 

various types of dental implants (NIH Grant DE08586; Principal 

Investigator D. E. Stef lik) • Of on_e hundred and twenty. total 

implants, ninety six implants were restored in' combination 

with natural teeth. 

Animal Model 

This investigation was accomplished using thirty (30) 20-

25 kg mongrel dogs (Canis Familiaris). Mixed breeds rather 

than pure breeds were selected to include a variety of host 

responses and to eliminate the possibility of breed related 

rejection phenomenon. Large animals were selected to ensure 

that all of the animals would be anatomically adequate for 

placement of adequate size implants. The dog model has 

previously been used at the Medical College of Georgia (MCG) 

with good success. It has been shown that the dog model is 

inexpensive and can be used.to rel"iably show implant healing 

and functional reactions. An analogous primate model was 

30 
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rejected due to the need for sedation during routine animal 

handling for such procedures as examination and evaluation. 

The main disadvantage of the use of.the dog model is the 

possibility of differences in the healing, loading and 

occlusal response between humans and dogs (Miller, 1988). 

Approval of this project was obtaiped from the Medical College 

of Georgia Institutional Committee on Animal Use for Research 

and Education. 

Implant Model 

One hundred and twenty (120) endosteal dental implants 

were inserted bilaterally after bilateral extraction of the 

mesial three premolars (Wheeler, 1974) (Figure 1,2). The 120 

implants were evenly divided into one and two-stage systems 

and included ceramic and titanium cylindrical root-form 

implants and titanium blade implants. The thirty animals were 

divided into three groups of ten dogs. The ten animals in 

each group were treated as follows: 

Animal 1: Two one-stage titanium implants were placed on one 

side of the mandible, and two one-stage ceramic 

implants were placed on the contralateral side. 



31 

rejected due to the need for sedation during routine animal 
. -

handling for such procedures as examination and evaluation. 

The main disadvantage of the use of the dog model is the 

possibility of differences in the healing, loading and 

occlusal response between humans and dogs (Miller, 1988). 

Approval of this project was obtained from the Medical College 

of Georgia Institutional Committee on Animal Use for Research 

and Education. 

Implant Model 

One hundred and twenty (120) endosteal dental implants 

were inserted bilaterally after bilateral extraction of the 

mesial three premolars (Wheeler, 1974) (Figure 1,2). The 120 

implants were evenly divided into one and two-stage systems 

and included ceramic and titanium cylindrical root-form 

implants and titanium blade implants. The thirty animals were 

divided into three groups of ten dogs. 

each group were treated as follows: 

The ten animals in 

Animal 1: Two one-stage titanium implants were placed on one 

side of the mandible, and two one-stage ceramic 

implants were placed on the contralateral side. 



31 

rejected due to the need for sedation during routine animal 

handling for such procedures· as examination. and evaluation. 

The main . disadvantage of the use of the dog model is the 

possibility of - differences in the healing, loading and 

occlusal ·response between humans and dogs (Mil~er, 1988). 

Approval of this project was obtained. from the_Medical College 

of Georgia Institutional Conunitte·e ·on Animal Use for Research 

and Education. 

Implant Model 

One hundred and twenty (120) endosteal dental implants 

were inserted bilaterally after bilateral extraction of the 

mesial three· premolars (Wheeler, 1974) (Figure 1,2). The 120 

implants were evenly divided into one and two-stage systems 

and included ceramic and titanium cylindrical root-form 

- implants and titanium blade implants. The thirty animals were 

divided into three groups of ten dogs. 

each group were treated as follows: 

The ten animals in 

Animal 1: Two one-stage titanium implants were placed on one 

sid~ of the mandible, and two one-stage ceramic 

implants were placed on the contralateral side. 



Figure 1: Clinical photograph demonstrating the surgical site 
i-n an experimental animal prior to the extraction of the 
mesial three premolar teeth. 
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FIGURE 1 



Figure 2: Clinical photograph of the healed extraction sites 
two months after surgery. 
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FIGURE 2 
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Animal 2: Two two-stage titanium implants' were placed on one 

side of the mandible and two two-stage ceramic 

implants were placed on the contralateral side. 

Animal 3: Two one-stage titanium blade implants were placed 

on one side of the mandible, and two two-stage 

titanium blade implants were placed on the 

contralateral side. 

Control teeth were obtained from animals euthanized five 

months after implant placement (Figure 3). The teeth and 

implants were not restored. The experimental animals were 

euthanized at six months, 12 months, 18 months, and 24 months 

after cementation of the final prosthesis. 

surgical Procedures 

Follqwing the required quarantine period, the animals 

were anesthetized with pentobarbital, thirty milligrams per 

kilogram (30 mg/kg), titrated- to effect, followed by 

endotracheal intubation and halothane/oxygen inhalation 

anesthesia. The mandibular first, second and third premolars 

were extracted bilaterally under aseptic conditions using 

thirty-six milligrams (1.8 milliliters) of 2% xylocaine with 

1:100,000 epinephrine injected locally for control of 

bleeding. A No. 15 Bard Parker Blade and a Malt Curette were 



_ Figure 3: Clinical photograph of an unrestored (control J 
tooth. 

• 
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FIGURE 3 
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used to prepare a full thickness mucoperiosteal flap before 

extraction. Teeth that were difficult to extract were 

sectioned with a round bur before elevation. Large.and small 

straight elevators and #150 and #151 dental extraction forceps 

were used for this. purpose. Alveoplasty was performed to 

flatten the superior portion of the ridge. After irrigation 

with sterile saline, the mucoperiosteal flaps were closed with 

resorbable gut suture and post.operative radiographs were made. 

The ~nimals were given· daily subcutaneous injections of 

600,000 units. of penicillin G with. 0.75 gm equivalents of 

dihydrostreptomycin sulfate for five· days. A soft diet (moist 

chow pellets) was maintained for the first seven days. This 

was followed by a normal hard pellet diet until the 

predetermined healing period of two months had past. 

After the two month healing period, each animal was 

returned to the surgical suite,. anesthetized, and prepared for 

implant placement. With bone drills and taps supplied by the 

manufacturer the bone was prepared followed( the manufacturers' 

recommended protocol. Careful surgery is important since low 

instrument speed is one way of assuring that the bone will not 

be overheated during drilling (Albrektsson, 1983). 

Following irrigation with sterile saline, the implan.ts 

were placed according to manufacturers' recommendations. 

Normal procedures, including placement of cover screws were 



followed for the two-stage implants. 
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A predetermined 

prosthetic component was placed on the submerged portion of 

the two-stage titanium implants to create one-stage implants 

rather than the cover screw. Blade type and root form ceramic 

implants were fabricated in one-stage and two-stage systems. 

The mucoperiosteal flap was closed over or ~round the implants 

with resorbable gut sutures and radiographs were made. 

The animals were given daily subcutaneous injections of 

600,000 units of penicillin G with 0.75 grams eq~ivalent of 

dihydrostreptomycin sulfate for five days. A soft diet (moist 

chow_ pellets) was maintaine·d for the first seven days, 

followed by a normal hard pellet diet. The implants were not 

loaded during the three month healing period before 

prosthodontic procedures were accomplished. During this 

period the animals were housed at the Gracewood Animal Care 

Facility. Here, a weekly regime of evaluation and oral 

hygiene was accomplished with sedative xylazine (60 mg 

subcutan~ous~y) used if necessary. ·Healing .was uneventful. 

Prosthodontic Procedures 

A suitable abutment to be used for fixed prosthodontic 

restoration was selected for all of the animals (Figure·4). 

Rexillium alloy fixed prostheses involving 96 of the 120 

endosteal implants and 48 natural mandibular premolar teeth 
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were involved in standardized prostheses' fabrication. The 

remaining.12 urtrestored mandibular premolars were the control 

teeth (Figure 3). With the simulated one-stage implants, the 

component was placed at the time of implant placement with the 

mucosa sutured around the impiant. The implant was not loaded 

during the healing period. With two-stage implants, the 

component was placed after three months of healing, 

immediately before impression procedures. 

To effect placement of implant heads and making 

impressions, each animal was returned to the surgical suite. 

The animals were anesthetized and prepared in the same manner 

as for tooth extraction and implant placement. A double 

thickness of softened baseplate wax were adapted to the 

appropriate arch. The wax was then covered with doughy 

autopolymerizing acrylic resin (DeTrey Special Tray, Detrey 

Division, Densply Limited, Weybridge, Surrey,_ England) and 

shaped to conform to the arch. After setting, the custom tray 

was removed and the wax was discarded. A handle was added, 

the tray trimmed to final form, and the appropriate impression 
.. 

adhesive was applied to the tray. After several custom trays 

were made for several animals, a set of trays of assorted 

shapes and sizes was produced that served the remaining 

animals. 

Each two-stage implant was exposed with a ridge crest 
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incision. When necessary, bone was removed around the 

~uperior portion of the implant to allow placement of the 

prosthetic head. Hyperplastic tissue present around the 

lateral surface of the one-stage abutment heads was removed 

with a scalpel before impression making. For consistency, the 

fixed abutment heads, instead of the transfer pins supplied by 

the manufacturer, were used in the impression procedure. 

A procedure analogous to that performed in humans, was 

used to make modified three-quarter crown preparations on the 

mandibular fourth premolar, using a water-cooled high-speed 

handpiece and diamond burs (Figure 4). Approximately 1 mm of 

enamel was removed from the lingual surface and 2 mm from the 

occlusal, mesial, and distal surfaces. Resistance and 

retention form included grooves· placed ·on the mesial and 

distal surface of th~ preparation and by wide bevel~ on the 

labial surface. The large size of these teeth made it 

possible to keep all margins supragingival. The use of 

supragingival margins made the use of gingival retraction 

unnecessary. When possible the preparations on the teeth were 

made parallel to the long axis of the implants. Custom 

copings were planned- when parallelism was not possible. 

Impressions were made with Surgident Neo.:..Plex polysulfide base 

impression material (Columbus Dental, st. Louis, Mo.). 

Polysulfide impression· material was used because it is 

inexpensive and flexible. Flexibility was important because 



Figure 4: Clinical photograph of a prepared mandibular fourth 
premolar which was to be used as the .distal abutment of the 
combination implant to tooth fixed partial denture. 

I 



40 

FIGURE 4 
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the long canine teeth tended to fracture from the stone cast 

when it is removed from the impression. 

Light-body impression material was syringed around the 

implants and tooth preparations. Regular-body impression 

material was placed in the custom tray before seating. On 

removal of the 'impression, the impression was irrigated and 

e~amined to verify that no impression material remained in the 

animal's mouth. A similar impression was made of the opposing 

arch. When the impressions were completed, the mucoperiosteum 

was closed around tQe implants with resorbable gut suture. 

Radiographs were then made a_nd the animal was placed under a 

care regime that was identical to that after the first two 

surgeries. 

The impressions were poured with Duralay resin (Reliance 

Dental Manufacturing Co., Worth, Il.) retained with die pins 

in the canine regions (Figure 5). The implant analogs were 

supplied by the manufacturer and the fixed abutment heads 

were placed in the appropriate impression sites and secured 

with sticky wax. Silky Rock Die Stone (Whip Mix Corp., 

Louisville, Ky~) was poured to complete the casts. When set 

the casts, including the margins, were trimmed and four layers 

of die spacer (American Dental Supply, Easton, Pa. ) were 

placed over the molar preparations and implants. The use of 



Figure 5: Photograph of a .cast with the dies used to.fabricate 
a combination implant to tooth fixed partial denture. 
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FIGURE 5 



43 

die spacer allowed space for the luting material with which 

the completed fixed prostheses would be cemented (Figure 5). 

The casts were hand-articulated and the coping and fixed 

units were waxed to final form. The steep vertical overlap of 

dog teeth and primarily vertical chewing stroke made j_aw 

relation records and articulator mountings unnecessary (Figure 

6) . The· wax patterns were invested with Vestra Fine high heat 

investment (3M Unitek, Monrovia, ca.) and cast with Rexillium 

III alloy (Jeneric / Petrition Inc., Wallenford, ct.). After 

casting the fixed units and coping were recovered and adjusted 

to fit the dies. The occlusion on the casting was adjusted and 

polished to a high luster with Williams polishing compounds 

No. 1 and 2 (Williams Gold, Buffalo, NY.) (Figure 7). 

The prosthesis fabrication was completed two months after 

the final impressions. were made. For cementation of the 

completed prostheses, the animals were returned to the 

surgical unit and anaesthetized. The endotracheal tube used 

for the procedure was specifically modified by the 

veterinarian. The modification allowed the anaesthesia unit to 

be disconnected for brief periods of time to close the 

animal's jaw together to verify and adjust the occlusion. 

Panavia cement (J.B. Morita-, USA Inc., Tustin, ca.) was 

selected for cementation. The abutment tooth, the implant 

heads and the insides of the casting were cleaned, dried, and 



Figure 6: Photograph of 
fabricate a combination 
denture. 

the articulated 
implant to tooth 

casts 
fixed 

used to 
partial 
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FIGURE 6 



/ 

Figure 7: Photograph of a completed combination implant to 
tooth fixed partial denture ready for insertion, mounted on an 
articulator. 
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FIGURE 7 
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etched with- the Panavia etchant . (J.B. Morita,~ USA Inc., 

Tustin, Ca.). After the recommended time, the etchant was 

washed away with water, and the units were d~ied. The cement 

was mixed according to directions . and the castings were 

cemente<;i. oxyguard material (J .,B. Morita, USA Inc., Tustin, 

ca.) was used to protect the margins du~_ing setting periods. 

After s~t the margins; were clea·nsed and irrigated, the 

occlusion verified, and the animals were released to the care 

of the veterinarian for recovery (Figure 8). The anima·1s were 

returned to the.Gracewood Animal Care Facility and allowed to 

function with a normal diet and activities. 

Clinical Evaluation and Follow-up 

The animals were evaluated at monthly intervals. The 

maximum fo'llow-up period of two years was designated before 

the beginning of the study. A random-sequential selection of 

the animals to be euthanized at 5 months after implant 

placement and 6 months, 12 months, 18 months, and 24 months 

after prostheses attachment was also designated at the 

beginning of the study (Figure 9). There were· no failures of 

_ any of the prostheses. Periodontal evaluations were made of 

the teeth and the implants at 1, 3, 6, 9, 12, 15, 18, and 24 

months. 



Figure 8: Clinical photograph of a cemented combination 
implant to tooth fixed partial denture in the premolar region 
of the dog's mandible. 
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FIGURE 8 



Figure 9: Radiograph of a combination implant to tooth fixed 
partial denture displaying healthy bone around the tooth and 
implant. 
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FIGURE 9 
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Perfusion and Fixation Procedures 

At the time scheduled for euthanasia,.the animals were 

retq.rned to the Medical College of Georgia Vivarium where they 

were sedated with pentobarbital (30 milligrams/kilogram). The 

animals were then shaved bilaterally from the inferior border 

of the mandible to the shoulder. Radiographs were then 

obtained. The animal heads were· fixed by bilateral vascular 

perfusion with three percent (3%) phosphate buffered· 

glutaraldehyde (ph 7.4). 

The procedure involved the use of a perfusion apparatus 

that included the peristaltic perfus~on pump, manometer, 

tubing, and cannulas. The perfusion apparatus was assembled, 

checked, and flushed with sterile saline. The manometer 

tubing was extended to a height of approximately sixteen (16) 

inches above the animal. 

The ~nimal was placed in the supine position with the 

neck hyperextended to allow for better surgical access. A 

spring loaded mouth prop was placed to separate the jaws. The 

neck of the dog was surgically opened using bilateral 

incisions in the anterior neck to expose the fascia overlying 

the carotid sheath. The external jugular veins, which lie 

superficial ancl posterior to the carotid sheath, were isolated 

and tagged with suture material. The ca·rotid sheath was 
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entered and the common carotld arteries were isolated and 

tagged. The common carotid arteries were loosely ligated with 

suture material at _a location distal to the point of 

cannulation. A vascular clamp was placed proximally to 

occlude the vessel. The common .carotid arteries were 

cannulated through a small incision in each artery. The 

cannulas were inserted to a length of approximately two (2) 

inches and secured with suture material. They were then 

connected to the reservoir of the perfusate. Immediately upon 

compl~tion of the cannulation procedure, the vascular clamps 

were removed and five (5) milliliters of pentobarbital (325 

milligrams per milliliter) were injepted intravenously. 

Simultaneously, fifty (50) milliliters of potassium chloride 

were injected intracardially. 

For perfusion, one (1) liter of heparinized (1000 units 

of heparin per_ liter) saline was initially administered by 

peristaltic pump at a rate of 175 cc/min and approximately 80 

mm of mercury pressure. When perfusion was initiated, the 

previously tagged external jugular veins were severed to allow 

·escape of the perfusate and blood. Heparinized saline was 

perfused through the vasculature until the exiting perfusate 

was clear. Subsequently, approximately four (4) liters of 3% 

. phosphate buffered glutaraldehyde was administered over a 45 

minute period. 
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segments of each jaw containing implants, teeth of 

importance, and surrounding bone and, soft tissue were 

retrieved using the Stryker bone saw and placed in ten percent 

(10%) neutral buffered formalin for immersion fixation. 

Neutral buffered formalin was used because it penetrates 

rapidly, does not tend to over harden the tissue, processes 

fatty tissue, reduces pigment artifacts, and can be used with 

a variety of stains. · A Gillings-Hamco thin sectioning saw was 

used to reduce the size of each specimen. 

Histological Preparation 

After fixation in 10% neutral buffered formalin for at 

least 72 hours, the samples were dehydrated through a series 

of graded ethanol's (70%, 95%,· 100%, 100%). The samples were 

in each of the ethanols,for 24 hours, with two changes at each 

stage. The ethanol. dehydration .allowed for the removal of 

water from samples without significant cellular distortion and 

thus allow embedding in non aqueous materials. Following 

dehydration, the samples were placed in absolute acetone for 

24 hours to clear them of alcoho1. The specimens were then 

placed in a 1: 1 mixture of acetone-methyl methacrylate monomer 

for 24 hours under vacuum, followed by immersion in pure 

monomer for 24 hours. 
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Fluid polymethyl-methacrylate (PMMA) was prepared by 

first mixing 2.5 grams of benzoyl peroxide with 250 

milliliters (ml) of methyl methacrylate monomer (TJ Baker 

Chemical Co., Pillipsburg, NJ.). According to the technique 

of Steflik et al.(1994c), at hourly intervals, aliquots of 10 

grams of PMMA were added to the solution while being 

magnetically r stirred at 25 degrees C until a total of 100 

grams of PMMA was incorporated. The resulting solution was 

totally clear and without precipitate (Figure 10). The PMMA 

solution was stored in sealed containers at zero degrees c 

until needed (Steflik et al., 1982, 1994c). 

The samples were then placed in graduated polyethylene 

beakers, immersed _in fluid polymethyl-methacrylate (PMMA), and 

refrigerated for 24 hours. They were then placed into fresh 

polymethyl-methacrylate (PMMA), properly oriented and bench 

cured at room temperature. under vacuum for a minimum of 14 

days (Figure 11) ·before being cured in a vacuum oven at 37 

degrees C for at least 24 hours. During this period the 

samples were checked daily and if shrinkage of the polymethyl

methacrylate, (PMMA) had occurred, additional polymethyl

methacrylate (PMMA) was added to cover the specimen. Vacuum 

embedding increased the speed at which the embedding material 

infiltrates the sample and decreased the number of bubbles in 

each embedded specimen~ The use of polymethyl-methacrylate 



Figure 10: Photograph of the clear solution of polymethyl
methacrylate (PMMA} while being magnetically stirred. 
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FIGURE 10 



Figure 11: Photograph of the vacuum curing unit used to remove 
bubbles from the PMMA before the final heat curing. 



54 

FIGURE 11 
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(PMMA) also allowed the production of thin sections for light

microscopic evaluation. 

( 

After curing_ and bench. setting for 21 days, hardened 

blocks of clear acrylic resin containing the tooth and the 

surrounding soft and hard tissue were obtained (Figure 12). 

The PMMA blocks were then serially sectioned with a Buehler 

Isomet low speed saw (Buehler Ltd., Lake Bluff, Il.) rotating 

at 100-500 rpm (Figure 13)with five to seven Newton'~ of force 

applied to the specimens and Isocut fluid lubrication. The 

saw was equipped with a 5-inch diameter, 0.012 inches thick, 

low concentration diamond wafering blade to provide bucco

lingual sections of the teeth at various locations along their 

long axis. The use of a Buehler Isomet low speed saw allowed 

the sections to be thin en?ugh to be prepared for light 

microscopy. 

At le~st twenty sections of 150-200 um thickness were 

obtained from the various locations alqng the tooth's bucco

lingual long'axis. Due to inconsistencies of section thickness 
) 

created by the Buehler isomet saw, it was consequently 

necessary to metallurgically thin the section for adequate 

histologic examination. The sections that were gr~ater than 

200 um in thickness were evenly reduced to 100-175 um 

thickness by means of standard metallurgical 

grinding/polishing techniques. 



Figure 12: Photograph of a tooth and the surrounding hard and 
soft tissue embedded in a clear acrylic resin block. 
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FIGURE 12 



Figure 13: Photograph of the Buehler Isomet Low Speed Saw used 
to section the embedded samples. 
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FIGURE 13 
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-. 
The thinning procedure was accomplished using an Ecomet 

Grinder (Buehler Ltd., Lake Bluff, Il.) with 30 and then 15 

microgrit diamond polishing discs (Figure 14). 

The sections were stained for light microscopic 

examination with warmed Paragon 1301 stain. Paragon 1301 

stain was prepared by mixing ·2. 92 grams of toluidine. blue with 

1.08 grams of basic fuchsin in 400 ml of thirty percent_ (30%) 

ethanol. The stain was heated to 50.degrees ·con a hot plate~ 

The sections were rinsed with two changes of distilled water 

before being placed in the staining medium~ Once stained the 

sections were rinsed off first with two changes of distilled 

water, followed by two changes of ninety-five percent (95%) 

ethanol, and later by two changes of xylene. The stained 

section was then mounted with Permount on 27 x 40 mm glass 

slides and cover slipped with 27 x 36 mm cover glass. The use 

of the Paragon 1301 staining procedure allowed for 

visualization of the entire specimen and of the tooth with a 

clear distinction of tooth, bone, connective tissue, 

epithelium, and periodontal ligament (Deporter et al., 1986. 

Steflik et al., 1982, 1994c). 

The longest section through the center of each of the 

roots of the tooth was analyzed under the light microscope. 

The light microscopic analysis was used to determine 



Figure 14: Photograph of the Buehler Ecomet Grinder and 
Polisher used to reduce the thickness of sections. 
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FIGURE 14 
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morphometric and linear analysis of the width and area of the 

periodontal ligament space and evaluation of the blood 

vessels. The width of the cementum on several samples was 

also evaluated. These analyses were accomplished using a 

Zenith Z-200 personal computer (Zenith Data• Systems, st. 

Joseph. Mi.) interfaced with a Microcomp 39 CZ graphic 

digitizer (Numonics Corp . ., Montgomeryville, PA.). Image 
\ 

analysis was accomplished with the Microcomp Integrated Image 

Analysis System's planar morphometry package version 1.3 (SMI 

Corp.,. Inc., Atlanta, Ga.) (Hipp et al., 1987, Recker, 1983, 

Steflik et al., 1994a) (Figure 15). 

To perform the area and linear analysis, the sections 

were viewed with an Olympus BH2 light microscope with a 4X 

objective. This Olympus BH2 light microscope has an MTV-3 

video adapter which allowed for viewing of the section with a 

mti 65 video camera. The image was then projected on to a 

Sony Trinitron Video Monitor (Figure 15). The sections were 

enlarged by an X-factor of .3. 49603 and a Y-factor of 4. 352941. 

Using the digitizing pad and theJ microcomp. PM2 program the 

width and area of the periodontal ligament and the width of 

the cementum could be measured and recorded. 



Figure 15: Photograph showing the equipment used for 
histomorphometric measurements. Shown are the Zenith z-200 
personal computer (z J which is~ interfaced with a Microcomp 3 9 
CZ graphic digitizer (mJ. The sections were viewed ~sing an 
Olympus BH2 (oJ · ligb't microscope that has an MTV-3 video 
adapter which allowed for viewing of the section with a mti 65 
video camera fvJ . The image was projected on to a Sony 
Trinitron video monitor (sJ and measured using the Microcomp 
39 CZ graphic digitizer fmJ. 
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FIGURE 15 
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Linear and Morphometric Analysis . 

. For each tooth 20 to 35 sections were retrieved. The 

longest sections thro~gh ~ach.root of t~e tooth was used for 

morphometric analysis in this study (the mandibular fourth 

premolar of a dog has two roots). The width and area of each 

of the periodontal ligaments was measured at a total of seven 

standardized sites (Figure 16, 17). These are known as zones 

and were numbered one through seven. Zone one was ·at the 

crest of the bone on the buccal and followed around the POL 

with zone four at the apex and zone seven again at the lingual 

crest of bone. The seven measurements were made around the 

tooth so that two measurements were made at the gingival 

margin of the bone, two measurements were made midway down the 

root surface, and two measurements were made lateral to the 

apex. One final reading was made at the apex (Figure 16, 17). 

The means of each of these readings in each zone resulted in 

seven readings for each evaluation period. 

The periodontal ligament of fourth premolars of 30 dogs 

were examined. The groups involved control and treated teeth. 

The control teeth were teeth that were not restored. The 

treated teeth were the same teeth in the dog's arch as the 

control teeth but came from dogs that were euthanized after 

fixed partial dentures were loaded for 6, 12,- 18 and 24 

months. This study examined the periodontal ligament of the 



Figure 16: Drawing indicating the location of the zones where 
the measurements for the width of the periodontal ligament 
were made. The measurments were made on the buccal (B) and-the 
lingual (L). 
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FIGURE 16 



'Figure 17: Drawing indicating the location of the zones where 
the· measurements for the area of the periodontal ligament were 
made. The measurments were made · on the · buccal (BJ and the 
lingual (LJ . 
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FIGURE 17 
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unrestored premolars· and restored premolars. 1 ·The variables 

examined were the width and area of the periodontal ligament 

space and the width of the cementum for the control, 12··month, 

and 24 month time p~riods. A descriptive evaluation of blood 

vessels, the histomorphology of the periodontal ligament and 

cementum was evaluated. 

~ 

The width and area of the periodontal ligament for each 

zone of each tooth was determined. The width measurements 
~ 

were made histomorphometrically. The determination of the 

area of the periodontal ligament was accomplished by 

determining the percent(%) area of the periodontal ligament 

within a standardized one square millimeter (mm2). The use of 

a one millimeter (mm) by_ one millimeter (mm) square out of 

which the% area could be determined ensured that a one mm 

length of the periodontal ligament was always measured. The 

measurement-would therefore be consistent. Knowing the% area 

and the reference area, the area of the periodontal ligament 

could be determined. For·the control, 12 month, and 24 month 

sections the width of the cementum at the apex was measured. 

Statistical Analysis 

The histomorphometric results were expressed as the width 

and area of the periodontal ligament in the seven zones on 

each group of teeth. The groups were defined at the various 
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evaluation periods. The groups consisted of control or 

unrestored teeth and the restored teeth loaded for 6, 12, 18, 

and 24 months. The mea·n and the standard deviation for each 

zone within the groups were calculated using N equal to the 

number of sections examined in each group. The sample size for 

most of the groups was large enough to use a two-way Analysis 

of Variance (ANOVA). The Pearson Product Moment Coefficient of 

Correlation was used to determine the correlation between the 

area and width measurements. 

A Duncan's multiple range test using a one-way Analysis 

o·f Variance (alpha = 0.05) for each group was used to 

determine differences in PDL widths among groups at each 

evaluation time. A one-way Analysis of Variance (alpha= 0.05) 

was used to determine differences in cementum width between 

the control and the 12 and 24 month restored molars. 
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area of the periodontal ligament for all the teeth. The 

histology of the sections in each evaluation period was very 

similar to the control teeth. The data at each evaluation 

period will be presented in reference to specific aims number 

3 and 4. 

Throughout the periodontal ligament, fibers, material 

consistent with extracellular matrix, vessels, and nerves were 

observed. The cells found in the periodontal ligament were 

fibroblasts, cementoblasts, osteoblasts, osteoclasts, 

epithelial remnants, nerve cells and inflammatory cells. Each 

of these will be described as they appear in the various 

photomicrographs. 

All the specimens prepared for light microscopic analysis 

revealed healthy soft tissue around the teeth. There was a 

minimal amount of inflammatory cell infiltrate in the 

periodontal tissues (Figure 18). The crestal bone was cortical 

in nature. None of the crestal bone showed any periodontal 

breakdown (Figure 19, 20). The fibers of the periodontal 

ligament stained a deep purple with the Paragon 1301 stain, 

which made them highly visible with light microscopy (Figure 

18, 20). The orientation of the fibers of the periodontal 

ligament was highly .organized. · The crestal alveolar fibers 

were oriented horizontally and blended with the gingival 
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FIGURE 18 



Figure 19: Photomicrograph of the crest of the alveolar bone 
(a) adjacent to a tooth (t) using Nomarski differential. 
interference microscopy. ·The cemento-enamel junction (c) can 
be seen. Bar= 500 micrometers. 
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FIGURE 19 
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FIGURE 20 
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FIGURE 21 



Figu~e 22': Graphic · representation of the average widths in 
micrometers (um) of the periodontal ligament for all the 
measurements for each of the zones. 

) 
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TABLE 2 

TABLE OF MEANS FOR THE AREA OF THE . 
PERIODONTAL LIGAMENT ( IN SQUARE 
MICROMETERS ) FOR EACH OF THE 
ZONES AS DEFINED IN FIGURE 17 

ZONE MEAN STANDARD ERROR 

1 1.574E+0S 7602.681 

2 1.384E+0S 6668.427 

3 1.768E+0S 9018.044 

4 2.540E+0S 12119.03 

5 2.541E+0S 12764.29 

6 1.729E+05 8072.921 

7 1.765E+05 7229.463 
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Figure 23: Graphic representation of the average areas in 
micrometers tum) of the periodontal ligament for all the 
measurements for each of the zones. 
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Figure 24: Photomicrograph of the periodontal ligament (pJ and 
the alveolar bone (a) adjacent to a tooth using Nomarski 
differential . interference microscopy. The dentine (dJ and 
cementum (c} were easily differentiated. 
Bar= soo-micrometers. 
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FIGURE 24 



Figure 25: Photomicrograph of the periodontal tissues in the 
mid root area of the dog's tooth showing fibrous connective 
tissue supporting a number of vascular elements. 
Bar= 500 micrometers .. 
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FIGURE 25 
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FIGURE 26 



Figure 27: Photomicrograph of the fibroblast (f) and 
cementobl~ (c J arrangement in the oblique fibers of the 
periodontal tissues in the mid root area of the dog's tooth. 
Bar= 125 micrometers. 
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FIGURE 27 



Figure 28: Photomicrograph of the osteoblast (o) arrangement 
along the edge of the alveolar bone (a) in the periodontal 
ligament. A thin line of pink osteoid material was apparent at 
the osteoblast-bone interface. Bar= 60 micrometers. 



83 

FIGURE 28 
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FIGURE 29 



Figure 30: Photomicrograph of the arrangement of the alveolar 
bone with Volkmann's canals (vJ and Haversian canals (hJ. 
Bar= 250 micrometers. 
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FIGURE 30 
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.Nerve tissue was found throughout the periodontal 

ligament. This nerve tissue was often grouped together with 

two other blood vessels {Figure 31). The nerves were in the 

periodontal ligament and in both the bone and the gingival 

tissues. The nerves penetrated the alveolar bone proper from 

the interdental and interradicular septa via the perforations 

termed Volkmann's _canals (Figure 32). 

The dog. periodontal ligament for the fourth mandibular 

premolar was widest at the apical regions colripa~ed.to. any of 

the other areas qf the tooth.· At the tooth apex, the mean 

width of the periodontal ligament was 251 micrometers 

(um) (Table 1, Figure 23). At the· tooth apex, the area of the 

periodontal ligament was 254,000 um2 (0.254 mm2 ) (Table 1, 

Figure 23) .• 

The apical fibers showed the greatest change when placed 

under occlusal load. The apical change in width of the 

periodontal ligament is described in greater detail below. The 

apical fibers were oriented perpendicular to the cementum and 

radiated laterally out to the bone (Figure 33). 

The periodontal ligament was a highly inn~rvated 

structure. The inferior alveolat nerve's large size indicated 

the high degree of innervation that. occurred with the teeth 

and their surrounding tissues (Figure 32). The nerve was 



Figure 31: Photomicrograph of two blood vessels (bJ in 
conjunction with a nerve (nJ in the periodontal ligament. 
Bar= 60 micrometers. 
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FIGURE 31 



Figure 32: Photomicrograph of a nerve between the trabecular 
bone (bJ and the periodontal ligament (pJ . The inferior 
alveolar nerve (iJ is apparent. A smaller nerve (nJ courses 
between the periodontal ligament and the t:rabecular bone 
adjacent_ to t:he t:ooth (tJ. Bar= 250 micromet:ers 
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FIGURE 32 



Figure 33: Photomicrograph at the apex of the tooth showing 
the periodontal ligament's apical fibers and the alveolar bone 
adjacent to a tooth using Nomarski differential interference 
microscopy. The direction of the fibers is indicated with the 
arrow. Bar= 500 micrometers. 
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FIGURE 33 
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contained in the inferior alveolar canal with the inferior 

alveolar artery and vein. From the inferior alveolar nerve, 

nerve bundles exited through the bone that made up the walls 

o~- the inferior alveolar canal and entered the periodontal 

ligament space (Figure 32, 34, 35, 36). 

To describe blood vessels contained in the periodontal 

ligament 

The evaluation of the vasculature of the PDL .supporting 

control and experimental teeth was accomplished qualitatively. 

The periodontal ligament was highly vascular, and capillaries 

were observed thought out the periodontal ligament space 

(Figure 31, 37, 38). The number of vessels in the periodontal 

ligament of the loaded teeth was consistent with control teeth 

throughout the various evaluation periods. Capillaries were 

seen in all the surrounding tissues of the periodontal 

ligament. The tissues containing capillaries included the 

bone and the gingival tissues (Figure 20,. 21, 25, 26, 32, 33, 

35). Blood vessels found in the periodontal ligament were 

differentiated as either arterioles or venuoles and, at higher 

magnification, capillaries. In general, arteries and veins 

were seen together with a nerve (Figure 31). 



Figure 34: Photomicrograph of a nerve (nJ as it courses 
through the trabecular bone (bJ into the periodontal ligament 
(pJ. Bar= 250 micrometers. 
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FIGURE 34 



Figure 35: Photomicrograph of a nerve adjacent to the apical 
foramen at the apex of the tooth. Bar= 2so·micrometers. 
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FIGURE 35 



Figure 3 6: Higher magnification photomicrograph showing a 
cross section of a large nerve composed of small units. Many 
nerve fibers. (nJ are also ap_parent. Bar= 60 micrometers. 
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FIGURE 36 



F.igu·re 3 7: Photomicrograph of the periodontal ligament showing . 
it•s highly vascular .nature. Blood vessels were readily 
apparent lb). Bar= 125 micrometers. 
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FIGURE 37 



Figure 38: Photomicrograph of the periodontal ligament ~showing 
its highly vascular nature. Blood vessels . were readily 
apparent (bJ .. Bar = 250 micrometers. 
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FIGURE 38 
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Histomorphometric Evalua-tion 

The results ·of the histomorphometric examination of the 

various zones of the periodontal ligament for the control and 

treated·teeth are shown in tables 3 through 8 and with graphs 

in figures 5 though io. Results are presented as the means of 

the readings for each zone, in each group, with N defined as 

the number of sections examined. 

To measure the width of the periodontal ligament space for; 

a)Abutment premolars 

b) Unrestored premolars; and, . 

c)To compare the width measurements between groups. 

The mean and standard error for the width of the 

periodontal ligament for all the zones at the various 

evaluation periods was reported on Table 3 in micrometers. 

Figure 39 graphically represents the mean width of the , 

periodontal ligament for each zone at each of the evaluation 

periods. At each evaluation period the width of the 

periodontal ligament of the zones was different from each 

other and the· control. The narrowest width of the periodontal 

ligament was recorded at Zone 2 for the 12 month evaluation 

period (120 um). The narrowest mean width for the control was 

also in zone 2 (150 um). At Zone 4 the widest readings for the 

mean width of the periodontal ligament was recorded at all the 
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TABLE 3 

WIDTH OF THE PERIODONTAL LIGAMENT IN MICROMETERS 
AND STANDARD ERRORS FOR THE SEVEN ZONES AROUND 
THE TEETH AT THE VARIOUS EVALUATION PERIODS 

ZONE1 ZONE 2 ZONE 3 ZONE4 ZONES ZONE6 ZONE 7 

control 209.553 150.287 186.0733 283.188 277.9639 230.6823 197:978 
standard error 16.695 . 12.097 16.996 30.805 21.566 18.081 18.443 

6 months 224.3584 140.9701 203.359 356.7344 292.8027 186.8797 208.1904 
standard error 60.676 8.335 16.493 59.963 70.226 19.015 18.238 

12 months 143.2459 120.449 146.6566 316.9407 240.6463 181.4283 161.7937 
standard error 12.335 8.588 11.221 36.54 33.984 23.262 17.27 

ta months 142.4891 120.7183 192.4744 237.0719 215.8265 127.7793 172.7819 
standard error 19.497 13.292 12.236 26.778 21.045 9.293 21.786 

:, 

24 months 138.3915 121.2781 179.9398 182.3074 177.9121 131.131 154.6685 
standard-error 9.014 6.96 13.54 20.729 10.444 8.197 9.108 



Figure 39: Graphic representation of the width of the
periodontal ligament (in umJ for each zone of·analysis. Bars 
indicate the values of periodontal ligament width at the five 
different evaluation periods. Zones 1 and 7 were at the crest 
of the alveolar bone, Zones 2 and 6 were the mid root zones, 
Zones 3 and 5 were lateral to the apex, and Zone 4 is the 
apical zone of the PDL. 
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evaluation periods. The control width in zone 4 was 283 um. 

For the 6 month evaluation period, the mean width increased to 

356 um at zone 4. The standard error for the width 

measurements was in the range of 6.96 to 70.22. A two-way 

Analysis of Variance showed that the width of the periodontal 

ligament .was dependent on both the time and location of the 

measurement (p<.003) (Table 4). The results of the measurements 

were not additive. A one-way Analysis of Variance (ANOVA) 

with a Duncan's multiple range test confirmed the significant 

-
difference between each of the zones within each of the 

evaluation periods. ,oata from the 6 month evaluation period 

was not included for analysis due to the small sample size 

(p<.027). The control, 12, 18, and 24 morith data showed a 

significant difference between evaluation period and zone 

(p<.001). The interaction plot for width (figure 40), showed 

an initial increase in the width of the periodontal ligament 

between the control and the 6 month evaluation periods. The 

increase was the greatest for zone 4 and 5. The width of the 

periodontal ligament for the 12 month and later evaluation 

periods decreased to a point where it was less than that of 

the control teetha Remaining zones had little change in the 

width of the periodontal ligament over all the time periods. 

Never the less, all the readings for the width of the 

periodontal ligament were lower at 24 months than for the 

controls. 



TABLE 4 

RESULTS OBTAINED FROM A TWO-WAY ANALYSIS OF VARIANCE 
APPLIED TO THE DATA OF THE WIDTH OF THE PERIODONTAL LIGAM 

Source df Sum of Squares Mean Square F-Value P-Value 

Time 4 394680.282 98670.071 11.116 0.0001 
Subjects(t1me) 67 594739.938 8876.715 NA NA 
Zones 6 690603.451 115100.575 22.945 0.0001 
Zones"Time 24 247008.055 10292.002 2.052 0.0027 
Zones*roots 402 2016539.907 5016.268 NA NA 

NOTE: Dependent variable was width 

100 



Figure 40: Graphic representation of the interaction plot for 
the width of the periodontal-ligament (in um) for each of the 
evaluation periods. The lines indicate -the values of the 
periodontal width at ·each_of the seven zones. Zones 1 and 7 
were at the crest of the alveolar bone, Zones 2 and 6 were the 
mid root zones,, Zones 3 and 5 were lateral to the apex, and 
Zone 4 is the apical zone of the PDL. 
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Interaction Plot of Widths 
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To measure the area of·the periodontal ligament space for; 

a)Abutment premolars 

b)Unrestored premolars; and, 

c)To compare the area measurements between groups. 

The mean· and standard error for the 

periodontal ligament for all the zones at 

evaluation periods was recorded in Table 

area of the 

the various 

5. Figure 41 

graphically represents the mean area for each zone at each 

evaluation period. The area of the periodontal ligament was 

also different for all zones and times. The smallest area of 

the periodontal ligament was 'found at zone 2 for both the 

control ( 166000 um2 ( o .166 mm2)) the 18 month evaluation period 

(122000 um2 (0.122 mm2)). The largest area of the periodontal 

ligament was observed for zone 5 for the control teeth (324000 

um2 (0.324 mm2)and at zone 4 at the 12 month evaluation period 

(3490-00 um2 (0. 349 mm2)). Zone 5 is lateral to the apex and 

zone 4 is at the apex. A two-way Analysis of Variance of the 

means of the area of the periodontal 'ligament showed that the 

area of the periodontal ligament was dependent on the time and 

location of the measurement (p<.001) (Table 6). The results of 

the measurements were not additive. A one-way Analysis of 

Variance (ANOVA) with a Duncan's multiple range test confirmed, 

that significant differences existed between zones and the 

various evaluation periods. As was in the case of the width 

measurements, the-small sample size for the 6 month data was 
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TABLE 5 

AREA OF THE PERIODONTAL LIGAMENT IN SQUARE MICROMETER 
AND STANDARD ERRORS FOR THE SEVEN ZONES AROUND 

THE TEETH AT THE VARIOUS EVALUATION PERIODS 

ZONE 1 ZONE2 ZONE 3 ZONE 4 ZONE 5 ZONE6 ZONE 7 

Control 182969.8 166166.4 175688.5 241117.5 324876.7 239237.8 189810.9 
standard error 14064.8 16697.91 19640.27 17395.75 22385.63 12408.38 16336.66 

6 Months 193589.7 139598.7 225004.7 279903.5 319706.5 183124.4 195355 
standard error 53558.86 4980.116 28535.63 42630.39 78620.07 19758.01 9624.164 

12 Months 130581.7 134154.5 188680. 9 349550.1 206582 135296.2 175601.7 
standard error 12664.74 10469.43 24732.23 21885.15 23252.15 14864.68 21893.14 

18 Months 135934.8 122006.2 217885.7 304182.9 214608.6 132896.1 187881.1 
standard error 20054.55 10911.21 19640 .. 32 32082.85 25693.41 7362.066 20200.78 

24 Months 151877.1 124107.1 143653.4 192156 220566.4 150246 156339.9 
standard error 11585.99 10217.15 11119.42 18293.87 19632.79 12940.83 7485.237 



Figure 41: Graphic representation of the area of the 
periodontal ligament [in square

1 

um (um2 > 7 for each zone of 
analysis . . Bars indicate the values of periodontal ligament 
area at the five different evaluation periods. Zones 1 and 7 
were at the crest of the alveolar bone, Zones 2 and 6 were the 
mid root zones, Zones 3 and 5 were lateral to the apex, and 
Zone 4 is the apical zone of the PDL~ 
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TABLE 6 

RESULTS OBTAINED FROM A TWO-WAY ANALYSIS OF VARIANCE 
APPLIED TO THE DATA OF THE AREA OF THE PERIODONTAL LIGAMENT 

Source df Sum of Squares Mean Square F-Value P-Value 

Time 4 2.598E+11 6.448E+10 7.579 0.0001 
Subject (time) 67 5.701 E+11 8.509E+09 NA NA 
Zones 6 7.649E+11 1.275E+11 27.501 0.0001 
Zones*Time 24 4.311 E+11 1.796E+10 3.875 0.0001 
Zones*Root 402 1.863E+12 4.636E+09 NA NA 

NOTE: Dependent variable was area. 
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excluded from the analysis•.- The control, 12, 18, and 24 month 

data showed a significant difference between the zones and the 

evaluation periods (p<.001). The interaction plot for.area 

(Figure 42), showed a similar plot arrangement as was seen in 

the interaction plot for the width (Figure 40). There was an 

initial increase in the area of the periodontal ligament for 

zone 4 up to a maximum of 349000 um2 ( 0. 349 mm2 ) at 12 months. 

After 12 months there was a decease in the area of the 

periodontal ligament with values subsequently decreasing to 

area's less than the control teeth. Significant changes were 

noted for all zones for all evaluation time periods. As was 

noted for the width measurements, the greatest change was 

shown at Zone 4. However, of interest, was that Zone 5 (The 

lingual of the two zones lateral to the apex) also exhibited 

substantial change. The measurements observed at Zone 5, 

although less than at Zone 4, were higher than the remaining 

zones. The area of zone 5 decreased longitudinally from a 

high at the control period of 324000 um2 and to a low of 

220000 um2 at the 24 months period. 

The results of the area and width were compared on a 

Scattergram (Figure 43). Using a Pearson Product Moment 

Coefficient of Correlation a high correlation between the area 

and width was shown when averaged across the zones (r=.903). 



Figure 42: Graphic representation of the interaction plot for 
the area of the periodontal ligament (in um2

) for each of the 
evaluation periods. The lines indicate the values of the 
periodontal area at each bf the seven zones. Zones 1 and 7 
were at the crest of the alveolar bone, Zones 2 and 6 were the 
mid root zones, Zones 3 and· 5 were lateral to the apex, and 
Zone 4 ~s the apical zone of the PDL. 
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Interaction Plof of Area 
Effect: Zones * Time 
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Figure 43: Scattergram indicating the Pearson Product Moment 
Coefficient of Correlations between the values for width and 
area measurements. Values are noted as average (Av) area 
versus average (Av) width. 
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To measure the width of the cementum at the apex of the teeth 

for the control teeth and for abutment teeth in function for 

twelve month, and twenty-four month groups. 

To determine whether the observed changes in the width of 

the · POL were due to changes in alveolar bone or cementum 

bordering the POL, an examination of the cementum width was 

made. The width·of the cementum at zone four (the apex) was 

examined for the control, 12 and 24 month teeth. Table 7 

showed that the width of the cementum at the apex ranged from 

583. 33 um to 622. 23 um. When the standard error was 

determined, no significant difference was observed between the 

various time peri"ods (figure 44). The one-way ANOVA showed 

that there is no change in the cementum over time 

(p>.557) (Table 8), suggesting that changes in POL width were 

·due to changes at the POL-bone interface. 



TABLE 7 

TABLE OF MEANS FOR THE WIDTH OF THE APICAL CEMENTUM 
( IN MICROMETERS) WITH THE STANDARD ERROR FOR 
THE CONTROL, 12, AND 24 MONTH EVALUATION·PERIODS 

CONTROL 

12 MONTHS 

24 MONTHS 

MEAN 

586.772 

583.331 

622.226 

ERROR 

28.394 

42.089 

23.092 

110 



Figure 44: Graphic representation of the width of the cementum 
(in um} at the apex of the teeth in the control, 12 month, and 
24·month groups. Bars indicate the width of the periodontal 
ligament.at the three different evaluation periods. 
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TABLE 8 

RESULTS OBTAINED FRdM A ONE-WAY ANALYSIS 
OF VARIANCE APPLIED TO THE DATA OF THE WIDTH -

OF THE CEMENTUM AT THE APEX OF THE TOOTH 

Source df Sum of Squares Mean Square F-Value P-Value 

Between times 2 
Within Times 53 
Total 55 

18493.7299 
827833.8203 
846327 .5503 

9246.865 
15619.506 

NA 

0.592 
NA 
NA 

0.5568 
NA 
NA 
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DISCUSSION 

Previous studies (English, 1993a, Reider and Parel, 1993) 

have only speculated on the effect of joining a tooth rigidly 

to an implant with a fixed partial denture. Furthermore, the 

histological response ·of the periodontal tissues of natural 

teeth serving as abutments for fixed partial dentures has not 

been reported in the literature. The data presented here 

evaluated the periodontal tissues of abutment teeth after 

functional loading with an implant to tooth fixed partial 

denture for up to 24 months. 

• • l -Although the histological-response of the alveolar bone 

and connective tissue attachment levels following placement of 

a fixed partial denture on natural teeth has not been 

described previously·, the response of the marginal gingival 

tissue of restored teeth has been reported. The placement of 

fixed partial dentures with natural teeth as abutments have no 

deleterious effect on the periodontal tissues when the 

restoration is properly designed. The proper design and 

fabrication of the fixed partial denture requires optimal 

placement of restorative margins, 

embrasures, and optimal occlusion 

113 

good axial contours and 

(Ehrlich et al., 1981, 
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Eissman et al., 1971, Morris, 1962, Wagman, 1977, Yuodelis et 

al., 1973). 

The advent of implants has resulted. in the desire to 

restore patients without the use of r,emovable ·prostheses. To 

overcome the engineering short comings of single tooth implant 

systems, the combina~ion implant to tooth restoration has been 

suggested. The effect of attaching an immobile implant to a 

tooth that has a periodontal ligament that permits adaptive 

movement is uncertain •. Debate has been stimulated whether a 

rigid or non rigid connection between the implant and - the 

tooth abutments is needed (Ericsson et al., 1986, 1988, Langen 

and Sullivan 1989 a, b, Skalak 1985, Sullivan 1986)._ 

To determine the effects on the periodontal ti$sues of 

splinting a natural .tooth to an implant, 30 dogs had 

combination implant to natural teeth restorations fabrica~ed. 

The periodontal ligament of a fourth premolar of a dog was 

examined as a control. Dog premolars ·are slightly differe~t 

from human premolars since dog premolars do not have flat 

surfaces that occlude (Berkovitz, 1978). Further, during 

closure there is sliding contact betwe~n opposing premolars 

that permits a shearing and slicing of meat (Miller, 1988). 
( 

Therefore, most of the forces placed on the premolars were in 

a lingual direction. Consequently, to determine effects on 

functioning, supporting tissue, sections for this study were 
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made of the teeth in a longitudinal bucco-lingual direction. 

An advantage of the dog mqdel was. that the remodeling of this 

bone was 50% faster than in humans (Roberts, 1987, 1988) and· 

provided for ideal healing times. By waiting five months 

before loading the implants, the investigator could verify if 

the implants were fully integrated or rejected (Roberts, 1987, 

1988). All dogs tolerated the procedures well. The dogs were 

then euthanized at various time· periods. Of particular 

interest ·for this investigation was that no intrusion or 

increase in mobility was noted for any of the abutment teethe 

The lack of intrusion was possibly due to the passive nature 

of the cemented fixed partial denture. Several layers of die 

spacer was placed on the dies to allow for a passive seating 

of the fixed partial denture on the teeth and the implant 

abutments. The cement in the fixed partial d~nture was able to 

compensate for any discrepancy that may have occurred in the 

fabrication of the prosthesis. The lack of pathology noted on 

~11 the s~mples over the 24 month p~riod indicates that all 

the forces placed on the teeth were within the adaptive 

capabilities of the teeth. All the fixed partial dentures 

were retrieved at time of tissue processing. Control teeth 

were not restored. The treated teeth were loaded for 6, 12, 

18, and 24 months and compared with the control teeth. 

The histological appearance of tbe dog's periodontal 

tissues, as presented in this study was consistent with 
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results found in other studies (Biancu, 1995, Ericss~n and 

Lindhe, 1977,-Lindhe and Ericsson, 1976, Svanberg and Lindhe, 

1974). The morphology of the control and the loaded teeth was 

consistent ... The basic composition of the periodontal ligament 

was of a highly complex structure composed of nerves, blood 

vessels, fibers and various cell types all in an extracellular 

matrix. Cells within the periodontal tissues included: 

fibroblasts, osteoblasts ·, cementoblasts, osteoclasts, 

epithelial remnants and very few inflammatory cells. 

The blood vessels in the periodontal ligament were able 

to be identified as either arterioles or venuoles and at 

higher magnification, as capillaries. For all the control and 

loaded teeth, the architecture of the blood vessels was found 

to be consistent with each other. Most of the time the 

arteries and veins were seen together in the bone and the 

per~odontal ligament. This was similar to what has been 

reported by Biancu (1995). A qualitative criteria used to 

determine if there was any adverse effect on the periodontal 

tissues was the number and size of the blood vessels. Samples 

of the periodontal tissues at different time periods and zones 

were compared as to qualitative assessmerit of blood vessel 

morphology and general amounts of vessels. However, 

quantitative assessments of the blood vessels was deemed 

outside the scope of this current investigation. 

Interestingly, Carranza ( 1979) reported that there was an 
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increase in the number of blood vessels during any time the 

tooth was placed under an excessive functional load. The 

evaluation of the blood vessels for the samples examined in 

this ~tudy showed little change for the evaluation periods. 

The number and morphology of the blood vessels appeared 

consistent with that of a periodontal ligament of normal 

appearance. This indicated that the tooth was undergoing no 

adverse effect~ due to the restorations. 

This study determined the degree of correlation between 

the width and area of the periodontal ligament. When ·the area 

of 'the periodontal ligament was plotted against the width of 

the periodontal ligament it was determined {using the Pears.on 

Product Moment Coefficient of Correlation) that there was a 

high correlation between the width and the area {r = .903). 

This is important for future researchers because·it means that 

the effect of various. treatments .on the periodontal ligament 

can be determined by the measurement of the width of the 

periodontal ligament alone. 

over all there was a trend for the periodontal tissues to 

increase in width and area over the first 12 months as 

compared to the control teeth. After the 12 month evaluation 

period the width and area decreased to the point where it was 

less than the control readings at the end of this study. As 

described above, similar results were observed for both the 
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width and the area measurements {r = . 903) • The change in the 

width of the periodontal ligament was largest at the apex of 

the tooth {Zone 4). If movement of the abutment tooth occurs, 

changes in the POL should be apparent in · Zone 4 • Initial 

widening of the periodontal ligament could occur as the 

periodontal ligament attempts to adjust to a new position of 

the abutment tooth brought. about by the placement of the FPO 

{Season, 19 9 4) . However, this study found an initial increase 

in the width and the area of the periodontal ligament, when 

compared to the control teeth, as it adapted to it's new 

functional demand. The increase inithe width and area of the 

periodontal ligament lasted for up to 12 months in the present 

study. As the bone remodeled around the tooth in its · new 

position, the periodontal ligament began to narrow over the 

next few months. This narrowing could have been the result of 

decreased amount of force being placed on the periodontal 

ligament {Ph.ilstom .. and.Ramfjord, 19.71). No clinical evidence 

of intrusion was noted in any of the dogs. However, -clinical 

intrusion has been noted in humans with combination implant to 

tooth fixed·partial dentures. Intrusion may not have occurred 

in this investigation using experimental animals because of 

the rigid connector in the FPD. Other factors may have 

included operator experience or the occlusion of the dog. In 

future investigations the evaluation of occlusion should be 

considered important. 
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Lateral to the tooth, there was not observed as great a 

change in the width of the periodontal ligament as was seen in 

at the-tooth apex. Perhaps this lessened width change was 

because the tooth moved in the socket to g~_t to a new 

position. Season (1994) described that ·when stresses were 

placed on teeth, the stresses concentrate_d and dissipated at 

the apices of the teeth. The stresses res~lted in more bone 

remodeling at the apex. It could be hypothesized that the 

occlusal scheme of the dog may force the apex of the fourth 

-
premolar around a fulcrum point, that is in the middle of the 

tooth in bone to the buccal. This may explain why values in 

Zone 5 were higher than in Zone 3. 

·Early work using the Periotest instrument by Steflik et 

al. (1993c), - indicated that the mobility of the abutment 

premolar at the end of the evaluation period was signi:f icantly 

less than the mobility of canines or incisors. To date the 

histologic evaluation of the canines and incisors has not been 

carried out. By comparing the Periotest readings to the width 

of the periodontal ligament as determined by this study it can 

be hypothesized that the canines and incisors will h~ve a 

greater width of the periodontal ligament. The investigators 

suggested that since· the premolar mobility was more consistent 

to implant mobility, the premolar may be a better tooth to 

support a combin~tion implant to tooth fixed partial denture 

(Steflik et al., 1993c). This study takes this effort one step 
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further. The initial increase in the width and area of the 

periodontal ligament noted in the present investigation, 

followed by the subsequent decrease in the width and area of· 

the periodontal ligament, appears to correspond to the final 

mobilities noted clinically. 

To determine whether the increase in PDL width in the 

apical zone was due to resorption ·of bone or cementum, the 

width of the cementum was measured. Philstrom and Ramfjord 
-

(1971), and svanberg and Lindhe (1974). have shown that a 

change in the width of the cementa! tissues can occur in the 

presence of either hyperfunction or hypofunction. Therefore, 

the use of cementa! width may be a poor indicator of whether 

a tooth has undergone hyperfunction or hypo function. Even so, 

any change in the width of the cementum can be used to 

determine if the forces placed on the teeth had changeµ over 

the evaluation.period. Data from the literature suggests that 

the width of the cementum will remain the same as long as the 

tooth's functional load is not changed (Anneroth and Ericsson, 

1967, Cohn, 1965, 1966, Ericsson and Lindhe, 1977, Lindhe and 

Ericsson, 1976, Svanberg and Lindhe, 1974). In this current 

study, the examination of the cementum was made in Zone 4 ,· the 

zone at the apex of the tooth. The examination was made in 

Zone 4 because it had the greatest change in PDL width over 

the length of the study. If any harmful effects would be 

recorded by the cementa! tissues, it appeared likely that the 
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change would show up at the apex. The lack of change in the 

width of the cementum·, in this study, suggests that the forces 

placed on the tooth _were. of such a magnitude and over a long 

enough period of time that the periodontal tissues could 

withstand the forces and remodel to the new position. The 

remodeling of the hard tissues involved in these adaptive 

changes probably occurred at the bone-POL interface. 

A longer time frame for the examination of the effects on 
-

the periodontal tissues would be beneficial in future 

research. This increase in time· would allow for the 

determination of kinetics for the stabilization of the 

periodontal tissues once the teeth have been restored with a 

fixed partial denture. The lack of change in the width of the 

cementum, with the corresponding increase and subsequent 

decrease in the width and area of the periodontal ligament 

space, indicated.that.the .. movement of the teeth was within the 

adaptive capabilities of the periodontal tissues. A properly 

restored combination implant to tooth fixed partial denture 

would have no detrimental effects on the tooth or the 

periodontal tissues. 

The findings of this study imply that the forces placed 

on the abutment tooth in a combination implant to tooth fixed 

partial denture can be within the adaptive capabilities of the 

tooth's periodontium. The use of cemented retainers on the 
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abutments of different mobilities is not contraindicated. In 

fact, over the long term, the tooth when combined as a 

terminal abutment with an implant in a combination implant to 

tooth fixed partial denture may even have a reduced mobility. 

The situation presented in this study was a worse case 

scenario. Shillingburg (1981) stressed.the need to avoid the 

use of distal extension cantilevers and that the greatest 

forces of occlusion were closer·to the hinge of the condyle in 

the fossa. The lack of intrusion on the fourth premolar in 

this situation indicates that by careful management of the 

occlusion, teeth and implants can be used in combination 

restorations with a rigid connector between the abutments. 

The null hypothesis of this study was· that there is no 

difference in the dimensions of the periodontal ligament w~en 

comparing the unrestored tooth a~d the abutment tooth of the 

combination implant to natural tooth fixed partial denture. 

Data from this investigation led to the rejection of this 

hypothesis. Even with the rejection of the null hypothesis, 

it was determined that the changes were within the adaptive 

capabilities of the teeth. 



SUMMARY 

The purpose of this study was to determine the effect on 

the periodontal tissues of rigidly joining a tooth to implants 

with a fixed partial denture. The fourth premolar of a dog 

was attached to implants· placed in the first and second 

premolar positions with a fixed partial denture. Control teeth 

were the fourth premolar teeth that were not restored. The 

control teeth were then compared to teeth that had been placed 

under function for 6, 12, 18, 24 months. The animals were 

euthanized at these time periods and samples obtained after 

bilateral vascular perfusion. Fixed specimens were embedded 

in polymethyl-methacrylate and prepared for light microscopy. 

The histology of the.periodontal ligament of the fourth 

premolar of a dog was shown to be consistent with that of 

earlier investigators (Biancu, 1995, _Lindhe and Ericsson, 

1979). A histomorphometric· analysis of the sections of the 

teeth was carried out to calculate the width and area of the 

periodontal ligament for all the teeth. The width of the 

cementum was determined for the control, and 12, and 24 month 

loaded samples. statistical analysis included one and two-way 

Analyses of Variance. The Pearson Product Moment Coefficient 
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of Correlation was used to determine the correlation between 

·the use-of area and width measurements. 

The results revealed that there was a measurable trend 

over time. There was an initial increase in the width of the 

periodontal ligament up to 12 months. After 12 months and up 

to 24 months (the length of this study) there was a thinning 

of the periodontal ligament space·to an amount less than that 

of the control teeth. The thinning of the periodontal ligament 

suggests that the teeth had a decreased amount of function 

after the initial period of adaptation. The period of 

adaptation was over such a long period of time that the 

periodontal tissues adapted to the changes _and the cementum 

width stayed constant and remained smooth. 

The data obtained from this- study suggested that the use 

of combination. implant to natural. teeth restorations with 

rigid joints does not result in deleterious effects on the 

periodontal tissues. It was further suggested that the 

tissues can withstand the forces that were placed on them and 

that they were within the remodeling capabilities of the 

teeth. 



CONCLUSIONS 

Conclusions that can be drawn from this study are: 

1. Based upon vasculature, morphology, periodontal 

ligament and cementum measurements, .. the use of a rigid joint 

in combination implant to natural tooth fixed partial dentures 

does not cause deieterious effects on the periodontal tissues 

in dogs. 

2. When restored with fixed partial dentures, the teeth 

undergo a period of adaptation. When the natural tooth 

abutments are properly restored, the forces placed on the 

abutments are of a small enough magnitude that the force is 

within the adaptive capacity of the periodontal tissues in 

this animal model. 

3. The use of periodontal ligament width or area can be 

used to determine the effect on the periodontal tissues of 

biomechanical forc·es that are placed on them. 

4. Determining the amount of change in the width of the 

cementum is useful in determining if the forces placed on 

teeth are within the adaptive capabilities of the teeth. 
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