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Evaluation of Three Different Dental Implants in 
Ligature-Induced Peri-implantitis in the Beagle Dog. 
Part I. Clinical Evaluation
Heinrich W. S. Tillmanns, DMD, Dr Med Dent, MS/Joachim S. Hermann, DMD, Dr Med 
Dent/David R. Cagna, DDS/Ann V. Burgess, BSE/Roland M. Meffert, DDS

The purpose of this study was to clinically evaluate experimental peri-implant breakdown. 
Hydroxyapatite-coated, titanium plasma-sprayed, and machined titanium-alloy surfaces were 
investigated. Eighty-four implants were placed in 14 beagle dogs. Pocket probing depths and 
clinical attachment level and mobility measurements were made. Dogs were sacrificed at 3 and 
6 months. All experimental implants showed a significant loss in clinical attachment level (P < 
.05). Increased pocket probing depths for experimental implants occurred during the first 2 
months, after which a plateau was reached. At the 3- and 6-month evaluation, pocket probing 
depths at experimental implants were significantly increased (P < .05). No differences among 
the three implant types were noted for clinical attachment levels and pocket probing depths. 
In general, greater mobility was found with the titanium-alloy implants than with 
hydroxyapatite-coated and titanium plasma-sprayed implants (P < .025). In addition, mobility 
measurements were significantly greater for experimental titanium-alloy implants during the 
first 3 months (P < .05). Clinical attachment level measurements were most sensitive to 
peri-implant status. All implants were equally susceptible to ligature-induced peri-implant 
breakdown. Consequently, meticulous oral hygiene and regular maintenance care are 
prerequisites for successful implantology.
(INT J ORAL MAXILLOFAC IMPLANTS 1997;12:611–620)
Key words: beagle dog, endosseous, hydroxyapatite, implant, machined titanium alloy, peri-implantitis, surface, 
titanium plasma sprayed

Since their introduction, the design of endosseous implants has evolved to include a wide variety 
of geometrics, substrate materials, and surface coatings. The predominant commercially available 
implant designs can be broadly categorized as follows: (1) uncoated, machined screw forms; (2) 
screw forms coated with hydroxyapatite or titanium; and (3) cylinder forms coated with 
hydroxyapatite or titanium. The published scientific evidence indicates that each can be used with 
predictable long-term success.

Reports of the effect of peri-implant inflammation on various implant types have caused considerable 
controversy about the influence of surface coatings on the loss of supporting bone around diseased 
implants. Furthermore, there has been some controversy in recent years regarding how to clinically 
describe peri-implant anatomy and pathology. For teeth, pocket probing depth (PPD) and clinical 
attachment level (CAL) have been accepted as sensitive parameters for clinically detecting periodontal 
status. Because of differences in probe-tip location, underestimation often occurs in healthy teeth, while 
overestimation is common at diseased sites exhibiting attachment loss.1-5 In contrast, findings from 
probing at healthy implants and at peri-implant tissues exhibiting gingivitis usually are similar.6 This 
may be in part the result of a hemidesmosomal epithelial attachment found adjacent to machined titanium 
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surfaces.7-9 However, differences have been noted in cases of advanced peri-implant lesions, since a 
scarlike connective tissue contact forms on these surfaces.10-13

Mobility (MOB) is frequently used as a parameter to assess major attachment changes in teeth.14 
Since osseointegrated endosseous implants exhibit a “functional ankylosis,”15 a more sensitive 
methodology must be applied to detect minor changes in implant integration over time.16 The dog model 
has been used to evaluate experimental periodontitis17-19 and peri-implantitis.11-13,20 However, no 
direct comparison among different implant types placed in the same host has been reported. Since the 
severity of peri-implant breakdown is closely associated with the quality and quantity of the bacterial 
attack, as well as the capacity of the host to respond to the bacterial challenge, it seems appropriate to 
compare different endosseous implants in the same animal.

The purpose of the present study was to clinically monitor and compare the progression of 
ligature-induced peri-implantitis around different types of endosseous implants with three different 
surface characteristics in the canine mandible.

Materials and Methods
Extractions and Implant Surgery. Animals were under the supervision of a veterinary team (La-
boratory Animal Resources Department, Uni versity of Texas Health Science Center) throughout the 
study and were treated according to humane guidelines. The mandibular second, third, and fourth 
premolars of 14 healthy beagle dogs were extracted bilaterally. Three months later, implants with three 
different surfaces–a titanium-aluminum-vanadium alloy (Ti-6A1-4V) cylinder with a Calcitite 
hydroxyapatite (HA) coating (Sulzer Calcitek, Carlsbad, CA), a Ti-6A1-4V cylinder with a commercially 
pure titanium plasma-spray (TPS) coating (APS Materials, Dayton, OH), and a Ti-6A1-4V screw with a 
machined titanium-alloy (Ti-A) surface finish (Sulzer Calcitek)—were placed on each side of the 
mandible at the bone crest level according to a standard protocol (Fig 1). The HA, TPS, and Ti-A test 
implants were placed in random anterior-posterior distribution (Fig 2). All implants were 10 mm in 
length and 4 mm in diameter. Three months following initial placement, second-stage surgery was 
performed to expose implants and connect transmucosal abutments. Three days later, a custom-made 
metallic superstructure was cemented (Ticonium, CMP Industries, Albany, NY) to adjacent teeth so as to 
protect the implants from functional and parafunctional loading during the experimental period (Figs 3 
and 4). Oral hygiene, consisting of tooth brushing (CET, VRx Products, Harbour City, CA) and 
interproximal brushing and scaling with a graphite scaler (SteriOss, Yorba Linda, CA), was performed 
three times per week. No antimicrobial additives were used to prevent carryover effect from the control 
to the experimental side. When necessary, animals were sedated at 2-week intervals to ensure complete 
plaque and calculus removal.

Experimental Phase. Four weeks following second-stage surgery, baseline readings of PPD, CAL 
(Florida Probe, Gainesville, FL), and MOB (Periotest, Siemens, Bensheim, Germany) were made (Fig 1). 
Florida Probe measurements were obtained with a constant probing force of 0.2 N at six sites per implant 
(Figs 5a and 5b). To evaluate intra-examiner reliability, all CAL and PPD measurements were performed 
twice, and mobility measurements were recorded three times during the same session (Fig 6). The 
experimental side of each dog was chosen at random.

Peri-implant inflammation was induced using braided-cotton retraction cord (GingiBraid, VanR 
Dental Products, Oxnard, CA) without astringents on the experimental side of the mandible. Ligatures 
were placed subgingivally around the neck of the implants. Plaque-control efforts were discontinued on 
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the experimental side (Fig 4) of the mandible but were continued around control implants (Fig 3). If 
necessary, ligatures were replaced at the plaque-control appointments. PPD, CAL, and MOB readings 
were repeated monthly (Fig 1).

Sacrifice. Three months after initial ligature placement, six dogs were sacrificed. The remaining 
eight animals were sacrificed at 6 months.

Statistics. When control and experimental values were compared at the same time points and a 
normal distribution was present, the paired t test was used (experimental versus control implants for 
CAL, PPD, and MOB). For comparisons over time, analysis of variance (ANOVA) and a post-hoc 
analysis using a general linear model with least-mean squares were used. Differences among the implant 
types were assessed by F approximation for Friedman test. When multiple comparisons were made, the P 
value was adjusted accordingly. Correlations were examined for parametric data (CAL, PPD, MOB) 
using a Pearson correlation analysis. Fourteen dogs were in the 3-month evaluation, whereas eight dogs 
were sacrificed for the 6-month data collection.

Results
One implant site, involving an HA implant, developed a granulomatous infection during the early-healing 
phase, and the affected implant was subsequently lost. Two additional implants, one TPS and one Ti-A, 
were lost at second-stage surgery because of failure of tissue integration. They were removed with cotton 
pliers and reverse torque. The 81 remaining implants were deemed osseointegrated and considered 
clinically successful. Thirty-nine control implants demonstrated complication-free tissue integration (Fig 
3). All 42 experimental implants showed significant plaque accumulation and typical signs of a 
peri-implant lesion (Fig 4).

Repeatability. A total of 11,160 measurements with the Florida Probe were taken for CAL and PPD 
readings by one examiner. When repeatability of the two measurements was analyzed, it was noted that 
99% of all CAL and PPD readings were within a range of ± 0.7 mm; 95% of these measurements were 
within a range of ± 0.5 mm. Twenty percent of all CAL measurements were identical for the two 
probings, whereas 19% of the PPD measurements were identical.

Clinical Attachment Level. The 3- and 6-month evaluation of CAL for all three types of implants 
showed minimal attachment loss after the first month on the control side. Experimental implants, 
however, were associated with a continuous decrease in CAL (Figs 7 and 8). Differences in CAL loss 
between control and experimental implants were statistically significant (P < .05) from 2 and 3 months 
onward for all implant types (Tables 1 and 2). Over time, all experimental implants exhibited significant 
reductions in CAL when compared to baseline readings beginning at 3 and 5 months (P < .0024 for 3 
months, P < .0013 for 6 months). F approximation for Friedman test did not detect any differences 
among the three implant types (P > .025) at either termination time point.

Pocket Probing Depth. For all control implants, PPD readings were stable throughout the study. 
Experimental implants showed an increase during the early phase with a plateau formation developing at 
2 months (Figs 9 and 10). Average PPD readings ranged from 2.39 mm to 4.00 mm (Tables 1 and 2). For 
the 3-month data, differences in PPD readings between control and experimental implants became 
statistically significant at 2 and 3 months (P < .05). For the 6-month evaluation, significant differences 
for HA implants were noted for all time points (P < .05), whereas TPS implants revealed  significant 
changes from 2 months onward (P < .05). Ti-A implants exhibited significant PPD increases at 2, 5, and 
6 months (P < .05). When PPD changes were compared to baseline values, significant differences were 
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noted for HA and TPS implants, from 2 to 3 months onward, for both time intervals (P < .0024 for 3 
months, P < .0013 for 6 months). These significant changes were not apparent at Ti-A implants. No 
statistically significant differences among the three implant types were noted by F approximation for 
Friedman test at either 3 or 6 months (P > .025).

Mobility. None of the 81 test implants were deemed clinically mobile by conventional examination 
technique at any point during the study.14 Although all implants demonstrated increases in MOB, 
experimental implants experienced a higher level of mobility, as determined by Periotest values (PTV), 
in both the 3- and 6-month data (Figs 11 and 12). Means ranged from –3.88 PTV to 0.62 PTV (Tables 1 
and 2). Significant MOB differences between control and experimental HA and TPS implants were only 
detected twice (P < .05). However, for each time point of the 3-month evaluation, experimental Ti-A 
implants showed significantly increased MOB values compared to control Ti-A implants ( P < .05). 
Comparing implant types with each other, MOB measurements were greater for both control and 
experimental Ti-A implants (P < .025). Also, a statistically significant increase in implant mobility was 
noted at the Ti-A implants when compared to the other two implants tested (P < .025).

Correlations. Correlation analyses revealed a high correlation of CAL with PPD readings for HA 
and TPS at 3 and 6 months. At 3 months, correlations from r = .67 to r = .82 (P < .05) were computed. At 
the 6-month evaluation, correlations ranging from r = .71 to r = .86 (P < .05) were found. No correlation 
between these two measurements was noted for Ti-A implants, except for the 3-month data at 
experimental implants. No consistent relation of MOB to either CAL or PPD readings was detected.

Discussion
In the present study, subgingival placement of cotton ligatures around dental implants and cessation of 
oral hygiene to accelerate plaque formation resulted in the anticipated clinical attachment loss, as well as 
increases in implant mobility. This seemed to represent a localized lesion arising in response to bacterial 
plaque accumulation, in a manner similar to that encountered in advanced periodontal disease.21 As a 
result, significant deterioration occurred as assessed by clinical parameters. When the three different 
implant types were compared for both the control and experimental groups, no clinically relevant 
differences among HA, TPS, or Ti-A could be found either in the performance of the control implants or 
in the response to inflammation. These findings suggest a similar susceptibility and response of the 
evaluated implant types to induced peri-implantitis.

When a detailed analysis of the results for each test was conducted, many observations could be 
made. All experimental implants showed significant loss of CAL and increased PPD. These increases 
were similar to results achieved by Schou et al,22 but of decreased magnitude relative to previous 
reports.23,24 Increasing PPD contributed to the initial loss of CAL, while gingival recession was 
responsible for continued attachment loss as seen in other studies.6,25

At healthy sites, PPDs around Ti-A implants in this study were comparable to those found around 
successfully maintained, two-part titanium implants in beagle dogs.13,26,27 Similar findings of PPD  3 
mm at 80% of sites examined have been reported by Buser et al28 in one-part titanium implants. For HA 
and threaded Ti-A implants, comparable results have been published. 29

The significance and applicability of methods to clinically evaluate and record peri-implant 
inflammation have been discussed.30,31 At teeth, the most common method used to detect clinical 
attachment levels is probing depth assessment. However, because of differences in probe-tip location, 
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minor underestimation occurs in clinically healthy conditions, whereas a slight overestimation takes 
place at diseased sites exhibiting attachment loss.1-5 In healthy peri-implant sites, the probe tip has been 
shown to be located in the most coronal portion of the connective tissue, using a moderate probing force 
of 0.2 N, in nonsubmerged implants.6 In comparison, an excessive probing force of 0.5 N led to a probe 
tip located almost at the crest of the bone in submerged implants.13 This is likely the result of the 
structure of a scarlike connective tissue contact that has been shown to form adjacent to machined 
titanium surfaces in submerged and nonsubmerged implants.10,12 For this reason, in the present study a 
Florida Probe with a constant probing force of 0.2 N was used for all CAL and PPD measurements. In 
addition, the Florida Probe has been shown to have high reproducibility and small standard deviations in 
conjunction with a stent around teeth.32-37 These findings were substantiated in the present study on 
implants.

Mobility was slightly greater for Ti-A implants, both at control and experimental sites. Ericsson et 
al27 recorded comparable MOB values. Two factors may be responsible for these differences: (1) 
different mechanisms of integration of the implant surface in bone, ie, osseointegration for the Ti-A and 
TPS surface and biointegration for the HA surface; and (2) different available surface areas. Although an 
increase of surface area is evident with a screw design as compared to a machined-cylinder implant, the 
surface roughness of cylindrical TPS and HA implants results in substantially greater surface areas than 
the machined-screw design.

The high correlation of CAL with PPD readings for HA and TPS implants indicates that decreased 
CAL is accompanied by increased PPD, as previously described.24 The lack of correlation between these 
two measurements for Ti-A implants may be explained by the difference in implant design. It seems 
possible that because of the flare of the neck of the Ti-A implants and their screw design, probing parallel 
to the long axis of the implants may have been impossible, or at least impaired, until a substantial amount 
of tissue had been lost. The probe tip may have been hindered by the first thread of these implants, 
resulting in probing error. This, in turn, would have skewed the CAL and PPD measurements toward 
reduced readings.

When the three implants were compared to each other, no clinically relevant differences among HA, 
TPS, and Ti-A implants were found for CAL, PPD, and MOB measurements. This finding contradicts 
previously published anecdotal reports, where HA implants were associated with substantially more 
complications and failures resulting from peri-implantitis.38,39

Conclusion
When analyzed by clinical parameters, all experimental implants were equally susceptible to 
ligature-induced peri-implantitis. Clinical attachment level measurements were the most sensitive 
parameter relative to peri-implant status. Mobility readings were greater in control and experimental 
Ti-A implants when compared to HA and TPS implants. Consequently, meticulous oral hygiene and 
regular maintenance care are prerequisites for successful implant treatment.

Acknowledgments
We gratefully acknowledge William R. Wagner, PhD, for his continuous support and expertise 

throughout this study, as well as Sonja A. Bustamante, HT (ASCP), for her valuable contributions to this 
study. We would also like to thank Richard J. Haines, DVM, and Robyn K. Miller, RVT, LATG, for their 
help during the experimental part of the project, John D. Schoolfield, MS, for statistical analyses, and 

Article Text 5

JOMI on CD-ROM, 1997 Vol. 12, No. 5 (611 - 620): Evaluation of Three Different Dental Implants i un Ligature-Ind



Brian L. Mealey, DDS, MS, for his gift of asking the right questions. This investigation was supported by 
grants from Sulzer Calcitek, Carlsbad, CA, and the Department of Periodontics at the University of 
Texas Health Science Center of San Antonio, Texas.

Heinrich W. S. Tillmanns

Private Practice, Prince George, British Columbia, 
Canada.

Joachim S. Hermann

Visiting Assistant Professor, Department of 
Periodontics, University of Texas Health Science 
Center, San Antonio, Texas.

David R. Cagna

Assistant Professor, Department of 
Prosthodontics, University of Texas Health 
Science Center, San Antonio, Texas.

Ann V. Burgess

Research Associate, Sulzer Calcitek, Carlsbad, 
California.

Roland M. Meffert

Clinical Professor, Department of Periodontics, 
University of Texas Health Science Center, San 
Antonio, Texas.

Footnotes 6

JOMI on CD-ROM, 1997 Vol. 12, No. 5 (611 - 620): Evaluation of Three Different Dental Implants i un Ligature-Ind



FIGURES

Figure 1

Fig. 1 Study design.

Figure 2

Fig. 2 Test implants with three different surfaces, shown left to right: titanium alloy (Ti-A), 
hydroxyapatite-coated (HA), and titanium plasma-sprayed (TPS).

Figures 7



Figure 3

Fig. 3 Control implants placed in canine mandible. Healthy peri-implant tissues can be seen 
around Ti-A, HA, and TPS implants. Note metal bar cemented on canine and first molar to 
protect implants from functional loading.

Figure 4

Fig. 4 Experimental implants placed on opposite side of canine mandible. Severe plaque 
accumulation/peri-implant inflammation is visible, with edema, erythema, and spontaneous 
bleeding around TPS, HA, and Ti-A implants. Note metal bar cemented on canine and first 
molar.

Figures 8
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Figure 5a

Fig. 5a Schematic of clinical attachment level (CAL) and pocket probing depth (PPD) 
measurements at different implant types. Note position of sleeve (reference point) of Florida 
Probe in relation to healing abutments.

Figure 5b

Fig. 5b Florida Probe in situ: clinical attachment level (CAL) measurement at TPS implant.

Figures 9
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Figure 6

Fig. 6 Periotest measurement at tested implants while beagle dog is anesthetized.

Figure 7

Fig. 7 Decrease in clinical  attachment level (CAL) at 3 months (mean; n = 14). Consistent loss 
of CAL for all experimental implants. Note that after initial loss at 1 month, there is no further 
decrease in CAL for control implants.

Figures 10
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Figure 8

Fig. 8 Decrease in clinical attachment level (CAL) at 6 months (mean; n = 8). Continuous loss 
for experimental implants. Note plateau formation for CAL at control implants after initial loss at 
1 month.

Figure 9

Fig. 9 Pocket probing depth (PPD) increase was apparent at experimental implants at 2 and 3 
months (mean; n = 14).

Figures 11
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Figure 10

Fig. 10 Pocket probing depth (PPD) increase was evident at experimental implants for the first 
2 months, with later plateau formation (mean; n = 8).

Figure 11

Fig. 11 Mobility (MOB) in creases were obvious only at experimental Ti-A implants (mean; n = 
14). Note higher MOB for all Ti-A implants.

Figures 12
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Figure 12

Fig. 12 Mobility (MOB) in creases were obvious only at experimental Ti-A implants (mean; n = 
8). After initial changes, plateau is reached at 2 months. Note higher MOB for all Ti-A implants.

TABLES

Table 1

Tables 13

JOMI on CD-ROM, 1997 Vol. 12, No. 5 (611 - 620): Evaluation of Three Different Dental Implants i un Ligature-Ind



Table 2

Evaluation of Three Different Dental Implants in Ligature-Induced Peri-impla

    1. Armitage GC, Svanberg GK, Löe H. Microscopic evaluation of clinical measurements of connective tissue 
attachment levels. J Clin Periodontol 1977;4:173–190.

    2. Magnusson I, Listgarten MA. Histological evaluation of probing depth following periodontal treatment. J Clin 
Periodontol 1980;7:26–31.

    3. Polson AM, Caton JG, Yeaple RN, Zander HA. Histological determination of probe tip penetration into the 
gingival sulcus of humans using an electronic pressure-sensitive probe. J Clin Periodontol 1980;7:479–488.

    4. Caton J, Greenstein G, Polson AM. Depth of periodontal probe penetration related to clinical and histologic 
signs of gingival inflammation. J Periodontol 1981;52:626–629.

    5. Fowler C, Garrett S, Crigger M, Egelberg J. Histologic probe position in treated and untreated human 
periodontal tissues. J Clin Periodontol 1982;9:373–385.

    6. Lang NP, Wetzel AC, Stich H, Caffesse RG. Histologic probe penetration in healthy and inflamed peri-implant 
tissues. Clin Oral Implants Res 1994;5:191–201.

    7. James RA, Schultz RL. Hemidesmosomes and the adhesion of junctional epithelial cells to metal implants—A 
preliminary report. Oral Implantol 1974;4:294–302.

References 14

JOMI on CD-ROM, 1997 Vol. 12, No. 5 (611 - 620): Evaluation of Three Different Dental Implants i un Ligature-Ind



JOMI on CD-ROM, 1997 Vol. 12, No. 5 (611 - 620):

    8. Gould TRL, Brunette DM, Westbury L. The attachment mechanism of epithelial cells to titanium in vitro. J 
Periodontal Res 1981;16:611–616.

    9. Jansen JA, de Wijn JR, Wolters-Lutgerhorst JML, van Mullem PJ. Ultrastructural study of epithelial cell 
attachment to implant materials. J Dent Res 1985;64:891–896.

  10. Berglundh T, Lindhe J, Ericsson I, Marinello CP, Liljenberg B, Thomsen P. The soft tissue barrier at implants 
and teeth. Clin Oral Implants Res 1991;2:81–90.

  11. Berglundh T, Lindhe J, Marinello C, Ericsson I, Liljenberg B. Soft tissue reaction to de novo plaque formation 
on implants and teeth. An experimental study in the dog. Clin Oral Implants Res 1992;3:1–8.

  12. Buser D, Weber HP, Donath K, Fiorellini JP, Paquette DW, Williams RC. Soft tissue reactions to 
non-submerged unloaded titanium implants in beagle dogs. J Periodontol 1992;63:226–236.

  13. Ericsson I, Lindhe J. Probing depth at implants and teeth. An experimental study in the dog. J Clin Periodontol 
1993;20:623–627.

  14. Miller SC. Diagnosis of periodontal disease. In: Miller SC (ed). Textbook of Periodontia (Oral Medicine). 
Philadelphia: Blakiston, 1950:114–136.

  15. Schroeder A, van der Zypen E, Stich H, Sutter F. The reactions of bone, connective tissue, and epithelium to 
endosteal implants with titanium-sprayed surfaces. J Maxillofac Surg 1981;9:15–25.

  16. Truhlar RS, Morris HF, Ochi S, Winkler S. Assessment of implant mobility at second-stage surgery with 
Periotest: Dental implant clinical research group interim report no. 3. Implant Dent 1994;3:153–156.

  17. Svanberg G, Lindhe J. Vascular reactions in the periodontal ligament incident to trauma from occlusion. J Clin 
Periodontol 1974;58:58–69.

  18. Ericsson I, Lindhe J, Rylander H, Okamoto H. Experimental periodontal breakdown in the dog. Scand J Dent 
Res 1975;83:189–192.

  19. Ericsson I, Lindhe J. Lack of significance of increased tooth mobility in experimental periodontitis. J 
Periodontol 1984;55:447–452.

  20. Lindhe J, Berglundh T, Ericsson I, Liljenberg B, Marinello C. Experimental breakdown of peri-implant and 
periodontal tissues. A study in the beagle dog. Clin Oral Implants Res 1992;3:9–16. 

  21. Page RC, Schroeder HE. Pathogenesis of inflammatory periodontal disease. A summary of current work. Lab 
Invest 1976;34:235–249.

  22. Schou S, Holmstrup P, Stoltze K, Hjørting-Hansen E, Kornman KS. Ligature-induced marginal inflammation 
around osseointegrated implants and ankylosed teeth. Clin Oral Implants Res 1993;4:12–22.

  23. Sbordone L, Barone A, Ramaglia L, Ciaglia RN, Iacono VJ. Antimicrobial susceptibility of periodontopathic 
bacteria associated with failing implants. J Periodontol 1995;66:69–74.

  24. Becker W, Becker BE, Newman MG, Nyman S. Clinical and microbiologic findings that may contribute to 
dental implant failure. Int J Oral Maxillofac Implants 1990;5:31–38.

  25. Quirynen M, Naert I, van Steenberghe D, Teerlinck J, Dekeyser C, Theuniers G. Periodontal aspects of 
osseointegrated fixtures supporting an overdenture. A 4-year retrospective study. J Clin Periodontol 
1991;18:719–728.

  26. Ericsson I, Lekholm U. Evaluation of clinical function and marginal tissue reactions at tissue-integrated 
reconstructions. In: van Steenberghe D, Albrektsson T, Brånemark P-I, Henry PJ, Holt R, Lindén G (eds). 
Tissue Integration in Oral and Maxillofacial Reconstruction. Amsterdam: Excerpta Medica, 1986:309–319.

References 15



JOMI on CD-ROM, 1997 Vol. 12, No. 5 (611 - 620):

  27. Ericsson I, Randow K, Glantz P-O, Lindhe J, Nilner K. Clinical and radiographical features of submerged and 
nonsubmerged titanium implants. Clin Oral Implants Res 1994;5:185–189.

  28. Buser D, Weber HP, Lang NP. Tissue integration of non-submerged implants. 1-year results of a prospective 
study with 100 ITI hollow-cylinder and hollow-screw implants. Clin Oral Implants Res 1990;1:33–40.

  29. Kohri M, Cooper EP, Ferracane JL, Waite DF. Comparative study of hydroxyapatite and titanium dental 
implants in dogs. J Oral Maxillofac Surg 1990;48:1265–1273.

  30. Newman MG, Flemmig TF. Periodontal considerations of implants and implant associated microbiota. J Dent 
Educ 1988;52:737–744.

  31. Orton GS, Steele DL, Wolinsky LE. Dental professional’s role in monitoring and maintenance of 
tissue-integrated prostheses. Int J Oral Maxillofac Implants 1989;4:305–310.

  32. Gibbs CH, Hirschfeld JW, Lee JG, Low SB, Magnusson I, Thousand RR, et al. Description and clinical 
evaluation of a new computerized periodontal probe—The Florida Probe. J Clin Periodontol 1988;15:137–144.

  33. Magnusson I, Clark WB, Marks RG, Gibbs CH, Manouchehr-Pour M, Low SB. Attachment level 
measurements with a constant force electronic probe. J Clin Periodontol 1988;15:185–188.

  34. Magnusson I, Fuller WW, Heins PJ, Rau CF, Gibbs CH, Marks RG, Clark WB. Correlation between electronic 
and visual readings of pocket depths with a newly developed constant force probe. J Clin Periodontol 
1988;15:180–184.

  35. Marks RG, Low SB, Taylor M, Baggs R, Magnusson I, Clark WB. Reproducibility of attachment level 
measurements with two models of the Florida Probe. J Clin Periodontol 1991;18:780–784.

  36. Clark WB, Yang MCK, Magnusson I. Measuring clinical attachment: Reproducibility to relative measurements 
with an electronic probe. J Periodontol 1992;63:831–838.

  37. Clark WB, Magnusson I, Namgung YY, Yang MCK. The strategy and advantage in use of an electronic probe 
for attachment measurement. Adv Dent Res 1993;7:152–157.

  38. Johnson BW. HA-coated dental implants: Long-term consequences. J Calif Dent Assoc 1992;20:33–41.

  39. Kirsch A. Solutions for specific soft tissue situations. Int J Oral Maxillofac Implants 1994;9(suppl):30–38.

References 16


