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Cement-retained Single-implant Restorations - A Comparative
Study
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ABSTRACT
Background: Single-tooth implant restorations have become
an indispensable part of prosthodontic rehabilitation of partially edentulous patients. The prostheses can be secured to
implants either with screws or through cementation. There is
no consensus on the superiority of one method over the other.
Objective: The present study was an attempt to compare
and evaluate screw-retained and cement-retained prostheses for biological and prosthetic complications for a period of
6 months using a split-mouth design.
Materials and Methods: The study was conducted on
14 patients (5 males and 9 females) with bilaterally missing mandibular first molars and the mean age was 28.3 ±
8.827 years (range - 18 and 45 years). Fourteen patients with
the mean age of 28.3 ± 8.827 years (range - 18 and 45 years)
with bilaterally missing mandibular first molars were selected.
Twenty-eight implants were placed one on either side of the
arch and on to which either screw- (Group I) or cement-retained (Group II) crowns were given randomly. The patients
were evaluated clinically and radiographically for prosthetic
and biological complications for 6 months.
Results: There was no statistically significant difference
between the mean values of the two groups (P > 0.05) with
respect to peri-implant marginal bone levels or peri-implant
soft-tissue changes during the study period.
Conclusion: There was no evidence that one method of
retention was clinically or biologically superior to the other
during the 6-month follow-up period. The choice of cement-retained versus screw-retained implant restoration is based on
their specific indications for the clinical situation.
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INTRODUCTION
Single-tooth implant restorations have become an indispensable part of prosthodontic rehabilitation of partially
edentulous patients. The prostheses can be secured to
implants either with screws or through cementation.[1,2]
The choice of retention in implant-supported prosthetic
restorations has an effect on the final occlusal design[3]
and is a complex decision involving many points of consideration. The 5-year survival rates of cemented- and
screw-retained restorations are 96.03% and 95.55%,
respectively.[4] A fastening screw provides the sturdy
joint between the restoration and the abutment in
screw-retained restorations. The main advantage of
screw-retained implant restorations is retrievability,
which is convenient in situations such as screw loosening or fracture, hygiene, or modification of the prostheses.[5] Moreover, in clinical situations with reduced
interocclusal gap, a screw-retained implant restoration
is the natural choice. The major pitfalls of screw-retained restorations are lack of versatility in design and
suffer from inherent mechanical complications such as
screw loosening and fractures.[6,7] The presence of an
occlusal channel for screw access breaks the porcelain
continuity[8,9] and diminishes the fracture resistance of
the porcelain.[10]
Cement-retained implant restorations use cement
(definitive or provisional) for retaining the crown portion to the abutment. Their advantages include good
esthetics, good occlusion, simplicity of the technique[11,12]
and a more passive fit compared to screw-retained.[13,14]
It has also been suggested that the intervening cement
film can act as a shock absorber and helps to transfer
occlusal load down the crown-abutment-implant system.[15] The main drawbacks of cement-retained restorations are difficulty of retrievability when subsequent
prosthetic and peri-implant tissue management are
necessary. Moreover, there is a risk for remnant cement
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entrapment resulting peri-implant inflammation and
marginal bone loss (MBL).[16-19]
The two possible problems that can emerge from the
misfit between implant and prosthesis are biological and
prosthetic. Biological complications are due to excessive load transfer (to implant-bone interface), peri-implantitis with subsequent bone loss and microbial
growth at the microgap between the abutment and the
implant.[20,21] The prosthetic complications occur due to
abutment screw loosening or fracture[22,23] and ceramic
chipping. To date, there have been few randomized
split-mouth studies of these two types of implant-supported single tooth restorations. The present study was
an attempt to compare and evaluate screw-retained and
cement-retained prostheses for biological and prosthetic
complications for 6 months of functional loading.

surgical procedures were performed by the same prosthodontist under local anesthesia (2% lignocaine with
1:200000 adrenaline). Both right and left implants (Adin
ToragueTM-S, Adin Implant Systems Ltd.) were placed
with cover screws in the first surgical procedure. After
a healing period of 4 months, the second-stage surgery
was performed. The cover screw was removed and a
healing cap was then screwed into place [Figure 2 - healing caps in place]. After 3 weeks, the healing abutment
was removed under topical anesthesia and the transfer
copings were screwed into the implant. The impression was made with a polyvinyl siloxane material using

MATERIALS AND METHODS
The study was conducted on 14 patients (5 males
and 9 females) with bilaterally missing mandibular
first molars and the mean age was 28.3 ± 8.827 years
(range - 18 and 45 years). Twenty-eight implants were
placed - one on either side of the arch and restored with
screw (Group I) as well as cement-retained (Group II)
prostheses.
The inclusion criteria were (a) patients with bilateral
single edentulous space in mandible having opposing
and adjacent teeth [Figure 1 - pre-operative view] and
who reported for implant restorations, (b) sufficient
bone volume at the implant site, (c) patients with good
oral hygiene status as determined by the simplified oral
hygiene index.[24] The exclusion criteria included were
(a) chronic smokers; (b) patients with severe clenching
habit, bruxism, or other parafunctional habits; and (c)
patients with systemic diseases. The study was performed in accordance with the principles stated in the
Declaration of Helsinki. At the baseline visit, the patients
were informed that their data would be used for statistical analysis. Institutional Ethical Committee approval
and informed consent were obtained before beginning
of the study.
All implants were placed using two-stage surgical technique with the help of a surgical template and
standard precautions in health care (WHO 2007) were
strictly adhered in all the surgical procedures. In each
patient, the edentulous sites (left or right) were randomly selected to receive screw-retained or cemented-retained implant prosthesis. Soft-tissue thickness,
bone width, and the bone contour were evaluated by
ridge mapping as described by Wilson 1989.[25] Care
was taken to preserve 1 mm of buccal and lingual cortical bone for preventing gingival recession in future. All

Figure 1: Pre-Operative View

Figure 2: Implant with healing cap

Figure 3: Bilateral Screw-retained & Cement retained Implants
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open tray impression technique. The impression was
disinfected and an implant analog was positioned over
the transfer coping and the cast was poured.
• Group I: A castable plastic abutment (TitanFitTM) was
used for the fabrication of screw-retained implant
crown. The final screw-retained single-implant restoration was tightened into place using torque wrench
with an insertion torque of 20 Ncm [Figure 3 - Screw
- and Cement-retained implants in place].
• Group II: The straight abutment provided by the
manufacturer was modified accordingly and the
final prostheses were cemented over the abutment using non-eugenol temporary cement (GC
FREEGENOL™) [Figure 3].
In all cases, the abutment screw was retightened after
15 min to counter the embedment relaxation. An intraoral periapical radiograph parallel to the long axis of the
implant was taken to assess the fit of the prostheses.

Follow-up Evaluation
A follow-up evaluation program was done for 6 months
and the following clinical variables were collected.
All patients were educated to understand the relative
importance of meticulous oral hygiene to the success of
implant-supported restorations.

Assessment of MBL
The marginal bone height was measured in standardized
intraoral periapical radiographs taken at 0 (baseline)

and 6 months of functional loading. All radiographs
were taken using the long-cone paralleling technique
(Kodak Ekta speed film) with the film held parallel to
the long axis of the implant 9 (Rinn XCP, Dentsply).
The radiographs were then digitized with a scanner
and stored in JPEG format (300 dpi) on an 8-bit grayscale. The measurements were performed by means of
ImageJ software (National Institute of Health, USA).
The distance from the most coronal bone to implant
contact to the apex of the implant was measured on the
mesial and distal side of the digitized radiograph parallel to the implant axis [Figure 4 - distance measured on
radiograph]. The distance was calculated in pixels and
calibrated to millimeters with the help of the known
length of the implant. Deducting marginal bone level at
6 months from the bone level at 0 months (baseline) of
functional loading gave the bone loss in millimeter on
mesial and distal aspects of the implant. All measurements were repeated three times and mean was taken.

Peri-implant Soft-tissue Parameters
The peri-implant soft tissue was assessed and
recorded in every follow-up visit. Modified plaque
index (mPlI) of Mombelli et al. 1987[26] was used to
assess plaque accumulation and gingival health was
recorded using gingival index.[27] Probing pocket
depth was measured from the marginal gingiva without the prostheses in place. A traditional periodontal
probe was used to record the length from the gingival

Figure 4: MBL assessment by ImageJ Software
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margin to the head of the implant parallel to the long
axis of the implant.

Abutment Screw Loosening
The screw loosening was evaluated for two groups
using a rating scale in accordance with the California
Dental Association’s (CDA) quality evaluation system.[28] Screw loosening rated into four rates (R, S, T,
and V; from so loosening to extreme, respectively).
R and S ratings were considered “satisfactory,” while
T and V ratings were considered “not acceptable.” A
brief summary of the CDA rating system used is given
in Table 1.

Statistical Analysis
Data were analyzed using the Statistical Package for
the Social Sciences (SPSS), v16.0 (SPSS Inc., Chicago,
IL, USA). Data were expressed in its mean, median,
and standard deviation and a two-tailed P < 0.05 was
taken as the level of significance. Parametric bivariate
data such as probing depth and bone loss were compared by Student’s t-test and non-parametric bivariate data such as screw loosening, plaque index, and
gingival index were analyzed using Mann–Whitney
U-test.

RESULTS

Figure 5: Comparison of marginal bone loss at 6 months

The mean age of the included patients was 28.29 ±
8.827 years (range 18–45 years). The MBL was calculated and compared at 6 months of functional loading
for cement-retained and screw-retained single-implant
restorations and the results are given in Table 2 and
graphical representation in Figure 5. No statistically
significant difference could be found between the two
groups during the study period. When the two groups
were compared for abutment screw loosening and
peri-implant soft-tissue parameters, no significant difference could be found between the means [Table 3].

DISCUSSION
The fundamental aim of the present study was whether
to select a screw-retained or a cement-retained restoration to provide long-term function of a single-implant
restoration. The present study provides results of treatment of 28 implants used for single-tooth implant restorations retained either with screw or cement. The comparison of these two types of restorations with respect to
peri-implant marginal bone levels, peri-implant soft-tissue parameters, and screw loosening did not reveal any
clinically significant outcome at the end of the evaluation period.

Advantages and Disadvantages of Split-mouth
Design
A major advantage of split-mouth study design is the
smaller sample size required compared with a parallel-group design. In split-mouth design, each patient
acts as his/her own control, resulting in the removal
of between-patient variability and increased study
power.[29] When all other variables are equal, the sample
size for a split-mouth randomized controlled trial (RCT)
us approximately half that of a parallel RCT.[30] Carryacross effects and post-randomization bias are likely to
invalidate split-mouth trials. If a participant withdraws
from the trial, the information from both or all interventions is lost.

Table 1: Modified CDA quality evaluation system for screw loosening
Score
Satisfactory
0
1
Non‑satisfactory
2

3

Rating scale

Criteria

R “Romeo”

No Loosening

S “Sierra”

Slight loosening

T “Tango”

Obvious loosening

V “Victor”

Extreme loosening

Individual screw is absolutely impossible to tighten
manually with a screwdriver
Screw is not obviously loose, but it is clearly possible
to increase the strain against continuous resistance
Screw can easily be rotated up to half a turn without
obvious resistance, but friction can be continuously
felt during tightening
Screw has to be rotated before reaching friction. No
resistance can be felt at applied manual torque

CDA: California Dental Association
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Cement-retained versus Screw-retained
Cement-retained implant restorations have the advantages such as better esthetics, good occlusion, simplicity
of fabrication, passive framework, and reduced cost of
components.[2,17,31] The major pitfall of cement-retained
restorations is its irretrievability. Breeding et al. suggested that using provisional luting cement, the retrievability can be achieved in cement-retained implants,[19]
but provisional cement can resolve over time and microleakage can develop. Definitive cement is not advocated
for implant retention, for they are too retentive for
retrievability.[32] Wilson et al. found that about 81% of
the cement-retained implant prostheses with signs of
peri-implantitis had residual cement. Wittneben et al.
2017 in a systematic review concluded that cement-retained implants restorations are preferred in situations
(a) where implants are inclined, (b) short-span prostheses with margins at or above the mucosa level, (c) where
an easier control of occlusion is necessary, and (d) prostheses with narrow-diameter crowns.
Screw-retained implant restorations have the major
advantage of predictable retrievability. According to
Hebel and Gajjar, increased implant survival rates in
the last decade have made the once centrally important
issue of retrievability less significant.[2] Implant survival/failure and prosthetic failure are two aspects of
the dental implant-prosthetic system complications, and
both are interrelated, but retrievability is directly related
to prosthetic aspect. Screw retention often demands
accurate placement of the implant for central location of
the screw access hole. The presence of an access opening for screw can weaken the porcelain and can result
in unstable occlusal contacts. However, screw-retained
Table 2: Mean marginal bone loss (mm) at 6 months of
functional loading
Parameter
Mesial
Distal

Group
Cement
Screw
Cement
Screw

Mean±SD
0.43
0.24
0.35
0.18
0.41
0.18
0.44
0.18

t value
−1.002

P value
>0.05

0.488

>0.05

SD: Standard deviation

implant restorations remain the design of choice in situations with limited intermaxillary clearance (minimum
4 mm).[3,33] They are also indicated for elderly and special needs patients, due to their retrievability[34] and
implant-supported provisional restorations because of
it.[35]
Sailer et al. 2012 reported that MBL >2 mm occurred
more frequently at cemented crowns (5-year incidence:
2.8%) than at screw-retained crowns (5-year incidence:
0%), whereas screw-retained restorations exhibited
more technical complications.[36] Wittneben et al. 2014
in a systematic review found screw-retained prostheses shown fewer technical and biological complications
and “loosening of abutment” was more frequent with
cemented reconstructions.[4] Millen et al. recommended
a preference toward screw retention of implant-supported fixed dental prostheses due to the risks associated with cemented prostheses and the limited options
for interventions after definitive cementation.[37]

Biological Complications
Periodontal indices such as plaque index,[38] gingival
index[39] and sulcular bleeding index,[39] are not strictly
applicable to the peri-implant tissue features. Mombelli
et al. gave mPlI and modified sulcus bleeding index for
peri-implant soft tissue application.[26] Probing depth in
relation to implant shoulder is an important and reliable clinical parameter assessed during the follow-up
of implant restorations. There is no scientific evidence
for the concern that peri-implant probing may endanger implant soft-tissue seal. Successful implants usually
show a probing depth of approximately 3 mm.[40] Pocket
probing depth ≤5 mm and bleeding on probing were
considered as threshold criteria for implant-prosthesis
success in some studies.[41]

Screw Loosening
A successful joint between implant and abutment is
the most important prerequisite for the appropriate
functioning and stability of implant restoration. In
all implant-supported restorations, it is preferable to

Table 3: Intergroup comparison of clinical parameters at 6 months of functional loading
Parameter
Screw loosening
Modified plaque index
Gingival index
Probing depth

Group
Cement
Screw
Cement
Screw
Cement
Screw
Cement
Screw

Mean
0.79
0.57
1.13
1.02
1.13
1.04
1.57
1.48

Median
1.00
0.50
1.00
1.00
1.00
1.00
1.63
1.50

±SD
0.58
0.65
0.16
0.07
0.16
0.09
0.28
0.25

Mann–Whitney U value
78.5.000

P value
>0.05

62.500

>0.05

69.000

>0.05

t‑value 0.717*

>0.05

SD: Standard deviation
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generate axial loading over the prosthetic head of the
implant and offset loading may lead to screw loosening and breakage.[42,43] Screw loosening is more likely
in single-tooth restorations and can often be related to
excessive loading. Moreover, comparing screw loosening in single-tooth implant restorations with long/short
span prostheses can be misleading because the biomechanics of occlusal loading are different in both systems.
Goodacre et al. in a systematic review detected abutment
screw loosening in 6% of the prostheses.[44] Palmer et al.
observed no screw loosing in a 5-year prospective study
of Astra single-tooth implants.[45] Priest et al. noticed 8%
screw loosening in a 10-year-old survival study of single-tooth implant restorations. The screw loosening can
lead to screw fracture and dislodgment of the prosthesis. Retightening the screws after 10 min of initial torque
application, thereby preventing the settling effect and
preload has been advocated.[46,47] Abutment screw loosening can be greatly reduced, if screws are retightened
after 10 min.

MBL
MBL around implants could endanger implant life
and most implants demonstrate initial bone loss “to
the first thread.”[48] This “standard MBL” stabilizes at
approximately 12 months. Six etiologic factors have
been hypothesized for MBL, including surgical trauma,
occlusal overload, peri-implantitis, microgap, biologic width, and implant crest module.[49] Immobility,
absence of peri-implant radiolucencies, absence of pain,
absence of infections, and <0.2mm vertical bone loss per
year (after the 1st year) were the criteria put forward
by Albrektsson et al. evaluate implant success.[50] An
implant is considered radiographically successful when
MBL was <0.2 mm/year (starting from the 1st year).[51]
In the present split-mouth study, no significant difference could be found with respect to MBL, peri-implant probing depth, mPlI, gingival index, and screw
loosening. All patients maintained high level of oral
hygiene throughout the study period, probably due to
patient education about the importance of longevity of
implant-supported restorations and oral hygiene. The
choice of retention type (cement- or screw-retained)
in single-tooth implant-supported prostheses is based
on esthetics, occlusion, inclination of implants, and
personal preference and training. The present study is
in conformity with Vigolo et al. who found no significant differences between the two types of retention
with respect to peri-implant marginal bone levels and
soft-tissue parameters in a 4-year clinical prospective
study. Even though the present study was a longitudinal
one, to fully understand the time–space relationships as

they affect an individual case, there is a need for comprehensive study using a larger sample and long-term
follow-up.

CONCLUSION
The prosthetic and biological complications of
screw- and cement-retained implant restorations were
studied prospectively for 6 months functional loading
period, in 28 single-tooth implant-supported prostheses, in a split-mouth design. The mean age of the samples was 28.3 ± 8.827 years. In all cases, the patients
maintained extremely high oral hygiene level and the
implants were placed perpendicular to the occlusal
place. It can be concluded that no significant differences
existed in terms of prosthetic or biological complications
between the two groups and there was no evidence suggesting the superiority of any one method of retention.

REFERENCES
1.

Albrektsson T, Dahl E, Enbom L, Engevall S, Engquist B,
Eriksson AR, et al. Osseointegrated oral implants. A Swedish
multicenter study of 8139 consecutively inserted nobelpharma implants. J Periodontol 1988;59:287-96.
2. Hebel KS, Gajjar RC. Cement-retained versus screw-retained
implant restorations: Achieving optimal occlusion and
esthetics in implant dentistry. J Prosthet Dent 1997;77:28-35.
3. Misch CE, Bidez MW. Implant-protected occlusion: A biomechanical rationale. Compendium 1994;15:1330, 1332, 1334
passim.
4. Wittneben JG, Millen C, Brägger U. Clinical performance
of screw-versus cement-retained fixed implant-supported
reconstructions – a systematic review. Int J Oral Maxillofac
Implants 2014;29 Suppl:84-98.
5. Chiche GJ, Pinault A. Considerations for fabrication of
implant-supported posterior restorations. Int J Prosthodont
1991;4:37-44.
6. McGlumphy EA, Mendel DA, Holloway JA. Implant screw
mechanics. Dent Clin North Am 1998;42:71-89.
7. Pietrabissa R, Gionso L, Quaglini V, Di Martino E, Simion M.
An in vitro study on compensation of mismatch of screw
versus cement-retained implant supported fixed prostheses.
Clin Oral Implants Res 2000;11:448-57.
8. Torrado E, Ercoli C, Al Mardini M, Graser GN, Tallents RH,
Cordaro L, et al. A comparison of the porcelain fracture resistance of screw-retained and cement-retained implant-supported metal-ceramic crowns. J Prosthet Dent 2004;91:532-7.
9. Zarone F, Sorrentino R, Traini T, Di lorio D, Caputi S.
Fracture resistance of implant-supported screw-versus
cement-retained porcelain fused to metal single crowns:
SEM fractographic analysis. Dent Mater 2007;23:296-301.
10. Chee W, Felton DA, Johnson PF, Sullivan DY. Cemented
versus screw-retained implant prostheses: Which is better?
Int J Oral Maxillofac Implants 1999;14:137-41.
11. Cordioli G, Castagna S, Consolati E. Single-tooth implant
rehabilitation: A retrospective study of 67 implants. Int J
Prosthodont 1994;7:525-31.
12. Andersson B, Odman P, Lindvall AM, Brånemark PI.
Cemented single crowns on osseointegrated implants after

International Journal of Oral Care and Research, April-June 2018;6(2):60-66

65

Francis, et al.

13.

14.
15.
16.

17.
18.
19.

20.

21.

22.

23.

24.
25.
26.

27.

28.

29.
30.
31.

32.

33.

5 years: Results from a prospective study on cera one. Int J
Prosthodont 1998;11:212-8.
Guichet DL, Caputo AA, Choi H, Sorensen JA. Passivity
of fit and marginal opening in screw- or cement-retained
implant fixed partial denture designs. Int J Oral Maxillofac
Implants 2000;15:239-46.
Taylor TD, Agar JR. Twenty years of progress in implant
prosthodontics. J Prosthet Dent 2002;88:89-95.
Bidez MW, Misch CE. Force transfer in implant dentistry:
Basic concepts and. J Oral Implantol 1992;18:264-74.
Misch CE. Screw-retained versus cement-retained
implant-supported prostheses. Pract Periodontics Aesthet
Dent 1995;7:15-8.
Sullivan DY, Sherwood RL. Considerations for successful
single tooth implant restorations. J Esthet Dent 1993;5:118-24.
Kent DK, Koka S, Froeschle ML. Retention of cemented
implant-supported restorations. J Prosthodont 1997;6:193-6.
Breeding LC, Dixon DL, Bogacki MT, Tietge JD. Use of luting agents with an implant system: Part I. J Prosthet Dent
1992;68:737-41.
Michalakis KX, Hirayama H, Garefis PD. Cement-retained
versus screw-retained implant restorations: A critical
review. Int J Oral Maxillofac Implants 2003;18:719-28.
Gross M, Abramovich I, Weiss EI. Microleakage at the abutment-implant interface of osseointegrated implants: A comparative study. Int J Oral Maxillofac Implants 1999;14:94-100.
Jemt T, Rubenstein JE, Carlsson L, Lang BR. Measuring
fit at the implant prosthodontic interface. J Prosthet Dent
1996;75:314-25.
Riedy SJ, Lang BR, Lang BE. Fit of implant frameworks
fabricated by different techniques. J Prosthetic Dent
1997;78:596-604.
Greene JG, Vermillion JR. The simplified oral hygiene index.
J Am Dent Assoc 1964;68:7-13.
Wilson DJ. Ridge mapping for determination of alveolar
ridge width. Int J Oral Maxillofac Implants 1989;4:41-3.
Mombelli A, van Oosten MA, Schurch E Jr., Land NP.
The microbiota associated with successful or failing osseointegrated titanium implants. Oral Microbiol Immunol
1987;2:145-51.
Apse P, Zarb GA, Schmitt A, Lewis DW. The longitudinal
effectiveness of osseointegrated dental implants. The toronto
study: Peri-implant mucosal response. Int J Periodontics
Restorative Dent 1991;11:94-111.
California Dental A. Quality Evaluation for Dental Care:
Guidelines for the Assessment of Clinical Quality and
Professional Performance. Los Angeles: California Dental
Association; 1977. p. 71.
Pandis N. Sample calculation for split-mouth designs. Am J
Orthod Dentofacial Orthop 2012;141:818-9.
Hujoel PP, DeRouen TA. Validity issues in split-mouth trials. J Clin Periodontol 1992;19:625-7.
Keith SE, Miller BH, Woody RD, Higginbottom FL. Marginal
discrepancy of screw-retained and cemented metal-ceramic crowns on implants abutments. Int J Oral Maxillofac
Implants 1999;14:369-78.
Ekfeldt A, Carlsson GE, Börjesson G. Clinical evaluation
of single-tooth restorations supported by osseointegrated
implants: A retrospective study. Int J Oral Maxillofac
Implants 1994;9:179-83.
Lewis SG, Llamas D, Avera S. The UCLA abutment: A fouryear review. J Prosthet Dent 1992;67:509-15.

34. Wittneben JG, Joda T, Weber HP, Brägger U. Screw
retained vs. Cement retained implant-supported fixed dental prosthesis. Periodontol 2000 2017;73:141-51.
35. Chee W, Jivraj S. Screw versus cemented implant-supported
restorations. Br Dent J 2006;201:501-7.
36. Sailer I, Mühlemann S, Zwahlen M, Hämmerle CH,
Schneider D. Cemented and screw-retained implant reconstructions: A systematic review of the survival and complication rates. Clin Oral Implants Res 2012;23 Suppl 6:163-201.
37. Millen C, Brägger U, Wittneben JG. Influence of prosthesis
type and retention mechanism on complications with fixed
implant-supported prostheses: A systematic review applying multivariate analyses. Int J Oral Maxillofac Implants
2015;30:110-24.
38. Silness J, Loe H. Periodontal disease in pregnancy. II. correlation between oral hygiene and periodontal condtion.
Acta Odontol Scand 1964;22:121-35.
39. Loe H, Silness J. Periodontal disease in pregnancy. I. prevalence and severity. Acta Odontol Scand 1963;21:533-51.
40. Cochran DL, Hermann JS, Schenk RK, Higginbottom FL,
Buser D. Biologic width around titanium implants. A histometric analysis of the implanto-gingival junction around
unloaded and loaded nonsubmerged implants in the canine
mandible. J Periodontol 1997;68:186-98.
41. Karoussis IK, Brägger U, Salvi GE, Bürgin W, Lang NP. Effect
of implant design on survival and success rates of titanium
oral implants: A 10-year prospective cohort study of the ITI
dental implant system. Clin Oral Implants Res 2004;15:8-17.
42. Kallus T, Bessing C. Loose gold screws frequently occur
in full-arch fixed prostheses supported by osseointegrated
implants after 5 years. Int J Oral Maxillofac Implants
1994;9:169-78.
43. Celletti R, Pameijer CH, Bracchetti G, Donath K, Persichetti G,
Visani I, et al. Histologic evaluation of osseointegrated
implants restored in nonaxial functional occlusion with
preangled abutments. Int J Periodontics Restorative Dent
1995;15:562-73.
44. Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JY. Clinical
complications with implants and implant prostheses.
J Prosthet Dent 2003;90:121-32.
45. Palmer RM, Palmer PJ, Smith BJ. A 5-year prospective
study of astra single tooth implants. Clin Oral Implants Res
2000;11:179-82.
46. Breeding LC, Dixon DL, Nelson EW, Tietge JD. Torque
required to loosen single-tooth implant abutment screws
before and after simulated function. Int J Prosthodont
1993;6:435-9.
47. Siamos G, Winkler S, Boberick KG. Relationship between
implant preload and screw loosening on implant-supported
prostheses. J Oral Implantol 2002;28:67-73.
48. Jung YC, Han CH, Lee KW. A 1-year radiographic evaluation of marginal bone around dental implants. Int J Oral
Maxillofac Implants 1996;11:811-8.
49. Oh TJ, Yoon J, Misch CE, Wang HL. The causes of
early implant bone loss: Myth or science? J Periodontol
2002;73:322-33.
50. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The
long-term efficacy of currently used dental implants:
A review and proposed criteria of success. Int J Oral
Maxillofac Implants 1986;1:11-25.
51. Smith DE, Zarb GA. Criteria for success of osseointegrated
endosseous implants. J Prosthet Dent 1989;62:567-72.

International Journal of Oral Care and Research, April-June 2018;6(2):60-66

66

