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KEYWORDS Abstract Objectives: Around dental implants exists a “biologic width” of few millimeters that
Implant; have to be preserved in order to not have adverse effect on soft and hard tissues around implant.
Tooth; Because the minimum distance between adjacent implants has not been determined yet, we there-
Width; fore, decided to perform a retrospective study on a series of spiral family implants (SFIs) to verify
Resorption; the minimum inter-implants’ distance that has an impact on crestal bone resorption.

Biology Materials and Methods: Fifty-nine implants were investigated with a mean follow-up of 14 months.

Implant diameter was 3.75, 4.2, 5 and 6 mm in 11 (18.6%), 29 (49.2%), 17 (28.8%) and 2 (3.4%)
SFIs. Implant length was shorter than 13 mm, equal to 13 mm and 16 mm in 23 (39%), 23
(39%) and 13 (22%) SFIs. Implants were inserted to replace 13 incisors (22%), 7 cuspids
(11.9%), 30 premolars (50.8%) and 9 molars (15.3%). Twenty-seven fixtures were inserted in
post-extractive sockets and the remaining 32 in healed bone; 36 (61%) were immediately loaded.
In addition to the above mentioned implant-related factors, several host- and surgery-factors were
investigated. Independent samples T-test, univariate and multivariate analysis were used to detect
those variables associated with the clinical outcome.
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Results: Data were evaluated with a two steps statistical analysis (i.e. univariate and multivariate)
after having grouped implants in two series: those with an implant-implant distance less of 1.8 mm
and those with an implant-implants distance greater than 1.8 mm. In univariate analysis, post-
extractive implants and number of prosthetic units were statistically significant. In multivariate
analysis, only post-extractive implants have a significant adverse effect on crestal bone resorption.
Conclusions: Adjacent implants inserted with a distance lower and higher than 1.8 mm have differ-
ence in crestal bone resorption but this difference is not statistically significant in a short period fol-
low up. This could due to the specific implant used that has a reverse conical neck. No statistical
difference was detected between implant subtypes. Post-extractive implant insertion is the major
determinant in terms of peri-implant bone resorption in a short period follow-up.

© 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

The phenomenon of the establishment of a zone of ““biological
width” has been a challenging and demanding procedure for
many years. In its most simplified form, biological width refers
to the height of the junctional epithelium and connective tissue
attachment, located between the base of the sulcus and the alve-
olar bone crest, and it is defined as the distance necessary for a
healthy existence of bone and soft tissue from the most apical ex-
tent of a dental restoration (Abdulazizal et al., 2005; Berglundh
and Lindhe, 1996; Listgarten et al., 1991; Berglundh et al., 1991;
Schroeder et al., 1981; Grunder, 2000; Choquet et al., 2001).

Because the bone crest constitutes the base for the soft tis-
sue, alterations in the peri-implant bone level will affect the po-
sition of the soft tissue margin, which in turn will have a
significant impact on the aesthetic outcome of the implant
therapy (Cardaropoli et al., 2003). The consequences of in-
creased loss of peri-implant bone support have been reported
with decreasing distance between the implant and the tooth
(Esposito et al., 1993). Furthermore based on the finding that
the bone crest was more apically located at sites with <3 mm
inter-implant distance than at sites where the implants were
standing >3 mm apart, Tarnow et al. (2000) suggested that
not only vertical bone loss but also lateral bone loss at im-
plants could have an effect on the level of the bone crest be-
tween two implants.

The bony support between a tooth and an implant or be-
tween two implants has been shown to be an important criterion
in creating or preserving the papilla (Choquet et al., 2001; Hart-
man and Cochran, 2004). For example, when the measurement
from the interproximal coronal contact point to the crest of
bone is 5 mm or less, the papilla is present almost 100% of
the time (Garber et al., 2001). Tarnow et al., (1992) reported a
mean papillary height between two adjacent implants as
3.4 mm. One difficulty in maintaining or re-forming a papilla
between two implants is that the biological width around an im-
plant usually is located apical to the implant abutment connec-
tion. In the aesthetic zone, the distance from alveolar crest to the
adjacent tooth cementoenamel junction should be 3-5 mm to
achieve ideal implant localization (Tarnow et al., 2003) and
appropriate space for the peri-implant sulcus to form.

A spiral implant is a conical internal helix implant with a var-
iable thread design which confers the characteristic of self dril-
ling, self tapping and self bone condensing. The spiral implant
family (SIF) is composed by two types of implants, the Spiral
Implant (SPI) and the Spiral Flare Bevel (SFB). This last has a
reverse conical head that allows for an increased volume of cres-
tal bone around the implant neck. That accounts for some addi-

tional benefits such as a closer placement of adjacent implants
without compromising health tissues and aesthetic outcome.
Because the SFIs are on the market since the last 10 years
and no report is available on the effect of implants’ distance
on crestal bone resorption, we decide to perform a retrospec-
tive study on a series of SFIs to analyze their clinical outcome.

2. Material and methods
2.1. Patients

In the period between May 2004 and November 2007, 86 pa-
tients (55 females and 31 males) with a median age of 53 years
were operated and 234 spiral family implants (SFIs, 3D Alpha
Bio, Pescara, Italy) were inserted. The last check-up was per-
formed in October 2008, with a mean post loading follow-up
of 14 months.

Subjects were screened according standard inclusion crite-
ria: (Degidi et al., 2006, 2007, 2008) i.e. controlled oral hygiene
and the absence of any lesions in the oral cavity; in addition,
the patients had to agree to participate in a post-operative
check-up program.

Exclusion criteria were as follows: bruxism, smoking more
than 20 cigarettes/day, localized radiation therapy of the oral
cavity, antitumor chemotherapy, liver, blood and kidney dis-
eases, immunosuppressed patients, patients taking corticoste-
roids, pregnant women, inflammatory and autoimmune
diseases of the oral cavity, poor oral hygiene.

2.2. Data collection

Before surgery and in the follow-up period, radiographic
examinations were done with the use of orthopantomograph
and CT scans.

In each patient, peri-implant crestal bone levels were evalu-
ated by the calibrated examination of orthopantomograph X-
rays (Ortoralix SD, Gendex, Milano, Italia). A periapical
radiograph was impressed by means a customized Rinn holder
device. This device was necessary to maintain the X-ray cone
perpendicular to a film pieced parallel to the long axis of the
implant. The endoral X-rays were taken using a long X-ray
tube at 70 kW of power, and developed in acid in a dark room
according to standard procedures; they were scanned, trans-
ferred to a computer and saved in an uncompressed TIFF for-
mat for classification.

Each file was processed with the Window XP Professional
operating system using the Photoshop 7.0 (Adobe, San Jose,
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CA), and shown on a 17" SXGA TFT LCD display with a
NVIDIA GE Force FX GO 5600, 64 MB video card (Acer As-
pire 1703 SM-2.6). Each image was modified using the fit-on-
screen function (maximized screen) and the necessary adjust-
ments in contrast, brightness and magnification were made.
The measurements were taken at the highest level of resolution
possible through the “‘grid and ruler” program options using
various metric scales. Knowing the known dimensions of the
implant and having located various points of reference on
the profiles of the X-rayed fixtures (edge of the platform, bone
crestal level, total length of the implant), it was possible to take
linear measurements on the computer and thus execute a pro-
portional metric calculation comparing the known dimensions
of the implant’s geometric design with those of the examined
X-ray images. This made it possible to establish the distance
from the mesial and distal edges of the implant platform to
the point of bone-implant contact plus the visible crown (ex-
pressed in tenths of a millimeter) as an expression of marginal
bone resorption. The proportional calculation of the measure-
ments also made it possible to establish, where present, any
distortion in the X-ray images for further screening, thereby
reducing the margin of error of the analysis to a minimum.

Measurements were recorded before surgery, after surgery
and at the end of the follow-up period. The measurements
were carried out mesially and distally to each implant, calculat-
ing the distance between the implant abutment junction and
the bone crestal level. The X-rays was calibrated by using an
internal standard that was the implant’ length. The bone level
recorded just after the surgical insertion of the implant was the
reference point for the following measurements. The measure-
ment was rounded off to the nearest 0.1 mm.

In addition, following parameters were considered: absence
of persisting pain or dysesthesia, absence of peri-implant infec-
tion with suppuration, absence of mobility, and absence of
persisting peri-implant bone resorption greater than 1.5 mm
during the first year of loading and 0.2 mm/years during the
following years (Albrektsson and Zarb, 1998).

2.3. Implants

A total of 234 SFIs were inserted: among them 59 were adja-
cent, 37 (62.7%) inserted in female and 22 in males (37.3%),
and therefore, were considered in this retrospective study. Pa-
tient” median age was 55 £ 14 years (min—max 26-80 years)
and average crestal bone resorption was 1.7 = 0.8 mm (min—
max 0-3.6 mm). The mean follow-up was 14 months. Fourteen
SPI and 45 SFB were inserted, 22 (37.3%) in the mandible and
37 (62.7%) in the maxilla.

Implant diameter was 3.75, 4.2, 5 and 6 in 11 (18.6%), 29
(49.2%), 17 (28.8%) and 2 (3.4%) SFIs, respectively. Implant
length was less than 13, 13 and 16 mm in 23 (39%), 23 (39%)
and 13 (22%) SFTs, respectively. Implants were inserted to re-
place 13 incisors (22%), 7 cuspids (11.9%), 30 premolars
(50.8%) and 9 molars (15.3%). Twenty-seven fixtures were in-
serted in post-extractive sockets and the remaining 32 in healed
bone; 36 (61%) were immediately loaded.

2.4. Surgical and prosthetic technique
All patients underwent the same surgical protocol. An antimi-

crobial prophylaxis was administered with 500 mg Amoxycillin
twice daily for 5 days starting 1 h before surgery. Local anes-

thesia was induced by infiltration with articaine/epinephrine
and post-surgical analgesic treatment was performed with
100 mg Nimesulid twice daily for 3 days. Oral hygiene instruc-
tions were provided.

After making a crestal incision a mucoperiosteal flap ele-
vated. In several cases a mucotomy was performed. Implants
were inserted according to the procedures recommended. The
implant platform was positioned at the alveolar crest level. Su-
tures, if used, were removed 14 days after surgery. In case of
delayed loading the provisional prosthesis was provided after
24 weeks from implant insertion and in all cases the final res-
toration was usually delivered within an additional 8 weeks.
The number of prosthetic units (i.e. N.P.U. = implant/crown
ratio) was about 0.86. Sixteen (27.1%) implants were inserted
in patients with totally edentulous jaw. The antagonists were
natural teeth and prosthetic crowns in 29 (49.2%) and 30
(50.8%) cases, respectively. Implants carried fixed restoration
in all cases. All patients were included in a strict hygiene
recall.

2.5. Statistical analysis

Independent samples T-test was used to detect if any statistical
difference exists between two groups: fixtures with good clini-
cal outcome and “failed” implants (i.e. those with peri-implant
bone resorption greater than 1.5 mm during the first year of
loading and 0.2 mm/years during the following years).

In addition univariate (i.e. Log rank test) (Dawson-Saun-
ders and Trapp, 1994) and multivariate analyses (i.e. Cox algo-
rithm) (Cox and Oakes, 1984) were used to detect those
variables which have an impact on crestal bone resorption.

3. Results

Since there is a general agreement that the absence of persist-
ing peri-implant bone resorption greater than 1.5 mm during
the first year of loading and 0.2 mm/years during the following
years (Albrektsson and Zarb, 1998) are related to a good clin-
ical outcome, we detected two groups of implants: 27 implants
had good clinical outcome (peri-implant crestal bone resorp-
tion 1.77 £ 0.32 mm) whereas 32 failed (1.81 £ 0.27 mm).
Independent samples T-test did not detect any statistical differ-
ence (p = 0.411) between two groups.

Then we match the two groups against several variables:
implant length (lower, equal or higher than 13 mm), diameter
(3.75, 4.2, 5 and 6) and subtype (SFB and SPI); age and gender
of patients; upper/lower jaw, site (incisors, canine, premolars
and molars) and post-extractive/healed bone; type of prosthe-
sis (removable vs. fixed), N.P.U. (divided as N.P.U. = 1,
0.5 < N.P.U. <1, N.P.U. <0.5), type of edentulism (total
vs. partial), and type of antagonist element (prosthetic vs. nat-
ural tooth).

In univariate analysis (i.e. an analysis where each single var-
iable is compared with the two groups of implants — with low
and high bone resorption), post-extractive implants and
N.P.U. were statistically significant (see Table 1, Kaplan—-Me-
ier algorithm, Log rank = 8.23 df =1 p = .0041 and Log
rank = 19.92 df = 3 p = .0002).

In multivariate analysis (i.c. an analysis were all variables
which have passed the previous test are compared with the
two groups of implants — with low and high bone resorption),
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Table 1 Univariate analysis: post-extractive implants and
N.P.U. have a significant p value.

Variable Log rank  Degree of freedom Significance
Implant length 5.61 2 .0606
Implant diameter 6.81 3 .0781
Implant type 0.96 1 .3266
Maxilla/mandible  0.35 1 .5521
Implant site 9.15 3 .0274
Post-extractive 8.23 1 .0041
N.P.U. 19.92 3 .0002
Edentulness 0.07 1 7864
Antagonist 1.01 1 .3160

Table 2 Multivariate analysis.

Variable Significance p value
Age .3030
Gender .8067
Post-extractive .0140
N.P.U. 7631

only post-extractive implants have a significant adverse effect
on crestal bone resorption (Table 2, Cox regression).

4. Discussion

Around dental implants exists a “‘biologic width”. This bio-
logic width will form at implant placement and is not corre-
lated to implant loading (Vaillancourt et al., 1995, 1996). It
has been hypothesized that a certain width of the peri-implant
mucosa is required to enable a proper epithelial-connective tis-
sue attachment and, if this soft tissue dimension is not satis-
fied, bone resorption will occur to ensure the establishment
of attachment with an appropriate biological width (Tarnow
et al., 2000). Biological width is a physiologically formed and
stable dimension as is found around teeth (Berglundh and
Lindhe, 1996; Abrahamsson et al., 1996) and represents the
distance necessary for a healthy existence of bone and soft tis-
sue from the most apical extent of a dental restoration (Abdu-
lazizal et al., 2005).

Our data do not detect significant statistical difference in
crestal bone resorption over time between fixtures inserted at
lower or higher distance than 1.8 mm. This fact could be due
to the implant type: in fact the SFB has a reverse conical head
that allows for an increased volume of crestal bone around the
implant neck. That accounts for some additional benefits such
as a closer placement of adjacent implants without compromis-
ing health tissues and aesthetic outcome. This results are differ-
ent to those previously reported by Saadoun et al., which
recommended to keep a distance of 2 mm between cervical im-
plant face and natural tooth and greater than 3 mm cervical
distance between two implants to minimize the amount of cres-
tal bone loss (> 1.5 mm), better soft tissue fill and proper pa-
pilla bone support (Saadoun and LeGall, 1992; Buser et al.,
2004). If this distance is compromised there is a greater prob-
ability of resorption of interproximal alveolar crest to the level
of implants.

An additional reason for alveolar crest bone resorption be-
tween implants could be microgap between implant and abut-

ment. Hermann et al. (2000) reported that their results clearly
show that bone loss resulted from the creation of a microgap.
The crestal bone will resorb and create a distance from the bac-
teria eventually present in the microgap. Callan et al. (1998)
found that approximately 4.2 years after prosthetic restora-
tion, bone loss of more than 3 mm was observed in implants
of different types where the microgap was located in a subgin-
gival position, whereas completely different results were ob-
tained when the location of the microgap was at or above
the gingival margin. In previous studies, the epithelial attach-
ment was more apical and always located below the microgap
in submerged implants (Cochran et al., 1997, Weber et al.,
1996). The epithelium could migrate beyond the bacteria and
the microgap in an attempt to isolate the infection. This signif-
icant inflammatory response of the soft tissues leads a prolifer-
ation of the epithelium and subsequent response to reestablish
the dimension of the biological width. These events could be
responsible for the approximately 2 mm of distance that is pre-
sented apical to the microgap (Hermann et al., 1997, 2000).
Our data demonstrated that microgap have a low impact in
our series since type of prosthetic restoration has no statistical
impact on bone resorption.

Among the other studied variables (i.e. implant length,
diameter and subtype; age and gender of patients; upper/lower
jaw, site and post-extractive/healed bone; type of prosthesis,
N.P.U., type of edentulism, and type of antagonist element),
post-extractive implants and N.P.U. were statistically signifi-
cant in univariate analysis (Table 1) whereas in multivariate
analysis, only post-extractive implants have a significant ad-
verse effect on crestal bone resorption (Table 2). This result
can be due to the short follow-up (i.e. about 1 year) where
post-surgical crestal bone remodeling effect is higher.

In conclusion, adjacent implants inserted with a distance
lower and higher than 1.8 mm have difference in crestal bone
resorption but this difference is not statistically significant in
a short period follow up. This could due to the specific implant
used that has a reverse conical neck. No statistical difference
was detected between implant subtypes. Post-extractive im-
plant insertion is the major determinant in terms of peri-im-
plant bone resorption in a short period follow-up.

Acknowledgment

This work was supported by FAR (F.C.) from the University
of Ferrara.

References

Abdulazizal, R., Wael, G., Ahmed, Z., 2005. Clinical biological width
dimension around dentition of a selected Saudi population. Pak.
Oral Dent. J. 25, 81-86.

Abrahamsson, 1., Berglundh, T., Wennstrom, J., Lindhe, J., 1996. The
peri-implant hard and soft tissues at different implant systems. A
comparative study in the dog. Clin. Oral Implants Res. 7, 212-219.

Albrektsson, T., Zarb, G.A., 1998. Determinants of correct clinical
reporting. Int. J. Prosthodont. 11, 517-521.

Berglundh, T., Lindhe, J., 1996. Dimension of the periimplant mucosa.
Biological width revisited. J. Clin. Periodontol. 23, 971-973.

Berglundh, T., Lindhe, J., Ericsson, 1., Marinello, C.P., Liljenberg, B.,
Thomsen, P., 1991. The soft tissue barrier at implants and teeth.
Clin. Oral Implants Res. 2, 81-90.



Distance between implants has a potential impact of crestal bone resorption 133

Buser, D., Martin, W., Belser, U.C., 2004. Optimizing esthetics for
implant restorations in the anterior maxilla: anatomic and surgical
considerations. Int. J. Oral Maxillofac. Implants 19, 43-61.

Callan, D.P., O’Mahony, A., Cobb, C.M., 1998. Loss of crestal bone
around dental implants: a retrospective study. Implant Dent. 7,
258-266.

Cardaropoli, G., Wennstrom, J.L., Lekholm, U., 2003. Peri-implant
bone alterations in relation to inter-unit distances. A 3-year
retrospective study. Clin. Oral Implants Res. 14, 430-436.

Choquet, V., Hermans, M., Adriaenssens, P., Daelemans, P., Tarnow,
D.P., Malevez, C., 2001. Clinical and radiographic evaluation of
the papilla level adjacent to single-tooth dental implants. A
retrospective study in the maxillary anterior region. J. Periodontol.
72, 1364-1371.

Cochran, D.L., Hermann, J.S., Schenk, R.K., Higginbottom, F.L.,
Buser, D., 1997. 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. 68, 186-198.

Cox, D.R., Oakes, D., 1984. Analysis of Survival Data. Chapman &
Hall, New York.

Dawson-Saunders, B., Trapp, R.G., 1994. Basic and Clinical Biosta-
tistics. Appleton & Lange, Norwalk.

Degidi, M., Piattelli, A., Gehrke, P., Carinci, F., 2006. Clinical
outcome of 802 immediately loaded 2-stage submerged implants
with a new grit-blasted and acid-etched surface: 12-month follow-
up. Int. J. Oral Maxillofac. Implants 21, 763-768.

Degidi, M., Piattelli, A., Carinci, F., 2007. Immediate loaded dental
implants: comparison between fixtures inserted in postextractive
and healed bone sites. J. Craniofac. Surg. 18, 965-971.

Degidi, M., Piattelli, A., Carinci, F., 2008. Clinical outcome of narrow
diameter implants: a retrospective study of 510 implants. J.
Periodontol. 79, 49-54.

Esposito, M., Ekestubbe, A., Grondahl, K., 1993. Radiological
evaluation of marginal bone loss at tooth surfaces facing single
Branemark implants. Clin. Oral Implants Res. 4, 151-157.

Garber, D.A., Salama, M.A., Salama, H., 2001. Immediate total
tooth replacement. Compend. Contin. Educ. Dent. 22, 210-216,
218.

Grunder, U., 2000. Stability of the mucosal topography around single-
tooth implants and adjacent teeth: 1-year results. Int. J. Periodon-
tics Restorative Dent. 20, 11-17.

Hartman, G.A., Cochran, D.L., 2004. Initial implant position deter-
mines the magnitude of crestal bone remodeling. J. Periodontol. 75,
572-577.

Hermann, J.S., Cochran, D.L., Nummikoski, P.V., Buser, D., 1997.
Crestal bone changes around titanium implants. A radiographic
evaluation of unloaded nonsubmerged and submerged implants in
the canine mandible. J. Periodontol. 68, 1117-1130.

Hermann, J.S., Buser, D., Schenk, R.K., Higginbottom, F.L., Coch-
ran, D.L., 2000. Biologic width around titanium implants. A
physiologically formed and stable dimension over time. Clin. Oral
Implants Res. 11, 1-11.

Hermann, J.S., Buser, D., Schenk, R.K., Cochran, D.L., 2000. Crestal
bone changes around titanium implants. A histometric evaluation
of unloaded non-submerged and submerged implants in the canine
mandible. J. Periodontol. 71, 1412-1424.

Listgarten, M.A., Lang, N.P., Schroeder, H.E., Schroeder, A., 1991.
Periodontal tissues and their counterparts around endosseous
implants. Clin. Oral Implants Res. 2, 1-19.

Saadoun, A.P., LeGall, M., 1992. Implant positioning for periodontal,
functional, and aesthetic results. Pract. Periodontics Aesthet. Dent.
4, 43-54.

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

Tarnow, D.P., Magner, A.W., Fletcher, P., 1992. The effect of the
distance from the contact point to the crest of bone on the presence
or absence of the interproximal dental papilla. J. Periodontol. 63,
995-996.

Tarnow, D.P., Cho, S.C., Wallace, S.S., 2000. The effect of inter-
implant distance on the height of inter-implant bone crest. J.
Periodontol. 71, 546-549.

Tarnow, D., Elian, N., Fletcher, P., Froum, S., Magner, A., Cho, S.C.,
Salama, M., Salama, H., Garber, D.A., 2003. Vertical distance
from the crest of bone to the height of the interproximal papilla
between adjacent implants. J. Periodontol. 74, 1785-1788.

Vaillancourt, H., Pilliar, R.M., McCammond, D., 1995. Finite element
analysis of crestal bone loss around porous-coated dental implants.
J. Appl. Biomater. 6, 267-282.

Vaillancourt, H., Pilliar, R.M., McCammond, D., 1996. Factors
affecting crestal bone loss with dental implants partially covered
with a porous coating: a finite element analysis. Int. J. Oral
Maxillofac. Implants 11, 351-359.

Weber, H.P., Buser, D., Donath, K., Fiorellini, J.P., Doppalapudi, V.,
Paquette, D.W., Williams, R.C., 1996. Comparison of healed
tissues adjacent to submerged and non-submerged unloaded
titanium dental implants. A histometric study in beagle dogs. Clin.
Oral Implants Res. 7, 11-19.



	Distance between implants has a potential impact  of crestal bone resorption
	Introduction
	Material and methods
	Patients
	Data collection
	Implants
	Surgical and prosthetic technique
	Statistical analysis

	Results
	Discussion
	Acknowledgment
	References


