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ABSTRACT

Aim: Ridge preservation is any procedure that takes place at the timesbériy after an
extractionto minimise resorption of the ridge and maximise bone ftiam within the
socket. Fhe-aim:of this project is to investigate the outcome of implant treatment following

ridge preservation and compare it to an ungrafted implant control group.

Methods and Materials Following ethics approval, an electronic and manual search of
patient records'was conducted and appropriate cases of implant placemenndodiowige
preservation procedure were identified. Forty two patients with 51 implants at ridge
preserved sites were examined by one author (PA) with the following parameters assessed at
each implant: pocket probing depth, bleeding on probing, presence/absence of plaque, and
radiographic bone loss. Clinical and radiographic findings were compared to an ungrafted

implant control.group and analysed by years in function.

Results There was a 100% survival rate of implants in ridge preserved sites. In the majority
of cases, ridge preservation was performed in the anterior maxilla with a flap raised and the
use of deproteinised bovine bone mineral and collagen membrane matdnaisiedn time

in function was31 (x24) months with a range of 2-102 months. Differences in the mean

PPD, BOP, plague index and radiographic bone loss were not statisticallicaigrietween
implants atridge preserved or ungrafted sites. The overall success rate was around 58% for
ungrafted implants and around 51% for implants in ridge preserved sites. However this

differencewvas not statistically significant.

Conclusion_In this retrospective study, implant placement at ridge preserved sites was a
predictablesprecedure that led to very high survival rates and similar success rates to implant

placement.at.ungrafted sites.

INTRODUCTION

When the decision is made to remove a tooth and replace it with an implant, a delay ma

often encountered betwetoth removal and implant placement. Timing is crucial as a loss
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in the threedimensional bone volume at the site will occur upon tooth removal, with external
resorption of the original socket walls and a varying degree of bone fill within tketsoc
(Hammerle et al. 2004 Increased delays after tooth removal also result in defect
morphologies that represent less favourable situations for implant placement with
simultaneous bony regenerati@fitzmannet al.1999. Thepresence of a sufficient volume

of healthybone at the recipient site is one of the most important prerequiseetitring

and maintaining successful osseointegration, as well as peri-implant hard ais$geft in

the longterm. Additionally, implants with missing or thin facialfeomay develop soft

tissue complications and, therefore, compromised aesthetic outcomes (Chen & Buser 2009).

Augmentation is very often needed to overcome the changes due to modelling of the alveolar
ridge following extraction (Bazrafshan & Darby 2014)isTéan be either staged or
simultaneous=Staged procedures of augmenting the alveolar process are usoatkdinali

the preseneesef'advanced bone resorption where there is insufficient bone for implant
placement. Simultaneous augmentation occurs at the time of implant placememtfidric
occurs a few'weeks pesktraction. During this period the alveolar ridge loses width and
height (Farmer & Darby 2014). Augmentation is often needed to insert implants of @dequa
dimensions or to create suitable ciiaths for an aesthetic and functional implant-supported
prosthesis. “In.situations where insufficient bone is available for implanpthérane
augmentation techniques are routinely considered. Immediate placement of am iimpla

the extraction soak, with or without grafting, will not stop modelling of the ridge and loss of
the buccal plate (Araujo & Lindhe 2005, Chen et al. 2009).

Ridge preservation is any procedure that takes place at the timesbértly following an
extraction, to minimiseesorption of the ridge and maximise bone formation within the
socket (Darbyet al.2008). Preserving the existing ridge dimensions is especially
advantageous for avoiding or minimising the volume of additional ridge augmentation prior
to subsequentimplant therapy, angasticularly valuable in situations where implant

placementneeds to Beynificantlydelayedor any reason.

Many techniques have been developed for ridge preservation, generally using a bdoe graft

fill the socket with a membrane ¢op to prevent soft tissue ingrowth. A variety of graft

materials, such as autogenous bone, allografts, xenografts, and alloplastic materials have been
reported in the literature, while most techniques attempdver the graftnaterialby using a

coronally repositioned flap, a sub-epithelial connective tissue graft, or gexoleound
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dressing/plug. The most commonly employed ridge preservation technique used a graft
placed in the extraction socket, covered by a membrane, followed by flap advancement to
achieve complete or partial primary closure (Darby e2@09). Data in the literature has
demonstrated that, although neither autogenous bone or biomaterials failed to pesvent t
normal ridge-resorption processes that occur during healing following tooth extracti
(Araujo & Lindhe 2011, Araujo et al. 2015), ridge preservati@intainedhe vast majority

of the original horizontal and vertical dimensions compared to ungrafted sites, allowing
implant placement without additional grafting at the riggeserved site@ardaropoli et al.
2012). Althouglridge preservation igenerallysuccessful in reducing the horizontal and
vertical bony loss to some degyéeere is no evidence that one ridge preservation material or
technique is more effective thany other(Darby et al. 2009, Vignoletti et al. 2012).

Many studiesshave reported on the dimensional changes following ridge preservation;
however asmere valuable outcome is the ability to place an appropriate implaatiesired
restorative’ position foong-term function. The survival rates of implants placed in ungrafted
sites is very high, frequently reported in the range of 97-100% (Albrektsson et al. 1986, Buse
et al. 1997; Lindguist et al. 1997; Leonhardt et al. 2002, Bergenblock et al. 20032nts
placed in ridge preserved sites have also reported high survival ratesandbeof 93-100%,
but over mueh,shorter observation periods limited to 12 months (Norton and Wilson 2002,
Patel etal”2013). Implant success rates are dependentaiigha that define their

success. Two studies have reported on implant success following ridge preservation in
humans, applying success criteria defined by Albrektsson et al. (1986). In sockets grafte
with bioactive'glass, Norton & Wilson (2002) shedva cumulative implant success rate of
90% at onewyearPatel et al(2013)demonstrated similar results sites ridge preservedth
either an alloplast (Straumann Bone Ceramic®) or a xenograft (BioOeg®yting implant
success ratesf 84.6% and 83.3% respectivebplthough these survival and success rates are
relatively high, there is little data on the success rates of implants placed after ridge

preservation.

Thereforethg@resent studinvestigate the survival and succesd implant treatment
following ridge,preservation at the Roya¢italHospital of MelbournéRDHM) and
comparedt to an ungrafted implant control group.

METHODS AND MATERIALS
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Ethics Approval: Ethics approval was obtained from the University of Melbourne, Health
Sciences Human Ethics S@ommittee (Ethics ID 1339456) and Dental Health Services
Victoria, Human Research Ethics Committee (Ethics ID 278).

Subject Selection and Criteria All patients treated with dental implants in RDHM over the
period 2002-201%vere identified A manual audit of these patients’ dental records was
conducted to identify implant placement following a ridge preservation procedutersLet
were sentto-allof these patients to attend for a complementary dental appointment. The
control groupsefimplants placed in ungrafted sites was the same as in the study by
Bazrafshan & Darby (2014).

Clinical and' Radiographic Examination: All examinations were conducted by the same
clinician (PA), who had been previously calibrated for pendl (periimplant) probing
technique. During each examination, the following clinical parameters were recorded for all

implants:

i) pocket probing depth (PPD), the distance in millimetres between the free gimgigan
and the base ofithe penmplantpocket;

i) bleeding'onprobing (BOP), the presence or absence of bleeding up to 30 seconds after

probing;
iii) plaque index, the presence or absence of plaque detected by the periodontal probe.

All the above ' measurements were performed at six sitesalistcal, mid-buccal, mesio-
buccal, distdingual, midlingual, mesidingual) of each implant using a Williams
periodontal probe (Hériedy, Chicago IL, USA), with all measurements rounded up to the

nearest millimetre.

A periapical radiograph of each implant was taken to measure radiographic boneukngls

a long-cone paralleling technique with a loop film holder (Rinn, Dentsply Austrgliatét

and plain film (E.speed, Eastman Kodak, Rochester NY, USA). The distance in millimetres
between the impla-abutment junction and the first clear bdaoemplant contact on both

mesial and distal surfaces was recorded (Benic et al. 2009). Where possible, this periapical
radiograph was compared to a baseline periapical radiograph (taken strarghsaften of

the implant prosthesis) to determine the amount of mesial and distal rptlicgsane loss.
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The following additional data were also recorded: age, gender, smoking statug,(pastn

or non smoker), systemic health (including diabetic statusjamhgetails (system,

connection type, diameter, length, surface), implant location (by FDI tooth number and
anterior/posterior, maxillary/mandibular), tooth extraction details (dedson), ridge
preservation-details (dateat time of tooth extractioar not, graft material, membrane use),
clinician, implant prosthesis details (restoration date, prosthesis type, time in function) and

compliance with an implant maintenance program.

Oral hygienesinstruction and supportive periodontal and peri-implant therapy was provided
after clinical examination for each patient, with additional appointments for further treatment

scheduled where indicated.

Statistical Analysis Survivalwas defined as the presence afeamtal implantn the jaw

Successvasdefined using the criteria from Karoussis et al. (2004):

Absence of mobility.

Absenceof persistent subjective complaints (pain, foreign body sensation, dysaesthesia).
No PPD >5mm.

No PPD =5mm and BOP.

Absencewef continuous radiolucency around implant.

o gk w N PE

After.the fird year of service, annual vertical bone loss did not exceed 0.2mm.

Therefore, an unsuccessful implant was one that did not fulfil any of the followingatimic
radiographic criteria: PPD >5mm, or PPD =5mm with BOP (even at one implant site), or
mesial or distal annual bone loss >0.2mm after the first year of service (however, a periapical

radiograph after one year of service was rarely available).

All statistical"data was diglentified and input into a Microsoft Excel spreadsheet (Microsoft
Corp, RedmondVA, USA). All statistical analysis was performed using Minitab software
(Minitab Inc, State College PA, USA). Statistical analysis included descriptive statistics for
all clinical and radiographic parameters assessed for each implant. Clinical axdaatuic
parameters for test (ridge preserved implants) versus control (ungrafted implants) were
compared using student tvgample #testsand Mann Whitney test for the categorical data.
The correlations between these parameters and other variablegefadg, implant details)

were also compared.

This article is protected by copyright. All rights reserved



RESULTS

Of the 400 patients initially identifieals potential ridge preservation casesanual

document audiof these clinical recordeft 70 patients who met the inclusion criteoia

having an implant placed following a ridge preservation procedure, wibht#2se patients
attending for.€linical examination. The sample consisted of 16 males and 26 females, with a
mean age of 53/(+16) years, ranging from 249qgears (Table 1). Eight patients reported

being currentssmokers and a further eleven smoked prior to implant surgery; however, due to
the low numbers, comparisons between smokers and non-smokers were not performed. Four
patients were type 2 diabeticthetime of implant surgery, while no othezlevant systemic
diseases were reported. A review of the patients’ periodontal charts prior to implant
placement showed thttreeof them had been diagnosed and treated for periodontal disease.
Fifty one dentalimplants were clinically and radiographically examined by one aitthars

(PA). Thesmean follow-up period after implant placement was 36.5 (+25.4) months, ranging
from 6 to 208 monthsThe mean time in function wal.3 ¢24.6) months, rarngg from 2

to 102 months:“None of the implants were associated with pain, suppuration, foreign body
sensation; mobility, or infectioat the time of examination.

Forty twoimplants were placed without grafting in the ungrafted control group, with a mean
time in functionof 34.8 (+24.4) months, ranging from 20 to 88 months. Twenty seven
implantswere placed following a simultaneous ridge preservation procedure at the time of
tooth extractionand twenty four placed following stagedidge preservation procedure
ranging from four to eight weeks (mean of sieeks) after tooth extractigiable 2). There

was a requirement for a mucoperiosteal flap to be raised in fifteen simultaneous and twenty
two staged ridge preservation procedures respectively (Table 2). Ridgeatieadiad

been performed following tooth extraction for a number of reasons, includitigal root
fractures, traumaelated fractures, failed RCT, unrestorable teeth, periodontitis, internal
resorptionserether/unstated reasons (Table 4). Ridge preservation mainly involvied graft
with DBBMein=either particulate form (Bi®@ss, Geistlich, Wolhusen, Switzerlarad)within

a collagen.blockBio-OssCollagen, Geistlich, Wolhusen, Switzerland)th the vast

majority covered with dioresorbable collagen membrane @ale, Geistlich, Wolhusen,
Switzerland) (Table 3).

Four dental implant systemeere identified: Straumann (Straumann AG, Basel,
Switzerland), AstraTech (Dentspiyplants, MdIndal, Sweden), Biomgit (Palm Beach
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Gardens, Florida, USA) and Nobel Biocare (Kloten, Switzejlaitie proportions of thee
implants identified by manufacturerere39%, 35%, 14%and12%respectively, with the

vast majority of implants configured with an internal connection to the restorative ahutment
Seventy eighper cent of the implantscatedin the anterior maxilla were placed after ridge
preservatiopwith 41% from asimultaneous and 84 from astagedapproachrespectively
Seventy onger cent of allmplantswere betweenr@mand 12mmin length, with 29% and

30% of these placed after simultaneous and staged ridge preservation regpeSiiig!

seven pereent of alinplantswerebetween I5mmand 4.4nm in diameter, with 34% and

29% of these placed after simultaneous and staged ridge preservation regpdetbield).

Ninety twoper cem of implants inridge preserved sites aB8% of implants inungrafted

sites hadatleast one site with BQPSixteen per cent and 5% of implants respectively had at
least one sitesof-PPD greater than 5mm. Twenty five per cent of implants in ridgequeser
sites and 10%:.0f ungrafted sites had at least one site of PPD greatamthaand BOP,

which was'statistically significant (p=0.047). Twenty four per cent of implamtdge
preserved'sitesand 33% of ungrafted sitesamudial bone losgreaterthan 0.2mm after the
first year of placemer(fTable 5). The mean PPD, RBL and percentage of sites with plaque
and BOP after-202 months in function (presented as years in funct@rijnplants in ridge
preserved versus ungrafted sitessirewn in Table 6:8. Mean PPD wasalwaysslightly

higher ferimplants in ridge preserved sites at all time points (Tablsléxn RBL wadower
for implants in ridge preserved sites after two and three years in function ().ablleer
percentage,of sites with plagaed BOP was always lower for implants in ridge preserved

sites at all timewpoints (Table 8).

Although the success rate of implamtsidge preserved sitegas slightly less thathe
successate of implants placed ungrafted sites in each year aftet@ monthsf function,

this difference. did not reacstatistical significancéTable9). Theoverall success rater all
implants ineridge preserved sites was 51% and for all implants in ungrafted sites was 58%
(Table 5) Apartfrom ridge preservatiomo patientrelated parameters (including age,
gender, smoking, diabetes) nor implasfatedparametergincluding system, surface, length,
diameter, connection type, surgeonyérsus 2stage surgery, maxilla versus mandible,
anterior versus posterior) showed amynificanteffect onthe clinical or radiographic

outcomes.
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DISCUSSION

The aim of the present study wasrwestigate thesurvival and success implant placed
afteraridge preservatioprocedure and to compare them to an ungrafted implant control

group. The results of this study revealed similar outcomes.

There is afgeneral lack of homogeneity within the dental literature in regards to reporting the
survival and'success rates of dental implants due to differing criteria between these two terms
(Simonis et al. 2010), with many studies reporting solely on survival as the primary outcome
and not mentioning success (Lang & Zitzmann 2012). The survival rate of all implamts in t
study was'100%. The mean time in function of implants in nfgserved sites wad

(x24) monthswith a range of 2-102 months. Implants placed in ridge preserved sites have
also reported high survival rates in the range of 93-100%, but over much shorter observation
periods limited to 12 months (Norton & Wilson 2002, Patel et al. 2013). Survival rates of
implants placed in previously ridge preserved sites are similar to those reported for implants
placed into,sites not requiring any bone augmentation procedures (Albrektskd®86a

Buser et al,1997; Lindquist et al. 1997; Leonhardt et al. 2002; Bergenblock et al. 2012).
Implant placement in compromised sites often requires bone augmentation, wiagtbe rost
simultaneous:“Following tooth extraction in this study, implants were placedraged

43-692 days (mean 268 days) after simultaneous ridge preservation and a range of 109-448
days (mean 266 days) after staged ridge preserva®articularly h the aesthetic zone, bone
augmentation is frequently employed to improve the aesthetic costacg,the buccal plate

is often very thin or missing at the anterior maxifarmerand Darby 2014 Donos et al.

(2008) reported that irrespective of the ridge augmentation procedure use (GBRyrafoc

or split osteotomy), implant survival at augmented sites varied from 91.7% to 100%rand f
93.2% to 100% at the control sites for a period between 12 and 60 months. Jensen &
Terheyden. (2009) reported similar implant survival results to Donos et al. (2008)rin t
literature reviewy finding that suwal rates of implants placed in horizontally (96.9-100%
range) andwvertically (95-100% range) augmented bone were comparable to those of implant
in pristine bone over 12-60 months after loading. Although certain factors such aslocat

and timing of implant placement may affect the amount of bone fill obtained frdr) B
appears that overall, the survival and success rates of implants in grafted vergtesftedn

sites are comparable (Zitzmann et al. 1999).
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Implant success rates are dependent on the criteria that define their success. Two studies
have reported on implant success following ridge preservation in humans. In soakets gr
with bioactive glass, Norton & Wilson (2002) showed a cumulative success rate of 90% at
one year.Patelet al.(2013) examined success and survival rates of implants in maxillary and
mandibular-anterior sites placed 8 months after ridge preservation with either an alloplast
(Straumann Bone Ceramic®) or a xenograft (BioOss®). At 12 months both groups
demonstrated 100% survival and similar success rates (84.6% and 83.3% respectively
applying success criteria defined by Albrektsson et al. (1986). This study usecosorie r
success criteria as defined by Karoussis et al. (2004) in order to account for the clinical
condition of the/peri-implant soft tissues (probing pocket depths and bleeding on probing)
and hard tissyes (radiographic bone levels). This may partly account for the lena ov
success rates of 51% and 58% for all ridge preserved and ungraftedtisigs

respectively, which are lower than in other studies, but similar betweendrgdups.

However, to the authors’ knowledge, there are few published studies that havatedlcul
implant success rates using these criteria, which make direct comparisons between studies
very difficults;Bazrafshan & Darby (2014) used these success criteria in their retrospective
clinical study ‘and reached the same conclusion, finding that survival and satesss r
implants placedin augmented bone from simultasg8BR procedures were similar to those
of implants inspristine bone.

Differences in the mean PPD, BOP, plague index and radiographic bone loss (E&Bljotv
statistically:significant between implants at ridge preserved or ungrafted sites. However the
specific suecess criteria of one or more implant site RRD =5mm and BORas slightly
statistically:significant (p=0.047) between the test and control groups, whiahilar $0
Bazrafshan & Darby (2014). One possible reason for this slight increB&Dimt ridge
preserved sites could be the establishment of the firsttoeinglant contact being more
apical than the crestal bone levelagraftedsites, similar to the histological findings
reported at immediate implants with regenerated bone bytetlal (2015). Clinical
assessment of & modified bleeding index in implants placed with simultaneous@iied
stable mean values at 1 and 5 years after restoration (Juodzbalys et al. 2007), iwhich is
agreement with our study’s stable BOP percentage aftgrears in function. The
percentage of sites with BOP and plaque accumulation was always lower for implants in
ridge preserved sites than ungrafted sites for all years in function. This nradidagive of

adequate oral hygiene practices anthpliance with supportive periodontal thera@osta
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et al. (2012) reported that individuals with pre-existing paplant mucositis present a
higher incidence of permplantitis over a §/ear period when not enrolled in a maintenance

program (44% of patients) compared to those who were (18% of patients).

Mean PPD values were slightly higher at ridge preserved sites for all yearstiarfunc
approximately,1mm, but remained relatively stable throughout and within the range of 2-
4mm for conventionally placed implants under healthy conditions (Lang et al. 2004). No
obvioussreasonsfor this difference in mean PPD could be determined, although a combination
of several factors was proposed. Mombelli & Lang (1994) suggested that successful implants
could allow probe penetration of up to 5mm, with implants that are placed deeper having
deeper probing depths. The emergence profile of the restorative abutments and prostheses
may also have an effect on the insertion angle of the periodontal probe. Serirf@Gt3l
evaluated thesprobing depth at implants before and after the removal of the prosthetic
reconstructioens<and reported that only 37% of sites had similar measuremédntsewit
remainder/exhibiting differences of 1mm or more. Furthermore, Lang & Berglundh (2011)
emphasised the‘importance of establishing baselinerpplant probing records to determine
peri-implant hard and soft-tissue changes after physiologic remodelling follovgtadiation

of the definitive implant prosthesis. In this stuéséline PPD values were not available for

any implantsptherefore we could not discern any increase in PPD over time inruncti

The mean RBL values were slightly lower at ridge preserved sites after two and three years in
function, hut were higher beyond four years in function than the ungrafted sites. Baseline
radiographs were not always available, and, when they were available, not ngcedsaril

with a consistent reproducible technique. Therefore, the mean RBL valueterkoothis

study could aly report on the mesial and distal bone levels at the time of assessment and not
as a change from baseline levels. Furthermore, additional crestal bauelerg beyond

the first 12.months after implant placement and functional loading could not be corglusive

determined=(Zitzmann et al. 2001).

Another outcome reported in the literature on ridge preservation is the dimeniinadiloa

of the alveolar ridge following tooth extraction. Ridge preservation with autogenousbone i
a dog model did'not éance or retard healing, nor stimulate hard tissue formation within the
socket (Araujo & Lindhe 2011). Although it failéal prevent resorption of éhbuccal and
palatal bone walls, ridge preservation with a biomaterial (BioOss Co#ggkd prevent

reduction in the cross sectional area of the alveolar ridge compared to whgoaftels in
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humans (Araujo et al. 2015). Using the same biomaterial in humans, Cardarapoli et

(2012) reported that ridge preserved sites maintained 92% of their original hdrizonta
dimensions at surgical+entry after 4 months, allowing implant placement without additional
grafting at the ridge preserved sites. Despite a substantial minority of im(@8raf 51) in

ridge preserved sites requiring additional particulate grafting with etitegenous or

xenograft materials in our study, this was recorded as a minor buccal contour atigmanta
nature, rather than extensive defect regeneration. Jung et al. (2013) used GBD{ tm
demonstrate a reduced amount of wattbone loss at the buccal and lingual aspects of

alveolar ridges,preserved with various biomaterials, six months after tooth extraction. Our
study did net specifically measure dimensional changes after ridge preservation; however we
can reportithat atidge preserved sites were able to have implants successfully placed, with a
majority (32 of 51 implants) not requiring additional grafting at time of implargesy.

Importantly, ridge preservation allowed implant placement at sites that were not possible with
immediate or delayed surgical protocols. Although there is no conclusive evilehdedge
preservation helped improve the ability to place implants, this outcome serves to dispel

guestions gverthe rationale for ridge preservation (Kassim 2054).

Neither patientelated parameters nor implanelated parameters demonstrated any
significant effect on the clinical or radiographic outcomes at ridge preserved sites. In the
majority-of'cases, ridge preservation was performed in the antendfawath a flap raised

and the use of deproteinised bovine bone mineral (BioOss®) and collagen membrane
(BioGide®).materials. This was in agreement with one systematic review’s reporting of the
most commonly,employed ridge preservation technique, vaiszhincorporated flap
advancement.to achieve complete or partial primary closure (Darby et al. ZDM9%tudy

was not able to discern whether full coverage of the graft material was attained at time of
ridge preservation, which may be achieved with coronally repositioned flaps, connective
tissue grafts or collagen plugs. A staged ridge preservation proce@weeks after tooth
extraction can allow for primary soft tissue closure over the socket with keratinised mucosa
that makes primary closure magasily attainable. The raising of a mucoperiosteal flap has
been associated with increased (Fickl et al. 2008) or decreased (Vignoletti et al. 2012)
remodelling of the alveolar ridge, or failed to demonstrate significant differences (Araujo &
Lindhe 2009) between flapped and flapless tooth extractions. In our study, ridge pi@servat
factors such as the adoption of staged or simultaneous procedure, the raising of a

mucoperiosteal flap or the type of biomaterials did not make any significaneditgeto the
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treatment outcome. Overall, our findings concur with conclusions in systemagwsetiat
there is no evidence that one ridge preservation material or technique is more effective than
any other (Darby et al. 2009, Vignoletti et al. 2012).

Intraord radiographs have been used to analyse interproximal bone levels following various
interventions.relating to implant therapy (Patel et al. 2013). In this study, a palriapi
radiograph.of each implant was taken using a long-cone paralleling technique with a loop
film holder-andsplain film. Film type, exposure time and processing method were kept
consistent.te.minimise error. Accurate radiographic analysis is gemdent upon the
measurement technique. In this study direct measurement of the mdsilstahbone loss

from the implantabutment junction to the first clear boteeimplant contact on the plain film
was recorded (Benic et al. 2009). Wolf et al. (2001) reported that the reproduoibilit
radiographiesmeasurements was significantly influenced by the examiner.orbeyely one
examiner perfermed all the measurements in this study to minimise bias. Radmgraph
analysis allows for a simple, némvasive and reproducible way to monitor interproximal

bone loss;"however this method of asses# has some limitations. Most significantly,
radiographs can.only provide a two-dimensional view of a tieensional structure,
displaying crestal bone levels mesial and distal to each implant without anyiafpneaf

the regenerated bone on the lingual and, in particular, the facial surfaces. Theamdy me
availablesffor assessing facial bone alterations at present are via CBCT scanning (Jung et al.
2013) or surgical rentry (Cardaropoli et al. 2012). It is difficult to justify either optioraas
routine method of assessment, mainly due to the additional financial cost andmadiat

exposure ofthe,first option and the biological cost of the second option.

In addition to the clinical and radiographic measurements reported, none of the implants
placed in ungrafted sites or ridge preserved sites (either staged or simultaneous) were
associated with pain, suppuration, foreign body sensation, mobility or infection at thaf time

examination:

CONCLUSION

For the patients included in this retrospecsuady, the data demonstrate that ridge
preservation is a predictable procedure, whether performed as a staged procedure or
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simultaneous to tooth extraction. Implants placed at ridge preserved and uhgjtafie
demonstrated comparably high survival satémplant success rates were similar, if slightly

lower, for ridge preserved sites as compared to ungrafted sites.
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APPENDIX

Table 1 — Demegraphic data of subjects, n (%)

Male Female Total

Number of patients

16 (38%)

26 (62%)

42

Number of implants

20 (39%)

31 (61%)

51

Mean age = SD

53+16

Range

2479

Table 2 — Distribution of different ridge preservation éad techniques, and reasons for

extraction, n (%)

Simultaneous RP| Staged RP | Total
Numberofimplants| 27 (53%) 24 (47%) | 51
Flap technique
Flap raised 15 (41%) 22 (59%) | 37
Flapless 12 (86%) 2 (14%) 14
Extraction reason
vertical root # 5 (33%) 10 (67%) | 15
root # trauma 3 (50%) 3 (50%) 6
failed RCT 3 (50%) 3 (50%) 6
unrestorable 11 (79%) 3 (21%) 14
periodontitis 3 (100%) 0 (0%) 3
internal resorption | 1 (33%) 2 (67%)
other 1 (25%) 3(67%) |4

Table 3 — Distribution of different graft amdembrane materials, n (%)

Graft material

Simultaneous RP

Staged RP

Total

% of total

BioOss

17 (41%)

24 (59%)

41

80%
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BioOss collagen 9 (100%) 0 (0%) 9 18%
4Bone SBS 1 (100%) 0 (0%) 1 2%
Membrane

BioGide 15 (39%) 23 (61%) | 38 75%
BioMend 0 (0%) 1(100%) |1 2%
BioOss collagen 1 (100%) 0 (0%) 1 2%
Spongistan 4 (100%) 0 (0%) 4 8%
Collarplug 2 (100%) 0 (0%) 2 4%
GelFoam 2 (100%) 0 (0%) 2 4%
No membrane 3 (100%) 0 (0%) 3 6%

Table 4 — Distribution of implants by system,

connection, locakemgth & diameter, n (%)

Implant System Simultaneous RP| Staged RP | Ungrafted controls | Total
Astra 15 (46%) 11(33%) | 7 (21%) 33
Biomet 3i 2 (15%) 4 (31%) 7 (54%) 13
Nobel Biocare 1(9%) 3 (27%) 7 (64%) 11
Straumann 9 (25%) 6 (17%) 21 (58%) 36
Connection

Internal 24 (30%) 20 (25%) 36 (45%) 80
External 3(23%) 4 (31%) 6 (46%) 13
Location

Anterior Mx 17 41%) 15 @7%) | 9 (22%) 41
Posterior Mx 7 (27%) 6 (23%) 13 (50%) 26
Anterior Md 0 (0%) 1 (33%) 2(67%) 3
Posterior Md 3(13%) 2 (9%) 18 (78%) 23
Length (mm)

<8.0 6 (35%) 2 (12%) 9 (53%) 17
8.1-11.9 19 (29%) 20 30%) | 27 (41%) 66
>12.0 2 (20%) 2 (20%) 6 (60%) 10
Diameter (mm)

<3.75 2 (12%) 5 (29%) 10 (59%) 17
3.754.4 21 (34%) 18 Q%) | 23 (37%) 62
>4.5 4 (29%) 1 (7%) 9 (64%) 14

Table 5 — Success data by ridge preservation type, n (%)
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Success criteria All RP Ungrafted controls | P value
No site with PPD>5mm 43 (84%) 40 (95%) 0.09
No site with PPD=5mm + BOP | 38 (75%) 38 (90%) 0.047
No site with BOP +ve 4 (&%) 5 (12%) 0.5

No site with RBL>1mm 43 (84%) 29 (69%) 0.08
No RBL >0.2mm/yr 39 (76%) 28 (67%) 0.4
Overall success 26 (51%) 24 (58%) 0.5
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Table 6 — Mean PPD by years in function, mm

All RP Ungrafted controls
Years in function | Implants | Mean (mm) | + SD | Median | Range 95% Cl | Implants | Mean (mm) | + SD | Median | Range 95% ClI
<2 51 3.45 0.80 | 3.17 1.675.83| 3.233.67 | 42 2.48 0.63 | 2.25 1.504.00| 2.292.67
3 31 3.74 0.78 | 3.83 2.675.83| 3.464.02 | 39 2.47 0.64 | 2.17 1.504.00| 2.27-2.67
4 25 3.74 0.80 | 3.83 2.675.83| 3.434.05| 33 2.53 0.64 | 2.17 1.504.00| 2.31-2.75
5 16 3.72 0.93 | 3.58 2.675.83| 3.264.18| 28 2.61 0.66 | 2.50 1.504.00| 2.37%2.85
6 11 3.62 0.79 | 3.33 2.675.17| 3.154.09| 18 2.61 0.57 | 2.50 2.004.00| 2.352.87
=7 6 3.75 0.92 | 3.25 3.005.17 | 3.01-4.49| 8 2.48 0.68 | 2.17 2.004.00| 2.01-2.95
Table 7 = Mean RBL by years in function, mm

All RP Ungrafted controls
Years infunction | Implants | Mean (mm) | £ SD | Median | Range 95% CI | Implants | Mean (mm) | + SD | Median | Range 95% CI
<2 51 0.44 0.67 | 0.00 0.002.50 | 0.260.62 | 42 0.75 1.03 | 0.11 0.004.00| 0.441.06
3 31 0.66 0.78 | 0.25 0.002.50| 0.390.93| 39 0.73 1.00 | 0.21 0.004.00| 0.421.04
4 25 0.80 0.80 | 0.75 0.002.50| 0.481.12| 33 0.63 0.88 | 0.00 0.003.15| 0.330.93
5 16 0.83 0.83 | 0.75 0.002.50| 0.421.24 | 28 0.68 0.93 | 0.11 0.003.15| 0.341.02
6 11 1.09 0.87 | 1.00 0.002.50| 0.581.60| 18 0.76 1.02 | 0.11 0.003.15| 0.291.23
=7 6 1.50 0.89 | 1.75 0.002.50| 0.782.22| 8 0.56 0.79 | 0.11 0.002.00| 0.02-1.11
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Table 8 — Percentage of sites with Plaque and BOP by years in function

Plaque (% + SD) BOP (% + SD)
Years in fanction | RP Implants | Control implants | AllRP (%) | £ SD | Controls | £ SD | AllRP (%) | £ SD | Controls | + SD
<2 51 42 27 25 44 34 49 28 59 37
3 31 39 29 26 45 35 55 30 59 38
4 25 33 29 29 44 36 57 32 60 38
5 16 28 27 24 50 35 52 26 69 33
6 11 18 24 22 53 38 42 22 66 37
=7 6 8 25 23 33 43 39 17 54 46

Table 9 = Percentage of successful implants by years in function, and ridge preservsti®ninvgrafted controls

Years in function | RP implants | RP success (%) Control implants | Control success (%)| Overall success (%)
<2 51 51 42 58 54
3 31 42 39 56 50
4 25 40 33 61 52
5 16 44 28 61 55
6 11 46 18 61 55
=7 6 33 8 44 39
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