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SUMMARY The aim of this study is to evaluate the

clinical and radiological parameters of standard

SLA surface implants compared to chemically

modified hydrophilic SLActive implants in

irradiated patients after the initial 12-month

loading period up to 5 years. Twenty patients with

a mean age of 61�1 years were treated with dental

implants after ablative surgery and radio-

chemotherapy of oral cancer. All patients were

non-smokers. The placement of 102 implants (50

SLA, 52 SLActive) was performed bilaterally

according to a split-mouth design. Mean crestal

bone changes were evaluated using standardised

orthopantomographies and clinical parameters.

Data were analysed using a Kaplan–Meier curve,

Mann–Whitney U-test and two-factorial non-

parametric analysis. The average observation

period was 60 months. The amount of bone loss at

the implant shoulder of SLA implants was mesial

and distal 0�7 mm. The SLActive implants

displayed a bone loss of mesial 0�6 mm as well as

distal 0�7 mm after 5 years. Two SLA implants

were lost before loading. One patient lost five

implants due to recurrence of a tumour. The

overall cumulative 12-month, 3-year and 5-year

survival rate of SLA implants was 92%, 80% and

75�8% and of SLActive implants 94�2%, 78�8% and

74�4%, respectively. Eighteen implants were

considered lost because the patients had died.

Sandblasted acid-etched implants with or without

a chemically modified surface can be used in

irradiated patients with a high predictability of

success. Lower implant survival rates in patients

with irradiated oral cancer may be associated with

systemic effects rather than peri-implantitis.
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Introduction

Surgical treatment combined with radio-chemother-

apy in patients with tumours of the head and neck

region often leads to anatomical deformities (1, 2).

The long-term side effects of radiation therapy can

result in xerostomia, vulnerable mucosa, trismus and

osteoradionecrosis (3–5). Dryness of the mouth and

anatomical changes may hamper a proper retention of

conventional removable prostheses. For this reason,

orofacial rehabilitation with endosseous implants is

preferable (6, 7). Increasingly, implants have been

used in patients with oral cancer, and the benefits of

implant-retained prostheses have been recognised for

many years (2, 6, 8, 9). Previously published findings

describe and discuss the various parameters that can

influence the osseointegration of implants in irradi-

ated bone (5, 10).

Radiation therapy causes endarteritis, which leads

to hypoxia, hypovascularity and hypocellularity; it
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also compromises bone healing and can delay wound

healing (11). Pertinent scientific literature reports suc-

cess rates of dental implants in patients after radiation

therapy that vary from as high as 100% to as low as

78% (6, 7, 10). The radiation dose and field, the per-

iod between radiation therapy and implant placement,

the unloaded healing time and localisation (maxilla/

mandible) may influence the osseointegration of den-

tal implants (5, 10, 12).

One of the most influential factors governing the

reaction of tissue to surgically placed titanium dental

implants has been identified as the modification of

implant surface (13). In recent decades, different

modifications of specific surface properties have been

investigated to predictably improve the osseointegra-

tion of titanium implants. The chemical modification

of microrough titanium dental implants produces a

hydrophilic surface with increased wettability and

improved surface energy. The commercially available

SLA surface (sandblasted, large-grit and acid-etched)

was chemically modified to exhibit increased hydro-

philicity and is called SLActive (14). Clinical studies

have shown that this modification results in improved

early bone healing compared to the early healing of

microrough titanium surface alone (13, 15, 16). To

date, no long-term comparative data exist. Further-

more, only a limited number of studies have been

published comparing different implant surfaces in

irradiated bone (7, 17).

The aim of this study is to evaluate the clinical and

radiological parameters of standard SLA surface

implants compared to chemically modified hydrophilic

SLActive implants in irradiated patients after the ini-

tial 12-month loading period up to 5 years. This

report is the 5-year follow-up of a previous publica-

tion (17).

Material and methods

The study was approved by the Ethics Committee of

the Charit�e University of Medicine (Berlin, Germany)

(EA2/087/07).

Patients

The study population consisted of four female and 16

male patients with a mean age of 61�1 years. In all 20

patients, a malignant tumour of the mandible was

surgically removed. The operation procedure was

followed by a radio-chemotherapy before implant

placement. The radiation therapy was delivered up to

a dose of 72 Gy in fractions of 2 Gy over 6 weeks

(5 days week�1). During this same period, platin-

based chemotherapy was given weekly (30 mg m�2

body surface area). After radiation therapy was com-

pleted, a minimum of 6 months followed before

implant placement. No augmentation procedures were

performed before implant treatment.

The following exclusionary criteria were applied

during patient selection:

1 Smoking

2 Untreated periodontitis

3 Uncontrolled diabetes

4 Immunocompromised patients (e.g. HIV infection,

autoimmune diseases, cortisone treatment)

Patients with poor general health and smokers were

excluded from the study. All patients were non-smok-

ers or quit 6 months prior to surgery.

Surgical procedure

The surgical treatment was performed as described by

Heberer et al. (2011) in 12 patients under general

anaesthesia*† and in eight patients under local anaes-

thesia (Ultracain D-S forte, adrenaline concentration

1:100 000‡). A total of 102 Straumann Standard (Reg-

ular Neck)§ implants – 50 SLAimplants (control) and

52 SLActive implants (test) – were inserted using the

manufacturer’s protocol. Test and control sites were

randomly assigned according to a split-mouth design,

based on a randomisation list generated with nQuery

Advisor 6.0.¶ All implants were placed with the

smooth–rough border at crestal bone level, that is, the

implant shoulder was positioned 2�8 mm above the

crestal bone. All patients received an antibiotic regi-

men using clindamycin 300 mg three times daily for

1 day pre-operatively and 3 days post-operatively.

All 102 implants placed showed an unloaded heal-

ing time of 6�9 weeks in the mandible and 10�2 weeks

in the maxilla. Four patients were prosthetically

restored with fixed bridges and 16 with removable

*Remifentanil GlaxoSmithKline, M€unchen, Germany.
†Desfluran Baxter GmbH, M€unchen-Unterschleißheim, Germany.
‡Sanofi-Aventis GmbH, Frankfurt, Germany.
§Straumann AG, Waldenburg, Switzerland.
¶Statistical solutions, Saugus, MA, USA.
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dentures seated on individually fabricated bars. At

loading, the stability of the implant was reassessed

using the torque ratchet. All implants showed a tor-

que value of >35 Ncm.

Clinical monitoring

The patients were routinely seen for clinical examina-

tion at 4 weeks after prosthetic restoration and every

3 months thereafter within the first year. Beginning

with the second year, the evaluation was performed

annually. Clinical monitoring was performed after 1,

3 and 5 years (t1, t2, t3) and included bleeding tenden-

cies with signs of soft tissue inflammation. These were

measured using the modified bleeding index (mBI)

(18) and pocket depths. The clinical assessment of pla-

que accumulation was recorded using the modified

plaque index (mPI) (18). Each measurement was

rounded to the nearest millimetre and was taken for

both indices on the mesial, distal, lingual and buccal

implant site. All implants were considered successful

when fulfilling the criteria of Buser (19). The prosthe-

ses were removed to check the implant stability after

1, 3 and 5 years.

Radiographic evaluation

Orthopantomographics (panoramic X-rays) were per-

formed after implant placement (baseline) and after 1,

3 and 5 years (t1, t2, t3). The quantitative evaluation

of vertical bone level changes was performed using

the method described by G�omez-Roman et al. (20).

Panoramic X-rays are routinely performed in oral

implantology, and when used in an effort to deter-

mine bone alterations, they are taken following stan-

dardised protocol (e.g. the same machine is used, and

initial positioning and settings are replicated), which

allows for the comparative evaluation of data. The

use of a digital measuring device allows for precision

within 0�1 mm. Analysis of the X-ray is performed on

a computer monitor using a high level of magnifica-

tion. The measurements of crestal bone loss were per-

formed using a digital gauge (Holex**) and conducted

at three defined time points (t1 = after 12 months,

t2 = after 3 years and t3 = after 5 years). The proce-

dure evaluates bone loss by measuring selective points

on the mesial and distal sites. As bone loss is analysed

using a two-dimensional image, only developments in

the mesial and distal sites can be taken into consider-

ation. Previously published studies show that the

process of bone loss is a critical criterion for the

long-term retention of implants (21).

The baseline assessment was at implant placement.

All implants were placed with the smooth–rough

border at crestal bone level.

To eliminate radiographic distortions, the values

were adjusted with respect to the original length of

the implant (Fig. 1).

The interpretation of the values of the mesial and

distal site was performed separately, and the mean

values for all sites (mesial/distal) were determined as

follows:

m1/d1 = value of mesial/distal bone contact from

the reference point after 12 months, as previously

described (Heberer et al. 2011).(17)

m2/d2 = value of mesial/distal bone contact from

the reference point after 3 years.

m3/d3 = value of mesial/distal bone contact from

the reference point after 5 years.

Statistics

The intra-class correlation coefficient (ICC) was used

to determine the intra-observer reliability (SPSS

16.0††). The choice of test site was based on a

randomisation list generated with nQuery Advisor

6.0¶. Descriptive analysis was performed with all

available data. The Mann–Whitney U-test was used to

analyse the difference between SLA and SLActive

implants on the modified plaque index (mBI) and the

modified bleeding index (mPII).

A two-factorial non-parametric analysis (22) of

crestal bone loss was performed using the following

variables: implant type (SLA/ SLActive), localisation

(maxilla/mandible) and gender (male/female). The

mesial and distal sites were analysed separately.

Implant survival was analysed using Kaplan–Meier

curve. Statistical analyses were performed using the

software SPSS 13.0†† and SAS, version 9.1.‡‡ A

P-value of <0�05 was considered statistically

significant.

**Hoffmann, N€urnberg, Germany.

††SPSS Inc., Chicago, IL, USA.
‡‡SAS Institute Inc., Cary, NC, USA.
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Results

Patients and implants

Twenty patients participated in the study: eight

received implants in both jaws and 12 in one jaw

only; four patients were partially edentulous and 16

were edentulous. Of the 102 Straumann implants

(RN), 55 were placed in the maxilla (27 SLA and 28

SLActive) and 47 in the mandible (23 SLA and 24

SLActive). All implants had a diameter of 4�1 mm and

a length of either 8 mm (n = 4: 2 SLA, 2 SLActive),

10 mm (n = 72: 35 SLA, 37 SLActive) or 12 mm

(n = 26: 13 SLA, 13 SLActive). The healing time of

implants before loading was 10�2 weeks (9–11 weeks)

in the maxilla and 6�9 weeks (6–10 weeks) in the

mandible. The mean observation period was

60 months (36–72 months). One patient lost five

implants (2 SLA and 3 SLActive) during a block resec-

tion due to tumour recurrence. These implants were

lost before loading and excluded from the study;

hence, 97 implants (48 SLA and 49 SLActive

implants) were followed up. All remaining patients

had no disease recurrence. Two mandibular implants

in two different patients were lost before loading

(2 SLA implants). Their loss did not jeopardise the

prosthetic rehabilitation (Heberer et al. 2011). Four

patients died between the third and the fifth year

after implant placement (maxilla: 8 implants; mandi-

ble: 10 implants).

Overall number of surviving implants was 77 (38

SLA/39 SLActive) after 5 years. Eighteen implants (8

SLA/10 SLActive) in four patients were counted as

lost because the patients had died. The 3-year Kap-

lan–Meier implant survival rate was 80% for SLA

and 78�8% for SLActive implants. After 5 years, the

survival rate was 75�8% for SLA and 74�4% for

SLActive implants (Fig. 2). We label the last assess-

ments of the implants and death before the end

of the study as censored observations. (SLActive-

censored and SLA-censored). There was no statisti-

cally significant difference between the systems

(P = 0�926). However, a significant difference was

observed between the localisation of the implant

within the jaw (P = 0�006).
Within the full 5-year observation period, there

were no additional complications in either study

group (SLA nor SLActive).

The ICC determined for the intra-observer reliabil-

ity trial of the clinical and radiological measurements

used for this study was 0�896 (0�764–0�913), indicat-
ing a high reliability of the measurements. One per-

son did the measurements (C.N.).

Prosthetic rehabilitation

Before the implant-retained prosthetic rehabilitation,

a vestibuloplasty was performed in 80% of the

patients to restore surgically compromised soft and

hard tissue (Heberer & Nelson 2009). Four patients

were prosthetically restored with fixed bridges and

16 with removable dentures seated on individually

fabricated bars as described by Nelson et al. 2008,

Semper et al. 2010, and Xiang et al. 2010 (21, 23,

24).

Fig. 1. Values measured on the radiographic picture were adjusted using the equation to eliminate distortions of the radiographs.
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Fig. 2. Kaplan-Meier survival analysis for SLA and SLActive

implants placed in oral cancer patients..
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Clinical parameters

After 12 months, 43�5% (n = 20) of SLA implants and

36�7% (n = 18) of SLActive implants scored zero (0)

on all measurements, so that the documented mean

mPII in SLA implants was 0�36 � 0�72 and in SLAc-

tive 0�32 � 0�68. After 5 years, the mPII was

0�43 � 0�62 for SLA implants and 0�41 � 0�56 for

SLActive implants; while 34% (n = 17) of SLA

implants and 28�8% (n = 15) of SLActive implants

scored 0 on all measurements. In terms of mBI scores,

after 12 months, the mean was 0�73 � 0�52 for SLA

implants and 0�72 � 0�48 for SLActive implants.

After 5 years, the mean value was 0�81 � 0�34 for

SLA implants and 0�79 � 0�28 for SLActive implants.

There was no significant difference between both

implant types regarding plaque accumulation

(P = 0�12) or bleeding on probing (P = 0�27). The

results of mBI and mPII have shown that peri-implan-

titis was not evident in any of the patients.

Radiographic parameters

The mean amount of radiological bone loss of SLA

implants after 12 months (t1) was mesial 0�4 mm

(0�1–0�9 mm) and distal 0�4 mm (0�2–0�6 mm); after

3 years (t2), mesial 0�6 mm (0�3–1 mm) and distal

0�6 mm (0�3–0�8 mm); and after 5 years (t3), mesial

0�7 mm (0�4–1�2 mm) and distal 0�7 mm (0�5–
1�3 mm).

The SLActive implants displayed a mean bone loss

at t1 of mesial 0�3 mm (0�1–0�4 mm) and distal

0�3 mm (0�2–0�5 mm); at t2, mesial 0�5 mm (0�2–
0�6 mm) and distal 0�5 mm (0�3–0�9 mm); and at t3,

mesial 0�6 mm (0�3–1�0 mm) and distal 0�7 mm (0�4–
1�4 mm). The mean values of bone level changes in

the upper and lower jaw for the period from

12 months to 5 years are listed in Table 1.

Statistical analysis shows that there was a signifi-

cant difference between the type of implant (mesial:

PSLA/SLActive = 0�026, distal: PSLA/SLActive = 0�113) and

the crestal bone loss. However, no difference was

observed between the localisation of the implant

within the jaw (mesial: Pmax/mand = 0�52, distal: Pmax/

mand = 0�44) and the crestal bone loss. There was a

significant difference between gender (mesial: Pmale/

female = 0�002, distal Pmale/female < 0�001) and peri-

implant bone loss.

Discussion

The current study was designed to investigate the suc-

cess criteria as well as the clinical and radiological

assessment of SLA and SLActive implants in tumour

patients after radio-chemotherapy within an observa-

tion period of 5 years. The current study is based on

the data previously published by Heberer et al. (2011).

Implant failure occurred only in two SLA implants

prior to loading. The other implants were lost due to

(i) tumour recurrence and the resultant resection of

bone and implants (2 SLA and 3 SLActive) in one

patient; and (ii) 18 implants (8 SLA, 10 SLActive) in

four patients were considered as lost as the patients

were deceased. The 5-year Kaplan–Meier implant sur-

vival rate was 75�4% for SLA and 74�4% for SLActive

implants. This is in accordance with other investiga-

tions of tumour patients after radiation therapy, in

which the implants either failed in the early phase

(4, 5, 12, 25), due to the recurrence of the cancer, or

failed in relation to the overall increased mortality of

these patients (6), with a 5-year survival rate of

patients with oral squamous cell carcinoma being only

52�4% (26).

Peri-implant bone loss in SLA/SLActive implants

within the first year was approximately 0�3–0�4 mm.

Table 1. Data of crestal bone loss at SLA and SLActive implants regarding the jaw over an observation period of 5 years (baseline:

post-surgical value)

t1 (mm) t2 (mm) t3 (mm)

SLA SLActive SLA SLActive SLA SLActive

mes. dis. mes. dis. mes. dis. mes. dis. mes. dis. mes. dis.

Maxilla 0�4 0�4 0�3 0�3 0�6 0�6 0�5 0�5 0�7 0�7 0�6 0�7
Mandibula 0�3 0�3 0�3 0�3 0�6 0�6 0�4 0�5 0�7 0�7 0�6 0�7

mes., mesial; dis., distal.

t1, 12 month; t2, after 3 years; t3, after 5 years.

© 2014 John Wiley & Sons Ltd
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The current study indicates that the annual marginal

bone resorption is approximately 0�1 mm after the

initial 12-month healing period. These results are in

agreement with previous studies in non-irradiated

patients, which show an initial crestal bone loss of up

to a maximum of 1�5 mm during the first 12 months,

decreasing in the second and third year after place-

ment to approximately 0�2 mm marginal bone loss

per year (27, 28). In this study, all implants were

placed with the smooth–rough border at the crestal

bone level, so that the shoulder was positioned

2�8 mm above the crestal bone. The importance of

the placement of the implant-abutment interface in

relation to the crestal ridge is still a matter of discus-

sion. In our analysis, the crestal bone loss in irradiated

tumour patients is approximately 0�1 mm per year,

and hence similar to data in non-irradiated patients

(27, 29, 30).

In the current investigation, two different implant

surfaces (SLA and SLActive) were used. The surface

property of titanium implants has been identified as

one of the most influential factors governing the reac-

tion of tissue to surgically placed dental implants and

the degree of osseointegration that is achieved (31,

32). Mesial and distal implant sites showed different

statistical outcomes. The difference in crestal bone

level changes between SLA and SLActive implants

over the entire 5-year observation period is minimal.

Statistical analysis reveals a significant difference for

the mean amount of marginal bone loss only on the

mesial side (see Table 1, t3). However, the clinical

impact is negligible with regard to the accuracy of the

method used for the radiographic evaluation of the

crestal bone level (33–35). Other studies suggest that

SLActive implants enhance early bone formation dur-

ing the initial stages of healing as compared to

implants without hydrophilic surface properties. This

results in significantly higher early bone-to-implant

contact values in comparison to SLA implants (15,

36–41). The current study cannot identify a major

impact of the surface properties on the long-term sta-

bility of the peri-implant crestal bone level.

In all patients who participated in the current study,

a malignant tumour was removed surgically followed

by radio-chemotherapy. Osteoradionecrosis was not

observed in the study population. In a review of ani-

mal and human analyses, Ihde et al. (11) concluded

that implants placed in irradiated alveolar bone exhib-

ited higher failure rates than those placed in non-irra-

diated alveolar bone; doses above 50 Gy had a higher

failure rate. Werkmeister et al. (42) also observed a sig-

nificant difference in implant survival and wound

healing between irradiated bone (73% survival with a

radiation dose between 42–62 Gy) and non-irradiated

bone (85%) after 3 years. These findings do not coin-

cide with the present study because all patients had

radiation therapy up to a dose of 72 Gy and the success

rates of implants are comparable with non-irradiated

patients after 3 years (30).

The high success of osseointegration of the implants

observed in our study might be due to a strict stan-

dardised patient protocol that includes minimally

invasive surgical techniques as well as a non-smoker

study population. Wound healing is essential for the

process of osseointegration, and smoking is recognised

as a risk factor. A systematic review by Strietzel et al.

(43) indicated a significantly greater risk for implant

failure among smokers as compared with non-smok-

ers. Moy et al. (25) reported a success rate for non-

smokers of 91% compared with 80% for smokers. It

can be assumed that the possibility of implant failure

rises with an increased number of risk factors. No sci-

entific findings exist to support this hypothesis.

Long-term periodontal health is often associated

with the existence of attached keratinised mucosa.

Soft tissue conditions in tumour patients often require

vestibuloplasties. In all patients with inadequate kera-

tinised gingiva, a vestibuloplasty was performed

according to the method of Heberer and Nelson (44).

There is limited literature on peri-implant soft tissue

alterations after irradiation (45, 46) and vestibulopla-

sties in irradiated patients (44). The results of mBI

and mPII have shown that peri-implantitis was not

evident in any of the patients. All patients showed

stable mucosal peri-implant conditions after

60 months.

The current study compares crestal bone loss in

relation to the following variables: localisation and

gender. There was a statistical difference between

gender (male/female) and crestal bone. After 5 years,

women showed significantly more peri-implant bone

loss compared to men. To date, no scientific literature

exists concerning gender-related crestal bone level

changes in irradiated patients. Data in non-irradiated

patients did present controversial statements (47, 48).

Gender difference cannot be discussed within the

findings of this study, as only a small number of

female patients were in the study population.

© 2014 John Wiley & Sons Ltd
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However, our findings in terms of localisation and

implant success are not in accordance with other

studies, which show that implants placed in the max-

illa are significantly more likely to fail compared to

implants of the mandible (10–12).

In summary, sandblasted acid-etched implants with

or without a chemically modified surface can be used

in irradiated patients with a high predictability of suc-

cess. The crestal bone level was stable within 5 years

after placement, and the surface microroughness and

hydrophilicity of SLActive implants may only have an

influence on osseointegration during the early phase

of healing. Lower implant survival rates in patients

with oral cancer may be associated with a higher

mortality rate rather than a lack of osseointegration.
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