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ABSTRACT
Objectives: This study aimed to investigate implant outcomes in patients with head and neck cancer undergoing radiotherapy 
or chemotherapy by incorporating the latest research findings.
Methods: The present review was conducted to update the focused question: What is the survival rate of implants placed in 
patients with head and neck cancer receiving radiotherapy or chemotherapy compared to non-irradiated patients? It built upon 
two previous systematic reviews (2014 and 2022) and provided an updated synthesis of the literature, focusing on clinical studies 
published between 2021 and 2024. The earlier reviews were included in the quantitative synthesis only to offer a broader longi-
tudinal perspective.
Results: Nine studies were identified, with seven included in the quantitative synthesis and meta-analysis. The implant survival 
rate was significantly lower in irradiated patients (85.6%) compared to non-irradiated patients (90.0%) (RR = 1.62, 95% CI: 1.33–
1.98, p < 0.0001, I2 = 0.2%). Additionally, implant failure risk was higher in grafted bone (RR = 2.03, 95% CI: 1.39–2.96, p = 0.0018, 
I2 = 21.9%) than in native bone. Among irradiated patients, those receiving radiochemotherapy exhibited an even greater risk of 
implant failure (RR = 1.97, 95% CI: 1.09–3.56, p = 0.0331, I2 = 0%) compared to non-irradiated patients.
Conclusions: Current evidence indicates that radiotherapy/chemotherapy significantly increases the risk of implant loss in 
patients with head and neck cancer, with higher radiation doses possibly being associated with increased peri-implant bone loss, 
while implants placed in native bone exhibit a lower risk of failure compared to those placed in grafted bone.

1   |   Introduction

Advancements in technology, digital workflows, and clinical 
assessments have continuously enhanced dental implant treat-
ment (Wismeijer et al. 2018). These innovations have improved 

the precision and predictability of implant placement and reha-
bilitation, even in patients undergoing head and neck cancer 
(HNC) therapy (Moreno Soriano et  al.  2022). Recent studies 
provide consistent clinical evidence on the outcomes of den-
tal implants in patients who have undergone radiotherapy 
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(Ettl et  al.  2016) and surgery for HNC (Garner et  al.  2023). 
Additionally, systematic reviews have highlighted the improve-
ments in health-related quality of life associated with implant-
based rehabilitation (Quadri et al. 2020).

Nowadays, intensity-modulated radiotherapy (IMRT) in HNC 
patients delivers radiation doses more precisely compared 
to traditional methods, which might reduce the incidence of 
treatment-related side effects on nearby tissues (Chrcanovic 
et al. 2010; Raj et al. 2022). Besides, studies emphasize the im-
portance of considering cancer treatment side effects that impact 
implant longevity and functions (Shaw et  al.  2019; Shokouhi 
and Cerajewska 2022). Altered anatomy after cancer treatment, 
coupled with the effects of radiation and chemotherapy, are po-
tential factors influencing implant survival and the success of 
prosthodontic reconstruction. Research has shown that radio-
therapy and chemotherapy affect bone remodeling and healing, 
leading to bone loss both in the short- and long-term (Neckel 
et al. 2021).

An early study by Kovács (2001) showed how chemotherapy did 
not significantly affect the survival of dental implants in HNC 
patients. However, a more recent study by Schiegnitz et al. (2021) 
reported that implants placed in irradiated grafted bone showed 
a statistically significant lower implant survival rate compared 
to those placed without radiotherapy. Regarding radiochemo-
therapy, Li et al. (2022) highlighted that doses over 40 Gy signifi-
cantly reduced the success rate of pre-existing dental implants in 
comparison with lower dosages. Additionally, one review iden-
tified that the timing of implant placement and radiotherapy are 
crucial factors influencing implant survival (Zhang et al. 2016). 
Therefore, different study designs and treatments have shown 
varying impacts and controversies on implant survival and suc-
cess in HNC patients.

The present systematic review and meta-analysis aims to in-
corporate the latest research findings to provide up-to-date 
knowledge, building on Schiegnitz et al. (2014, 2022) systematic 
reviews. The objective is to comprehensively assess the current 
state of implant treatment outcomes in patients with HNC who 
have undergone radiotherapy or chemotherapy.

2   |   Methods

2.1   |   Protocol and Patient, Intervention, 
Comparison, and Outcome Question

The protocol for this systematic review was designed and reg-
istered before the conduction of this review (PROSPERO: 
CRD42024552080) in accordance with Preferred Reporting 
Items for Systematic Review and Meta-Analyses (PRISMA) 
guidelines (Page et al. 2021). The focused question of the evalu-
ation was worked out in the Patient, Intervention, Comparison, 
and Outcome (PICO).

This systematic review aims to synthesize and critically appraise 
the available evidence on the survival rate of dental implants 
in patients with HNC who have received radiotherapy, with or 
without chemotherapy, compared to non-irradiated patients, as 
follows:

Population (P): Patients with cancer of the head and neck region 
rehabilitated with dental implants.

Intervention (I): Radiotherapy with or without chemotherapy of 
the head and neck (before and/or after implant placement).

Comparison (C): Non-irradiated patients.

Outcome (O): Implant survival rate.

2.2   |   Inclusion Criteria

The following detailed criteria had to be met:

•	 Studies performed on adult (over 18 years) humans and 
written in English or German.

•	 The sample size of at least 5 patients and 20 implants receiv-
ing radiotherapy with or without chemotherapy in the head 
and neck region (affecting the mandible, maxilla, or both) 
and with an edentulous area that was restored using at least 
1 dental implant. Only intra-oral implants were considered.

•	 Articles including patients undergoing comedications or 
cointerventions (e.g., additional radiation, reconstructive 
bone grafted surgery, hyperbaric oxygen therapy) were al-
lowed, and those procedures were specifically recorded.

•	 Eligible studies had to report on essential data (number 
of patients, number of implants placed, number of failed 
implants, and the period of follow-up). If subgroups (e.g., 
nonirradiated control) were present, the division had to be 
reproducible, and essential data had to be assignable to each 
group individually.

•	 The study design was a randomized controlled clinical trial, 
prospective cohort studies, retrospective studies, case–con-
trol studies, cross-sectional studies, or case series with more 
than 20 implants involved.

•	 If a case of osteoradionecrosis (ORN) was diagnosed, there 
needed to be a topological and chronological correlation be-
tween the placed implant and the occurrence of ORN.

•	 The mean follow-up was at least 12 months.

If a study did not meet all the criteria listed above or important 
information was missing and could not be provided, it was ex-
cluded from the evaluation. Another criterion for exclusion was 
the use of replacement implants after implant loss if they could 
not be excluded from the evaluation of the overall implant sur-
vival rate. If a study met all the listed criteria but lacked a com-
parator arm, such as in a single-arm design, it was included in 
the quantitative synthesis to ensure a comprehensive evaluation 
of the available evidence.

2.3   |   Search Strategy

This research was based on two previous literature reviews 
(Schiegnitz et  al.  2014, 2022), which evaluated articles pub-
lished between January 1990 and February 2021. Electronic 
searches were conducted by two independent reviewers (SF 
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and LD), using five electronic databases: PubMed/Medline, 
Scopus, Ebsco, Web of Science, and Cochrane Library. 
The search string was created by combining MeSH terms 
and keywords with the Boolean operators “AND” and 
“OR” related to the survival of implants placed in patients 
with cancer treated by radiotherapy as follows: (“Dental 
Implants”[Mesh] OR “Dental Implants, Single-Tooth”[Mesh] 
OR “Dental Implantation”[Mesh] OR “Dental Implantation, 
Endosseous”[Mesh]) AND (“Radiotherapy”[Mesh] OR 
“Radiotherapy” OR “Radiation Therapy” OR “Radiation 
Treatment” OR “Targeted Radiotherapy” OR “Targeted 
Radiation Therapy”) AND (“Head and Neck Neoplasms”[Mesh] 
OR “Mouth Neoplasms”[Mesh] OR “Head and neck cancer” 
OR “Oral Tumor” OR “Head Neoplasms” OR “Oral Cancer” 
OR “Cancer of Head” OR “Neck Neoplasms” OR “Mouth 
Cancer” OR “Neck Cancer”). This search included articles 
in English and German and was performed with date range 
search filters between February 1, 2021, and May 26, 2024. 
Search queries are available in Supplementary File S1.

2.4   |   Study Selection

The titles and abstracts of the studies identified using the 
protocol described above were screened by two independent 
reviewers (SF and LD). The reviewers were blinded to each 
other's decisions, and full texts were assessed as required. 
A Cohen's κ for inter-rater agreement was conducted using 
Microsoft Excel 2018 (Microsoft). Inter-rater agreement was 
interpreted according to the categories proposed by Landis 
and Koch (1977). The full texts of all potentially relevant ar-
ticles were read in detail to comply with eligibility criteria in 
duplicate. Disagreements were discussed among the authors 
until agreement was achieved or by the decision of a third re-
viewer (GSR).

2.5   |   Risk of Bias

The analysis of the risk of bias was conducted using the 
Newcastle-Ottawa Scale (Wells et al. 2014) for studies compar-
ing irradiated and non-irradiated patients. If the study was miss-
ing a non-irradiated control group, the risk of bias assessment 
was performed according to Moga et al. (2012), based on the fol-
lowing questions:

1.	 Were the cases adequately described?

2.	 Has the intervention been adequately described and has 
the relevant data been adequately collected?

3.	 Has the outcome been adequately described, and the corre-
sponding data adequately collected?

4.	 Was follow-up long enough for outcomes to occur?

2.6   |   Quantitative Synthesis

Quantitative synthesis was conducted in studies with compara-
ble outcomes as well as in single-arm studies, using as effect es-
timates the risk ratios (RR) for the implant survival or the 

proportions, respectively. The unit of analysis was at the implant 
level. To account for dependency and cluster effects 
(Alimohamadi and Sepandi 2019; Flynn 2001) (i.e., more than 1 
implant per patient), intra-class correlation coefficient (ICC) 
was extracted from the literature (Faggion Jr. et al. 2024) to ad-
just the variance according to the number of implants per pa-
tient (m) to the following equation: �2

adj
= �

2
obs

×

(

1+ (m− 1) ⋅ ICC

m

)

. 

A generic inverse variance random-effects meta-analytical 
model with Hartung–Knapp adjustment and a random intercept 
logistic regression model using restricted maximum likelihood 
(REML) and Hartung-Knapp adjustment, and a random inter-
cept logistic regression model with a logit transformation were 
used for comparative studies and single-arm trials, respectively. 
The restricted maximum-likelihood estimator was used to esti-
mate the τ2. Confidence intervals of τ and τ2 were estimated with 
the Q-profile method. Effect estimates were expressed as RR 
and Events per 100 observations and its 95% confidence interval 
(CI) for comparative and single-arm trials, respectively. A pre-
diction interval was estimated according to the Hartung-Knapp 
method. To evaluate the existence of heterogeneity and the total 
proportion of variability due to between-study heterogeneity, 
chi-squared (p < 0.1) and I2 tests were used, respectively. 
Publication bias was investigated for each outcome by visual in-
spection of the asymmetries in the funnel plot, and if possible, a 
statistical assessment of publication bias was performed using 
Egger's test for funnel plot symmetry (p < 0.05). In addition, the 
trim and fill method using the L-estimator was conducted to test 
the impact of possible publication bias as small study effects. 
Statistical analysis was performed using the “meta” package in 
R version 4.4.1 (http://​www.​r-​proje​ct.​org/​index.​html). The cer-
tainty of the evidence for each key outcome was assessed using 
the GRADE approach (https://​gdt.​grade​pro.​org/​app/​handb​ook/​
handb​ook.​html) (Schünemann et  al.  2013), evaluating risk of 
bias, inconsistency, indirectness, imprecision, and publication 
bias in accordance with current PRISMA and Cochrane 
guidelines.

3   |   Results

3.1   |   Paper Selection Process

The last search of all databases was conducted on May 26, 2024. 
164 articles were retrieved through database searching, and 3 
were retrieved through manual search. After removing duplicates 
(n = 82), 85 articles were screened using title-abstract-keyword 
reading, leaving 26 reports eligible (substantial agreement, 
κ = 0.95). After full-text reading and a subsequent search for rel-
evant citations, 9 studies were included in this systematic review 
(100% agreement among the reviewers). Seventeen articles were 
excluded from the final selection for the following reasons: pre-
senting fewer than 5 patients (n = 1), providing insufficient in-
formation (n = 7), not being related to the topic (n = 7), and being 
included in past reviews (n = 2). Detailed reasons for excluding ar-
ticles are summarized in Supplementary File S1. The flow chart 
of the review process, which includes 2 systematic reviews from 
Schiegnitz et al. (2014, 2022), is shown in Figure 1.

Three meta-analyses were conducted, incorporating the results 
of previous research by Schiegnitz et al. (2014, 2022), to assess 
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the influence of radiotherapy/chemotherapy on implant survival 
based on studies published from 1990 to 2021. From the present 
systematic review, 7 studies were included in the quantitative 
synthesis. Three comparative studies (Schiegnitz et  al.  2021; 
Wüster et al. 2023; Mattila et al. 2024) were included to compare 
implant survival in irradiated and non-irradiated bone across 24 
studies from 1990 to 2024. The same three studies (Schiegnitz 
et  al.  2021; Wüster et  al.  2023; Mattila et  al.  2024) were also 
used to compare implant survival in irradiated native bone 
versus grafted bone within 12 studies from the same period. 
Additionally, four studies with a single-arm design reported by 
Alberga et al. (2023), Li et al. (2022), Lee et al. (2022), and Wolf 
et al. (2021) were updated for the implant survival within irradi-
ation bone placement.

3.2   |   Characteristics of the Included Studies: An 
Update From 2021 to 2024

A total of 9 retrospective studies, with 7 comparative analy-
ses, were retrieved from the updated search. The main char-
acteristics of the included studies are described in Table 1 and 
Supplementary File S2 according to patients, study design, im-
plant amount, radiotherapy, chemotherapy, other risk factors, 

and conclusions. In total, 3357 implants in 836 HNC patients 
were included in this review of the literature from 2021 to 
2024. Of the 9 included studies, 397 patients were treated with 
radiotherapy, 168 patients were treated with radiochemother-
apy in 7 studies, and 265 patients without any radiotherapy or 
chemotherapy were included as the control group in 5 studies. 
Additionally, 6 patients from 1 study did not have their treat-
ment method reported. Therefore, 1839 implants were inserted 
into the irradiated bone, while the non-irradiated bone received 
509 implants, and 1009 implants were described as unclear. The 
mean follow-up period of the included studies ranged from 27.3 
to 60 months.

Regarding the implanted bone type, 2 studies reported 207 im-
plants placed in only native bone in 86 patients; 1 study reported 
739 implants placed in only grafted bone in 190 patients; and 6 
studies reported 2411 implants placed in both native and grafted 
bone in 560 patients. The types of grafted bone are described in 
Table 1.

Regarding the implantation timing, 219 implants were per-
formed before the completion of radiotherapy in 3 studies with 
12 implant failures. 1595 implants were performed after com-
pletion of radiotherapy in 6 studies with 117 implant failures. 

FIGURE 1    |    PRISMA flow chart.

Schiegnitz et al., 2014

Previous studies 1990- 2013

Schiegnitz et al., 2022

Previous studies 2013- 2021

Identification of new studies

2021 - 2024
ID

EN
TI

FI
C

AT
IO

N Studies included in previous 
version of review

 (n = 31)

Studies included in previous 
meta-analysis on implant 

survival
(n = 6)

Records identified 
from research of 

the databases
(n = 502) 

Records identified 
from manual 

research
(n = 5) 

Records screened
(n = 502) 

Records 
excluded
(n = 444) 

Full-text articles 
assessed for 
eligibility
(n = 58) 

Records 
excluded
(n = 29) 

SC
R

EE
N

IN
G

EL
IG

IB
IL

IT
Y

IN
C

LU
D

ED

New studies included in qualitative synthesis 
(n = 29)

Database research (n = 24)
Manual research (n = 5) 

New studies included in quantitative 
synthesis (meta-analysis) (n = 12)

Total number of studies included into meta-
analysis (n = 23)

Previous studies 
included in new 
meta-analysis

(n = 11) 

Additional records 
identified through manual 

search
(n = 3)

Records excluded on basis 
of Title & Abstract

(n = 59)

Full-text articles assessed for eligibility
(n = 26) Full-text articles excluded, 

with reasons
(n = 17)

<5 patients = 1
Insufficient info =7

Not related = 7
Included in past review = 2Studies included in qualitative synthesis

(n = 9) 

Records identified from research of the 
databases

PubMed (n = 31) 
Web of Science (n = 42)

Scopus (n = 55)
EBSCO (n = 27)

Cochrane Library (n = 9)

Records after duplicates removed
(n = 85)

Title & Abstract screened
(n = 85)

Total number of studies included into meta-
analysis (n = 30) 

Studies included in quantitative synthesis 
(meta-analysis) (n = 7)

 16000501, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/clr.14450 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [02/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5 of 18

T
A

B
L

E
 1

    
|    

T
he

 m
ai

n 
ch

ar
ac

te
ri

st
ic

s o
f t

he
 in

cl
ud

ed
 st

ud
ie

s.

A
ut

ho
r,

 y
ea

r
St

ud
y 

ty
pe

N
o.

 
pa

ti
en

ts
 

(n
o.

 p
er

 
gr

ou
p)

G
en

de
r

A
ge

 
(r

an
ge

)

M
ea

n 
fo

ll
ow

-u
p 

(r
an

ge
)

N
o.

 
fa

il
ed

/
to

ta
l 

im
pl

an
ts

N
o.

 
fa

il
ed

/
to

ta
l 

im
pl

an
ts

 
w

it
h 

R
T,

 
R

C
T,

 N
I

N
o.

 
im

pl
an

t 
in

 b
on

e 
ty

pe
 (%

)

Im
pl

an
t 

pl
ac

em
en

t 
ti

m
in

g 
(P

1:
 

be
fo

re
 R

T/
R

C
T,

 P
2:

 
af

te
r 

R
T/

R
C

T
)

O
ve

ra
ll

 
su

rv
iv

al
/

SR
/C

SR
C

an
ce

r
R

ad
io

th
er

ap
y

C
he

m
ot

he
ra

py
 

an
d 

hy
pe

rb
ar

ic
 

ox
yg

en
 th

er
ap

y

A
lb

er
ga

, 2
02

3
R

28
 (2

2,
 

R
T;

 6
, 

RC
T)

12
M

, 
16

F
68

.2
 

(N
M

)
46

.0
 m

on
th

s 
(N

M
)

5/
56

5/
56

, 
RC

T 
+

 R
T

N
B,

 5
6 

(1
00

%
)

P1
, 5

6 
(b

et
w

ee
n 

im
pl

an
t 

pl
ac

em
en

t 
an

d 
R

T/
RC

T 
w

as
 6

 w
ee

ks
)

Su
rv

iv
al

: 9
1%

To
ng

ue
 1

2,
 

flo
or

 o
f m

ou
th

 
10

, m
an

di
bu

la
r 

gi
ng

iv
a 

6

Th
e 

R
T 

do
se

 o
n 

th
e 

tu
m

or
 si

te
 w

as
 6

6 G
y 

fo
r a

ll 
th

e 
pa

tie
nt

s

N
M

K
ha

de
m

ba
sc

hi
, 

20
21

R
13

0 
(7

2,
 

R
T;

 5
8,

 
N

I)

77
M

, 
77

F
N

B,
 5

9 
(N

M
) 

G
B,

 5
0 

(N
M

)

38
 m

on
th

s 
(3

–1
13

 m
on

th
s)

31
/4

61
31

/4
61

, 
RC

T 
+

 R
T

N
B,

 2
21

 
(4

7.
9%

) G
B,

 
24

0 
(5

2.
1%

)

P2
, 4

61
Su

rv
iv

al
: 

93
.2

%
C

el
l c

ar
ci

no
m

a,
 

am
el

ob
la

st
om

a,
 

ke
ra

to
cy

st
ic

 
od

on
to

ge
ni

c 
tu

m
or

, a
nd

 
am

el
ob

la
st

om
a

N
M

N
M

, 2
1 

pa
tie

nt
s 

ha
d 

hy
pe

rb
ar

ic
 

ox
yg

en
 th

er
ap

y

Le
e,

 2
02

2
R

37
 (2

5,
 

R
T;

 1
2,

 
RC

T)

15
M

, 
12

F
63

 
(3

7–
77

)
27

.3
 m

on
th

s 
(1

.2
–

12
8.

6 m
on

th
s)

8/
45

8/
45

, 
RC

T 
+

 R
T

N
B,

 2
8 

(6
2.

2%
) G

B,
 

17
 (3

7.
8%

)

P2
, 4

5
RC

T 
+

 R
T 

su
rv

iv
al

: 
82

.2
%

 
RC

T 
+

 R
T 

C
SR

: 7
6.

9%
 

af
te

r −
3 y

ea
rs

O
ra

l c
av

ity
 1

2,
 

na
so

ph
ar

yn
x 

14
, 

pa
ra

na
sa

l s
in

us
 

3,
 p

ar
ot

id
 g

la
nd

 
3,

 o
ro

ph
ar

yn
x 

2,
 m

an
di

bl
e,

 
2 

th
yr

oi
d 

1

A
ll 

pa
tie

nt
s 

un
de

rw
en

t R
T 

us
in

g 
3D

 c
on

fo
rm

al
 

R
T 

or
 IM

R
T.

 T
he

 
m

ed
ia

n 
va

lu
e 

fo
r 

D
m

ea
n 

w
as

 3
5.

7 G
y 

(r
an

ge
 0

.0
–6

4.
8)

12
 p

at
ie

nt
s 

(4
4.

4%
) r

ec
ei

ve
d 

co
nc

ur
re

nt
 

ch
em

or
ad

io
th

er
ap

y

Li
, 2

02
2

R
58

 (4
9,

 
R

T;
 9

, 
RC

T)

38
M

, 
20

F
59

 
(5

3–
68

)
A

t l
ea

st
 

3 y
ea

rs
 (N

M
)

4/
15

1
4/

15
1,

 
RC

T 
+

 R
T

N
B,

 1
51

 
(1

00
%

)
P1

, 1
51

RC
T 

+
 R

T 
su

rv
iv

al
: 

97
.4

%
 

RC
T 

+
 R

T 
C

SR
: 9

9.
94

%
 

an
d 

97
.4

%
 

af
te

r 1
 a

nd
 

3 y
ea

rs

Si
nu

s 7
, o

ra
l 

ca
vi

ty
 3

8,
 

or
op

ha
ry

nx
 3

, 
m

ul
til

ev
el

 6

Th
e 

D
m

ea
n 

w
as

 
40

.3
 G

y,
 (r

an
ge

 
30

.7
–4

9.
7)

. A
ll 

pa
tie

nt
s 

ha
d 

co
m

pl
et

ed
 R

T 
w

ith
 a

 m
ed

ia
n 

do
se

 o
f 

62
.4

 G
y 

(r
an

ge
 6

2.
2–

67
.7

 G
y)

, 4
 o

f w
hi

ch
 

as
 d

ef
in

iti
ve

 (6
.9

%
) 

an
d 

54
 a

s a
dj

uv
an

t 
(9

3.
1%

). 
In

 a
dd

iti
on

, 
16

 (2
7.

6%
) p

at
ie

nt
s 

IM
R

T 
an

d 
42

 (7
2.

4%
) 

re
ce

iv
ed

 V
M

A
T

A
 to

ta
l o

f 9
 p

at
ie

nt
s 

(1
5.

5%
) r

ec
ei

ve
d 

ch
em

ot
he

ra
py

 
in

 a
dd

iti
on

 to
 

ra
di

ot
he

ra
py

(C
on

tin
ue

s)

 16000501, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/clr.14450 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [02/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 of 18 Clinical Oral Implants Research, 2025

A
ut

ho
r,

 y
ea

r
St

ud
y 

ty
pe

N
o.

 
pa

ti
en

ts
 

(n
o.

 p
er

 
gr

ou
p)

G
en

de
r

A
ge

 
(r

an
ge

)

M
ea

n 
fo

ll
ow

-u
p 

(r
an

ge
)

N
o.

 
fa

il
ed

/
to

ta
l 

im
pl

an
ts

N
o.

 
fa

il
ed

/
to

ta
l 

im
pl

an
ts

 
w

it
h 

R
T,

 
R

C
T,

 N
I

N
o.

 
im

pl
an

t 
in

 b
on

e 
ty

pe
 (%

)

Im
pl

an
t 

pl
ac

em
en

t 
ti

m
in

g 
(P

1:
 

be
fo

re
 R

T/
R

C
T,

 P
2:

 
af

te
r 

R
T/

R
C

T
)

O
ve

ra
ll

 
su

rv
iv

al
/

SR
/C

SR
C

an
ce

r
R

ad
io

th
er

ap
y

C
he

m
ot

he
ra

py
 

an
d 

hy
pe

rb
ar

ic
 

ox
yg

en
 th

er
ap

y

M
ah

en
dr

an
, 

20
22

R
19

0 
(5

4,
 

RC
T;

 
72

, N
I; 

64
, R

T)

11
9M

, 
71

F
66

 
(N

M
)

36
 m

on
th

s 
(N

M
)

39
/7

39
9/

N
M

, 
RC

T 
2/

N
M

, R
T 

5/
N

M
, N

I

G
B,

 7
39

 
(1

00
%

)
P2

, N
M

 
(m

or
e 

th
an

 
12

 m
on

th
s)

 
N

I, 
N

M

Su
rv

iv
al

: 9
5%

O
ra

l s
qu

am
ou

s 
ce

ll 
ca

rc
in

om
a 

77
%

, 
am

el
ob

la
st

om
a 

13
%

, o
th

er
s 1

0%

A
ll 

pa
tie

nt
s r

ec
ei

ve
d 

be
tw

ee
n 

45
 a

nd
 

65
 G

y,
 w

ith
 th

e 
m

os
t 

co
m

m
on

 p
ro

to
co

l 
be

in
g 

65
 G

y 
in

 3
0 

fr
ac

tio
ns

 o
ve

r 6
 w

ee
ks

N
m

M
at

til
a,

 2
02

4
R

59
 (1

8,
 

R
T;

 1
4,

 
RC

T;
 

27
, N

I)

27
M

, 
32

F
68

 
(4

4–
92

)
2 y

ea
rs

 a
nd

 
10

 m
on

th
s 

(9
–8

2 m
on

th
s)

24
/1

96
10

/9
1,

 
RC

T 
+

 R
T 

11
/9

3,
 N

I

N
B,

 1
58

 
(8

0.
6%

) G
B,

 
38

 (1
9.

4%
)

P1
, 1

2 
P2

, 9
1 

(w
ith

 m
ea

n 
tim

e 
of

 
50

 m
on

th
s)

 
N

I, 
93

Su
rv

iv
al

: 8
8%

O
ra

l c
av

ity
 

ca
nc

er
 5

0,
 o

th
er

 
he

ad
 a

nd
 n

ec
k 

ca
nc

er
 9

.

Th
e 

D
m

ea
n 

w
as

 6
1 G

y 
(r

an
ge

 5
0–

70
 G

y)
. 

R
T 

w
as

 g
iv

en
 to

 3
 

no
nv

as
cu

la
ri

ze
d 

G
B,

 1
2 

va
sc

ul
ar

iz
ed

 
G

B,
 a

nd
 7

2 
to

 N
B

N
M

Sc
hi

eg
ni

tz
, 

20
21

R
16

4 
(7

2,
 

R
T;

 8
6,

 
N

I; 
6,

 
N

M
)

11
0M

, 
54

F
67

.3
 

(N
M

)
45

 (0
 to

 
22

7 m
on

th
s)

70
/7

11
N

M
/3

66
, 

RC
T 

+
 R

T 
N

M
/3

18
, 

N
I

N
B

-N
I, 

N
M

 
(9

1.
3%

) N
B,

 
N

M
 (9

4.
6%

) 
G

B
-N

I, 
N

M
 

(8
2.

2%
) G

B,
 

N
M

 (6
4.

0%
)

N
M

Su
rv

iv
al

: 
90

.2
%

 C
SR

: 
97

.3
%

 a
nd

 
80

.0
%

 a
ft

er
 −

5 
an

d 
−1

0 y
ea

rs

In
tr

ao
ra

l, 
sq

ua
m

ou
s c

el
l, 

an
d 

ca
rc

in
om

a

64
 G

y 
in

 3
0 

fr
ac

tio
ns

 
w

as
 d

el
iv

er
ed

 to
 th

e 
pr

im
ar

y 
tu

m
or

 re
gi

on
 

in
 th

e 
fo

rm
 o

f I
M

R
T

N
o

W
ol

f, 
20

21
R

12
1 

(6
2,

 
R

T;
 5

9,
 

RC
T)

91
M

, 
30

F
65

.7
 

(4
5–

89
)

3.
8 y

ea
rs

 
(0

.6
–1

8.
5 y

ea
rs

)
62

/7
51

36
6/

52
1,

 
in

si
de

 
PT

V
 

18
0/

23
0,

 
ne

ar
/

ou
ts

id
e 

PT
V

N
B,

 5
90

 
(7

8.
5%

) G
B,

 
16

1 
(2

1.
5%

)

P2
, 7

51
 (w

ith
 

th
e 

m
ea

n 
tim

e 
of

 
48

.7
 m

on
th

s)

RC
T 

+
 R

T 
su

rv
iv

al
: 

91
.7

%
 (C

SR
: 

96
.5

%
, 9

4.
8%

, 
92

.4
%

, a
nd

 
90

.4
%

 a
ft

er
 

1-
, 3

-, 
5-

, 
an

d 
10

-y
ea

r)
 

(R
C

T 
+

 R
T 

SR
: 7

6.
3%

, 
74

.9
%

 a
nd

 
73

.5
%

 a
ft

er
 

3-
, 5

-, 
an

d 
10

-y
ea

r)
 (R

C
T 

SR
: 7

4.
8%

; 
R

T 
SR

: 7
0)

M
ul

ti-
le

ve
l 1

6,
 

or
al

 c
av

ity
 6

6,
 

or
op

ha
ry

nx
 

27
, l

ar
yn

x 
hy

po
ph

ar
yn

x 
8,

 si
nu

s 3
, 

pa
ro

tid
 g

la
nd

 1

A
ll 

pa
tie

nt
s r

eq
ui

re
d 

R
T 

w
ith

 D
m

ea
n 

of
 6

2.
6 G

y 
(r

an
ge

 
35

–7
4 G

y)
, t

he
re

of
 

31
 d

ef
in

iti
ve

 (2
5.

6%
) 

an
d 

90
 a

dj
uv

an
t 

(7
4.

4%
). 

M
od

ul
at

in
g 

ra
di

at
io

n 
te

ch
ni

qu
es

 
(I

M
R

T,
 IM

A
T 

V
M

A
T,

 
IG

R
T)

 w
er

e 
us

ed
 in

 
84

 (6
9.

4%
) p

at
ie

nt
s 

w
he

re
as

 3
7 

(3
0.

6%
) 

pa
tie

nt
s r

ec
ei

ve
d 

co
nv

en
tio

na
l 2

D
 o

r 
3D

 p
la

nn
ed

 R
T

26
 fo

r d
ef

in
iti

ve
 

ch
em

or
ad

ia
tio

n 
(4

4.
1%

), 
33

 
fo

r a
dj

uv
an

t 
ch

em
or

ad
ia

tio
n 

(5
5.

9%
)

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 16000501, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/clr.14450 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [02/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7 of 18

Furthermore, one study (Mattila et al. 2024) reported implant 
placement both before and after radiotherapy, and one study 
(Schiegnitz et al. 2021) reported the placement timing regarding 
primary or secondary surgery.

Five studies (Schiegnitz et al. 2021; Wolf et al. 2021; Li et al. 2022; 
Alberga et  al.  2023; Wüster et  al.  2023) reported on marginal 
bone loss over different periods using various examination tools. 
Due to the diverse study designs and examination methods, 
quantitative synthesis of marginal bone loss could not be per-
formed. Instead, descriptive statistics were pooled to report the 
data, as shown in Table 2. Regarding the report of ORN, 3 stud-
ies (Wolf et al. 2021; Lee et al. 2022; Mahendran et al. 2022) re-
ported a total of 21 ORN events occurring around implant sites.

Regarding the studies that reported on radiochemotherapy/
chemotherapy as an individual group, a total of 8 studies from 
Schiegnitz et  al.  (2014, 2022) were included, consisting of 7 
retrospective designs (Doll et  al.  2014; Hessling et  al.  2015; 
Kovács  2001; Laverty et  al.  2019; Linsen et  al.  2012; Wolf 
et  al.  2021; Yerit et  al.  2006) and 1 prospective design (Nack 
et  al. 2015). However, no study was found within the period 
from 2021 to 2024. All included studies were observational de-
signs; the main characteristics of these studies are detailed in 
Table  3 and Supplementary File  S3. A total of 3413 implants 
were analyzed: 1392 implants were placed in patients undergo-
ing radiochemotherapy, 106 in patients receiving chemotherapy, 
1114 in non-irradiated patients (control group), and 801 in pa-
tients treated with radiotherapy or without specific treatment 
details. Five studies with a comparative design (Doll et al. 2014; 
Hessling et al. 2015; Laverty et al. 2019; Linsen et al. 2012; Yerit 
et al. 2006) involving radiochemotherapy and a non-irradiated 
control group were included in the meta-analysis. However, 1 
study by Kovács (2001), which reported implant survival in pa-
tients treated only with chemotherapy, was excluded from the 
meta-analysis.

3.3   |   Risk of Bias

For studies comparing the outcome of implants in irradiated 
and non-irradiated bone, the Newcastle-Ottawa scale was used 
to assess the risk of bias, and for studies without a non-irradiated 
control group, using the questionnaire described by Moga 
et al. (2012). The studies from the 2 previous reviews (Schiegnitz 
et al. 2014, 2022) that included a control group were considered 
to be of “good quality” in 67.7% of cases. For the studies that did 
not include the control group, 87.5% completed affirmatively at 
least 3 of the 4 questions associated with the quality of selection, 
intervention, outcomes, and follow-up. For the updated stud-
ies included in the present review, 80.0% of those evaluated on 
the basis of the Newcastle-Ottawa Scale presented “good qual-
ity” and of those evaluated in relation to the questions of Moga 
et al. (2012), 100.0% completed affirmatively at least 3 of the 4 
questions associated with the quality of selection, intervention, 
outcomes, and follow-up.

The risk of bias for the new studies included in the present sys-
tematic review, from February 2021 to May 2024, is shown in 
Table 4. The risk of bias for the studies included in the previous 
review is presented in Supplementary File S1.A
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3.4   |   Meta-Analysis of Implant Survival Rates 
and Failure Prevalence in Irradiated Bone From 
Single-Arm Trials: An Update From 2021 to 2024

For the update from 2021 to 2024, the mean implant survival 
rate in single-arm trials was 91.14%. A total of 903 implants 
were evaluated across 4 single-arm studies, with 80 implant 
failures reported (Figure 2). The studies included in the analy-
sis were conducted by Alberga et al. (2023), Li et al. (2022), Lee 
et al.  (2022), and Wolf et al.  (2021). The prevalence of implant 
failure on irradiated bone varied among the studies, with re-
ported failure rates ranging from 7.84% to 17.78%. The hetero-
geneity of the studies was low (τ2 = 0; χ2 = 4.45, p = 0.22; df = 3, 
I2 = 33%), indicating a moderate level of variability among the 
study results.

3.5   |   Meta-Analysis of Implant Survival in 
the Irradiated Jaw Versus Implant Survival in 
the Non-Irradiated Jaw: A Comprehensive Update

All included studies were observational design with com-
parison groups. For the comparison group, all included non-
irradiated patients who had a history of HNC; however, the 
implants were placed in non-irradiated bone. The overall sur-
vival rate for implants in irradiated patients was 85.6%, while 
the survival rate for non-irradiated patients was significantly 
higher at around 90.0% (Figure 3). There was moderate hetero-
geneity between the studies within these subgroups, with het-
erogeneity metrics of τ2 = 0.0385, χ2 = 23.05, df = 23, p = 0.4577, 
and I2 = 0.2%. Therefore, the general survival rate of implants 
in irradiated patients was lower compared to non-irradiated 
patients, with a significant (p < 0.0001) overall RR of 1.62 
(95% CI: 1.33–1.98) for implant failure in irradiated patients. 
Even though the visual assessment of the funnel plot indi-
cated asymmetry, Egger's test (p-value = 0.0543) did not find 
strong evidence of publication bias (Figure  4). Nevertheless, 
after conducting a trim-and-fill adjustment for visual fun-
nel plot asymmetry, 7 hypothetical studies were added, 
increasing the observed cases to 9314 (irradiated = 4775, non-
irradiated = 4539) with a total of 1089 events, the adjusted 
effect estimates slightly decreased to a relative risk (RR) of 
1.40 (95% CI: 1.118–1.77, p < 0.01), and a prediction interval of 
0.78 to 2.51. Notably, heterogeneity slightly increased to 23.3% 
(p = 0.012).

3.6   |   Meta-Analysis of Influence of Bone 
Origin and Irradiation on Implant Survival: A 
Comprehensive Update

The comparison of implant survival rates in irradiated patients 
with native bone versus grafted bone revealed a higher risk of 
failure in grafted bone (Figure  5). The meta-analysis revealed 
a significantly higher RR for implant failure in grafted bone 
compared to native bone, with a RR of 2.03 (95% CI: 1.39–2.96, 
p = 0.0018) and heterogeneity metrics of τ2 = 0.138, χ2 = 14.09, 
df = 11, p = 0.2282 and I2 = 21.9%. The visual assessment of the 
funnel plot indicated slight asymmetry. However, statistical 
analysis using Egger's test (p-value = 0.5414) did not show sig-
nificant evidence of publication bias in the included studies 

(Figure  6). Nevertheless, after conducting a trim-and-fill ad-
justment for visual funnel plot asymmetry, 3 hypothetical stud-
ies were added, increasing the observed cases to 2901 (grafted 
bone = 741, native bone = 2160) with a total of 485 events. The 
adjusted effect estimate slightly decreased to a RR of 1.67 (95% 
CI: 1.09–2.581, p = 0.03) with a prediction interval of 0.43 to 6.53. 
Notably, heterogeneity increased to 47.4% (p = 0.02). However, 
due to the non-standardized descriptions provided by the stud-
ies, a meta-analysis could not be performed to further distin-
guish between subgroups of vascularized and non-vascularized 
bone flaps from different bone origins.

3.7   |   Meta-Analysis of the Influence of Implant 
Survival in Patients With Radiochemotherapy Versus 
Non-Irradiated Patients: A Comprehensive Update

The comparison of implant survival rates in patients with radio-
chemotherapy with non-irradiated patients reveals a higher risk 
of failure in the group of radiochemotherapy (Figure 7). The meta-
analysis revealed a significantly higher RR for implant failure in 
radiochemotherapy compared to non-irradiated patients, with a 
RR of 1.97 (95% CI: 1.09–3.56, p = 0.0331) and heterogeneity met-
rics of τ2 = 0, χ2 = 2.77, df = 4, p = 0.5962, and I2 = 0%. The visual 
assessment of the funnel plot showed slight asymmetry. Statistical 
analysis using Egger's test (p-value = 0.1245) did not show signifi-
cant evidence of publication bias in the included studies (Figure 8). 
Nevertheless, after conducting a trim-and-fill adjustment for vi-
sual funnel plot asymmetry, 2 hypothetical studies were added, 
increasing the observed cases to 2441 (radiochemotherapy = 1248, 
non-irradiated = 1193) with a total of 177 events; the adjusted effect 
estimated slightly decreased to a RR of 1.75 (95% CI: 0.981–3.12, 
p = 0.055) and a prediction interval of 0.96 to 3.19. Notably, hetero-
geneity tests remain stable (I2 = 0%, p = 0.5).

3.8   |   GRADE Assessment of Evidence Quality

The certainty of evidence for all key outcomes was rated as 
moderate. This includes implant survival in irradiated versus 
non-irradiated patients, implant failure in grafted versus native 
bone, and implant failure in radiochemotherapy-treated versus 
non-irradiated patients. Downgrades were primarily due to the 
risk of bias. Detailed results are summarized in Table 5.

4   |   Discussion

Studies have reported that dental implants can achieve osse-
ointegration and maintain functional stability over extended 
periods in both healthy individuals and those with medical 
conditions, including patients who have undergone HNC ther-
apy (Chappuis et al. 2018; Duttenhoefer et al. 2019; Schimmel 
et  al.  2018). Radiotherapy, either as a standalone definitive 
therapy or following surgery, is commonly used, with concom-
itant chemotherapy being the most widely used regimen across 
all tumor sites. Implant-based rehabilitation represents a via-
ble option for HNC patients following radiotherapy treatment 
(Schiegnitz et al. 2014, 2022). An updated review of the impact 
of radiotherapy on implant survival in HNC patients is essen-
tial for improving clinical outcomes and guiding evidence-based 
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FIGURE 2    |    Forest plot of the prevalence of implant failure on irradiated bone from single-arm trials.

FIGURE 3    |    Forest plot of the risk of implant failure in irradiated patients compared to non-irradiated patients.
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FIGURE 4    |    Funnel plot of the meta-analysis of the risk of implant failure in irradiated compared to non-irradiated patients. (A) Baseline meta-
analysis; (B) trim-and-fill method.
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practices. The present study reviewed the current status of this 
topic, revealing that overall implant survival in HNC patients 
receiving radiotherapy or radiochemotherapy is high; however, 
radiotherapy and radiochemotherapy should still be considered 
risk factors for implant loss.

Regarding the impact of radiation dose on dental implant sur-
vival, a consistent pattern emerges regarding the detrimental 
effects of high-dose radiation in 3 studies (Alberga et al. 2023; 
Lee et  al.  2022; Wolf et  al.  2021). Lee et  al.  (2022) identified 
that radiation doses exceeding 40 Gy were associated with 
significantly decreased implant success. Similarly, Alberga 
et al. (2023) found that implants exposed to doses greater than 
40 Gy had a higher risk of failure, with doses above 50 Gy cor-
relating with increased peri-implant bone loss and implant loss. 
Wolf et al. (2021) found that higher site-specific radiation doses 
were associated with increased implant failure rates and higher 
incidences of sinusitis. Specifically, patients who received radi-
ation doses greater than 60 Gy had a significantly higher rate of 
implant failure. Despite some variations, the threshold radiation 
dose above which implant survival decreases significantly was 

consistently found to be around 40–60 Gy across the studies, 
each of which emphasized the importance of managing radia-
tion exposure to improve implant outcomes in HNC patients. 
These results are in agreement with a recent systematic review 
(Sriram et al. 2024) indicating that pooled survival rates for im-
plants receiving > 60 Gy were significantly lower than implants 
receiving < 60 Gy (82.8% vs. 90.1%, p = 0.035) in the fibula-free 
flap. The present study aimed to explore the potential value of 
a dose–response meta-analysis with methodological precision. 
However, the included studies demonstrate substantial variabil-
ity in radiotherapy modalities and inconsistencies in reporting 
radiotherapy doses, leading to significant heterogeneity. Future 
research should prioritize standardized reporting of radiation 
exposure and implant site-specific doses to enhance the reliabil-
ity and clinical applicability of dose–response analyses.

Across the 5 included studies evaluating, a consistent pattern 
emerged regarding the survival rates of implants placed in 
grafted bone versus native bone (Khadembaschi et al. 2021; Lee 
et  al.  2022; Mattila et  al.  2024; Schiegnitz et  al.  2021; Wüster 
et al. 2023). Two out of these, Khadembaschi et al.  (2021) and 

FIGURE 5    |    Forest plot of the risk of failure in irradiated patients comparing grafted bone to native bone.
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Schiegnitz et  al.  (2021) reported significantly lower survival 
rates for implants in grafted bone, emphasizing the negative 
impact of radiotherapy. Similarly, Wüster et al. (2023) and Lee 
et al. (2022) found that implants in the grafted bone had poorer 
outcomes, with radiation dose and chemotherapy identified as 
additional risk factors. Regarding soft tissue, Mattila et al. (2024) 
highlighted that mucosal overgrowth is a more common issue 
in grafted areas, leading to implant failure. Wüster et al. (2023) 
pointed out that patients who underwent vestibuloplasty showed 
a 100% cumulative survival rate with significantly lower peri-
implant bone resorption compared to those who did not undergo 
the procedure. Similar results were reported by Khadembaschi 
et al. (2021), with significantly lower peri-implant bone resorp-
tion rates and a cumulative implant survival rate of 100% after 

5 years for patients with vestibuloplasty, compared to 93.1% for 
those without it. The present meta-analysis indicates that im-
plants placed in grafted bone have a higher failure risk than 
those in native bone (RR = 2.03, 95% CI: 1.39–2.96, p = 0.0018). 
Due to non-standardized reporting and high heterogeneity 
(I2 = 47.4%), further subgroup analysis on vascularized versus 
non-vascularized bone was not feasible.

Bone loss adversely affects implant survival and overall treat-
ment success (Albrektsson et  al.  1986). Seven studies consis-
tently showed that higher radiation doses, particularly those 
exceeding 40 Gy, were significantly associated with increased 
peri-implant bone loss in HNC patients (Alberga et  al.  2023; 
Lee et  al.  2022; Li et  al.  2022; Mattila et  al.  2024; Schiegnitz 

FIGURE 7    |    Forest plot of the risk of implant failure in patients treated with radiochemotherapy compared to non-irradiated patients.

Study

Total (95% CI)
Prediction interval
Heterogeneity: Tau2 = 0; Chi2 = 2.77, df = 4 (P = 0.5962); I2 = 0.0%
Test for overall effect: t4 = 3.19 (P = 0.0331)

Doll 2015
Hessling 2015
Laverty 2019
Linsen 2012
Yerit 2006

Weight

100.0%

63.9%
1.7%

17.7%
10.0%

6.6%

IV, Random, 95% CI

1.97 [1.09;   3.56]
[0.97;   4.00]

1.58 [0.84;   2.95]
4.65 [0.11; 204.57]

2.44 [0.74;   8.03]
1.91 [0.39;   9.26]

7.91 [1.14;  55.08]

Risk Ratio

0.01 0.1 1 10 100

Risk Ratio
IV, Random, 95% CI

Risk of failure

Events

11
10
30

5
29

Total

871

143
223
292

59
154

Radiochemotherapy
Events

8
0

35
6
2

Total

1060

254
49

538
135

84

Non−irradiated

FIGURE 8    |    Funnel plot of the risk of failure in patients treated with radiochemotherapy. (A) Baseline meta-analysis; (B) trim-and-fill method.

5e−02 1e−01 5e−01 1e+00 5e+00 1e+01 5e+01 1e+02

2.
0

1.
5

1.
0

0.
5

0.
0

Risk Ratio

St
an

da
rd

 E
rro

r

5e−02 1e−01 5e−01 1e+00 5e+00 1e+01 5e+01 1e+02

2.
0

1.
5

1.
0

0.
5

0.
0

Risk Ratio

St
an

da
rd

 E
rro

r

Egger’s test p-value = 0.1245 A. B.Egger’s test p-value = 0.8390

TABLE 5    |    GRADE assessment of evidence quality.

Outcomes
Studies 

(n) Implants (n) Relative risk (95% CI)
Heterogeneity 

(I2)
GRADE 

certainty

Irradiated bone vs. non-
irradiated bone

24 7579 (3800 irradiated, 
3779 non-irradiated)

RR = 1.62 (1.33–1.98) 0.2% Moderate

Grafted bone vs. native 
bone

12 2290 (577 grafted, 
1713 native)

RR = 2.03 (1.39–2.96) 21.9% Moderate

Radiochemotherapy vs. 
non-irradiated

5 1931 (871 
radiochemotherapy, 
1060 non-irradiated)

RR = 1.97 (1.09–3.56) 0% Moderate
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et al. 2021; Wolf et al. 2021; Wüster et al. 2023). Li et al. (2022) 
reported substantial peri-implant bone resorption, with average 
bone losses of up to 1.5 mm after 3 years. Alberga et al. (2023) 
and Wolf et al. (2021) also noted that higher site-specific radi-
ation doses led to increased bone loss. Schiegnitz et al. (2021) 
highlighted that irradiated patients experienced greater bone 
loss, which negatively affected implant survival. Wüster 
et  al.  (2023) found that radiochemotherapy exacerbated peri-
implant mesial bone loss after 3 years compared to radiotherapy 
alone, which stresses the detrimental effects of combined treat-
ments. For implant survival, the present meta-analysis empha-
sizes the significant impact of radiation on implant survival, 
confirming a higher failure risk in irradiated bone (RR = 1.62, 
95% CI: 1.33–1.98, p < 0.0001) with strong consistency across 
studies (I2 = 0.2%).

The opinions on the timing of implant placement in HNC pa-
tients generally vary (Koudougou et  al.  2020). The findings 
from the included studies indicate that the optimal timing for 
implant placement might be either before the onset of radiother-
apy or during ablative surgery. Li et al. (2022) and Mahendran 
et al. (2022) emphasized reduced complications and better ini-
tial osseointegration with pre-radiotherapy placement. Alberga 
et al. (2023) and Wolf et al. (2021) noted the benefits of simul-
taneous placement with ablative surgery, citing improved 
oral function and osseointegration before radiotherapy be-
gins. Similarly, Schiegnitz et al.  (2021) observed that implants 
placed during ablative surgery showed slightly higher survival 
rates compared to those placed after oncological treatments. 
Additionally, Wüster et al. (2023) reported high cumulative sur-
vival rates of 99.1% after 1 year and 93.1% after 5 years, demon-
strating the feasibility of immediate placement under specific 
conditions. These results align with previous studies (In't Veld 
et al. 2021; Panchal et al. 2020; Schepers et al. 2006), which also 
found that immediate implant placement offers the benefit of 
implant healing and osseointegration in non-irradiated bone. 
On the other hand, Mattila et al. (2024) suggested that implant 
survival is less affected by timing but recognized higher compli-
cation risks with early placements. Regarding a current system-
atic review by Pitorro et al. (2022), the survival rates of implants 
were described as follows: 89.4% to 97% for pre-radiotherapy, 
80% to 100% for post-radiotherapy, and 92.2% to 100% for non-
irradiated patients. The optimal timing for implant placement in 
HNC patients remains inconclusive based on the current data. 
Future research should aim to improve the understanding of im-
plant placement timing.

The use of IMRT is highlighted in several studies for its benefits 
in HNC patients undergoing implant procedures (Chrcanovic 
et al. 2010; Raj et al. 2022). Li et al. (2022) noted reduced peri-
implant bone loss and lower peri-implant inflammation with 
IMRT. Schiegnitz et  al.  (2021) and Wüster et  al.  (2023) found 
that IMRT, along with volume-modulated arc therapy (VMAT), 
resulted in better peri-implant health and higher implant sur-
vival rates. Khadembaschi et al. (2021) reported that IMRT was 
effective in minimizing radiation-induced complications and 
preserving implant stability, while Lee et al.  (2022) associated 
IMRT with better implant survival rates and reduced bone loss. 
However, due to inconsistent data, no solid evidence on the 
influence of different modalities of IMRT or VMAT could be 
drawn within this research.

Definitive and adjuvant radiotherapy were both utilized in HNC 
patients depending on the clinical scenario. Early tumors (stage 
I and II) are typically treated with primary surgery or defini-
tive radiation therapy, whereas stage III and IV (locoregionally 
advanced) tumors are managed with surgery followed by adju-
vant radiation therapy, with or without concurrent chemora-
diotherapy (Anderson et al. 2021). Li et al. (2022) reported that 
6.9% of patients received definitive radiotherapy, while 93.1% 
received adjuvant radiotherapy. The study found higher implant 
failure rates in the mandible (median dose 45.9 Gy) compared 
to the maxilla (median dose 35.0 Gy), highlighting the impact 
of radiation dose and anatomical site on implant success. Wolf 
et al.  (2021) included 121 patients, with 25.6% receiving defin-
itive radiotherapy and 74.4% receiving adjuvant radiotherapy 
with a mean dose of 62.6 Gy. This study noted that maxillary 
implants were more prone to complications and that adjuvant 
radiotherapy was associated with higher rates of sinusitis than 
definitive radiotherapy.

The meta-analysis from the present study demonstrates that im-
plants placed in radiochemotherapy-treated bone have a signifi-
cantly higher failure risk compared to those in non-irradiated bone 
(RR = 1.97, 95% CI: 1.09–3.56, p = 0.0331), indicating consistent 
findings across studies. Consistent results were also reported from 
the systematic review by Chrcanovic et  al.  (2016). Two studies 
(Schiegnitz et  al.  2021; Lee et  al.  2022) identified chemotherapy 
as a significant risk factor, noting lower implant survival rates in 
patients who underwent radiochemotherapy compared to those re-
ceiving radiotherapy alone. Li et al. (2022) and Alberga et al. (2023) 
also reported that combined radiochemotherapy led to decreased 
implant success rates, with higher doses correlating with increased 
peri-implant bone loss and higher failure rates. However, Mattila 
et al. (2024) suggested that short-term implant survival was not sig-
nificantly affected by chemotherapy, as observed in the study from 
Kovács (2001). Studies like Khadembaschi et al. (2021), Mahendran 
et al. (2022), and Wolf et al. (2021) did not focus extensively on the 
isolated effects of chemotherapy but noted the combined adverse 
effects of cancer treatments on implant survival.

Besides radiotherapy and chemotherapy, other risk factors af-
fecting implant survival in HNC patients include pre-existing 
dental issues, such as periodontal disease and poor oral hygiene 
(Li et al. 2022), systemic diseases like diabetes and cardiovascu-
lar conditions (Schiegnitz et al. 2021). Two studies (Schiegnitz 
et al. 2021; Wolf et al. 2021) identified smoking as a significant 
risk factor, with higher rates of peri-implant inflammation, 
bone loss, and implant failure among smokers. Additionally, 
both bleeding and plaque indices were identified as risk factors 
affecting implant survival and peri-implant health. A study 
(Schiegnitz et al. 2021) reported that 79% of implants showed sat-
isfactory bleeding indices and 60.6% had satisfactory plaque in-
dices, with higher scores associated with increased peri-implant 
inflammation and bone loss. Similarly, Neckel et al. (2021) found 
that higher bleeding and plaque indices were linked to increased 
peri-implant inflammation and bone loss.

With respect to implant failure timing, only the study by Wolf 
et  al.  (2021) provided detailed longitudinal data, reporting 
failures as early as 1 month after functional loading and ex-
tending up to 113 months. These findings suggest that early 
post-loading monitoring may be critical in irradiated patients. 
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The reported causes of failure included peri-implantitis, ORN, 
and inadequate osseointegration. Given the limited data on 
failure timing across the included studies, future research is 
needed to evaluate the influence of different loading protocols 
and implant placement timing on implant survival in irradi-
ated populations.

Limitations of this review include the limited number of stud-
ies within the 4-year updated period and considerable varia-
tions in design, radiotherapy protocols, and follow-up periods. 
Moreover, inconsistent reporting of outcomes, such as dif-
fering measures of implant success, bone loss, and compli-
cations, further complicates direct comparisons. Publication 
bias should also be considered in light of the low number of 
studies included. Even thoughseveral methods to assess publi-
cation bias and small study effects were used (Lin et al. 2018), 
it did not display statistical evidence that supports its exis-
tence; there is uncertainty about the potential impact of this 
issue on the effect estimates. Additionally, it was not possible 
to conduct a multivariate analysis due to missing data on other 
potential risk factors. Consequently, the results should be in-
terpreted with caution.

5   |   Conclusion

This study integrates the latest research findings to support 
current practices in implant treatment for HNC patients. While 
implant survival is relatively high, the adverse effects of irradi-
ation negatively impact outcomes in patients treated with radio-
therapy/chemotherapy. Particularly, implants placed in grafted 
irradiated bone present a higher risk than those in native bone. 
Treatment with higher radiation doses appears to be associated 
with increased peri-implant bone loss. Based on these findings, 
implant placement in HNC patients necessitates comprehensive 
pre-treatment planning, incorporating radiation dose, optimal 
timing, and placement site selection.
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