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Abstract

Introduction: Osseointegration of dental implants with the maxillary and/or mandibular bone is the basis 
for implant prosthetic treatment. The aim of the study was to assess the influence of the patients’ gender, age, 
and in the case of women, their menopausal status (before menopause/after menopause/during hormone 
replacement therapy) on the osseointegration of dental implants.

Material and methods: The study evaluated the bone loss after implant loading and the success rate of the 
procedure in 71 women and 30 men. In the postmenopausal group, 20 (28.1%) women were receiving hormone 
replacement therapy. The implants used in the treatment of the studied patients were the two-phase dental 
implants. The extent of bone loss was estimated by comparing the post-implantation radiographs and the post-
loading ones. 

Results: The implantation procedure was entirely successful in 81 patients (80.2%). The patients’ age, gen-
der and menopausal status did not significantly affect the implantation procedure success rate or bone loss  
(p > 0.05). A correlation between bone loss and hormone replacement therapy (p = 0.002) was found. 

Conclusions: The hormone replacement therapy contributes to a greater peri-implant bone loss. The pa-
tients receiving hormone replacement therapy who consider replacement of missing teeth with implants should 
be informed about a greater risk of osseointegration failure, which may affect the success of implant therapy.
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Introduction

Osseointegration is a  process during which an 
implanted metal element fuses with the living bone. 
A  dental implant is an artificial root-like device em-
bedded in the bone, with a crown or a bridge attached 
to it. In addition, dental implants are used to support 
full dentures. Reactions of bone tissues responsible 
for proper osseointegration depend on a  number of 
factors, mainly on the implant material and shape, lo-
cal anatomical conditions in the maxilla and the man-
dible, and the correct performance of surgical proce-
dures [1].

Radiography is the most common technique used 
to evaluate osseointegration in clinical practice. Both 
radiographs and clinical examination techniques en-
able practitioners to determine the density of peri-im-
plant bone (± radiological error); factors like implant 
acceptance or rejection are also taken into considera-
tion [2]. 

Implant failure is defined as marked mobility of an 
implant or peri-implant bone loss exceeding 0.2 mm af-
ter the first year of implant loading [3]. 

The aim of the study was to evaluate the influence 
of gender, age and, in the case of women, their meno-
pausal status (before/after menopause/during hor-
mone replacement therapy [HRT]), on osseointegration 
of dental implants. The evaluation was based on the 
degree of bone loss after implant loading and the suc-
cess rate of the implantation procedure.

Material and methods

The study included 71 female and 30 male patients 
who underwent implantation procedures in the “Den-
tal” Health Care Centre in Tomaszów Mazowiecki be-
tween 2009 and 2012. The study design was approved 
by the Bioethics Committee of the Medical University of 
Lublin. All patients expressed in writing their informed 
consent to participate in the study.

Patients provided detailed information on their gen-
eral health status and hormonal drugs taken. In addi-
tion, the age and menopausal status were determined 
for all female patients. Menopause was defined as 
a time of one year after the last menstruation or, in the 
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case of women after hysterectomy, as 45 years of age. 
The mean age of women was 44.8 years (21-67 ± 13.5), 
whereas that of men was 44.3 years (26-64 ± 12.4).

Other possible sources of oral cavity infections were 
excluded: carious cavities, teeth with pulp gangrene, 
dental deposit, dental plaque and periodontal diseases. 
When preparing for the procedure, the authors looked 
at the quantity and quality of bone structure at the 
sites of planned implants (height, width of the maxil-
lary alveolar bone or mandibular alveolar part). All pa-
tients treated with dental implants reported healthy at 
the time of the procedure. Each patient was informed 
about the stages of the treatment, its duration, and the 
risk of failure or possible complications. 

The implants used in the therapy of the studied pa-
tients were the two-phase dental implants produced by 
Q-implant (Trinom Titanum, Germany), Osteoplant (Po-
land), Alpha-bio (Israel), MIS Implant Technologies Ltd 
(Israel), and certified by the Drug Institute in Warsaw. 
These are widely-used, screw-shaped titanium endos-
seous implants anchored in the bone; they are fitted 
with prosthetic elements in the form of abutments/
pillars to which crowns, bridges or dentures can be ce-
mented or screwed [4]. 

The implantation was performed either under in-
filtrative or block anaesthesia, using Citocartin 100 
(Molteni, Italy). The therapeutic procedure followed the 
routine implant-prosthetic protocol.

Panoramic radiographs were made three times: 
prior to making the treatment decision, immediately 
after the implantation and after the final loading of an 
implant performed on average in the 6th month follow-
ing the implantation. The latter images were compared 
with those taken immediately after the procedure.  
The extent of bone loss was estimated by comparing 
the post-implantation radiographs and the post-loading 
ones using a millimetre scale template. Bone resorption 
was measured from the prosthetic platform to the level 
of the peri-implant bone, and expressed as the percent-
age of bone tissue loss around an implant. For instance, 
using a 10 mm implant, the bone tissue loss of 2 mm 
was estimated as 20% bone loss.

Statistical analysis

The results were analysed statistically. The param-
eters on the nominal scale were characterized using 
the number and percentage, whereas those on the or-
dinal scale were characterized with arrhythmic mean 
and standard deviation. The differences or correlations 
between non-measurable parameters were determined 
using contingency tables and the χ² independence 
test. Due to a non-normal distribution of the analysed 
variables, the Mann-Whitney U test was used to detect 
significant differences in unpaired features for the two 
groups. An inference error of 5% was assumed, hence 

p ≤ 0.05 was considered as statistically significant.  
The statistical analysis was carried out using Statistica 
v. 6.0 software (Statsoft, Poland). 

Results 

The female group comprised 45 postmenopau-
sal patients (63.3%) and 26 premenopausal patients 
(36.7%). Among women of the postmenopausal group, 
20 (28.1%) had been receiving hormone replacement 
therapy (continuous treatment with low doses of 
oestrogen administered for 2 years and 7 months on 
average). In total, 210 implants were inserted, with  
120 (57.1%) placed in the mandible and 90 (42.9%) 
in the maxilla. Premolars – 108 (51.8%), and molars –  
59 (28.1%) were most frequently replaced with im-
plants, while the canine implants were the least fre-
quent – 16 (7.6%). The number of incisor implants was 
27 (12.9%).

The implantation procedures were entirely success-
ful in 81 patients (80.2%), including 19 patients (18.8%) 
without bone loss and 62 with bone loss not exceed-
ing 25% (10-25%). The therapy was partially success-
ful (bone loss greater than 25%) in 6 patients (5.9%), 
while in 14 patients (13.9%) the treatment failed and 
implants were totally rejected.

In addition, the bone loss rates were assessed on the 
basis of implant location in the maxilla or mandible. It 
needs emphasizing that such bone losses are caused by 
implant loading and they may happen within the period 
of 3 to 6 months following the implantation. In 19 pa-
tients (18.8%), no changes in the implant-surrounding 
bone tissue were found. In 16 patients (15.8%), com-
plete bone resorption was observed. A loss of 50% was 
detected in one patient, whereas in the remaining 65 
patients (64.3%) the bone loss ranged from 10 to 30%.

Assessment of bone loss around dental implants

In the entire study group, the peri-implant bone loss 
rate was 15.8%. No statistically significant differences 
were found between the female and the male groups  
(Z = 1.3; p = 0.18) (Table I).

Figures 1 A and B show partial bone loss after im-
plantation and after implant loading, respectively.

The study results indicated that gender (p = 0.18), 
age (p = 0.21), and menopausal status (p = 0.75) ex-

Tab. I. Bone tissue loss according to gender

Bone tissue loss Women,  
n = 71

Men,  
n = 30

Total,  
n = 101

None 11 (15.5%) 8 (26.7%) 19 (18.8%)

Partial 50 (70.4%) 16 (53.3 %) 66 (65.4%)

Total 10 (14.1%) 6 (20%) 16 (15.8%)
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erted no significant influence on the extent of peri-im-
plant bone loss. 

Furthermore, the examination of the effects of post-
menopausal hormone replacement therapy on peri-im-
plant bone loss showed that in the group of HRT-treated 
women, the average bone loss was 25% (range: 17.5-
100%); the bone loss in the group without HRT was 
lower – 15% (range: 10-20%). The differences were sta-
tistically significant (p = 0.002) (Fig. 2).

Implant success rates evaluation

The dental implantation procedure proved suc-
cessful in 81 patients (80.2%). The analysis of the re-
lationship between bone loss and the success of the 
procedure, showed a statistically significant correlation 
among the variables (χ2 = 91.9; p < 0.0005). Despite 
partial bone loss (10-25%), in thegreat majority of pa-
tients (above 90%) dental implants osseointegrated 
and the procedures proved entirely successful. 

Age (p = 0.5), gender (p = 0.2), and menopausal sta-
tus (p = 0.99) were found to have no significant effects 
on the outcome of implant treatment.

Furthermore, the success rates of the procedures in 
the HRT-treated postmenopausal group were compared 
with those in the group not receiving HRT. The percent-
age of women with successful implant procedures was 
slightly lower in the HRT group compared with the group 
without HRT (75% vs. 92.9%, respectively; p = 0.38).

Discussion

Various authors point out that patients’ age and sex 
do not exert any significant influence on implant ac-
ceptance [5, 6]. Our findings confirmed that those pa-
rameters hardly affected the implantation success rate. 
In addition, the level of therapeutic success in our study 
was radically lower than that found in the multicentre 
study described by Lin et al. [7].

However, Sverzut et al. obtained different results. 
They found that the likelihood of early implant rejection 
increased each year by 1.075 and that men showed 
a  1.255 times greater risk of implant rejection than 
women [8]. According to August et al., this risk was 
higher in postmenopausal women when compared to-
premenopausal women and to men. The highest failure 
rate was observed in postmenopausal women receiv-
ing HRT (13.6%) compared to premenopausal women 
(6.3%) and to men older than 50 years of age (7.6%); 
the differences were statistically significant (p > 0.05) 
[9]. Moy et al. showed that the patients’ gender, unlike 
their age, did not have any major impact on the suc-
cess of the implant procedure. The comparison of the 
younger group aged < 40 years with the group aged 
60-70 years revealed higher risks of implant failure in 
older patients (p < 0.05) [10].

Some earlier studies looking at the correlation be-
tween oestrogen and progesterone levels and the suc-
cessful osseointegration of dental implants revealed 

Fig. 1. A) X-ray taken immediately after the implant procedure. B) X-ray after implant loading with prosthetic superstructure. 
Peri-implant bone loss has been marked
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Fig. 2. Comparison of peri-implant bone loss in women with 
and without hormone replacement therapy (HRT)
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that periodic, menstruation-related hormone changes 
did not affect the healing process or implant osseoin-
tegration [11].

The deficiency of oestrogen and qualitative bone 
changes caused by menopause are probably the factors 
that hugely increase the risk of dental implant rejection 
[12]. Hormone replacement therapy substantially modi-
fies the regenerative abilities of bone tissues, which 
may affect implant success rates in postmenopausal 
women. Our findings showed that postmenopausal 
women receiving hormone replacement therapy re-
ported higher bone loss rates than those not receiving 
supplementation (p = 0.002). Likewise, the percentage 
of women with complete peri-implant bone loss was 
higher in the HRT group compared to women without 
hormone replacement therapy (p = 0.05).

The studies on the possible relation between hor-
mone supplementation and the decrease in the osseo-
integration failure risk in postmenopausal women, 
conducted at the time when implants were introduced 
as a widely-used method of missing teeth treatment, 
showed that hormone replacement therapy did not ex-
ert any significant influence on the success of the im-
plantation procedure in women [13].

Moreover, the study by Augusta et al. confirmed the 
correlation between hormone replacement therapy and 
the implant failure risk. The authors suggested that 
oestrogen replacement therapy could reduce the failure 
risk by about 41% in maxillary implants [9].

In contrast, Moy et al. demonstrated that oestrogen 
supplementation after menopause increased the risk of 
implant rejection. Gender, hypertension, coronary dis-
eases, respiratory diseases and chemotherapy did not 
markedly increase the failure risk. Instead, there were 
factors like diabetes or radiation therapy of the head 
or neck. Implants inserted into the maxilla were more 
frequently rejected than those placed in the mandible. 
Patients over 60 years of age, with a history of diabetes 
or head and neck cancers, were found to show a higher 
risk of implant failure than healthy individuals [9].

Conclusions

Considering the fact that hormone replacement 
therapy contributes to greater peri-implant bone losses, 
HRT patients treated with dental implants should be 
informed about a  greater risk of osseointegration fail-
ure, which may affect the success of implant therapy. It 
seems, however, that hormone replacement therapy is 

not a  contraindication for dental implant procedures. 
A partial loss of bone tissue during implant osseointegra-
tion observed on radiographs is a common phenomenon 
concurrent with the regenerative processes of bones. It 
also has no influence onthe success of the procedure. 
A high number of implant rejection cases may be due to 
other factors, which calls for further investigation.
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