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Abstract
Current adjuvant treatment modalities for breast cancer that express the estrogen receptor or
progesterone receptor include adjuvant anti-estrogen therapies, and tamoxifen and aromatase
inhibitors. Bone, including the jaw, is an endocrine-sensitive organ, as are other oral structures.
This review examines the potential links between adjuvant anti-estrogen treatments in
postmenopausal women with hormone receptor positive breast cancer and oral health. A search of
PubMed, EMBASE, CENTRAL, and the Web of Knowledge was conducted using combinations
of key terms “breast,” “cancer,” “neoplasm,” “Tamoxifen,” “Aromatase Inhibitor,”
“chemotherapy,” “hormone therapy,” “alveolar bone loss,” “postmenopausal bone loss,”
“estrogen,” “SERM,” “hormone replacement therapy,” and “quality of life.” We selected articles
published in peer-reviewed journals in the English. The authors found no studies reporting on
periodontal diseases, alveolar bone loss, oral health, or oral health-related quality of life in
association with anti-estrogen breast cancer treatments in postmenopausal women. Periodontal
diseases, alveolar bone density, tooth loss, and conditions of the soft tissues of the mouth have all
been associated with menopausal status supporting the hypothesis that the soft tissues and bone of
the oral cavity could be negatively affected by anti-estrogen therapy. As a conclusion, the impact
of adjuvant endocrine breast cancer therapy on the oral health of postmenopausal women is
undefined. The structures of the oral cavity are influenced by estrogen; therefore, anti-estrogen
therapies may carry the risk of oral toxicities. Oral health care for breast cancer patients is an
important but understudied aspect of cancer survivorship.
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Introduction
Oral health in those affected by cancer

The Surgeon General's report on Oral Health in America estimates that more than 30–35 %
of patients undergoing cancer treatment (400,000 annually) will develop oral complications
[1]. As a result, leading health organizations have developed guidelines for the oral care of
cancer patients. The National Institutes of Health (NIH) Development Consensus
Conference on the Oral Complications of Cancer Therapies strongly recommended oral
assessment and oral/dental care prior to cancer therapy, which should be continued during
and following therapy [2]. More recently, the American Dental Association and the National
Institute of Dental and Cranio-facial Research (NIDCR) have developed brochures and
handouts [3, 4] for patients and providers on oral health care guidelines for patients with
cancer. While the NIH guidelines have been in place for over 20 years, there is little data as
to whether these guidelines are followed by either the medical or dental communities [5, 6].

Cancer treatments and oral health-related quality of life
In the United States, the life time risk of developing cancer is approximately 1 in 2 for men
and 1 in 3 for women [7] with breast cancer affecting 1 in 8 American women [8].
Depending on the type of cancer and the treatment, a wide range of oral complications may
occur during or after cancer care. Cancer survivors have reported serious oral health-related
side effects of radiotherapy and chemotherapy, including xerostomia and mucositis. Oral
pain and xerostomia can significantly reduce the quality of life of patients and can seriously
affect functional capabilities and thus their nutritional status. Individuals may avoid foods
difficult to chew, such as raw vegetables and fruits, as well as other items needed for good
nutritional status and overall quality of health [8]. Such factors resulting from oral
complications of therapies can compromise patients’ compliance with treatment [9, 10].

The impact of cancer therapy on the oral health of patients with cancer is poorly defined
outside of mucositis, head and neck cancers, and in the setting of stem cell transplantation.
Thus, oral conditions represent a critical, yet underappreciated, factor in care of thousands of
patients with cancer.

Soft tissues and bones of the oral cavity may be considered endocrine-sensitive tissues [11–
13]. Breast cancer treatments, such as chemotherapy and anti-estrogen therapies, may
promote a low estrogen states, and may affect a woman's oral health [14]. The majority of
women diagnosed with breast cancer can expect an excellent outcome, with a 5 year survival
rate above 80 % [15]. Currently, over 2.5 million women in the US have carried the
diagnosis of breast cancer [15]. Hence, long-term survivorship issues, such as oral health,
are important components of breast cancer care and follow-up and reflect an evolving public
health concern. Current oral health and breast cancer guidelines do not specifically address
anti-estrogen treatments such as tamoxifen or aromatase inhibitors and their potential effects
on oral health. In order to assess the data supporting the hypothesis that anti-estrogen
therapies used in the management of breast cancer may have an impact on oral health in
postmenopausal women, a literature review was performed.

Review of the literature
Four databases, PubMed (January 1966–November 2011), The Cochrane Central Register of
Controlled Trials (1941–2011), EMBASE (1974–2011), and the “Web of Knowledge” were
searched to identify relevant systematic reviews, meta-analyses, clinical trials, and
epidemiologic studies of adjuvant endocrine treatments associated with oral health. The
Medical Subject Headings used in single search terms or Boolean combinations included the
following: “breast,” “cancer,” “neoplasm,” “tamoxifen,” “aromatase inhibitor,”
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“chemotherapy,” “hormone therapy,” “alveolar bone loss,” “bone loss,” postmenopausal,”
“estrogen,” “selective estrogen receptor modulators,” “hormone replacement therapy,”
“quality of life,” and “English language.” The search was supplemented by examining
bibliographies of selected articles. The inclusion/exclusion review criteria specified that
those papers examining bisphosphonates and osteonecrosis of the jaws, as well as those in
languages other than English, were excluded.

Results
The search yielded 45 articles, and 37 of those 45 did not meet the inclusion criteria. Of the
remaining eight, seven were reviews which discussed bisphosphonates and osteonecrosis of
the jaw; and one included strategies for prevention and treatment of periodontal disease
related to bisphosphonates and other agents. Thus, there appears to be a paucity of published
works focused specifically on adjuvant endocrine therapy and oral health in postmenopausal
women.

Discussion
Although there is insufficient data to specifically address the effects of adjuvant endocrine
therapy on the oral health of women with breast cancer, there is a body of literature
supporting the hypothesis that the soft tissues and bone of the oral cavity could be negatively
affected by anti-estrogen therapy. Periodontal disease, conditions of the soft tissues of the
mouth, alveolar bone density, and tooth loss have all been associated with menopausal
status, as reviewed below.

Estrogen deficiency
For the purpose of this review, hormone therapy refers to supplemental estrogen and/or
progesterone treatment of postmenopausal women. Although use of hormone therapy is
controversial, the effect of hormone therapy on postmenopausal bone is well established
[16] and there is evolving data on the effect of hormone therapy on the tissues of the oral
cavity. Studies of the relationship between estrogen and periodontal health are summarized
in Table 1. Overall, estrogen appears to improve the periodontal/dental endpoints of
bleeding on probing, pocket depth, clinical attachment loss, as well as the number of teeth
retained, and the alveolar bone height and density.

Periodontal disease
Periodontal disease is a general term referring to inflammatory processes that occurs in the
tissues surrounding the teeth in response to bacterial accumulations (dental plaque) on the
teeth. Gingivitis, is the inflammation of the gingival tissues, whereas, periodontitis is a
destructive inflammatory disease of the deeper supporting tissues of the teeth (bone,
ligament), which may result in tooth loss [17] (Fig. 1).

The primary symptoms of periodontitis are a loss of tooth-supporting tissues (attachment
loss) and periodontal pocket formation. Typically the space between the tooth and the
gingiva, termed the gingival sulcus, is a blind cul-de-sac where food and bacterial plaque
can accumulate. In health, the depth of the sulcus ranges from 1 to 3 mm. If the pocket depth
is over 4 mm, it often harbors anaerobic bacteria that can lead to irritation and ulceration of
the sulcus lining epithelium which can lead to gingival bleeding. Using periodontal probe,
dental providers measure periodontal pockets and clinical attachment levels, typically
measured from a fixed point on the tooth (e.g., the cementoenamel junction to the depth of
the periodontal pocket), to determine a tooth's stability and the loss of bone support around a
tooth. Radiographic examination of the alveolar bone height using dental bitewing X-rays
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provides another estimate of the bony support around the teeth [17]. Table 2 gives an
overview of dental anatomy terms.

Periodontal disease and hormonal therapy
Hormone therapy has been suggested to be beneficial in optimizing healthy periodontal
tissues in postmenopausal women, although the mechanism by which hormone therapy
alters periodontal disease remains to be elucidated. Clinical studies demonstrate association
between hormone therapy use and decreased gingival bleeding [18–20]. A recent, [20]
cross-sectional study comparing the periodontal status of 91 postmenopausal women using
hormone therapy as compared to non-hormone therapy users showed that no significant
differences were noted in other clinical parameters; however, plaque levels and bleeding on
probing were significantly lower in the group taking hormone therapy. Earlier studies
showed that the percent of gingival sites with bleeding was significantly lower in women
who used hormone therapy compared to women who did not use hormone therapy,
independent of the levels of plaque accumulation [18, 19].

The data addressing the effects of hormone therapy on clinical attachment level and pocket
depths predominantly demonstrate the beneficial effects of hormone therapy on health and
maintenance of oral structures. In 1998, a prospective clinical study [21] examined the
impact of hormone therapy use and attachment loss and alveolar bone height among pre and
postmenopausal women. When adjusted for age, postmenopausal women not receiving
estrogen supplements were twice as likely as those who received estrogen supplements, and
three times more likely than premenopausal women, to demonstrate severe attachment loss
and alveolar bone height. Likewise, population-based studies examining the association
between hormone therapy and periodontal disease demonstrated that postmenopausal non-
users of hormone therapy had an increased prevalence of attachment loss than women taking
hormone therapy, after adjusting for covariates [22, 23]. In a longitudinal study,
investigators followed 59 osteoporotic postmenopausal women for 1 year [19] and found
that estradiol supplementation was associated with less clinical attachment loss, suggesting
that hormone therapy plays a protective role in preventing periodontitis in postmenopausal
women. A prospective cohort study [24] investigated the differences in pocket depth
between hormone therapy and non-hormone therapy groups at the beginning of the therapy
with a reevaluation at 6 and 12 months after the beginning of the hormone therapy. The
hormone therapy users demonstrated a reduction in periodontal pocket depths.

However, two small clinical studies [20, 25] examining hormone therapy use found no
significant differences in clinical attachment loss or periodontal pocket measurements
among postmenopausal women who use hormone therapy as compared to nonusers. The
present data suggests that a low estrogen environment may influence the progression of
periodontal disease via decreased bone mass of the jaw. Further investigation is warranted to
further define these correlations.

Alveolar bone and hormonal therapy
Clinical studies have demonstrated that hormone therapy improves alveolar bone density
and tooth retention [26–31]. Alveolar bone density determined by radiographic
absorptiometry or computer-assisted densitometric image analysis (CADIA), reflects the
bone density of the jaw and is clinically important for the support of the teeth for
mastication.

In a prospective study, the association between estrogen status and alveolar bone density
was examined in postmenopausal women with a history of periodontitis [26]. Women within
7 years of menopause were classified as either estrogen-sufficient or estrogen-deficient (E2-
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< 30 pg 17 β-estradiol/ml serum). The estrogen-sufficient women demonstrated a net gain in
alveolar bone density; and the estrogen-deficient women displayed a mean net loss in
alveolar bone density over the 1 year course of the study, suggesting that estrogen influences
alveolar bone density, as would be expected. Similarly, a randomized double-blind placebo-
controlled trial over a 3 year period with 135 postmenopausal women reported that estrogen
therapy significantly increased alveolar bone density compared with placebo [27].
Furthermore, bone mineral density of the proximal femur significantly increased in the
hormone therapy group, as did alveolar bone, demonstrating a systemic effect of hormone
therapy use.

Tooth loss and hormonal therapy
Tooth loss is considered the ultimate endpoint in periodontal disease and is a clinically
important marker of the disease. Trauma, extensive dental caries, smoking, and patterns of
tooth extraction, which vary by geographic region, also influence tooth retention [32, 33].
Epidemiologic studies of the relationship between estrogen and tooth loss have shown that
hormone therapy protects against tooth loss and reduces the risk of edentulism [28, 30, 31].
In the Framingham study, [30] estrogen use independently predicted the number of teeth
remaining among 488 postmenopausal women. Furthermore, individuals who used estrogen
>8 years averaged 3.6 more teeth than women who never used estrogen. Similarly, a positive
relationship between hormone therapy use, tooth loss and the need for dentures in older
women was demonstrated in an analysis of women from the Leisure World Cohort [31].
Rates of edentia were significantly lower in hormone therapy users as compared to nonusers
even after adjusting for age. Furthermore, the need for dentures was less common among
estrogen users than among nonusers. These results demonstrate that estrogen use may
promote tooth retention by strengthening the periodontal attachment and/or alveolar bone
density. In contrast to these studies, a clinical study using a Japanese population [34] found
no difference in tooth retention or oral bone porosity between hormone therapy users and
non-hormone therapy users.

Osteoporosis and oral health
Both osteoporosis and periodontal disease are conditions associated with excessive bone
resorption. These diagnoses are host-dependent, multi-factorial diseases whose conditions
are regulated by local and systemic cytokines (e.g., IL-1 and IL-6), [35] and hormones. Low
skeletal bone mineral density has been shown to be associated with reduced alveolar bone
height and residual alveolar bone resorption [36–38]. Moreover, epidemiologic studies
report a significant relationship between systemic bone loss and tooth loss [29, 39, 40].
While the literature certainly supports a link between systemic bone health and oral bone
structures [37, 41–43], there remains much to be further defined on this topic.

Soft tissues of the mouth and hormonal therapy
Hormone therapy has been shown to impact the mouth beyond the periodontal tissues and
bone [12, 44, 45]. Estrogen deficiency among postmenopausal women has been associated
with decreased salivary flow unrelated to medications [46]. Decreased saliva flow can result
in an increased number of dental caries and may be responsible for an increased prevalence
of oral dysesthesia and alterations in taste [47–51]. Other oral symptoms associated with
decreased estrogen levels include red and shiny gingival tissues (menopausal
gingivostomatitis) [45]. Reduced levels of sex hormones as a result of menopause have been
implicated in the etiopathogenesis of burning mouth syndrome [45, 52, 53], but this
association is not fully established. Burning mouth syndrome, a chronic condition, is
characterized by burning of the oral mucosa associated with a sensation of dry mouth and/or
taste alterations in the absence of visible pathologic lesions [54]. Burning mouth syndrome
typically occurs at more than one oral site; the tongue is the most commonly affected site,
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followed by the lips, palate, and cheeks [55]. Breast cancer treatments that reduce estrogen
levels may increase the risk for soft tissue complications in the mouth.

Breast cancer adjuvant aromatase inhibition
Osteoporosis may serve as a risk factor for periodontitis [35] and tooth loss [40], which
suggests that cancer therapies that promote osteoporosis may have a negative impact on oral
health. Certain breast cancer therapies may accelerate bone loss. For example, chemotherapy
is associated with premature ovarian failure and subsequent loss of bone mineral density
[14, 56, 57]. In addition, supportive medications used with chemotherapy often include
glucocorticoids which in themselves can induce osteoporosis [58]. Glucocorticoid exposure
has been shown to decrease bone mineral density in the radius and jawbone to similar
extents [59]. The aromatase inhibitors are associated with bone loss and fracture [60–62].

The American Society of Clinical Oncology (ASCO) clinical practice guidelines on adjuvant
endocrine therapy for postmenopausal women with hormone receptive positive cancer
(Estrogen Receptor or Progesterone Receptor) breast cancer recommend that aromatase
inhibition be included in adjuvant treatment of postmenopausal women [63]. As noted
previously, aromatase inhibitors reduce bone mass. Therefore, tens of thousands of women
exposed to an aromatase inhibitor may be at increased risk of bone loss. At present, there is
insufficient data addressing oral health during the course of adjuvant endocrine therapy with
an aromatase inhibitor.

The bone preserving effect of tamoxifen in postmenopausal bone is in contrast to the loss of
bone mineral density seen with the aromatase inhibitors [64]. Tamoxifen has been shown to
maintain or slightly increase bone mineral density in postmenopausal women [65, 66]. At
present, no clinical data are available regarding the impact of tamoxifen and oral health on
postmenopausal breast cancer patients. However, human gingival fibroblasts are a target
tissue for sex hormones and in vitro studies have demonstrated that tamoxifen may decrease
the stimulatory effect of estrogen on human gingival fibroblast proliferation [67, 68].

The possible oral effects of adjuvant endocrine therapies commonly used in the management
of early stage breast cancer remain undefined, yet a plausible rationale exists for negative
oral conditions among postmenopausal women on an aromatase inhibitor as proposed in Fig.
2. Maintaining oral health, particularly in the aging population is a complex medical concern
which is complicated further by access to dental insurance coverage. It is possible that
changes to the oral cavity associated with aromatase inhibitors may lead to public health
concern, the magnitude of which has not yet been defined.

The clinical relevance of oral health in populations affected by cancer
Research on oral complications of cancer therapy is very much needed, especially with the
growing knowledge that oral and systemic health is linked. Current research to define these
risks and toxicities is scant. Ongoing areas of study include clinical trials investigating
therapies to prevent or treat mucositis/stomatitis (NCT00385515). Again, the head and neck
tumors lead the way in this arena (NCT01283906, NCT00131638, NCT01403064). In
addition, association of osteonecrosis of the jaw with potent osteoclast inhibitors such as
bisphosphonates (NCT01325142) or denosumab frequently used in metastatic breast cancer
treatment, is being investigated both clinically and pre-clinically [69].

A recent literature review showed that the majority of clinical trials testing novel anticancer
treatment regimens with tyrosine kinase inhibitors are not formally and specifically
investigating oral toxicities or including oral exams as part of the drug toxicity evaluation
[70]. In fact, many of the most promising targeted cancer therapies, including agents
targeting epidermal growth factor receptor (EGFR) and vascular endothelial growth factor
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(VEGF). Targeting these pathways may have severe oral complications, thus warranting
investigation. Drugs that affect the production and/or binding of estrogen to its receptor are
also targeted therapies and these anti-estrogen drugs may also affect bone and/or soft tissue
of the oral cavity. The endocrine treatment regimens may have a profound impact on public
health due to the frequency with which endocrine therapies are used in the management of
breast cancer. In order to investigate the questions raised here, the authors are investigating
the impact that adjuvant aromatase inhibition therapy has on women with early stage breast
cancer through clinical trial NCT01272579 and 1K23DEO21779 and additional studies are
warranted. Detailed dental data and oral health-related quality of life information are needed
to better understand the significance of this potential treatment related outcome.

Conclusions
Breast cancer affects approximately 200,000 American women annually. The majority of
cases will be diagnosed in postmenopausal women and approximately 70 % of these cancers
express the estrogen receptor and/or the progesterone receptor for which adjuvant endocrine
therapy with an aromatase inhibitor has become a standard intervention. Advancing age
places survivors at an increased risk for declining oral health, estrogen deficiency, and
osteoporosis. Research is warranted to understand if patients receiving adjuvant aromatase
inhibition are at increased risk for oral complications due to therapy. As we gain a greater
understanding of the linkage between oral and systemic health, the need for closer
collaboration between dental and medical professionals is important for the care of patients
with cancer.
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Fig. 1.
Oral structures are illustrated
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Fig. 2.
Potential relationships between adjuvant endocrine breast cancer treatments, systemic
osteopenia/osteoporosis, and oral bone health

Taichman et al. Page 12

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Taichman et al. Page 13

Ta
bl

e 
1

St
ud

ie
s 

of
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
es

tr
og

en
 a

nd
 o

ra
l h

ea
lth

St
ud

y
D

es
ig

n
P

op
ul

at
io

n 
de

m
og

ra
ph

ic
s

D
en

ta
l o

ut
co

m
e 

m
ea

su
re

E
xp

os
ur

e 
m

ea
su

re
C

ov
ar

ia
te

s 
ad

ju
st

ed
 f

or
 in

an
al

ys
is

R
es

ul
ts

Pe
ri

od
on

ta
l d

is
ea

se
s

Pi
zz

o 
et

 a
l. 

[2
0]

C
S

91
 P

M
 w

om
en

C
au

ca
si

an
 (

68
.3

 ±
 1

.8
 y

ea
rs

)
B

O
P

PD C
A

L

H
T

+
H

T
–

D
ec

re
as

ed
 B

O
P

H
T

+
 3

4.
8 

%
H

T
– 

65
.2

 %
 (

P 
=

 0
.0

00
7)

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 w

ith
 H

T
+

/H
T

– 
us

e 
an

d 
PD

, C
A

L

H
aa

s 
et

 a
l. 

[2
3]

C
S

32
8 

PM
 w

om
en

C
au

ca
si

an
 (

40
–6

9 
ye

ar
s)

C
A

L
H

T
+

H
T

–
A

ge
, s

m
ok

in
g,

 S
E

S,
 d

en
ta

l
ca

re
Pr

ev
al

en
ce

 o
f 

in
di

vi
du

al
s 

w
ith

 ≥
30

%
 5

 m
m

 C
A

L
:

H
T

+
 4

6.
3 

%
H

T
– 

64
.0

 %
O

dd
s 

of
 h

av
in

g 
≥3

0 
%

 5
 m

m
C

A
L

 a
m

on
g 

H
T

– 
w

om
en

O
R

 2
.1

; 9
5 

%
 C

I:
 1

.1
–4

.0

E
vi

o 
et

 a
l. 

[2
5]

L
S–

 2
 y

ea
rs

60
 P

M
 w

om
en

Fi
nn

is
h 

(6
5–

80
 y

ea
rs

)
B

O
P

PD C
PI

T
N

(1
)H

T
(2

) 
B

is
(3

) 
H

T
+

 B
is

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 w

ith
 H

T
us

e 
an

d 
B

O
P,

 P
D

, C
PI

T
N

L
op

ez
-M

ar
co

s 
et

 a
l.

[2
4]

L
S–

 1
 y

ea
r

21
0 

PM
 w

om
en

C
au

ca
si

an
B

ra
zi

lia
n 

(4
0–

58
 y

ea
rs

)

PD
, M

ob
ili

ty
, R

ec
es

si
on

H
T

+
H

T
–

C
ha

ng
es

 f
ro

m
 b

as
el

in
e 

to
 1

2
m

on
th

s
H

T
+

 d
ec

re
as

ed
 P

D
H

T
– 

in
cr

ea
se

d 
PD

 (
P 

=
 0

.0
04

)
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 w
ith

 H
T

+
/H

T
– 

us
e 

gi
ng

iv
al

 r
ec

es
si

on

R
on

de
ro

s 
et

 a
l. 

[2
2]

C
S

11
,6

65
 w

om
en

R
ep

re
se

nt
at

iv
e 

sa
m

pl
e 

(4
0–

70
ye

ar
s)

C
A

L
H

T
+

H
T

–
A

ge
, S

E
S,

 r
ac

e/
et

hn
ic

ity
,

sm
ok

in
g,

 d
en

ta
l c

ar
e

ca
lc

ul
us

M
ea

n 
C

A
L

 a
ss

oc
ia

te
d 

w
ith

 H
T

+
us

e 
(S

D
)

N
ev

er
 1

.7
4 

m
m

 (
0.

02
9)

1 
ye

ar
 o

r 
le

ss
 1

.7
0 

m
m

 (
0.

05
9)

2–
5 

ye
ar

s 
1.

55
 m

m
 (

0.
07

3)
>

5 
ye

ar
s 

1.
56

 m
m

 (
0.

06
2)

 (
P 

<
0.

05
)

R
ei

nh
ar

dt
 e

t a
l. 

[1
9]

L
S–

 2
 y

ea
rs

59
 P

M
 w

om
en

C
au

ca
si

an
 (

45
–6

0 
ye

ar
s)

C
A

L
G

in
gi

va
l i

nf
la

m
m

at
io

n
E

+
 s

uf
fi

ci
en

t
E

– 
de

fi
ci

en
t

Sm
ok

in
g

G
in

gi
va

l i
nf

la
m

m
at

io
n:

E
+

 w
om

en
 2

4.
4 

%
E

– 
w

om
en

 4
3.

8 
%

 (
P 

<
 0

.0
4)

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 b

et
w

ee
n

E
+

/E
– 

st
at

us
 a

nd
 C

A
L

G
ro

ss
i [

21
]

C
S

23
6 

PM
 w

om
en

C
au

ca
si

an
 (

50
–7

5 
ye

ar
s)

C
A

L
A

B
H

H
T

+
H

T
–

A
ge

M
ea

n 
C

A
L

:
H

T
+

 2
.1

 m
m

H
T

– 
2.

4 
m

m
A

B
H

 L
os

s 
>

3 
m

m
:

H
T

+
 3

4.
0 

%
H

T
– 

20
.0

 %

A
lv

eo
la

r 
bo

ne

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 January 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Taichman et al. Page 14

St
ud

y
D

es
ig

n
P

op
ul

at
io

n 
de

m
og

ra
ph

ic
s

D
en

ta
l o

ut
co

m
e 

m
ea

su
re

E
xp

os
ur

e 
m

ea
su

re
C

ov
ar

ia
te

s 
ad

ju
st

ed
 f

or
 in

an
al

ys
is

R
es

ul
ts

Pa
yn

e 
et

 a
l. 

[2
6]

L
S–

 1
 y

ea
r

24
 P

M
 w

om
en

C
au

ca
si

an
 (

40
–6

5 
ye

ar
s)

A
B

D
E

+
 s

uf
fi

ci
en

t
E

– 
de

fi
ci

en
t

C
ha

ng
e 

in
 a

lv
eo

la
r 

bo
ne

 d
en

si
ty

E
+

 w
om

en
 0

.3
0 

±
 0

.0
7

E
– 

w
om

en
 0

.4
4 

±
 0

.0
7 

(P
 =

 0
.0

00
1)

C
iv

ite
lli

 e
t a

l. 
[2

7]
L

S–
 3

 y
ea

rs
13

5 
PM

 w
om

en
Pr

im
ar

ily
 C

au
ca

si
an

 (
41

–7
0

ye
ar

s)

A
B

D
A

B
H

H
T

+
Pl

ac
eb

o
A

ge
, B

M
I,

 s
m

ok
in

g,
 y

ea
rs

si
nc

e 
m

en
op

au
se

, p
ar

ity
C

ha
ng

e 
in

 a
lv

eo
la

r 
bo

ne
 d

en
si

ty
H

T
+

 1
.8

4 
%

Pl
ac

eb
o 

+
0.

95
 %

 (
P 

=
 0

.0
4)

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 b

et
w

ee
n

H
T

/p
la

ce
bo

 g
ro

up
s 

fo
r 

A
B

D

T
oo

th
 lo

ss

T
ag

uc
hi

 e
t a

l. 
[3

4]
C

S
33

0 
PM

 w
om

en
Ja

pa
ne

se
 (

58
.8

, ±
7.

9 
ye

ar
s)

T
oo

th
 lo

ss
A

B
H

H
T

+
H

T
–

A
ge

, y
ea

rs
 s

in
ce

m
en

op
au

se
, B

M
I,

 h
is

to
ry

 o
f

hy
st

er
ec

to
m

y 
or

oo
ph

or
ec

to
m

y

M
ea

n 
# 

of
 te

et
h

H
T

+
 2

3.
2 

±
 0

.9
H

T
– 

21
.9

 ±
 0

.4
 (

P 
=

 0
.1

9)
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 w
ith

 H
T

/
H

T
– 

us
e 

an
d 

A
B

H

K
ra

ll 
[3

0]
L

S–
 7

 y
ea

rs
48

8 
PM

 w
om

en
C

au
ca

si
an

 (
75

–9
5 

ye
ar

s)
T

oo
th

 lo
ss

H
T

+
H

T
–

A
ge

, s
m

ok
in

g,
 e

du
ca

tio
n

M
ea

n 
# 

of
 te

et
h

H
T

+
 1

2.
5 

±
 0

.8
H

T
– 

10
.7

 ±
 0

.8
 (

P 
=

 0
.0

4)
H

T
 u

se
 >

8 
ye

ar
s:

 3
.6

 m
or

e 
te

et
h

G
ro

ds
te

in
 e

t a
l. 

[2
8]

C
S

42
,1

71
 w

om
en

U
ns

pe
ci

fi
ed

 r
ac

e/
et

hn
ic

ity
 (

46
–5

5
ye

ar
s)

T
oo

th
 lo

ss
H

T
+

H
T

–
A

ge
, S

E
S,

 s
m

ok
in

g,
 d

en
ta

l
ca

re
H

T
 d

ur
at

io
n 

as
so

ci
at

ed
 w

ith
de

cr
ea

se
d 

ri
sk

 o
f 

lo
ss

 o
f 

≥1
 te

et
h

1 
ye

ar
 R

R
: 0

.7
8;

 9
5 

%
 C

I;
 0

.6
7–

0.
94

15
+

 y
ea

rs
 R

R
: 0

.7
3;

 9
5 

%
 C

I;
 0

.6
5–

0.
83

Pa
ga

ni
ni

-H
ill

 [
31

]
L

S–
 1

1 
ye

ar
s

39
21

 w
om

en
Pr

im
ar

ily
 C

au
ca

si
an

 (
52

–1
09

ye
ar

s)

T
oo

th
 c

ou
nt

H
T

+
H

T
–

A
ge

, s
m

ok
in

g,
 a

lc
oh

ol
,

ed
uc

at
io

n
D

ec
re

as
ed

 r
is

k 
of

 e
de

nt
ia

 w
ith

 H
T

+
us

e
R

R
 0

.6
4;

 9
5 

%
 C

I;
 0

.5
1–

0.
79

E
st

ro
ge

n-
su

ff
ic

ie
nt

 E
2+

, >
40

 p
g 

17
 β

 e
st

ra
di

ol
/m

l s
er

um

E
st

ro
ge

n-
de

fi
ci

en
t E

2–
, <

30
 p

g 
17

 β
 e

st
ra

di
ol

/m
l s

er
um

C
S 

cr
os

s-
se

ct
io

na
l, 

L
S 

lo
ng

itu
di

na
l s

tu
dy

, P
M

 p
os

tm
en

op
au

sa
l, 

B
O

P 
bl

ee
di

ng
 o

n 
pr

ob
in

g,
 P

D
 p

oc
ke

t d
ep

th
, C

A
L

 c
lin

ic
al

 a
tta

ch
m

en
t l

os
s,

 C
PI

T
N

 c
om

m
un

ity
 p

er
io

do
nt

al
 in

de
x 

of
 tr

ea
tm

en
t n

ee
ds

, M
m

m
ill

im
et

er
s,

 S
D

 s
ta

nd
ar

d 
de

vi
at

io
n,

 A
B

H
 a

lv
eo

la
r 

bo
ne

 h
ei

gh
t, 

A
B

D
 a

lv
eo

la
r 

bo
ne

 d
en

si
ty

, H
T

+
 h

or
m

on
e 

th
er

ap
y 

su
pp

le
m

en
ts

 u
su

al
ly

 c
on

si
st

in
g 

of
 e

st
ro

ge
n 

or
 e

st
ro

ge
n 

pl
us

 a
 p

ro
ge

st
in

, H
T

– 
no

 th
er

ap
y,

B
is

 b
is

ph
os

ph
on

at
e,

 B
M

I b
od

y 
m

as
s 

in
de

x,
 S

E
S 

so
ci

o-
ec

on
om

ic
 s

ta
tu

s,
 N

S 
no

 s
ig

ni
fi

ca
nt

 a
ss

oc
ia

tio
n

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 January 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Taichman et al. Page 15

Table 2

Periodontal Definitions

Definitions

Alveolar bone height (ABH) The highest crest of the alveolar bone

Alveolar process The bony portion of the maxilla and mandible where the teeth are embedded and tooth roots are supported
(via a ligamentous attachment called the periodontal ligament). Also includes a thin layer of compact bone
which forms the tooth socket

Attachment loss (AL) Attachment loss (AL) is the extent of periodontal support (bone and tissues) that has been destroyed around a
tooth

Bleeding on probing (BOP) Bleeding on gentle probing within the gingival sulcus is a sign of inflammation

Clinical attachment level
(CAL)

The clinical attachment loss (CAL) is the estimated position of the structures that support the tooth as
measured with a periodontal probe. The CAL provides the tooth's stability and the loss of bone support.
Typically the CAL is measured from a fixed point on a tooth to the base of the periodontal pocket

Gingiva (Gums) Part of the oral mucosa which covers the alveolar process; the most peripheral component of the
periodontium

Gingivitis Inflammation of the gingival tissues without the involvement of the supporting tissues (bone and periodontal
ligament)

Periodontal pocket A pathologic deepening of the gingival sulcus produced by the destruction of the supporting tissues with an
apical migration of the epithelial attachment

Periodontitis A chronic inflammatory disease affecting the gingival (gums) along with destruction of the supporting
structures surrounding the tooth including the periodontal ligament and alveolar bone. Periodontal pockets
form as a result

Pocket depth (PD) A periodontal pocket depth is measured using a periodontal probe

Sulcus The space between the gum and the tooth which can be probed and measured and is a site where bacterial
plaque can accumulate

Soft tissues of the mouth Mucosal tissue of the lips, cheeks, palate, the tongue, gums (gingival), and floor of the mouth
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